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Abstract
This study examines how the green criteria (GCE) used by MSCI to create green equity indices influence their financial per-
formance. We analyze the Climate Change (CC), Paris-Aligned Benchmark (PAB), Socially Responsible Investment (SRI), 
and SRI Filtered PAB (SRI PAB) index variants in comparison with their standard non-green counterpart in each of the four 
regions: the World, the USA, Europe, and Emerging Markets (EM). Overall, the green indices often matched or exceeded the 
returns of their standard index without adding significant risk. With few exceptions in the EM, the green indices exhibited 
better long-term financial performance than their standard index. Over 2015–2023, the CC, PAB, SRI, and SRI PAB indices 
respectively delivered cumulative excess returns of 4.7%, 5.8%, 13.7%, and 7.5% relative to the standard index. Their returns 
co-moved closely with the market and the standard index’s returns. The GCEs statistically and significantly contributed to 
green indices’ relative financial outperformance.

Keywords  MSCI · Green index · Cumulative return differential · Wealth relative

Introduction

The growing need for investment solutions addressing 
climate, social, and governance concerns has drawn great 
investors’ interest in green products.1 At the end of 2023, 
global sustainable funds managed about US$2.2 trillion and 
continued to outgrow conventional funds in terms of inflows 
(Cortina and Phyu 2024). Many of these products use green 
indices replicated through Exchange Traded Funds (ETFs); 
however, it remains uncertain whether such green indices/
ETFs consistently outperform their conventional non-green 
counterparts. Some studies report positive relative financial 
performance (Fiordelisi et al. 2023; Rompotis 2023; Pavlova 
and de Boyrie 2022), greater resilience during financial cri-
ses (Ortas et al. 2014) and superior performance during the 
COVID-19 pandemic (Lin and Swain 2024). Conversely, 
other research finds green indices/ETFs perform compara-
bly to traditional benchmarks, vary across regions, or show 

no significant difference in risk-adjusted returns (Bolognesi 
et al. 2024; Jonwall et al. 2024; Dumitrescu et al. 2023; 
Cunha et al. 2020; Jain et al. 2019; Benson et al. 2010). 
Some studies even suggest underperformance of green indi-
ces/ETFs relative to traditional financial products (Lean and 
Nguyen 2014; Ortas et al. 2012). Evidence on return correla-
tion is also mixed, with some authors observing decoupling 
(Ang 2015; Lean and Nguyen 2014) and others documenting 
high correlations or co-movements (Rompotis 2023; Managi 
et al. 2012). Thus, it remains unclear whether green indices/
ETFs exhibit better financial performance than their non-
green counterparts. Furthermore, very little effort has been 
made to directly examine if and how criteria employed to 
construct green indices relate to their financial performance. 
If green criteria do not affect a green index’s performance, 
any observed outperformance (relative to its standard non-
green index) is likely due to luck. The existing evidence, 
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mostly for ETFs, implying a mixed relationship (Abate et al. 
2021; Papathanasiou and Koutsokostas 2024).

Our study is motivated by the mixed reported results on 
the financial performance of green indices/ETFs and the 
unexplored (mixed) relationship between green criteria and 
the financial performance of green indices (ETFs). In this 
study, we choose to explore Morgan Stanley Capital Inter-
national (MSCI) indices as they have been widely used as 
reference indices for green equity ETFs.2 We address two 
main research questions: (1) How did MSCI green indices 
perform financially compared with their respective standard 
(parent) index? and (2) How did the green criteria employed 
by MSCI to create each green index affect its financial 
performance?

We focus on indices rather than ETFs for several reasons. 
First, indices are more suitable for performance analysis, as 
the impact of total expense ratio, taxes,3 distribution pol-
icy,4 and replication strategy5 varies across providers and 
can obscure return analyses. Second, the exact benchmark 
an ETF tracks can change over time, while the ETF keeps 
the same International Securities Identification Numbers 
(ISIN), which can distort benchmark-adjusted return analy-
ses.6 Third, ETF providers use slightly modified benchmarks 
regarding exclusion thresholds, compared with our bench-
mark being the standard non-green index. That is, providers 
aim to achieve a performance advantage in their respective 

peer group by offering ETFs that do not track exactly the 
competitor’s benchmark but the same green exposure.7

We examine a set of 20 MSCI indices spanning four major 
regions: the World, the USA, Europe, and emerging markets 
(EM). Within each region, we investigate the performance of 
each of the four green indices—the Climate Change (CC), 
the Paris-Aligned Benchmark (PAB), the Socially Respon-
sible Investment (SRI), and the SRI filtered PAB (SRI PAB) 
index—relative to the standard (parent) MSCI index. Our 
primary dataset on index returns extends from January 2015 
to December 2023, providing 2160 monthly index obser-
vations. Considering the availability of firm-level data and 
Tobin’s Q measure, our sample of 1,076,340 firm-month 
observations is limited to December 2022, and includes 
5267 unique constituents of 50 countries and 11 sectors. 
The rich historical data of MSCI index constituents enables 
us to carry out more thorough and reliable analyses than 
using comparable ETFs.8

Our study differs from recent research on ETFs’ financial 
performance, such as ElBannan (2024). First, we focus on 
indices instead of ETFs. By doing so, we avoid the added 
complexity of taxes, distribution policies, and replication 
methods that can influence ETF returns. Second, our index 
constituent data allows us to control for differences in sectors 
and levels of development across countries. Third, we ana-
lyze four distinct types of green indices rather than treating 
all ESG or SRI products as one category. This includes giv-
ing special attention to the Paris-Aligned Benchmark (PAB) 
and SRI PAB indices which both have not been studied in 
the literature.

Our study is related to Kossentini et al. (2024) and Jacob 
and Wilkens (2021). The former focus on four MSCI ESG 
Leader indices covering different parts of the European 
region: Europe, the Economic and Monetary Union (EMU), 
Emerging Markets Europe, and the Middle East and Europe, 
for the years from 2007 to 2020. The latter analyze four 
ESG and four carbon-focused MSCI World Indices from 
2011 to 2019. Out of our 16 green indices, only the World 
SRI overlaps with Jacob and Wilken’s (2021) sample. We 

2  As of October 2024, assets under management in ETFs linked to 
MSCI equity indexes reached approximately $1.72 trillion. See: 
https://​ir.​msci.​com/​aum-​etfs-​linked-​msci-​index​es.
3  Withholding tax benefits on US dividends, depending on the fund 
domicile of an ETF, can have a substantial impact on fund perfor-
mance. Physically replicating ETFs with US exposure domiciled in 
Ireland have a reduced withholding tax burden of 15% compared to, 
for example, 30% for ETFs domiciled in Luxembourg.
4  For example, accumulating ETFs reinvest their dividends while dis-
tributing ETFs pay out dividends.
5  There are two main replication strategies, physical and synthetic 
replication. They split into full or physically optimized replica-
tion and swap replication (which can be unfunded, funded and fully 
funded). The replication strategy directly influences the performance 
of an ETF. Physical replication benefits from securities lending while 
those using swaps are, depending on the qualification of the index 
under Section 871(m) of the US Internal Revenue Code, not burdened 
by tax regulations. Generally, ESG ETFs use physical replication.
6  For example, the Amundi Index MSCI Emerging Markets (EM) 
SRI PAB UCITS ETF (ISIN: LU1861138961) was launched in Janu-
ary 2019 and tracked the MSCI EM SRI Index. In October 2019, the 
reference index was switched to MSCI EM SRI 5% Issuer Capped. 
From December 2020 onward, the ETF tracked the MSCI EM SRI 
Filtered PAB. Another example is the iShares MSCI World SRI 
UCITS ETF (ISIN: IE00BYX2JD69). It was launched in Octo-
ber 2017 with MSCI World SRI Select Index being the benchmark. 
In November 2019, it started tracking the MSCI World SRI Select 
Reduced Fossil Fuel Index.

7  Please see the green product range (SFDR Article 8 and 9) from 
Amundi, www.​amund​ietf.​nl/​en/​profe​ssion​al/​etf-​produ​cts/​search, 
iShares, www.​ishar​es.​com/​us/​produ​cts/​etf-​inves​tments and Xtrackers, 
www.​etf.​dws.​com/​en-​us/​etf-​produ​cts.
8  MSCI provides current data on its indices in the factsheets and via 
the constituent download function at https://​www.​msci.​com/​const​
ituen​ts. Historical data is not freely available, but our data set extends 
from the beginning of 2015 to the end of 2023. The index perfor-
mance of 12 indices launched after 2015 has been reconstructed (by 
MSCI) using the identical methods and principles of MSCI. This his-
torical data availability makes our study unique, as we are not aware 
of any other study that analyses MSCI PAB and SRI PAB indices 
over such a long period of time, including the Corona crisis and the 
Ukraine war.

https://ir.msci.com/aum-etfs-linked-msci-indexes
http://www.amundietf.nl/en/professional/etf-products/search
http://www.ishares.com/us/products/etf-investments
http://www.etf.dws.com/en-us/etf-products
https://www.msci.com/constituents
https://www.msci.com/constituents
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extend these two studies by covering a more recent period 
that includes significant global events such as the onset of 
the war in Ukraine. Our study encompasses two additional 
major regions, the USA, and Emerging Markets. Impor-
tantly, we place particular emphasis on indices aligned with 
the Paris Climate Agreement, including the PAB and SRI 
PAB indices, which are of particular interest to climate-
conscious investors. A recent study conducted by Bolognesi 
et al. (2024) investigates the MSCI SRI and MSCI PAB indi-
ces, but its sample is limited to the USA for a short period, 
August 2021–May 2024. We employ a richer dataset that 
covers four regions over a longer period (2015–2023). Most 
importantly, we carry out index-level regression analyses 
that control for sector- and country-specific parameters. This 
allows us to directly evaluate the effectiveness of the green 
criteria (GCE) employed by MSCI to create each green 
index type.

To assess the financial performance of a green index, we 
use cumulative return differential (CRD) as our primary 
measure.9 For robustness tests, we utilize Wealth Relative 
(WR), Tobin’s Q,10 the Sharpe ratio, and the Treynor ratio. 
CRD and WR capture the performance of a green index, 
relative to its standard index, over an investment horizon; 
each is computed directly at the index level. Other metrics 
are not relative measures; each is estimated using an index’s 
monthly constituent weights and constituents’ metrics. To 
examine an index’s return co-movement with the market 
index, we estimate the market factor beta coefficient using 
Fama-French models. We also assess the dynamic condi-
tional correlations between green and standard index returns 
over time using a GARCH(1,1) model with a Gaussian dis-
tribution on daily return data. To explore the relationship 
between green criteria and a green index’s financial per-
formance, we conduct OLS regressions and employ four 
dummy variables, each represents the impact of MSCI’s 
green criteria (GCE) used to create one green index type.

Our analysis documents strong evidence supporting the 
attractiveness of green indices. On average, over the period 
January 2015–December 2023, an investor would have 
respectively earned a 4.7%, 5.8%, 13.7%, and 7.5% greater 

cumulative return if s/he had invested in the green CC, PAB, 
SRI, and SRI PAB index instead of the standard index. Tak-
ing into account the expense ratios of the largest ETFs which 
replicate the green and standard indices, an investor would 
have respectively earned a net cumulative return differential 
of 4%, 5.1%, 13%, and 6.8% during 2015–2023. Across the 
four regions, most green indices demonstrated long-term 
outperformance (except in EM, where only the SRI outper-
formed the standard index). On average, green indices across 
regions achieved greater Sharpe and Treynor ratios and 
delivered better risk-adjusted returns than their respective 
standard index. Furthermore, green indices’ returns moved 
closely with those of the market index and their respective 
standard index. We find strong evidence that MSCI’s GCEs 
statistically and significantly contributed to green indices’ 
better financial performance, relative to the standard index. 
The positive effects of GCEs were more pronounced on the 
outperformance of the SRI and SRI PAB indices; both are 
aligned with the Paris Climate Agreement.

Our main results are consistent across robustness tests, 
including analyses with one-, two-, and three-month lagged 
control variables, alternative return measures, and various 
subsamples. Our key finding indicates that green indices 
can deliver competitive returns and, in most cases, outper-
form their standard non-green counterparts over a relatively 
long time period. By emphasizing the role of green crite-
ria in index construction, our study contributes to ongoing 
discussions on the financial attractiveness of green equity 
investments.

The rest of our paper is structured as follows. The “Brief 
overview of MSCI’s methods for creating green equity 
indices” section provides a brief overview of the pro-
cess by which MSCI selects constituents and constructs 
the examined green indices. The “Literature review and 
research questions” section reviews the literature and pro-
poses research questions. The “Data and methods” section 
describes data and presents the method. The “Empirical 
results” section discusses the empirical results. The “Con-
clusion” section concludes the key findings.

Brief overview of MSCI’s methods 
for creating green equity indices

The MSCI Standard (parent) Index serves as the starting 
universe for determining the eligible universe of a green 
index.11 The parent indices in our sample were launched 
in March 1986, except for EM in January 2001. The green 
indices are constructed by applying exclusion criteria to 

9  As we compare MSCI green indices to their corresponding MSCI 
standard index, we do not need to consider index provider’ character-
istics that affect an index’s financial performance.
10  We avoid using accounting figures from individual companies 
to compute index-level return on equity (ROE) and return on assets 
(ROA) because several factors can distort these accounting return 
measures. Differences in accounting standards and legal frameworks 
across countries can lead to inconsistent financial reporting. In addi-
tion, managers often have significant flexibility, which may allow 
them to adjust or smooth earnings over time. Furthermore, during 
periods of high inflation, depreciation expenses may be understated 
since they do not reflect the true replacement costs of equipment, 
potentially leading to artificially inflated earnings.

11  See https://​www.​msci.​com/​index-​metho​dology for an overview of 
the construction methodology of all MSCI Indices.

https://www.msci.com/index-methodology
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the parent index, leading to a smaller eligible universe. The 
degree of exclusion varies across the green indices, with 
stricter criteria resulting in fewer components compared to 
the parent index. Among the indices analyzed, the MSCI 
Climate Change (CC) Index applies the mildest exclusions, 
while the MSCI Socially Responsible Investing (SRI) fil-
tered PAB Index enforces the strictest exclusions. Both the 
PAB and SRI PAB indices are consistent with the Paris 
Agreement’s objectives, with the SRI PAB excluding the 
most securities.

The MSCI CC index, and the MSCI climate PAB index

To form the MSCI CC Index (launched in June 2019) and 
the MSCI Climate PAB Index (launched in October 2020), 
a negative screening is applied to the parent index in the 
first step. Companies are excluded from the parent index 
if they violate either the UN Global Compact Principles 
or sector policies, such as generating revenue above set 
thresholds from controversial weapons, tobacco, or fossil 
fuels. Next, the sustainability of the remaining compa-
nies is evaluated using the Low Carbon Transition (LCT) 
score, which considers three components: a company’s 
carbon footprint, its climate-related risks, and its ability 
to manage those risks. Companies are categorized into 
five groups based on their LCT scores: Solutions, Neu-
tral, Operational Transition, Product Transition, and Asset 
Stranding. Companies classified as Solutions (with the 
highest LCT score of three) receive a higher weighting in 
the final index. Weight adjustments are applied across all 
five categories relative to the security weights in the par-
ent index, forming the final eligible universe for the CC 
Index. For instance, in the “World” region, this process 
transforms the MSCI World parent index into the MSCI 
World CC Index.

The MSCI Climate PAB Index, however, applies stricter 
criteria with a PAB overlay aligned with the goals of the 
Paris Agreement. Specifically, companies must reduce their 
Weighted Average Carbon Intensity (WACI) by 50% and 
lower their annual carbon footprint by 7% compared to the 
parent index. Additionally, the Climate PAB Index excludes 
companies deriving revenue from fossil fuel activities, such 
as coal, oil, natural gas exploration, processing, or power 
generation with excessive greenhouse gas intensity. Finally, 
the weighting of each company in the MSCI Climate PAB 
Index is determined using its LCT score.

The MSCI SRI index, and the MSCI SRI filtered PAB 
(SRI PAB) index

The MSCI SRI Index (launched in June 2011, except for 
EM in March 2014) and the MSCI SRI filtered PAB Index 
(launched in June 2020) apply stricter exclusion criteria than 

the Climate Indexes discussed above. Both indices imple-
ment more sector-specific exclusions with low thresholds, 
resulting in a significantly smaller eligible universe com-
pared to the parent index. A detailed comparison of the 
exclusion criteria and thresholds can be found in “Appendix 
A.”

The MSCI SRI filtered PAB Index is more exclusion-
ary than the MSCI SRI Index due to its alignment with the 
Paris Agreement goals. It applies additional thresholds to 
companies generating revenue from oil and gas activities. 
Furthermore, companies with serious violations of sustain-
able investment objectives are flagged as “Red,” receiving 
an ESG Controversies Score of 0, and are excluded from 
the index. The remaining companies are rated using MSCI 
ESG Ratings, which range from AAA to CCC. For inclu-
sion, existing index constituents must have a minimum rat-
ing of BB and an ESG Controversies Score of at least 1, 
while new additions require a minimum rating of A and an 
ESG Controversies Score of 4.

Both indices employ a best-in-class approach, select-
ing only the top 25% of companies within each sector. The 
SRI filtered PAB Index also incorporates the PAB overlay, 
requiring companies to reduce their WACI by 50% and their 
carbon footprint by 7% annually relative to the parent index. 
To ensure diversification, the weight of any single company 
in the index is capped at 5%.

Literature review and research questions

From a portfolio theory perspective, both negative screen-
ing and best-in-class approaches used to construct green 
portfolios limit the investment universe, potentially reduc-
ing diversification and increasing risk compared to broader 
portfolios (Barnett and Salomon 2006; Renneboog et al. 
2008). Nevertheless, several studies indicate that green 
stocks or those with high ESG scores exhibit favorable 
characteristics, such as lower unsystematic risk (Giese 
et  al. 2019; Hong and Kacperczyk 2009) and reduced 
capital costs (Gregory et al. 2021; Unruh et al. 2016; Ng 
and Rezaee 2015). Most research on green indices or ETFs 
finds minimal differences in returns compared to bench-
marks, and any observed differences are typically aligned 
with risk-adjusted returns.

Studies on SRI and ESG indices report either better or 
similar performance compared to conventional benchmarks. 
Those finding better performance include Statman (2005), 
Cunha et al. (2020), Jain et al., (2023), and Kossentini et al. 
(2024). In contrast, studies reporting similar performance 
include Schröder (2007), Collison et al. (2008), Consolandi 
et al. (2009), Benson et al. (2010), Jain et al. (2019), Jacob 
and Wilkens (2021), and Bolognesi et al. (2024). Several 
studies also document that green indices/ETFs demonstrate 
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greater resilience during crises (Ortas et al. 2014, 2013; 
Omura et  al. 2021; Lin and Swain 2024; Huang 2024; 
ElBannan 2024). Anti-ESG ETFs, however, tend to under-
perform (Rompotis 2024).

In terms of returns co-movement, Jain et al. (2019) find 
that green indices closely track their benchmarks across the 
USA, E.U., EM, and global markets during 2013–2017. 
Similarly, Managi et al. (2012) observe no distinct charac-
teristics between green indices and their benchmarks, noting 
high co-movement across various market conditions. These 
findings alone suggest that green indices are not markedly 
distinct investment vehicles compared with their traditional 
benchmarks.

Despite the growing popularity of green investments, 
very few empirical studies directly investigate how green 
indices’ construction criteria affect their financial perfor-
mance. This is likely due to the challenge in obtaining 
indices’ constituent weighting data over a reasonably long 
period. Related studies mainly examine funds categorized 
by sustainability/ESG ratings and report mixed findings. 
Using 634 European mutual funds during 2014–2019, 
Abate et al. (2021) report better performance for funds with 
high Morningstar Sustainability Ratings. In contrast, Papa-
thanasiou and Koutsokostas (2024) find that ESG funds 
with low Morningstar ratings outperform among 235 ESG 
mutual funds during 2010–2022. Folger-Laronde et al. 
(2022) observe that higher-rated ETFs with an Eco-Fund 
Label have lower returns during the COVID-19 market 
crash. Rompotis (2022a, b) find no significant risk-adjusted 
return differences for ESG ETFs and a negative relation-
ship between returns and ESG metrics, respectively. Given 
the above mixed findings, it remains unclear whether sus-
tainability/ESG ratings are linked to ETFs’ better finan-
cial performance. In reality, the criteria used to construct 
a green index are complex and extend far beyond ESG rat-
ings, as we briefly discussed in “Brief overview of MSCI’s 
methods for creating green equity indices” section. The 
unexplored relationship between green criteria and green 
index’s financial performance motivates us to investigate 
how the green criteria used by MSCI affect its green indi-
ces’ financial performance.

Our literature review highlights several gaps that have 
not been well addressed in prior studies. Most studies 
focus on generic ESG/SRI ETFs/indices without analyz-
ing those aligned with the Paris Agreement’s emissions 
reduction goals. Return comparisons often involve multiple 
providers against a single benchmark, ignoring provider-
specific characteristics. Furthermore, the impact of green 
criteria used to create an index and its financial perfor-
mance remains unexplored. Our study addresses these gaps 
by conducting a comprehensive analysis of green MSCI 
indices, utilizing constituent weighting data across four 
major regions, assessing their alignment with the Paris 

Agreement, and benchmarking them against their respec-
tive MSCI standard indices. We aim to address the research 
gaps by answering the following two research questions:

1.	 How did green MSCI indices perform financially com-
pared with its standard non-green index?

2.	 How did an index’s Green Criteria Effectiveness (GCE) 
affect its financial performance?

Data and methods

Data

Our study makes use of both index-level and firm-level data. 
Our monthly index dataset includes 20 MSCI equity indices 
from January 2015 to December 2023. The five examined 
indices (one standard and four green-oriented variants) are 
analyzed in each of the four regions: the World, the USA, 
EU, and EM. We collect daily Net Total Returns (in USD) 
from Bloomberg, which include dividend reinvestments and 
consider withholding taxes. To capture an index’s exposure 
to the market index, we use monthly Fama-French factor 
returns and risk-free rates from French’s (2024) online data 
library.12

For the firm-level analysis, MSCI generously provided 
us with monthly data on each index’s constituents and their 
weights from January 2015 to December 2022. This dataset 
includes 5267 unique firms from 11 sectors across 50 coun-
tries. We are able to meticulously map 5034 of these firms 
(covering more than 99.9% of the total indices’ weights) to 
their ISINs. Other firm-specific data is obtained from Refini-
tiv Eikon’s Datastream, which covers nearly our entire sam-
ple. To our knowledge, this is one of the first studies that 
employ such a rich MSCI index data, including two Paris 
Agreement-aligned indices, over a relatively long period.

Methods

Index’s financial performance measures

We employ cumulative return differential (CRD) as our pri-
mary measure that captures the financial performance of 
a green index gi, relative to its parent index pi. The return 
differential rdgi,t of green index gi relative to its parent index 
pi at time t is computed as:

(1)rdgi,t = rgi,t − rpi,t

12  See https://​mba.​tuck.​dartm​outh.​edu/​pages/​facul​ty/​ken.​french/​data_​
libra​ry.​html.

https://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
https://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
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The CRDgi,T of green index gi over the time horizon T 
is given by:

The average CRD, ACRDt , for a green index gi across 
four regions k at time t, is given by:

In addition, we calculate the net CRD and net ACRD by 
deducting one twelfth of the corresponding ETFs’ average 
annual costs13 from the monthly returns of an index in our 
sample.

In robustness analyses, we use two other performance 
measures namely the wealth relative (WR) and Tobin’s Q. 
The WR is the ratio of the compounded returns between a 
green index gi and its parent index pi at time t, estimated as 
follows:

A WR value greater than one indicates that an investor 
would be better off investing in the green index gi instead of 
its standard index pi over the time horizon T.

We estimate an index’s Tobin’s Q as the weighted sum of 
firm j’s weight � in index i and firm j’s Tobin’s Q at time t, 
where J is the total number of firms in the index:14

In a similar approach, we also estimate the Sharpe ratio 
and Treynor ratio of each index.

Returns co‑movement

We estimate the Fama–French (FF) five-factor model to 
examine the co-movements of a green index’s returns rela-
tive to the market index’s returns in each region. In this anal-
ysis, we focus on the coefficient estimate of the market factor 

(2)CRDgi,T =

T
∑

t=1

rdgi,t

(3)ACRDgi,t =
1

4

4
∑

k=1

CRDgi,t,k

(4)WRgi,t =

∏T

t=1
(1 + rgi,t)

∏T

t=1
(1 + rpi,t)

(5)Tobin�s Qi,t =

J
∑

j=1

�i,j,t ∗ Tobin�s Qj,t

( �1) . If �1 is close to one, it indicates that the green index i’s 
returns move closely with the market index’s returns. Our 
baseline FF five-factor model is specified as follows:

where ri,t represents an index i’s return at time t, and rf ,tis the 
risk-free rate at time t.

The independent variables include the market excess 
return ( rm,t – rf ,t ), small minus big (SMBt), high minus low 
(HMLt), robust minus weak (RMWt), and conservative 
minus aggressive (CMAt) factors at time t.

In addition to the baseline FF five-factor model (Fama 
and French 2015), we also estimate the FF three-factor 
model (Fama and French 1993), the Carhart Fama-French 
four-factor model (Carhart 1997), and the Carhart Fama-
French six-factor model (Fama and French 2018) for robust-
ness tests.

To examine the co-movements between the returns of a 
green index and its respective standard index (in the same 
region), we apply the GARCH (1,1) model with a Gaussian 
distribution to our daily returns. This enables us to under-
stand the correlation dynamics over time between green 
indices and their parent index in each region.

OLS index‑level regressions

We carry out ordinary least squares (OLS) regressions at the 
index level to analyze how the effectiveness of green criteria, 
denoted as GCE, affects an index’s financial performance. 
For each performance metric outlined earlier (CRD, WR, 
Tobin’s Q), we estimate the following regression model:

where
Yi,t : A performance measure (CRD, WR, Tobin’s Q) for 

index i at time t , as discussed above.
GCE_Indexi : A dummy variable that takes the value of 1 

if index i was constructed according to the criteria of a cer-
tain index. This means that GCE_PAB equals to 1 only for 
the PAB index, while it is zero for all others, including the 
standard, CC, SRI, and SRI PAB indices. This logic applies 
to all other green index types accordingly.

(6)
ri,t − rf ,t = � + �1

(

rm,t − rf ,t
)

+ �2SMBt + �3HMLt

+ �4RMWt + �5CMAt + �t

(7)

Yi,t = � +

4
∑

k=1

�i × GCE_Indexi +

4
∑

g=1

�g × HDI_Groupg,t−12

+

10
∑

s=1

�s × Sectors,t−1 + �1Post_Launchi,t−1 + �2 log MVi,t−1

+ �3Covidt−1 + �4Ukrainet−1 + �t

13  For this purpose, we calculate the average total expense ratios 
of the largest ETFs which replicate green and standard indices. The 
average annual total expense ratios we have calculated for the stand-
ard (green) index for the World is 13 (21), for the USA 11 (20), for 
Europe 15 (19) and for EM 17 (25) basis points respectively.
14  Although Tobin’s Qs at the company level are annual values, the 
Tobin’s Qs at the index level are computed monthly as the weights of 
constituents in an index change monthly and the composition of an 
index also changes over the course of a year.
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HDI_Groupg,t−12 : Percentage of firms in a Human Devel-
opment Indicator (HDI) group g at time (t − 12).15

Sectors,t−1 : Percentage of firms in sector s at time ( t − 1).16

Post_Launchi,t−1 : Dummy variable indicating if index i 
had already been launched prior to or was launched at time 
(t − 1).

lMVt−1 ∶ Logarithm of the average weighted market value 
of index i at time ( t − 1).

Covidt−1 ∶ One-month lagged dummy variable for the 
COVID-19 period.

Ukrainet−1 : One-month lagged dummy variable for the 
Ukraine war period.

�t : Error term at time t.
Unlike ElBannan (2024), which uses a single dummy 

variable to represent various ESG funds, we analyze four 
green index types separately. Instead of grouping them 
in one category, we create four distinct dummy variables 
(GCE_Indexi). In equation (7), the standard index acts as 
the baseline category and is captured by the intercept ( � ). 
If the coefficient for GCE_Indexi is positive ( 𝛽i > 0) and 
statistically significant, it suggests that MSCI’s criteria to 
create this specific green index type has a positive impact 
on its performance measure Yi,t , even after controlling for 
relevant index-, sector-, country- and time-specific variables.

Our dataset includes 50 countries. Using multiple coun-
try-specific variables (for example, country dummy varia-
bles) leads to multicollinearity and would obscure the effects 
of our main explanatory variables, green criteria effective-
ness (GCE). We avoid multicollinearity by using the Human 
Development Indicator (HDI) as a proxy for country-specific 
effects, and sector composition, which captures broad cross-
sectional differences.17

Our primary financial performance measure is the cumu-
lative return differential (CRD), which reflects the long-term 
perspective of investors. We use OLS regression as it offers 
clear and easily interpretable coefficient estimates which 

allow us to directly assess the influence of the GCEs on an 
index’s relative return. Furthermore, we observe no signifi-
cant differences in results between cumulative (CRD) and 
non-cumulative return measure (WR). The usage of cumula-
tive values does not affect the main insights or conclusions 
of the study, suggesting that the OLS approach is suitable 
for our analysis.

To further validate our model, we conduct Residual ver-
sus Fitted Plots for our baseline regression of CRD. The 
residuals appear reasonably centered around zero across the 
range of fitted values, indicating no severe violations of lin-
earity. We also examine added-variable plots, and the partial 
regression lines show a linear pattern for our GCE dummies. 
Our model further includes controls for sector composition, 
country characteristics (HDI), index’s market capitalization, 
and major events (COVID-19, Ukraine war).

Most importantly, we use Newey–West standard errors in 
all analyses to address potential autocorrelation and heter-
oskedasticity.18 This ensures that any omitted variable bias 
or violations of classical assumptions are minimized. We 
acknowledge that no model is perfect; however, the absence 
of strong evidence of non-linearity or severe specification 
errors supports the validity of our OLS analysis results.

In addition to our baseline OLS analysis of cumulative 
return differential, we conduct several robustness tests using 
alternative financial performance metrics (WR, Tobin’s Q). 
We further analyze subsamples, including specific sub-indi-
ces, sub-regions, periods of heightened market uncertainty, 
and samples with two-month/three-month lags. The results 
remain consistent across these tests, reinforcing the reliabil-
ity of our main findings.

Empirical results

Statistics

Table 1 presents the statistics of returns for the 20 MSCI 
indices in four regions over the period January 2015–Decem-
ber 2023 (columns 1–5), and two sub-periods of different 
market conditions: the pre-pandemic (market stability) 
period January 2015–January 2020 (columns 6–10), and 
the pandemic period February 2020–January 2022 (columns 
11–15).19 Across all periods, the green indices generally 

15  Each year, constituents’ countries in our sample are grouped into 
five HDI categories based on their lagged numerical values: ≤0.6, 
0.6–0.7, 0.7–0.8, 0.8–0.9, and ≥0.9. The highest category (≥0.9) 
serves as the reference group. Since firm weights within an index 
change monthly and index constituents also evolve over time, the HDI 
group values are updated each month. The HDI data is sourced from 
the United Nations Development Program (UNDP).
16  The eleven sectors include Health Care, Consumer Discretionary, 
Materials, Industrials, Information Technology, Financials, Consumer 
Staples, Energy, Utilities, Communication Services, and Real Estate 
which we use as the reference category.
17  Subsequent empirical analyses show that the green indices have 
betas close to 1 and they all maintain high correlations (generally 
above 0.95) with their respective standard indices. That is, the green 
indices have similar systematic risk as the market index, and macro-
economic factors, such as interest rates or inflation, likely affect both 
green and standard indices similarly. Thus, we do not employ coun-
try-specific macroeconomic controls.

18  Additionally, we compute White standard errors for all models and 
obtain consistent results.
19  We choose February 2020 as the starting point of the pandemic, 
as the World Health Organization (WHO) declared it a Public Health 
Emergency of International Concern  on January 30 (WHO 2020). 
The period ends in January 2022, aligning with the onset of the 
Ukraine War in February 2022. We observe that by March/ April 
2022, the strict measures previously enacted in response to the Covid-
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demonstrate better performance than the standard index, as 
evidenced by greater or quite comparable mean returns. On 
average, the returns are highest in the USA and lowest in 
EM.

Panel A of Fig. 1 depicts the average cumulative return 
differentials (ACRD) for All Regions, and Panels B-E 

respectively show the cumulative return differentials (CRD) 
for the World, the USA, Europe, and EM.

As investors interested in sustainability are typically long-
term oriented, our discussion below focuses on the relative 
performance over the medium- and long-term horizon. For 
All Regions, the World, and the USA, all the green indi-
ces exhibit positive CRDs (Panel A, B, and C). The ACRD 
(Panel A) highlights that the two indices with the most 
restrictive filters (SRI and SRI PAB) gain momentum and 
outperform their less green counterparts in the latter years 

Table 1   Descriptive statistics of index returns, January 2015–December 2023

Panels A, B, C, D of this table respectively show the return statistics of the five indices examined for the World, the USA, Europe, and Emerging 
Markets (EM) region. We report the mean return, median return, the standard deviation (SD) of returns, the minimum and maximum return for 
the total study period (January 2015–December 2023), the pre-Covid-19 period (December 2015–January 2020), and the Covid-19 period (Feb-
ruary 2020–January 2022). The five examined indices consist of the MSCI Standard (parent) Index, the MSCI Climate Change Index (CC), the 
MSCI Climate Paris-Aligned Index (PAB), the MSCI Socially Responsible Investment index (SRI) and the MSCI Socially Responsible Invest-
ment filtered Paris-Aligned Benchmark Index (SRI PAB). The asterixis next to the mean and median returns respectively indicate the p value 
for the t test and Wilcoxon rank sum test showing whether the return statistics of an index are statistically different from zero. ***p value ≤ 1%; 
**1% < p value ≤ 5%; *5% < p value ≤ 10%

Panel A: World Total: 01/15–12/23 Pre-Covid-19: 01/15–01/20 Covid-19: 02/20–01/22

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Mean Median SD Min Max Mean Median SD Min Max Mean Median SD Min Max

Standard 0.82* 1.4** 4.49 −13.2 12.8 0.73* 1.15** 3.35 −7.6 7.9 1.41 2.53 5.80 −13.2 12.8
Climate Change 0.91** 1.34** 4.62 −12.3 12.8 0.81* 1.09** 3.36 −7.6 7.6 1.53 2.49 5.86 −12.3 12.8
PAB 0.88** 1.54** 4.55 −12.7 12.7 0.85** 1.15** 3.30 −7.4 7.7 1.4 2.47 5.87 −12.7 12.7
SRI 0.91** 1.3** 4.52 −10.8 11.9 0.81* 1.14** 3.31 −7.6 7.7 1.59 2.78 5.70 −10.8 11.9
SRI PAB 0.9** 1.12** 4.54 −11.1 11.9 0.83* 1.02** 3.27 −7.7 7.7 1.57 2.6 5.66 −11.1 11.9

Panel B: USA Total: 01/15–12/23 Pre-Covid-19: 01/15–01/20 Covid-19: 02/20–01/22

Mean Median SD Min Max Mean Median SD Min Max Mean Median SD Min Max

Standard 1** 1.4*** 4.63 −12.7 13.1 0.92** 1.27*** 3.45 −9.1 8.2 1.69 2.66 5.96 −12.7 13.1
Climate Change 1.11** 1.78*** 4.79 −11.7 13.3 1.01** 1.54*** 3.48 −8.9 8.1 1.85 2.85 6.06 −11.7 13.3
PAB 1.09** 1.59*** 4.73 −11.9 13.2 1.1** 1.58*** 3.42 −8.6 8.1 1.67 2.83 6.04 −11.9 13.2
SRI 1.13** 1.4*** 4.73 −10.3 12.7 0.99** 1.36*** 3.45 −8.6 7.8 2.03 3.38* 5.97 −10.3 12.7
SRI PAB 1.06** 1.21*** 4.74 −11.4 12.3 0.93** 1.13*** 3.45 −8.7 7.8 1.96 2.25 5.96 −11.4 12.3

Panel C: Europe Total: 01/15–12/23 Pre-Covid-19: 01/15–01/20 Covid-19: 02/20–01/22

Mean Median SD Min Max Mean Median SD Min Max Mean Median SD Min Max

Standard 0.55 0.7 4.85 −14.6 17.0 0.43 0.59 3.67 −7.8 6.7 0.96 2.77 6.32 −14.6 17.0
Climate Change 0.55 0.44 4.92 −14.5 16.4 0.44 0.23 3.69 −8.2 6.2 0.94 2.99 6.35 −14.5 16.4
PAB 0.62 0.54 4.92 −14.6 16.1 0.52 0.38 3.64 −8.0 6.2 1.04 3.11 6.33 −14.6 16.1
SRI 0.68 0.75 4.75 −10.9 15.9 0.61 0.68 3.58 −7.8 7.2 1.04 3.27 6.09 −10.9 15.9
SRI PAB 0.71 1.02 4.81 −11.7 15.4 0.67 0.88 3.53 −7.7 6.9 1.18 3.17 6.10 −11.7 15.4

Panel D: EM Total: 01/15–12/23 Pre-Covid-19: 01/15–01/20 Covid-19: 02/20–01/22

Mean Median SD Min Max Mean Median SD Min Max Mean Median SD Min Max

Standard 0.39 0.33 5.09 −15.4 14.8 0.47 0.24 4.57 −9.0 13.2 0.87 1.43 5.65 −15.4 9.2
Climate Change 0.37 0.23 5.15 −14.7 15.6 0.49 0.26 4.60 −8.9 13.1 0.85 1.26 5.58 −14.7 9.7
PAB 0.39 0.16 5.10 −15.8 13.3 0.47 0.13 4.56 −9.1 13.3 0.97 1.78 5.77 −15.8 9.7
SRI 0.54 0.21 5.44 −18.1 18.2 0.55 0.28 4.13 −8.7 13.6 1.46 2.05 6.86 −18.1 13.4
SRI PAB 0.36 0.18 5.12 −19.1 14.5 0.43 0.44 4.07 −8.6 13.2 1.01 2.03 6.75 −19.1 12.8

Footnote 19 (continued)
19 outbreak had started to ease, returning to pre-March 2020 levels, 
although this varied by country.
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of the study period. For Europe, three green indices (except 
CC) achieve positive CRDs throughout the entire period 
(Panel D). However, for EM, such outperformance was not 
evident, with only the SRI exceeding other indices by a large 
margin from year five (2020) onward.

We report the ACRD for All Regions and the CRDs for 
each region at a five-year horizon and over the entire study 
period in columns 1–2, Table 2. Furthermore, we report net 
ACRDs and net CRDs in columns 3–4, Table 2.

Our analysis focuses on the medium to long-term horizons 
which suit investors who care about the long-term impacts 
of climate changes. Overall, with a few exceptions (the CC 
in Europe and EM, the PAB and SRI PAB in EM), the green 
indices in each region achieve positive net CRDs (relative 
to their standard index). Over our study period and across 
regions, the net ACRDs vary between 4% (CC) and 13% 

(SRI), see Panel A (column 4). The SRI is the best per-
former, achieving the highest net CRD in All Regions (13%, 
Panel A), in the World (9.2%, Panel B), in the USA (14.1%, 
Panel C), and in EM (14.9%, Panel E). The SRI PAB, con-
structed with the most restrictive criteria, delivers the best 
net CRD in Europe (16.9%, Panel D).

Columns 5–6 of Table 2 respectively show the wealth 
relative (WR) and Tobin’s Q of each index averaged over 
the entire study period.20 Across regions, all green indices 
generate WRs equivalent to or greater than one, indicating 

Figure  1   Cumulative return differential (CRD), January 2015–
December 2023. This Figure presents the average cumulative return 
differential (ACRD) across regions and the cumulative return differ-
ential (CRD) of each MSCI green index relative to the MSCI stand-
ard/parent index in each region over the period January 2015-Decem-
ber 2023. The ACRD/ CRDs do not consider costs (ETFs’ expense 

ratios). The four green indices consist of the MSCI Climate Change 
index (CC), the MSCI Climate Paris-aligned Benchmark index 
(PAB), the MSCI Socially Responsible Investment index (SRI) and 
the MSCI Socially Responsible Investment filtered Paris-aligned 
Benchmark Index (SRI PAB)

20  As index’s constituent weighting data is unavailable beyond 
December 2022, our analysis of index-level Tobin’s Q ends in 
December 2022 (instead of December 2023 as for the analysis of 
index’s returns).
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Table 2   Index’s financial performance measures

This table presents the average cumulative return differential (ACRD) in Panel A (columns 1–4), the cumulative return differential (CRD) in 
Panel B–E (columns 1–4), wealth relative (WR) in Panels A–E (column 5), and Tobin’s Q in Panel A–E (column 6). CRD, ACRD and WR are 
relative to the MSCI Standard (parent) Index for each region (the World, USA, Europe, and Emerging Markets). Columns (1) and (2) of each 
Panel report the indices’ ACRD/ CRD. Columns (3), (4) of each Panel report the net ACRD/ net CRD of corresponding synthetic Exchange 
Traded Funds (ETFs), which replicate our examined indices, after deducting total expense ratios. For this purpose, we calculate the average 
total expense ratios of the largest ETF providers for the non-sustainable and green indices, separately for each region. We then deduct 1/12 of 
the average annual cost from the monthly return of each index. Each performance metric (CRD, ACRD) is reported for two investment horizons 
starting from the study beginning in January 2015. The five-year horizon ended shortly before the spread of Covid-19 in January 2020. The 
analysis of index’s relative returns and wealth relatives (columns 1–5) covers the period January 2015–December 2023 while the analysis of 
Tobin’s Q (column 6) covers the period January 2015–December 2022. The calculation of the Tobin’s Q of each index requires index’s constitu-
ent weighting data which is only available until December 2022
The five examined indices consist of the MSCI Standard (parent) Index, the MSCI Climate Change Index (CC), the MSCI Climate Paris-Aligned 
Index (PAB), the MSCI Socially Responsible Investment Index (SRI) and the MSCI Socially Responsible Investment filtered Paris-Aligned 
Benchmark Index (SRI PAB)

Panel A: ACRD - Combined Regions

ACRD (without cost) ACRD (after deducting ETF’s costs) Wealth Relative Tobin’s Q

All regions 5 Years (1) Total (2) 5 Years (3) Total (4) Total (5) Total (6)

Standard – – – – 1.00 2.08
CC 3.10% 4.70% 2.70% 4.00% 1.03 2.21
PAB 5.90% 5.80% 5.60% 5.10% 1.05 2.21
SRI 6.30% 13.70% 5.90% 13.00% 1.07 2.47
SRI PAB 4.70% 7.50% 4.30% 6.80% 1.05 2.41

Panel B: CRD - The World

CRD (without cost) CRD (after deducting ETF’s costs) Wealth Relative Tobin’s Q

World 5 Years (1) Total (2) 5 Years (3) Total (4) Total (5) Total (6)

Standard – – – – 1.00 2.24
CC 4.60% 9.50% 4.20% 8.80% 1.04 2.44
PAB 7.00% 5.90% 6.50% 5.20% 1.05 2.29
SRI 4.80% 10.00% 4.40% 9.20% 1.04 2.54
SRI PAB 6.00% 8.80% 5.50% 8.10% 1.06 2.56

Panel C: CRD - The USA

USA 5 Years (1) Total (2) 5 Years (3) Total (4) Total (5) Total (6)

Standard – – – – 1.00 2.66
CC 5.90% 12.40% 5.40% 11.60% 1.06 2.86
PAB 11.30% 10.10% 10.90% 9.30% 1.08 2.91
SRI 4.30% 14.90% 3.80% 14.10% 1.04 3.00
SRI PAB 0.70% 6.90% 0.30% 6.10% 1.02 2.94

Panel D: CRD - Europe

Europe 5 Years (1) Total (2) 5 Years (3) Total (4) Total (5) Total (6)

Standard – – – – 1.00 1.61
CC 0.80% −0.40% 0.60% −0.80% 1.01 1.69
PAB 5.50% 7.50% 5.30% 7.10% 1.05 1.71
SRI 11.20% 14.30% 11.00% 13.90% 1.10 2.18
SRI PAB 14.70% 17.30% 14.50% 16.90% 1.14 2.11

Panel E: CRD - Emerging Markets (EM)

EM 5 Years (1) Total (2) 5 Years (3) Total (4) Total (5) Total (6)

Standard – – – – 1.00 1.81
CC 1.00% −2.80% 0.60% −3.50% 1.00 1.86
PAB −0.10% −0.40% −0.50% −1.10% 1.00 1.93
SRI 4.80% 15.60% 4.40% 14.90% 1.08 2.14
SRI PAB −2.60% −3.00% −3.00% −3.70% 1.00 2.04
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that investors would be better off by investing in a green 
index instead of the respective standard index (column 5). 
Consistent with CRDs reported in columns 1–4, WRs show 
that the most restrictive green index, the SRI PAB, in Europe 
was the best performer. An investor who invested in SRI 
PAB Europe in January 2015 would be 14% better off over 
the study period than if s/he invested in the corresponding 
standard index. In terms of valuation, all green indices in 
all four regions achieve greater Tobin’s Q than the respec-
tive standard index (column 6). Of particular interest, across 
all four regions, the two most restrictive green indices, the 
SRI and SRI PAB, achieve the highest Tobin’s Q ranging 
between 2.14 and 3, and 2.04 and 2.94, respectively.

Columns (1–5) of Table 3 respectively display the Sharpe 
ratio (Panel A) and Treynor ratio (Panel B) of each index 
averaged over the study period for the World, the USA, 
Europe, Emerging Markets (EM), and the average ratio 
across regions.

Except the SRI PAB in EM region, all green indices 
achieve better Sharpe and Treynor ratios than the standard 
index. The Sharpe ratios for the green indices range from 
0.80 to 0.84 (World, column 1), 0.91–0.97 (USA, column 
2), 0.59–0.69 (Europe, column 3), and 0.46–0.63 (EM, col-
umn 4), which are mostly better than the standard index’s 
values of 0.77 (World), 0.91 (USA), 0.55 (Europe), and 0.51 
(EM). On average (column 5), the green indices consistently 
outperform the standard index as evidenced by their greater 
Sharpe and Treynor ratios. The SRI is the best performer 

overall (with the Sharpe ratio of 0.79 and the Treynor ratio 
of 0.26), followed closely by the SRI PAB (0.78 and 0.247) 
and PAB (0.75 and 0.247).

Overall, the green indices mostly offer either comparable or 
greater CRD, relative to their respective standard index, over 
a medium- to long-term horizon. This finding holds using net 
CRD that considers the corresponding largest synthetic ETFs’ 
total expense ratios which can sometimes be higher for green 
investment options. The evidence of the green indices outper-
forming the standard index is robust using alternative meas-
ures including WR, Tobin’s Q, and two risk-adjusted measures 
namely the Sharpe ratio and the Treynor ratio.

Our findings are in line with previous literature reporting 
outperformance such as Fiordelisi et al. (2023) but contrast 
to the broader literature which does mostly not find a per-
formance difference (Dumitrescu et al. 2023; Cunha et al. 
2020; Jain et al. 2019; Kossentini et al. 2024).

Returns co‑movement

A prevalent concern regarding green investment indices is 
the potential lack of diversification due to high exclusion 
rates which range between 75 and 90%.21 To address this 

Table 3   MSCI index’s Sharpe and Treynor ratios, January 2015–December 2022

This table presents the average Sharpe Ratio (Panel A) and Treynor Ratio (Panel B) for the regions World (Column 1), the USA (Column 2), 
Europe (Column 3), Emerging Markets (EM) (Column 4), and the average ratios across regions (Column 5)
The five examined indices consist of the MSCI Standard (parent) Index, the MSCI Climate Change Index (CC), the MSCI Climate Paris-Aligned 
Index (PAB), the MSCI Socially Responsible Investment Index (SRI) and the MSCI Socially Responsible Investment filtered Paris-Aligned 
Benchmark Index (SRI PAB)

Panel A: Sharpe Ratio

World
(1)

USA
(2)

Europe
(3)

EM
(4)

Average
(5)

Standard 0.77 0.91 0.55 0.51 0.68
CC 0.81 0.94 0.59 0.53 0.73
PAB 0.8 0.96 0.61 0.63 0.75
SRI 0.84 0.97 0.68 0.60 0.79
SRI_PAB 0.82 0.91 0.69 0.46 0.78

Panel B: Treynor Ratio

World
(1)

USA
(2)

Europe
(3)

EM
(4)

Average
(5)

Standard 0.251 0.295 0.163 0.225 0.234
CC 0.265 0.306 0.176 0.238 0.246
PAB 0.257 0.308 0.182 0.241 0.247
SRI 0.270 0.308 0.221 0.254 0.263
SRI_PAB 0.270 0.291 0.212 0.216 0.247

21  For example, the MSCI Emerging Markets SRI Filtered PAB had 
177 constituents in March 2024 compared to the 1376 constituents 
of the standard index, representing an exclusion ratio of 89%. In the 
other regions, the exclusion rates for the SRI and SRI PAB are around 
75%.
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concern, we explore the co-movements between the returns 
of each green index and the market index by estimating 
Fama-French models. We focus on the beta coefficient esti-
mates of the market factor of the green indices. We report 
the market factor’s beta estimates in Table 4.

We find that the market factor’s beta estimates for all 
green indices in all four regions are close to 1 (between 0.96 
and 1.095), suggesting no substantial disadvantage in terms 

of volatility compared with the market index (Panel A–D, 
column 1). The EM has all betas’ estimates exceeding 1 
(ranging between 1.02 and 1.095), which indicates slightly 
more volatility than other regions. The SRI in EM tends to 
be most volatile, with beta estimates varying between 1.06 
and 1.095. This is not too surprising considering its outper-
formance relative to its green peers and the standard index 

Table 4   Coefficient estimates of the market factor (rm-rf) in Fama–French Regressions, January 2015–December 2023

This table presents the coefficient estimates of the market factor (rm–rf) for each index in each region, obtained from the five-factor Fama–French 
(FF) model (FF5, column 1, our baseline analysis), the three-factor FF model (FF3, column 2), the model with FF’s three factors and Carhart’s 
momentum factor (C4, column 3), and the model with FF’s five factors and Carhart’s momentum factor (FF6, column 4)
The five examined indices consist of the MSCI Standard (parent) Index, the MSCI Climate Change Index (CC), the MSCI Climate Paris-Aligned 
Index (PAB), the MSCI Socially Responsible Investment Index (SRI) and the MSCI Socially Responsible Investment filtered Paris-Aligned 
Benchmark Index (SRI PAB)
For brevity reason, the coefficient estimates of other factors are not presented. ***, ** and * represents p value significance at the 0.01, 0.05 and 
0.10 levels respectively. The untabulated adjusted R2s are above 93% in all models

Panel A: The World

Obs FF5
(1)

FF3
(2)

C4
(3)

FF6
(4)

Standard 108 1.007*** 1.004*** 1.009*** 1.009***
Climate change 108 1.004*** 1.019*** 1.009*** 1.000***
PAB 108 1.001*** 1.007*** 1.002*** 0.998***
SRI 108 0.993*** 0.993*** 0.991*** 0.991***
SRI PAB 108 0.995*** 0.996*** 1.001*** 0.999***

Panel B: The USA

Obs FF5
(1)

FF3
(2)

C4
(3)

FF6
(4)

Standard 108 0.996*** 0.996*** 0.995*** 0.995***
Climate change 108 1.016*** 1.022*** 1.016*** 1.013***
PAB 108 1.006*** 1.011*** 1.013*** 1.009***
SRI 108 0.997*** 0.996*** 0.997*** 0.998***
SRI PAB 108 0.995*** 0.997*** 1.005*** 1.002***

Panel C: Europe

Obs FF5
(1)

FF3
(2)

C4
(3)

FF6
(4)

Standard 108 0.988*** 0.982*** 0.982*** 0.986***
Climate change 108 1.004*** 0.999*** 0.991*** 0.995***
PAB 108 0.997*** 0.997*** 0.983*** 0.984***
SRI 108 0.969*** 0.968*** 0.954*** 0.956***
SRI PAB 108 0.980*** 0.977*** 0.973*** 0.976***

Panel D: Emerging Markets (EM)

Obs FF5
(1)

FF3
(2)

C4
(3)

FF6
(4)

Standard 108 1.024*** 1.031*** 1.025*** 1.017***
Climate change 108 1.036*** 1.039*** 1.025*** 1.021***
PAB 108 1.036*** 1.034*** 1.039*** 1.041***
SRI 108 1.095*** 1.063*** 1.059*** 1.092***
SRI PAB 108 1.046*** 1.007*** 1.000*** 1.042***
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in EM region, as evidenced by a markedly higher net CRD 
(14.9%), a greater Sharpe ratio (0.6) and Treynor ratio (0.25).

Next, we examine the co-movements between a green 
index’s returns and its respective standard index’s returns. 
We apply the GARCH (1,1) model with a Gaussian distribu-
tion to daily returns, and present the correlation dynamics 
for the four regions in Fig. 2.

We observe a high degree of correlations between the 
green indices’ returns and their respective standard index’s 
returns in all four regions, particularly for the CC and PAB 
indices, which often mirror the movements of their parent 
indices very closely at a correlation coefficient of nearly 
0.98. For EU, the USA, and the World, the SRI and SRI PAB 
display a high correlation (around 0.97) with their corre-
sponding parent index, suggesting a strong linkage in market 
behaviors. For the EM, the SRI and SRI PAB consistently 
maintain a correlation gap of approximately 0.05–0.1 point 

from their parent index. This may partly be explained by 
the fact that constituents in the SRI and SRI PAB in EM 
are, on average, of smaller size22 and invest conservatively23 
compared with those in other regions. Within the EM, the 
SRI and SRI PAB have 11–12.4% constituents from South 
Africa, greater than other indices (5.6–6.1%). Notably, the 
SRI PAB EM is more concentrated in the financial sector 
(34%) and less in the IT sector (13%) than other indices 
(23–26% in the Financial sector, and 21–25% in the IT 
sector).

Figure  2   Dynamic conditional correlations between returns of each 
green index and its standard index, January 2015–December 2023. 
This figure features the dynamic conditional correlations between 
the returns of each green index and the returns of its standard parent 
index across four regions: World (Panel A), United States (Panel B), 
Europe (Panel C) and Emerging Markets (Panel B) during the period, 
January 2015–December 2023. The dynamic conditional correlations 
are obtained by estimating the GARCH (1,1) model with a Gaussian 

distribution using a moving average of 30 days on the obtained corre-
lation values to smooth short-term fluctuations and reveal underlying 
trends. The four green indices consist of the MSCI Climate Change 
Index (CC), the MSCI Climate Paris-Aligned Index (PAB), the MSCI 
Socially Responsible Investment Index (SRI) and the MSCI Socially 
Responsible Investment filtered Paris-Aligned Benchmark Index (SRI 
PAB)

23  The Conservative minus Aggressive (CMA) factor in the Fama-
French (FF)5, FF6 regressions is statistically and significantly posi-
tive for SRI and SRI PAB indices in EM region only (untabulated).

22  The weighted average market cap of SRI PAB (SRI) is USD 37 
billion (79.9 billion) for EM and 61.3–137 billion (73.5-198 billion) 
for other regions (untabulated).



	 J. Heldmann et al.

A similar pairing is observed between SRI and SRI PAB 
indices. This clustering can be attributed to their composi-
tions. These two indices are relatively similar regarding the 
number of excluded constituents, although the SRI PAB has 
an issuer cap of 5% and a more restrictive exclusion related 
to revenues realized from controversial activities.24 Nota-
bly, in contrast to the CC and PAB, the SRI and SRI PAB 
exhibit several distinct phases where a deviation from the 
standard index occurred. This is not a surprise considering 
these indices’ restrictive filters and the resulting constitu-
ents’ re-weightings.

While the SRI and SRI PAB drift apart from the standard 
index at times, all green indices move quite closely with the 
standard index, as well as the market index. The finding of 
this analysis mitigates a concern of the green indices being 
undiversified, and is similar to the results of Jain et al. (2019) 
and Rompotis (2023).

OLS analysis: green criteria effectiveness (GCE) 
and index financial performance

We conduct index-level OLS analyses of CRD, WR, and 
Tobin’s Q,25 and report the results in columns 1–3, Table 5.26 
Each model is estimated using Newey–West standard 
errors. We lag all control variables by one month to miti-
gate concern of reverse causality. The GVIF for the group 
of four GCE dummy variables, estimated using DescTools 
in R, is less than 1.7, suggesting no serious concern of 
multicollinearity.

Our key variables of interest are the GCE dummies, each 
represents the criteria MSCI uses to construct a green index 
type. Except the CC index, which has no significant effect 
on Tobin’s Q (column 3), the GCE coefficient estimates for 
all green indices are positive and statistically significant  
at the 1% level. The two most restrictive indices, GCE_
SRI PAB (GCE_SRI), exert the most pronounced effects, 
respectively raising CRDs (column 1) by 7.7% (5.9%), WR 

(column 2) by 9.1% (6.4%), and Tobin’s Q (column 3) by 
0.635 (0.3).

To ensure that our results are robust, we repeat our base-
line analyses using different subsamples and report the 
results in “Appendix B.” Considering the relatively similar 
characteristics shared by two pairs of green indices, we first 
carry out separate OLS regressions of two subsamples of 
indices (Panel A): one with the standard, CC and PAB indi-
ces (Column 1–3), and one with the standard, SRI and SRI 

Table 5   OLS financial performance analysis, January 2015–Decem-
ber 2022

This table reports the coefficient estimates of the Green Criteria 
Effectiveness (GCE) of each green index obtained from the OLS 
index-level analysis of cumulative return differential (CRD, column 
1), wealth relative (WR, column 2), and Tobin’s Q (column 3). Our 
analysis includes all five examined indices namely the MSCI Stand-
ard (parent) Index, the MSCI Climate Change Index (CC), the MSCI 
Climate Paris-Aligned Index (PAB), the MSCI Socially Responsible 
Investment Index (SRI) and the MSCI Socially Responsible Invest-
ment filtered Paris-Aligned Benchmark Index (SRI PAB)
Each model, estimated with the Newey–West robust standard errors, 
includes GCE index-type dummy values, lagged firm-weighted per-
centages for each Human Development Indicator (HDI) group, lagged 
firm-weighted percentages for each sector, logarithm of lagged firms-
weighted market value, lagged dummy variables that capture an 
index’s post-launch period, the Ukraine war and the Covid-19 pan-
demic. Index values (CRD, WR, Tobin’s Q, and control variables 
except dummies) are estimated using constituents’ values and their 
weights in the index in each month
The coefficient estimates of GCEs are reported first, followed by the 
standard errors (in parentheses). For brevity reason, the coefficient 
estimates of the intercept (the standard parent index) and control 
variables are not reported. ***, ** and * represents p value signifi-
cance at the 0.01, 0.05 and 0.10 levels respectively. The untabulated 
F-statistics for the tests of the joint significance of the coefficients of 
variables employed are significant at the 1% level in all model speci-
fications

Variables CRD Wealth relative Tobin’s Q
(1) (2) (3)

GCE_CC 0.02*** 0.037*** −0.041
(0.007) (0.008) (0.035)

GCE_PAB 0.053*** 0.065*** 0.128***
(0.009) (0.01) (0.045)

GCE_SRI 0.059*** 0.064*** 0.297***
(0.004) (0.005) (0.019)

GCE_SRI PAB 0.077*** 0.091*** 0.635***
(0.009) (0.009) (0.042)

Sector composite YES YES YES
HDI composite YES YES YES
Log of market value YES YES YES
Post Launch dummy YES YES YES
Ukraine dummy YES YES YES
Covid dummy YES YES YES
Observations 1900 1900 1900
Adj. R2 0.528 0.547 0.894

25  Firm-level data for Tobin’s Q was winsorized at the 1% and 99% 
level to remove outliers before being aggregated at the index level 
(Equation 5). Index’s values of relative return measures (CRD, WR) 
are not affected by firm-related outliers. Untabulated additional 
analysis of CRD, WR, and Tobin’s Q index values winsorized at the 
1% and 99% level generates similarly qualitative result as the result 
reported in Table 5.
26  In all regressions, the GCE values of the standard index are 
included in the intercept; the results do not change if the standard 
index observations are omitted from each regression. However, if we 
take out the standard index observations, one green index would be 
included in the intercept. Our analysis utilizes index-month observa-
tions of 20 indices over 8 years (2015–2022). Excluding 20 observa-
tions in Jan 2015 due to the use of lagged control variables, the final 
sample includes 1900 observations.

24  Please see a detailed discussion in ”Brief overview of MSCI’s 
methods for creating green equity indices” section and “Appendix A.”
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PAB indices (Column 4–6). Next, considering the domi-
nance of US constituents, we analyze two subsamples of 
regions (Panel B): one excludes the World (Column 1–3), 
and one excluding the USA (Column 4–6). In panel C, we 
divide our sample into two sub-periods and conduct sep-
arate analyses for the market uncertainty (Column 1–3), 
and the market stability period (Column 4–6). Finally, to 
minimize concerns of reverse causality, we estimate two 
OLS regressions using two samples (Panel D): one with 
two-month lagged control variables (Column 1–3), and one 
with three-month lagged control variables (Column 4–6). 
We observe a quite consistent result that the GCEs statisti-
cally and significantly contribute to green indices’ relative 
outperformance (CRD, WR) and, except for the GCE of CC, 
greater valuation (Tobin’s Q). The most restrictive index, 
the SRI PAB, exerts the strongest impact on CRD, WR and 
Tobin’s Q.

While the GCE of the CC index does not show a signifi-
cant positive effect on Tobin’s Q, this does not impact the 
overall implications of our study. Relative return measures 
CRD and WR are derived purely from market data, whereas 
Tobin’s Q is derived based on both market and accounting 
data which, to some extent, is subject to earnings manage-
ment. Tobin’s Q shows whether an index is over-valued or 
under-valued (relative to the replacement cost of its assets). 
Tobin’s Q is a valuation metric and does not capture the 
returns of green indices relative to their standard indi-
ces. Thus, it is not surprising that the result of the Tobin 
Q’s analysis slightly differs from those of CRD and WR’ 
analyses. The difference is mainly for the CC index (the 
least restrictive of the four examined green indices in each 
region). What matters most is that the significant effects of 
GCEs on Tobin’s Q for the other three green indices indi-
cate that market participants do recognize and reward the 
stricter green criteria employed—especially in the case of 
the SRI and SRI PAB indices, which are closely aligned with 
the Paris Agreement. Overall, the robust results obtained 
from CRD and WR analyses, and the significant effects of 
GCEs for SRI/SRI PAB (the two restrictive green indices 
that aligned with the Paris Climate Agreement) across all 
three measures (CRD, WR, Tobin’s Q) remain the key driv-
ers of our conclusions.

Conclusion

Our study analyses the financial performance 20 MSCI 
equity indices from 2015 to 2023 and aims at examining 
how the green criteria (GCE) used by MSCI to create green 
indices influence their financial performance. We compare 
the MSCI standard (parent) non-green index with four MSCI 

green indices in each of the four examined regions, including 
two that align with the Paris Agreement’s objectives.

Our analyses reveal several findings. First, averaged 
across the four regions, the four green indices (CC, PAB, 
SRI, and SRI PAB) achieve better financial performance 
than the standard index, as demonstrated by long-term posi-
tive cumulative return differentials (CRD) and the wealth 
relatives (WR) being greater than 1 over the study period, 
particularly for the SRI indices. While we do see short-term 
underperformance, this is not unexpected considering the 
well-known trade-off between investing in sustainability and 
achieving immediate financial returns. Most importantly, 
all, except one, green indices deliver greater risk-adjusted 
returns (Sharpe and Treynor ratios), and higher Tobin’s Qs 
indicating greater market valuation than the standard index. 
We are, however, cautious for the EM region as only the 
SRI perform substantially better than the standard index. 
Second, the returns of the four green indices are closely 
related to the returns of the market index and the returns of 
the standard index. The systematic risks of these green indi-
ces, as reflected by their beta coefficient estimates derived 
from Fama-French models, are similar to those of standard 
indices, suggesting that they do not compromise on diversi-
fication. Third, MSCI’s GCEs used to construct green indi-
ces are significantly associated with their relative financial 
outperformance.

Our research adds valuable insights into the sustainable 
finance literature in several ways. First, we focus on the 
PAB and SRI PAB indices, making this one of the first 
studies to explore the financial attractiveness of Paris 
Agreement-Aligned Benchmark investments. Second, we 
analyze the financial performance of MSCI green indices 
compared to their standard MSCI non-green counterparts, 
using a rich MSCI dataset with monthly weighting data 
from 2015 to 2022; thereby eliminating concerns of poten-
tial effects of an index provider’s characteristics. Third, we 
contribute to the discussion on green equity investments, 
showing their potential as tools for diversification and 
improved returns.

Our findings offer important practical insights for inves-
tors, index providers, fund managers, and policymakers. 
Given the observed long-term outperformance, investors 
seeking to align their portfolios with the Paris Agreement 
goals could consider ETFs tracking the MSCI PAB and 
SRI PAB indices (SRI PAB only for Emerging Markets). 
Policymakers can also use these Paris Agreement-aligned 
indices as reference standards for sustainable finance initia-
tives, for example, under the Sustainable Finance Disclosure 
Regulation (SFDR) Article 9 or the EU Taxonomy. They can 
help to verify that financial products meet defined sustain-
ability criteria and thus increase transparency and reduce 
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greenwashing. Using these indices as benchmarks for gov-
ernment pension funds or other public investment vehicles 
can further help to direct capital toward projects which aim 
to mitigate climate change. This is increasingly important 
considering that New Zealand Superannuation Fund and 
Norges Bank Investment Management, which manages Nor-
way’s sovereign wealth fund, have divested from oil compa-
nies,27 and other sovereigns will follow suit. Our established 
evidence of the outperformance of the two Paris Agreement-
aligned indices offers sovereign wealth funds important tools 
to pursue sustainable investment strategies and accelerate 
governments’ efforts to support the transition to a low-car-
bon economy.

Our study has certain limitations as it focuses on 20 MSCI 
indices over a specific period, which includes the COVID-19 
pandemic and the ongoing war in Ukraine, potentially influ-
encing the results due to these unusual economic conditions. 
The limited availability of historical constituent weighting 
data across regions also restricts the scope of our analysis, 
making it less applicable to other indices or time periods. 
Future research could address these limitations by exam-
ining a wider set of indices over a longer period. It could 
also explore how ESG/green criteria used by different index 
providers influence performance under different economic 
conditions.

Appendix A: Comparison of exclusion 
thresholds in green MSCI’s indices

The MSCI SRI and SRI Filtered Paris-Aligned Bench-
mark (PAB) indices are designed to reflect socially 
responsible investing principles while aligning with sus-
tainability and climate-focused goals. These methods 
impose strict thresholds on revenues derived from contro-
versial or sensitive activities to determine company (con-
stituents) eligibility. The thresholds vary between the SRI 
Index and the stricter SRI Filtered PAB Index, ensuring 

that investments meet higher environmental, social, and 
governance (ESG) standards. The following summary 
outlines the key thresholds for these activities based 
on the MSCI SRI Indexes Methodology (MSCI 2024a) 
and the MSCI SRI Filtered PAB Indexes Methodology 
(MSCI 2024b). For Controversial Weapons, companies 
are excluded entirely from SRI and SRI filtered PAB 
indices, with a 0% threshold for all revenues. For Con-
ventional Weapons, the SRI index allows up to 5% of rev-
enues from production and 15% from components, while 
the SRI filtered PAB reduces this threshold to 5% for both 
production and components. Civilian Firearms are also 
restricted, with production revenues capped at 0% and 
distribution revenues capped at 5% for both the SRI and 
SRI filtered PAB indices. Similarly, for Nuclear activities, 
revenues from weapons production are restricted to 0%, 
power generation is capped at 5%, and nuclear suppliers 
are limited to 15% under the SRI index. However, the SRI 
filtered PAB reduces the supplier threshold to 5%. Ther-
mal Coal is excluded entirely from the SRI and the SRI 
PAB index while both allow up to 5% of revenues from 
power generation. For Tobacco, production is not allowed 
(0% threshold) in both SRI indices, while distribution is 
capped at 5%. Alcohol-related activities have more lenient 
thresholds. Production revenues are capped at 5% for both 
SRI indices, and distribution revenues are capped at 15%. 
Similarly, Gambling is limited to 5% for ownership rev-
enues and 15% for services in both SRI and SRI filtered 
PAB indices. For Adult Entertainment, production rev-
enues are limited to 5%, and distribution is capped at 15% 
under both SRI indices. Genetically modified organisms 
(GMOs) are restricted to a 5% threshold for production 
revenues. Oil and Gas activities face stricter limitations. 
Revenues from conventional and unconventional oil and 
gas activities are capped at 0% for both SRI indices. How-
ever, power generation from oil and gas is allowed up to 
30% under the SRI filtered PAB index.

27  See https://​www.​green​peace.​org/​aotea​roa/​press-​relea​se/​super-​
funds-​950m-​fossil-​fuel-​dives​tment-​an-​aha-​moment-​for-​nz-​econo​my/ 
and https://​www.​thegu​ardian.​com/​busin​ess/​2017/​nov/​16/​oil-​and-​gas-​
shares-​dip-​as-​norwa​ys-​centr​al-​bank-​advis​es-​oslo-​to-​divest.

https://www.greenpeace.org/aotearoa/press-release/super-funds-950m-fossil-fuel-divestment-an-aha-moment-for-nz-economy/
https://www.greenpeace.org/aotearoa/press-release/super-funds-950m-fossil-fuel-divestment-an-aha-moment-for-nz-economy/
https://www.theguardian.com/business/2017/nov/16/oil-and-gas-shares-dip-as-norways-central-bank-advises-oslo-to-divest
https://www.theguardian.com/business/2017/nov/16/oil-and-gas-shares-dip-as-norways-central-bank-advises-oslo-to-divest
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Appendix B: OLS robustness analysis utilizing various subsamples

Panel A: Subsamples of indices

Variables Sample: Standard, CC and PAB indices Sample: Standard, SRI and SRI PAB indices

Provider (1) (2) (3) (4) (5) (6)

CRD WR Tobin’s Q CRD WR Tobin’s Q

GCE_CC 0.082*** 0.114*** 0.23*** NA NA NA
(0.005) (0.005) (0.053) NA NA NA

GCE_PAB 0.11*** 0.136*** 0.322*** NA NA NA
(0.007) (0.006) (0.059) NA NA NA

GCE_SRI NA NA NA 0.074*** 0.08*** 0.37***
NA NA NA (0.004) (0.005) (0.024)

GCE_SRI PAB NA NA NA 0.123*** 0.137*** 0.618***
NA NA NA (0.007) (0.008) (0.051)

Sector composite YES YES YES YES YES YES
HDI composite YES YES YES YES YES YES
Log of market value YES YES YES YES YES YES
Post Launch dummy YES YES YES YES YES YES
Ukraine dummy YES YES YES YES YES YES
Covid dummy YES YES YES YES YES YES
Observations 1140 1140 1140 1140 1140 1140
Adj. R2 0.733 0.83 0.922 0.66 0.664 0.895

Panel B: Subsamples of regions

Variables Sample excluding “World” Region Sample excluding “US” Region

Provider (1) (2) (3) (4) (5) (6)

CRD WR Tobin’s Q CRD WR Tobin’s Q

GCE_CC 0.036*** 0.038*** −0.083** −0.013** 0.013* −0.084**
(0.007) (0.008) (0.038) (0.006) (0.007) (0.037)

GCE_PAB 0.063*** 0.066*** 0.115** 0.012 0.033*** 0.017
(0.009) (0.01) (0.048) (0.008) (0.009) (0.046)

GCE_SRI 0.071*** 0.077*** 0.332*** 0.068*** 0.068*** 0.336***
(0.005) (0.006) (0.021) (0.004) (0.005) (0.021)

GCE_SRI PAB 0.094*** 0.104*** 0.645*** 0.076*** 0.092*** 0.526***
(0.009) (0.01) (0.043) (0.008) (0.009) (0.043)

Sector composite YES YES YES YES YES YES
HDI composite YES YES YES YES YES YES
Log of market value YES YES YES YES YES YES
Post Launch dummy YES YES YES YES YES YES
Ukraine dummy YES YES YES YES YES YES
Covid dummy YES YES YES YES YES YES
Observations 1425 1425 1425 1425 1425 1425
Adj. R2 0.56 0.564 0.901 0.603 0.598 0.888



	 J. Heldmann et al.

Panel C: Subsamples of time periods

Variables Sample market uncertainty Sample market stability

Provider (1) (2) (3) (4) (5) (6)

CRD WR Tobin’s Q CRD WR Tobin’s Q

GCE_CC 0.054*** 0.009* 0.002 0.008 0.017 −0.219***
(0.006) (0.005) (0.073) (0.01) (0.011) (0.048)

GCE_PAB 0.136*** 0.034*** 0.146 0.038*** 0.044*** −0.069
(0.012) (0.009) (0.125) (0.01) (0.011) (0.046)

GCE_SRI 0.112*** 0.04*** 0.377*** 0.025*** 0.026*** 0.292***
(0.007) (0.005) (0.070) (0.004) (0.004) (0.02)

GCE_SRI PAB 0.152*** 0.043*** 0.515*** 0.041*** 0.047*** 0.395***
(0.008) (0.006) (0.081) (0.012) (0.014) (0.057)

Sector composite YES YES YES YES YES YES
HDI composite YES YES YES YES YES YES
Log of market value YES YES YES YES YES YES
Post Launch dummy YES YES YES YES YES YES
Observations 700 700 700 1200 1200 1200
Adj. R2 0.775 0.487 0.857 0.481 0.474 0.847

Panel D: Sample with two- and three-month lagged control variables

Variables Sample with two-month lagged control variables Sample with three-month lagged control variables

Provider (1) (2) (3) (4) (5) (6)

CRD WR Tobin’s Q CRD WR Tobin’s Q

GCE_CC 0.024*** 0.042*** −0.034 0.027*** 0.046*** −0.058
(0.007) (0.008) (0.035) (0.007) (0.008) (0.036)

GCE_PAB 0.06*** 0.073*** 0.14*** 0.064*** 0.077*** 0.105**
(0.009) (0.01) (0.047) (0.008) (0.011) (0.048)

GCE_SRI 0.063*** 0.068*** 0.331*** 0.065*** 0.071*** 0.352***
(0.005) (0.005) (0.023) (0.005) (0.005) (0.024)

GCE_SRI PAB 0.081*** 0.095*** 0.653*** 0.085*** 0.099*** 0.629***
(0.009) (0.01) (0.045) (0.008) (0.01) (0.045)

Sector composite YES YES YES YES YES YES
HDI composite YES YES YES YES YES YES
Log of market value YES YES YES YES YES YES
Post launch dummy YES YES YES YES YES YES
Ukraine dummy YES YES YES YES YES YES
Covid dummy YES YES YES YES YES YES
Observations 1880 1880 1880 1860 1860 1860
Adj. R2 0.524 0.542 0.896 0.522 0.54 0.892

This “Appendix” reports the coefficient estimates of the Green Criteria Effectiveness (GCE) of each green index (the MSCI Climate Change 
Index-CC, the MSCI Climate Paris-Aligned Index-PAB, the MSCI Socially Responsible Investment Index-SRI, and the MSCI Socially Respon-
sible Investment filtered Paris-Aligned Benchmark Index-SRI PAB) obtained from the OLS index-level analysis of the cumulative return differ-
ential (CRD, columns 1 and 4), wealth relative (WR, columns 2 and 5) and Tobin’s Q (columns 3 and 6) for each subsample in Panels A–D
From the entire sample covering the period January 2015–December 2022, we create 8 different subsamples. In Panel A, we examine two 
subsamples of which one consists of the standard and two less strict CC and PAB indices (columns 1–3), and the other including the standard 
and two more strict SRI and SRI PAB indices (columns 4–6). In Panel B, we analyze two subsamples of which one excludes the “World” region 
(columns 1–3), and one exclude the “US” region (columns 4–6). In Panel C, we look at two different sub-periods: market uncertainty (columns 
1–3) and market stability (columns 4–6). The market uncertainty period covers the Ukraine war and the Covid pandemic while the market stabil-
ity period covers the remaining months of our study period. In Panel D, we explore a sample with two-month lagged control variables (columns 
1–3) and a sample with three-month lagged control variables (columns 4–6). In both samples, the index-level HDI composite is lagged by a year
We estimate all models with the Newey–West robust standard errors. The coefficient estimates of GCEs are reported first, followed by the 
standard errors (in parentheses). For brevity reason, the coefficient estimates of the intercept and control variables are not reported. ***, ** and * 
represents p value significance at the 0.01, 0.05 and 0.10 levels respectively
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