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Abstract

Environmental, Social, and Governance (ESG) integration in the Exchange-Traded Funds (ETFs)

market has obtained significant traction in recent years. This study aims to evaluate the risk-

return profile of ETFs, to understand whether ESG factors improve their performance. Several

ESG scores are employed in regressions to understand their relation with four performance

measures. Moreover, portfolios are created from the Morningstar Sustainability Ratings and

employed in multifactor models to detect any sign of underpricing. Some overperformance

is found in relation to the most sustainable portfolios, with a positive significant correlation

between sustainability (especially the environmental pillar) and the performance measures.

Geographically, overperformance is consistent only in the North American region, with some

evidence also on the Global stage, probably influenced by the former.

Keywords: ESG ETFs, Risk-adjusted performance, Sustainability, European-traded ETFs, Mul-

tifactor models

JEL Classification: G11, G12, G15, Q01
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1 Introduction

With the world experiencing a constant evolution, financial markets have always adapted to

better suit investors’ needs. During the last few decades, our society experienced a massive

technological and ethical advancement that resulted in a more globalized and sustainable

world. These improvements also heavily impacted the state-of-the-art technologies used in

financial markets, leading to new and innovative methods to invest in them in an ever easier

and faster fashion. ETFs and ESG rankings can be considered two of the most notable recent

developments, and this thesis aims to study their combined behavior with a simple research

question in mind: ”Does the integration of environmental, social, and governance (ESG) criteria

into European ETFs enhance financial performance relative to traditional ETFs?”.

While tons of literature regarding ESG funds and stocks can be found, only a limited number

of studies handle the topic of ESG ETFs, discovering conflicting findings. Most of these studies

also included the early adopters of ESG criteria, which, given their market concentration and

rudimentary ESG implementation strategies, could most probably show anomalous behaviors

compared to the more recent (and advanced) ESG ETFs. Another widely adopted issue is the

method of comparison to evaluate possible underpricing, as many studies compare sustainable

ETF returns with benchmarks, completely disregarding the fact that overperformance may not

be a direct consequence of the ETF’s sustainability profile.

My contribution to the extant literature is primarily the study of ESG ETFs in all the Euro-

pean markets (which was never done before, with research mainly concentrating on the US or

specific European countries such as Rompotis, 2023). Moreover, to tackle the two important

issues listed before, I have constructed a sample consisting of the last five years of daily returns

to study the current and more developed ETF ESG market, including two important downturns

(namely the COVID-19 crisis and the 2022 stock market decline) to verify its robustness, and

compared using risk-adjusted metrics the ETFs deemed sustainable with their counterparts

showing low ESG ratings (and not with general benchmarks) to exclude from the analysis any

overperformance that other ETF characteristics may cause.

The results of this research highlighted a few interesting remarks, such as a significant neg-

ative relation between performance measures and the magnitude of ESG scores, but there are

contrasting results on its robustness during downturns. When splitting the ESG score into

its singular components, the pillar that mainly drives the returns is the Environmental one,

1
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followed by the Governance pillar that however shows an inverse relation with sustainability.

When splitting the ETFs using their Morningstar Sustainability Rating, the High bracket shows

some abnormal returns, accounting for approximately between 5.7% and 7.3% yearly. By an-

alyzing this overperformance geographically, North America is found to be the only macrore-

gion (along with the Global one) to showcase significance in this regard.

The thesis is structured as follows: Section 2 delineates the theory and previous studies on the

topic, Section 3 introduces the type of data employed and their statistical summaries, Section

4 explains the methodology followed during the analysis, Section 5 displays the main findings,

and Section 6 offers some insights and concludes.

2
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2 Theoretical Background

This section is devoted to the introduction of the topics that will be discussed in the subsequent

analysis. In the first place, some background regarding ETFs and ESG ratings is given to the

reader to get him accustomed to these tools, setting the stage for a more technical literature

review of the previous studies concerning this matter. Based on the review, a series of hy-

potheses are formulated to guide the analysis of the research question from multiple different

perspectives.

2.1 Exchange-Traded Funds

Exchange-Traded Funds (usually referred to just as ETFs) are a type of investment fund with

the peculiarity of being traded on stock exchanges. Even though early experiments of traded

funds can be traced back to 1989 with the Index Participation Shares (IPS), the first ETF was

created in 1993 with the name of Standard & Poor’s Depositary Receipts (now SPDR S&P 500

Trust ETF - SPY), developed to track the S&P 500 Index Fund. In this early stage, ETFs held

very little significance and remained largely overshadowed by the general investor, at least

until the sharp growth in popularity that started after the Global Financial Crisis, making the

ETFs market experience an enormous boost that brought it from 0.9 trillion dollars in 2009

to over 10 trillion in 2024 (ETFGI, 2024). Consequently to the expansion, the market kept

growing and creating new types of products tailored to accommodate every type of customer,

ranging from actively managed to index-replicating ETFs comprising most asset classes such

as stocks, bonds, futures, debts, currencies, and commodities. As of now, ETFs are a quick and

effective way to take advantage of the diversification benefits of a fund without giving up the

accessibility and liquidity that an ordinary fund cannot offer.

2.2 ESG ratings

In recent years, sustainability has acquired more and more relevance in the political and eco-

nomic landscape, consequently becoming a crucial subject also in investing practices. In order

to assess these issues at a company level, financial practitioners developed a score that serves to

determine the firm’s position in relation to several issues concerning sustainable, ethical, and

social problems. There is no general consensus on a single ESG score, as every rating agency

uses slightly different criteria and models for the assessment. Nevertheless, a few rating firms

(such as MSCI ESG, Sustainalytics, and S&P ESG) imposed themselves over the competitors as

more reliable in depicting the real state of the company. The score is mainly divided into three

different pillars, each one representing key issues relevant to the investor:

3
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2.2.1 Environmental (E)

The Environmental pillar puts a major emphasis on climate change, one of the issues that will

surely affect living and operating in the near future, as extreme events given by the abrupt

increase of environmental pollution (in the form of gas emissions, usage of non-recyclable

materials, etc.) and biodiversity risks (human-driven extinctions, anthropogenic exploitation

of biomes, etc.) already started showing negative externalities that heavily affect companies’

profitability by reducing revenues and introducing new climate-related costs.

2.2.2 Social (S)

The second pillar, Social, is focused on handling issues related to ethical principles and rights,

as these are also widely considered by investors. These behaviors may lead to inefficient pro-

ductivity as well as legislative problems given the shady legislative area in which most of these

are classified. The major drivers of this pillar are lack of employee welfare (unsafe working

conditions, no diversity, disparity of treatments, etc.), geopolitical issues (conflicts, humanitar-

ian crises, violation of human rights, etc.), absent consumer protection and animal exploitation

(animal testing, forced breeding, intensive and unethical exploitation).

2.2.3 Governance (G)

Governance plays a big role in determining the success or failure of a company, as it serves to

ensure companies to be more accountable, resilient, and transparent to investors, ultimately

giving them the tools to respond to stakeholder concerns. It mainly handles the firm’s or-

ganizational structure and processes, ranging from executives (compensation, distribution of

powers, behaviors, and diversity) to employees (fair wage, workplace relations, possible dis-

criminations), and ethical issues (correct business practices, transparency and prevention of

bribery and corruption).

2.2.4 Morningstar Sustainalytics

In this thesis, the emphasis will be given to the ESG Rating issued by Sustainalytics, a Morn-

ingstar company that offers high-quality ESG data and occupies a leading position in the ESG

rating market. In a joint effort with Morningstar, the company in 2016 released the first Morn-

ingstar Sustainability Rating, ranking mutual funds and ETFs on the basis of their ESG profile.

This rating is peculiar as it does not rank the ESG on a positive scale where a higher value

is better, instead, it focuses on the negative, ”risky” contribution by quantifying an ESG Risk

4
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Score, where high numbers are symptoms of higher risks related to the three pillars. Below, in

Table 1, it can be found the weights that each pillar has in the general score contribution.

Category Issue Contribution

Environmental (43.3%)

Carbon - Own Operations 19.2%
Resource Use 10.3%
Emissions, Effluents and Waste 7.1%
Environmental and Social Impact

of Products and Services
6.7%

Social (34.1%)
Human Rights 22.8%
Occupational Health and Safety 7.5%
Community Relations 3.8%

Governance (22.6%)
Corporate Governance 11.9%
Business Ethics 6.7%
Human Capital 4.0%

Table 1: Sustainalytics ESG risk score contribution

2.3 Literature Review

While studies on ESG overperformance over the last couple of years have become a very com-

mon topic throughout the different asset classes, ESG ETFs are quite a recent phenomenon,

hence only a handful of research cover this topic.

Pavlova and de Boyrie (2022) aims to assess whether COVID-19 affected ESG ETFs’ prof-

itability, finding out that lower-rated ESG ETFs outperformed higher-rated ones and the mar-

ket in the pre-COVID period. However, during COVID-19 sustainable ETFs showcased non-

significant negative alphas indicating the lack of a stronger downturn protection by higher-

rated ETFs, but still yielding a better result than the market. Other studies, such as Folger-

Laronde et al. (2020) have also investigated the same period, with results similar to the former

paper, finding that ESG characteristics of an ETF do not shield from losses during periods of

crisis, with financial performance not directly related to sustainability performance. Instead,

Nguyen (2023) found results contradicting the precedent ones, with an increased performance

of sustainable ETFs compared to the market, depicting these instruments as more resilient to

shocks. Moreover, the study revealed ETFs’ excellent index-tracking capabilities when sub-

jected to systematic shocks. Other studies covering broader periods showcase mixed results:

Meziani (2020), covering ESG ETFs with more than 10 years of market presence, found modest

risk-adjusted return underachieving compared to the benchmark even though competitively

priced (given the lack of premium paid by the investor). Kanuri (2020), by employing port-
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folios of equally-ranked ETFs and comparing them to two benchmarks (the Russell 3000 ETF

- IWV and the SPDR Global Dow ETF - DGT), discovered a general ESG underperformance

though not constant over time, as during the Global Financial Crisis both ESG portfolios did

better in risk-adjusted terms by yielding lower risk-adjusted losses (but higher absolute cu-

mulative losses given the much higher volatility). Focusing on passive ESG ETFs, Dumitrescu

et al. (2022) found some underperformance compared to the S&P 500, however showing that

by only considering positive screening (rather than negative screening) outperformance of the

benchmark is found. The same research also found that increased industry competition can be

beneficial for increasing performance. Rompotis (2022) examines 49 UK ETFs deemed sustain-

able comparing them against their own benchmark and the FTSE 100, eventually discovering

a slight underperformance for the former while overperformance to the latter. Moreover, the

study found a negative relationship between ESG metrics and financial performance, hinting

that responsible investing entails lower returns. A further study by the same author (Rompotis,

2023) investigates ESG ETFs in the US using the S&P 500 as the benchmark, concluding that

sustainable ETFs outperform the market index both in absolute terms and risk-adjusted ones,

however on average these ETFs yield a higher risk than the benchmark. After having analyzed

ESG ETFs, also some considerations on the general market of Exchange-Traded Funds are im-

portant: Bhattacharya et al. (2016) discovered that the individual investor is not subjected to

any benefit by investing in ETFs, mainly due to wrong timing and ETF selection, being biased

towards excessively specialized ETF with much higher fees than low-cost well-diversified al-

ternatives. Thus, it is of crucial importance not only to study sustainable ETFs’ behavior but

also the ones not complying with ESG standards must be taken into consideration, to exclude

every possible effect given by the ETF itself.

Below, in Table 2, can be found a more extensive and detailed list of the relevant papers,

also including further research on sustainable assets risk/return profiles. Apart from a few

outliers, most of the literature shares common traits in sketching the methodology: given the

crucial importance of adjusting for the riskiness of the asset, risk-adjusted ratios such as the

ones developed by Sharpe, Sortino, Traynor, and other measures accounting for a risk correc-

tion such as M2 (otherwise known as ”Modigliani risk-adjusted performance” or ”RAP”) and

Jensen’s alpha are the main strategies employed. Regarding the latter, several different single-

and multifactor models are used, starting from simpler ones (e.g. the CAPM by Sharpe, 1964)

to more complex frameworks likewise the model developed by Fama and French (2015).

6
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2.4 Hypotheses

The analysis spans the widely debated topic of sustainable assets’ performance by specifi-

cally establishing whether sustainable ETFs yield significantly higher returns than their non-

sustainable counterparts after correcting for risk, hence a research question can be formed:

”Does the integration of environmental, social, and governance (ESG) criteria into European ETFs

enhance financial performance relative to traditional ETFs?”.

Under this broader research objective, in order to study from multiple different perspectives

the risk-return profile of ESG ETFs and considering the interesting insights of previous re-

search, several smaller research hypotheses are made:

1. ETF profitability is not significantly correlated with the magnitude of sustainability scores.

2. Governance drives the ETF performance more than Environmental and Social scores.

3. There is no significant overperformance of ETFs falling into higher sustainability brackets.

4. The ESG ETF performance is not significantly different among investment regions.

7
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3 Data

To verify the aforementioned hypotheses, data regarding returns, ESG scores, and fund charac-

teristics of the relevant ETFs is needed. Morningstar collects and provides high-quality ETF in-

formation, hence the usage of its proprietary database, Morningstar Direct, is a logical choice.

Given the focus of the analysis being ETFs traded on European markets during the last five

years, the collection of data is performed through the function Advanced Research. The filters

used in this screening procedure to exclude unwanted ETFs are:

• Exchange Country: all European countries

• Inception Date: before 30/04/2019

• Fund Size: over 500 million USD

• Morningstar Sustainability Rating: exclude non-rated ETFs

Now, having the list of ETFs that satisfy all criteria, the following data points are collected:

• Returns (from 01/05/2018 to 30/04/2024)

• Fund Size (on 30/04/2024)

• Annual Net Expense Ratio (on 30/04/2024)

• Investment Area (on 30/04/2024)

• Morningstar Sustainability Index (on 04/2024)

• Historical Corporate Sustainability Score (on 04/2024)

• Portfolio Corporate Sustainability Score (on 04/2023, 10/2023, 04/2024)

• Portfolio Environmental Risk Score (on 04/2023, 10/2023, 04/2024)

• Portfolio Social Risk Score (on 04/2023, 10/2023, 04/2024)

• Portfolio Governance Risk Score (on 04/2023, 10/2023, 04/2024)

• Portfolio Unallocated Risk Score (on 04/2023, 10/2023, 04/2024)

Morningstar
Sust. Rating

Mean St.Dev. Median Min. Max. Range Skew. Kurt. Fund Size
Net Exp.

Ratio

High 0.05 0.65 0.05 -1.30 1.40 2.71 0.01 0.47 2.29 0.28
Above Average 0.04 0.74 0.04 -2.00 2.16 4.16 0.08 3.21 2.17 0.30
Average 0.04 0.62 0.04 -1.91 2.07 3.98 0.08 3.98 4.77 0.30
Below Average 0.04 0.63 0.03 -1.55 1.71 3.26 0.05 1.57 3.25 0.28
Low 0.03 0.72 0.03 -1.06 1.15 2.21 0.03 -0.80 1.55 0.40

This table showcases the daily returns statistics for each Morningstar Sustainability Rating. The values are com-
puted as the average of the ETFs falling in that category. Returns and Net Expense Ratios are in percentage terms.
Fund Sizes are displayed in Billion USD.

Table 3: Daily returns and fund characteristics statistics
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The aforementioned variables were collected for the 280 ETFs matching the desired character-

istics. No NA values were generated apart from a few missing Annual Net Expense Ratios. To

address this issue, the average value of the remaining is used wherever no value is found.

The daily returns statistics can be found in Table 3, split in the five different Morningstar Sus-

tainability Ratings. The mean return is slightly higher for superior ratings, however, it can also

be seen that the biggest standard deviation is achieved within the Above Average bracket, also

subject to the highest range. Meanwhile, as expected, the largest and more generic ETFs have

an Average rating, with funds falling in the other brackets probably being more specialized,

thus attracting lower investments. It is also worth mentioning that the average Net Expense

Ratio for the Low category is much higher than that of the other brackets.

Regarding the ESG metrics, Table 4 contains the entirety of variables used in the several steps

of the analyses. For some also the time series of the data point was available for further in-

vestigations using present and past scores. On average, the highest scores (i.e. worse ESG

performances) are registered by the 6-month lagged observations, followed by the 1-year lag,

indicating a general increase in scores during the last 6 months, as opposed to what happened

in the semester before.

On top of the previously mentioned variables, also the time series of the factors of interest

are needed to perform multifactor analysis. These can be easily downloaded from Kenneth

French’s website (French, 2024), where daily factor loadings are available.

Variable Obs. Mean St.Dev. Median Min. Max. Range Skew. Kurt.

Historical Corporate Sustainability Score 280 21.02 3.18 20.98 11.00 34.79 23.79 0.82 3.96
Portfolio Corporate Sustainability Score 280 20.85 3.19 20.77 10.69 34.60 23.91 0.84 4.08
Portfolio Corporate Sustainability Score (1y lag) 280 21.13 3.22 21.04 11.52 35.11 23.59 0.91 3.77
Portfolio Corporate Sustainability Score (6m lag) 280 21.08 3.16 21.05 10.97 34.72 23.75 0.75 3.91
Portfolio Environmental Risk Score 280 4.70 2.41 4.34 0.27 18.11 17.84 3.03 13.19
Portfolio Social Risk Score 280 8.35 1.70 8.68 0.28 11.87 11.59 -1.83 5.63
Portfolio Governance Risk Score 280 6.78 1.23 6.86 0.20 11.39 11.19 -1.36 7.62
Portfolio Unallocated Risk Score 280 1.02 3.08 0.03 0.00 24.16 24.16 5.02 29.35
Portfolio Environmental Risk Score (1y lag) 280 4.73 2.39 4.41 0.27 18.16 17.89 2.94 12.60
Portfolio Social Risk Score (1y lag) 280 8.40 1.68 8.66 0.44 12.03 11.59 -1.86 6.07
Portfolio Governance Risk Score (1y lag) 280 6.94 1.28 7.04 0.27 11.26 10.99 -1.37 7.33
Portfolio Unallocated Risk Score (1y lag) 280 1.06 3.19 0.05 0.00 24.58 24.58 5.04 29.46
Portfolio Environmental Risk Score (6m lag) 280 4.77 2.41 4.40 0.28 18.19 17.91 2.99 13.12
Portfolio Social Risk Score (6m lag) 280 8.42 1.71 8.73 0.46 11.93 11.47 -1.84 5.56
Portfolio Governance Risk Score (6m lag) 280 6.87 1.25 6.86 0.31 11.24 10.93 -1.38 7.28
Portfolio Unallocated Risk Score (6m lag) 280 1.02 3.12 0.00 0.00 24.14 24.14 5.00 28.97

Presented above are the relevant statistics for the sustainability measures employed in the analysis. The variables without a date
represent the ”current” value (i.e. the value observed during the last month of the sample). If the variable is referring to a previous
period, the date can be found between brackets.

Table 4: ESG summary statistics
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4 Method

Apart from the data gathered in the previous step, some other metrics are needed to explore the

first two hypotheses. First of all, cumulative returns must be computed to investigate the cross-

section of the available ETFs. The 6-month and 1-year returns are chosen to represent longer

periods, even though it is crucial to highlight that these thresholds are completely arbitrary.

Starting with daily returns, the following formula is used:

RT =

 n∏
t=x

(1 +Rt)

− 1 with x = {n− 129,n− 259} (1)

The two different x specifications allow us to compute the two requested intervals, the 6-month

(n− 129, since there are 130 weekdays in a semester) and the 1-year (n− 259) ones. Moreover,

Sharpe ratios are essential to understand better the risk-adjusted returns and can be easily

computed using Equation 2:

Sharpe ratio =
RT −Rf

σT
(2)

With RT being the return of the ETF, σT the corresponding volatility and Rf the risk-free rate in

that specific period. The last important step is testing whether these metrics are significantly

different from zero, hence relevant for statistical purposes. This is done through the Jobson-

Korkie test (the corrected version by Memmel, 2003), which given its simplicity, computational

efficiency, and low number of assumptions in the last two decades has become the standard

practice when dealing with Sharpe ratios for scholars and practitioners. Here, the test statistic

is modified to accommodate this type of analysis:

ZJK =
ˆSR− 0
√
V̂

V̂ =
1
T

(2 +
1
2

ˆSR
2
)

(3)

This is slightly different from the original Jobson-Korkie test statistic, as here is not used to

compare two Sharpe Ratios (as it was originally intended), but is employed to assess the sig-

nificance of a Sharpe Ratio being different from zero. After having collected all the necessary

variables, it is essential to develop a robust methodology in order to guarantee theoretical ac-

curacy and reliability. The previously mentioned hypotheses (Subsection 2.4) can be used as a

starting point to subdivide the analysis.
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4.1 Hypothesis 1: Sustainability impact

ETF profitability is not significantly correlated with the magnitude of sustainability scores.

In light of the fact that the first hypothesis focuses on the value and not on the final classi-

fication, this subsection uses scores (i.e. a quantitative evaluation derived from computations)

and not ratings (i.e. a categorical or ordinal assessment grouping different scores in two or

more categories). According to Sustainalytics ESG rating of corporate entities, two main scores

contribute to the rating procedure: the Portfolio Corporate Sustainability Score (PCSS) and the

Historical Corporate Sustainability Score (HCSS).

The first one, the PCSS, is defined by Morningstar as ”an asset-weighted average of Sustaina-

lytics’ company-level ESG Risk Scores”. This, as all the other ESG Risk measures can take values

in the range of 0-100, where a lower score indicates safer companies less exposed to these risks.

Using this metric, we can construct the first cross-sectional OLS model:

Perfi = γ1 +γ2PCSSi + ε (4)

It is also necessary to note that multiple performance indicators are considered as depen-

dent variables (Perf ), namely 6-month cumulative returns, 1-year cumulative returns, 6-month

Sharpe ratios, and 1-year Sharpe ratios, hence four different regressions are needed for each

summarized version containing Perf.

The main drawback of this first regression is that the PCSS employed is at time n (i.e. last

day of the observed period), and even if significant changes in scores usually take very long

periods, some smaller adjustments may still happen, also influencing our returns of interest.

Given this problem, the usage of a lagged PCSS corresponding to the starting date (that de-

pending on the performance measure can be 6 or 12 months prior) can be used both as a new

investigation and as robustness for the previous regression in case of similar results. The next

model is consequently built as showcased below:

Perfi = γ1 +γ2PCSSi,x + ε

with x = {n− 129,n− 259}
(5)

As stressed also before, the notation n-129 and n-259 refer to the possible lags, as the two val-

ues represent the number of weekdays in six months and one year.
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The second key metric, the HCSS, is an evolution of the first two variables used, summariz-

ing the sustainability profile of the ETF during the last year. This is computed by means of

a weighted average of the scores pertaining to the trailing 12 months, weighted on its prox-

imity to the newest observation, consequently emphasizing newer observations. In the next

regression, this measure is employed to understand its relation to the performance factors:

Perfi = γ1 +γ2HCSSi + ε (6)

After having considered these two variables separately, the next logical step is to mix them

together in a single, comprehensive regression:

Perfi = γ1 +γ2HCSSi +γ3PCSSi + ε (7)

After having established these techniques, is now time to make some general considerations

on the important coefficients and tests employed. In these regressions, the emphasis is devoted

to the coefficients of the regressors (γ2 and γ3) that express the relationship between sustain-

ability and performance measures by studying their sign and magnitude. In addition to that,

all the coefficients are tested for being significantly different from zero using two-tailed t-tests

and verifying whether the associated p-values fall in the significance region. However, it is

fundamental to stress that finding the determinants of the four performance indicators is not

the aim of the research, as that would be a completely different (and very extensive) study.

Having said that, omitted variables may have a role in altering the coefficient by enhancing its

magnitude if correlated with our regressors, but since our focus is on the type of effect (i.e. the

sign of the coefficient), indicating a positive or negative correlation, this does not invalidate

our analysis.

4.2 Hypothesis 2: E, S, and G impact

Governance drives the ETF performance more than Environmental and Social scores.

This hypothesis further explores the determinants by separating the PCSS into its three pil-

lars: Environmental, Social, and Governance. Similarly to before, the analysis employs the

scores relative to these three metrics, namely the Portfolio Environmental Risk Score (E), the

Portfolio Social Risk Score (S), and the Portfolio Governance Risk Score (G). Apart from these,

there is also a fourth risk measure, the Portfolio Unallocated Risk Score (U), that comprises the

aggregated score relative to the holdings for which there is no clear split into the three specific
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categories. As for the previous metrics, also these can take values from 0 to 100, where lower is

better, though most scores range from 0-25. Using the four measures as dependent variables,

the regression is thus structured as follows:

Perfi = γ1 +γ2Ei +γ3Si +γ4Gi +γ5Ui + ε (8)

Even in this case, the same line of reasoning used before is still valid: while the latest value

can still be a good proxy, further investigation using the lagged values can bring new informa-

tion and robustness to the discussion. The next regression therefore incorporates the lagged

metrics:

Perfi = γ1 +γ2Ei,x +γ3Si,x +γ4Gi,x +γ5Ui,x + ε

with x = {n− 129,n− 259}
(9)

Depending on the performance measure, the corresponding lag must be used, as highlighted

by the two possible values that x can take. Lastly, the coefficients and tests employed before are

still valid to be used here: the coefficients (γ) give the type of the relation and the importance

of the regressor, while the two-tailed t-tests yield the significance of the results.

4.3 Hypothesis 3: Rating-specific performance

There is no significant overperformance of ETFs falling into higher sustainability brackets.

The third hypothesis diverts attention from correlations to risk-adjusted performances, delving

into the most critical part of the study. To verify this claim, a criterion to split our sample is

needed. The most efficient method, both in terms of simplicity and effectiveness, is to use the

Morningstar Sustainability Ranking. This raking system is built using the measures utilized in

Section 4.1 together with the peer group sustainability scores. The distribution of the scores

in these peer groups is then normalized to divide them into five different ESG categories: High

(best 10%), Above average (next 22.5%), Average (next 35%), Below average (next 22.5%), and

Low (worst 10%).

Having identified the criterion, this can now be used to split the sample into five distinct port-

folios, each corresponding to a different rating. After checking that every portfolio would

contain at least an acceptable number of ETFs, it is possible to start the splitting process.

Both equally-weighted and value-weighted portfolios are created to assess potential similar-

ities and differences in results. Given the two weighting methods, for the former a normal
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cross-sectional average of the daily returns for every ETF in that portfolio is used, while for

the latter is needed a cross-sectional average weighted on size, making bigger ETFs more influ-

ential than their smaller counterparts. After having computed all the daily returns for every

portfolio, multifactor models can be employed to understand whether there are instances of

abnormal returns (i.e. underpricing caused by anomalies not priced by the systematic risk fac-

tors) or particular loadings on various anomalies. These models found wide applicability in

the outstanding literature (see Section 2.3), becoming one of the most efficient ways to detect

abnormal performance in every asset class. There are a number of different possible specifica-

tions to choose from, and in this analysis, the following will be used:

• Sharpe (1964) CAPM model

The oldest factor model, which contains a single factor, the market premium:

Ri −Rf = α + β(RM −Rf ) + ε (10)

The equation is composed of three main blocks: Ri − Rf , the portfolio excess returns,

α, the aforementioned abnormal return, and β(RM − Rf ), the market premium and its

associated coefficient, beta, indicating the sensitivity to price changes respective to the

market. This is the simplest factor model, however, due to its straightforwardness, it is

still widely used even though the omitted variables may alter the β coefficient, shifting it

from the real value.

• Carhart (1997) four-factor model

Carhart first introduced this version by enhancing the previous Fama and French (1992)

model with a momentum factor:

Ri −Rf = α + βM(RM −Rf ) + βSMBSMB + βHMLHML + βUMDUMD + ε (11)

Apart from the market factor used also in CAPM, three anomalies are used to price the

asset: the first two, size (SMB) and value (HML), were also part of the Fama and French

(1992) model. The size anomaly refers to the fact that smaller companies tend to outper-

form larger ones on a risk-adjusted basis, while value refers to the phenomenon that value

stocks (those with low price-to-book ratios) tend to outperform growth stocks (those with

high price-to-book ratios) over the long term. The last one, the momentum factor (UMD),

is instead related to the assumption that past winners will continue to register positive

returns in the near future and vice versa, and was a later addition by Carhart, aiming

to improve even further the pricing model by implementing a third, very influential,
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anomaly.

• Fama and French (2015) five-factor model

Also in this case the model is built starting from the Fama and French (1992) model,

further introducing fundamental anomalies that may not be directly priced in by the

market. The regression of this multifactor model is therefore specified as:

Ri −Rf = α + βM(RM −Rf ) + βSMBSMB + βHMLHML + βRMW RMW + βCMACMA + ε (12)

Compared to the previous two, this model incorporates the profitability (RMW) and in-

vestment (CMA) factors. Both anomalies stem from accounting measures, as the first

refers to the observation that more profitable firms register higher stock returns, while

the latter deals with the tendency for companies that have a conservative investment style

to outperform those that invest aggressively. Even though the Efficient Market Hypothe-

sis (Fama, 1970) would assume that all these characteristics should be already priced in,

numerous studies show the existence of premia associated with these anomalies.

To use these three multifactor models, a series of variables are needed, starting from risk-free

rates, market premia, and all the necessary factors. On Kenneth French’s website (French,

2024), these are freely downloadable in daily, monthly, and yearly formats, alongside region-

specific ones. The next logical step is to take every portfolio (from the most to the least sus-

tainable ones) and use their daily returns to assess factor loadings and abnormal returns. To

establish significance, the coefficients are then employed to carry out two-sided t-tests, even-

tually finding which results outline a coherent behavior and which are not consistent enough

to be significant. Among all the coefficients, however, the most interesting one is α, depicting

whether there is any sign of over- or underpricing, even though by hypothesis no significance

related to it is expected.

4.4 Hypothesis 4: Region-specific performance

The ESG ETF performance is not significantly different among investment regions.

The last hypothesis deals with geographical differences: the goal is to understand whether

the behavior detected in Chapter 4.3 is consistent throughout different areas of investment or

if there are regions more or less susceptible to sustainability factors. Likewise to the previous

hypothesis, also this one entails the division of the sample into smaller subsamples, but in this

case, the splitting criterion is different: while before the division was based on ESG, now the
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characteristic to be studied is the location of the investment. The first problem arises in the

regional classification: since every ETF has its purposes and interests, the more specialized

ones will have peculiar regions of investments, therefore having no peers to construct a port-

folio with. To counter this excessive fragmentation, I grouped these into broader regions, in

order to have at least 10 ETFs falling in a single portfolio. This process resulted in five broad

regions: Europe (the one with the most observations, accounting for almost 40% of the total),

North America, Asia, Emerging (comprising all the ETFs invested in global emerging countries

or only in specific emerging regions), and Global (representing only ETFs with investments in

several different developed countries spread across the globe). Similarly to before, equally-

weighted and value-weighted portfolios for the top ESG scores in every broad region are then

created for further investigation and robustness of results, and the same multifactor models of

the previous section (i.e. Equations 10, 11, and 12) can be still used to assess whether these

portfolios show any sign of abnormal returns. Given the different regions, the same factors

cannot be used and must be substituted by region-specific factors. Fortunately, also these are

available on Kenneth French’s website (French, 2024). To verify significance two-sided t-tests

will be used.

4.5 Robustness checks

To ensure the reliability of the results, robustness checks are carried out by implementing the

costs of investing on each ETF in the sample. Even though these costs are formed by several

different entries, every ETF is required to disclose in the prospectus its Gross Expense Ratio,

defined as the percentage of the assets that are expected to be paid in the next 12 months for

interest and dividend expenses, operating expenses, and management fees. From this measure

Morningstar derives the Annual Report Net Expense Ratio by adding back any fee waivers and

reimbursements. Since these costs are paid on a daily basis, this metric can be employed to

implement fund fees in the returns by first dividing it by 260 (i.e. the weekdays in a year)

to find the daily amount, and subtracting it from the return itself. Using these new, after

expenses, returns is possible to carry out the same regressions explained in the sections before

to assess whether this procedure led to the same or different outcomes.
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5 Results

In this section, the results of the analysis will be presented split into the four distinct hypothe-

ses generated from the main research question in Section 2.4, to maintain coherence to the

style employed up to now. The final part is occupied by the robustness checks that further

corroborate the findings.

The first step, as delineated in the methods, is the creation of the performance metrics used

in the analysis. Cumulative returns regarding the last 1-year and 6-month are computed for

every ETF, and a summary table is displayed below:

Return Obs. Mean St.Dev. Median Min. Max. Range

6-month 280 18.39 5.50 18.53 3.20 44.91 41.70
1-year 280 15.61 10.95 14.29 -26.42 49.49 75.92

In this table are described the main statistical measures of the cross-section of
ETF returns for two different time periods. All the statistics are in percentage
terms.

Table 5: Cumulative returns summary statistics

At first glance, these results may seem strange, however given the market instabilities during

the last part of 2023, and some sectors (such as the energetic one) displaying huge losses dur-

ing the first half of the trailing year, it is then logical to see higher returns in the shorter (thus

more recent) period.

The second measure that will be employed, Sharpe ratios, are calculated starting from the

previously mentioned cumulative returns, hence generating Sharpe ratios for both 6-month

and 1-year periods. After their creation, these are tested by means of the Jobson-Korkie test

statistic (Equation 3) to assess whether these values are significantly different from zero. Re-

garding 6-month Sharpe ratios, only around 1.5% of the values are not significant at a 5%

significance level, number that increases to approximately 5% for the 1-year returns, with the

majority of observation being significant at a 99.9% confidence interval. This tells us that these

very significant values are not a consequence of sample noise, thereby successfully reflecting

underlying effects.
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5.1 Hypothesis 1: Sustainability correlation

ETF profitability is not significantly correlated with the magnitude of sustainability scores.

After having created all the performance measures that will be used as dependent variables,

the first four regressions employing the Portfolio Corporate Sustainability Score (one for each

performance measure) are estimated. After testing for heteroskedasticity using White tests, a

heteroskedastic behavior is not found, eventually leading to the usage of the basic standard

errors. Table 6 exhibit the results:

Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

PCSS −0.487∗∗∗ −0.060 −0.090∗∗∗ −0.015
(0.099) (0.206) (0.013) (0.015)

Constant 28.540∗∗∗ 16.866∗∗∗ 3.775∗∗∗ 1.177∗∗∗

(2.094) (4.343) (0.265) (0.313)

Observations 280 280 280 280
R2 0.080 0.0003 0.156 0.004
Adjusted R2 0.076 -0.003 0.153 0.0003
Residual Std. Error (df = 278) 5.290 10.973 0.671 0.791
F Statistic (df = 1; 278) 24.024∗∗∗ 0.085 51.396∗∗∗ 1.076

This table depicts the results of the regressions generated following equation 4, where the four perfor-
mance measures are regressed on PCSS, the Portfolio Corporate Sustainability Score. All returns are in
percentage terms. Standard errors are presented in parentheses. Significance levels are the following: ∗

p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 6: PCSS regression table

Some general considerations can be made about the results presented above: the constant rep-

resents the performance value for a fully sustainable ETF (therefore yielding a PCSS of 0), while

the negative PCSS coefficient depicts the inverse relation between the portfolio risk score and

performance, where a higher PCSS value eventually leads to a worse outcome. However, this is

significant only for the 6-month metrics, probably due to the aforementioned instability in the

first half of the trailing year. As stressed also before, these analyses are not aimed at finding

the determinants of returns and Sharpe ratios (as reflected by the very low adjusted R2), but in-

stead are focused on assessing whether sustainability factors have an impact on cross-sectional

performance.
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In the following regressions, the ”current” PCSS (i.e. the one registered during the last month

in the sample) is substituted by a lagged PCSS value. Given the periods of unequal length, dif-

ferent lags are needed for each of the four regressions: in Table 7 the four dependent variables

are paired with their corresponding regressor. White tests are once again rejected in favor of

classical standard errors.

Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

PCSS (6m lag) −0.512∗∗∗ −0.093∗∗∗

(0.100) (0.013)

PCSS (1y lag) −0.121 −0.020
(0.204) (0.015)

Constant 29.185∗∗∗ 18.163∗∗∗ 3.863∗∗∗ 1.276∗∗∗

(2.132) (4.360) (0.270) (0.314)

Observations 280 280 280 280
R2 0.086 0.001 0.164 0.007
Adjusted R2 0.083 -0.002 0.161 0.003
Residual Std. Error (df = 278) 5.271 10.968 0.667 0.790
F Statistic (df = 1; 278) 26.202∗∗∗ 0.350 54.412∗∗∗ 1.830

This table depicts the results of the regressions generated following equation 5, where the four perfor-
mance measures are regressed on lagged values of PCSS, the Portfolio Corporate Sustainability Score. All
returns are in percentage terms. Standard errors are presented in parentheses. Significance levels are
the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 7: Lagged PCSS regression table

When comparing these regressions with the previous ones, the same patterns of significance

can be seen, along with very similar coefficient values. Consequently, it can be inferred that

changes in sustainability ratings are very slow and unlikely to happen in short timespans, ul-

timately conferring robustness to Morningstar’s methodology for constructing valid and com-

plete PCSS. Given the strong ties with Table 6, the same conclusions can be drawn.

As expressed by Equation 6, the next step entails the usage of HCSS, the Historical Corpo-

rate Sustainability Score, whose value is computed using a weighted average of the previous 12

months’ scores. As HCSS is calculated over a longer timespan, it also reflects recent changes in

the ESG profile of an ETF, ultimately yielding more information than PCSS on its own. Test-

ing for heteroskedasticity led to non-rejection even in this case. The regression coefficients are

displayed in Table 8:
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

HCSS −0.507∗∗∗ −0.093 −0.094∗∗∗ −0.018
(0.099) (0.206) (0.013) (0.015)

Constant 29.044∗∗∗ 17.575∗∗∗ 3.868∗∗∗ 1.235∗∗∗

(2.109) (4.389) (0.266) (0.316)

Observations 280 280 280 280
R2 0.086 0.001 0.168 0.005
Adjusted R2 0.082 -0.003 0.165 0.002
Residual Std. Error (df = 278) 5.272 10.970 0.666 0.791
F Statistic (df = 1; 278) 26.080∗∗∗ 0.205 56.217∗∗∗ 1.472

This table depicts the results of the regressions generated following equation 6, where the four perfor-
mance measures are regressed on HCSS, the Historical Corporate Sustainability Score. All returns are in
percentage terms. Standard errors are presented in parentheses. Significance levels are the following: ∗

p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 8: HCSS regression table

These regressions share multiple results with the previous steps, with the coefficients being

mostly between the ones in Table 6 and 7 probably as a consequence of the technique used to

build this metric, that considers both recent and past scores. Given these similarities with the

precedent tables, the findings derived up to now are strengthened even more.

The last batch of regressions related to this hypothesis tries to sum everything done up to now

in a single model containing both the PCSS and the HCSS. By merging the two metrics, some

valuable insights can be drawn to understand even more the dynamics of influence among

the two regressors and the performance measures through the investigation of which one is

the main driver and how the coefficients change when incorporating both together. As in the

previous regressions, White tests for heteroskedasticity were used and non-rejected. Table 9

contains the results of the four comprehensive regressions.

Here, the situation is entirely different from the one presented before: both PCSS and HCSS

register extreme values, with the former being highly positive as opposed to the latter ex-

tremely negative instead. In absolute terms, however, the HCSS values are higher, with the

sum of the two effects being negative in case of equal (unlikely) or very similar values (much

more probable) for both measures. It is also worth noting that all coefficients are significant,

highlighting an improved model compared to the previous ones.
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

HCSS −2.861∗∗ −4.651∗ −0.529∗∗∗ −0.372∗∗

(1.166) (2.429) (0.146) (0.175)

PCSS 2.356∗∗ 4.560∗ 0.435∗∗∗ 0.354∗∗

(1.163) (2.422) (0.146) (0.174)

Constant 29.403∗∗∗ 18.270∗∗∗ 3.935∗∗∗ 1.289∗∗∗

(2.105) (4.384) (0.264) (0.316)

Observations 280 280 280 280
R2 0.099 0.013 0.194 0.020
Adjusted R2 0.093 0.006 0.188 0.013
Residual Std. Error (df = 277) 5.243 10.921 0.656 0.786
F Statistic (df = 2; 277) 15.238∗∗∗ 1.876 33.388∗∗∗ 2.809∗

This table depicts the results of the regressions generated following equation 7, where the four perfor-
mance measures are regressed on HCSS and PCSS, the Historical Corporate Sustainability Score and the
Portfolio Corporate Sustainability Score. All returns are in percentage terms. Standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 9: HCSS and PCSS regression table

In conclusion, a negative relation between these scores and the four performance measures

can be clearly outlined from the regression coefficients. However, by looking at the 1-year met-

rics, it is also true that this link can be voided by periods of market instability, partly validating

the hypothesis.

5.2 Hypothesis 2: E, S, and G impact

Governance drives the ETF performance more than Environmental and Social scores.

To study whether any of the single ESG risk scores is influencing the performance more than

the others, the PCSS must be split into its components: Environmental, Social, Governance,

and Unallocated Risk Scores. These three pillars (plus the last one for the mixed risk factors)

are then used as regressors in the following models, with the aim of estimating the coeffi-

cients and their significance. As opposed to before, heteroskedasticity is detected in all four

regressions, leading to the employment of heteroskedasticity-consistent (HC) standard errors

(i.e. Eicker–Huber–White standard errors) to allow the fitting of these models containing het-

eroskedastic residuals. Table 10 displays the results of the four regressions:
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

Environmental −0.838∗∗∗ −0.513∗ −0.134∗∗∗ −0.054∗∗

(0.136) (0.264) (0.016) (0.017)

Social −0.594 −1.387∗∗ 0.052 −0.051
(0.364) (0.699) (0.050) (0.049)

Governance 0.925∗ 4.527∗∗∗ −0.107 0.266∗∗∗

(0.525) (0.980) (0.069) (0.067)

Unallocated 0.010 0.521 −0.095∗∗∗ 0.006
(0.202) (0.319) (0.021) (0.019)

Constant 21.008∗∗∗ −1.642 2.912∗∗∗ −0.274
(3.443) (6.746) (0.466) (0.436)

Observations 280 280 280 280
R2 0.161 0.114 0.264 0.122
Adjusted R2 0.148 0.101 0.253 0.110
Residual Std. Error (df = 275) 5.080 10.388 0.630 0.747
F Statistic (df = 4; 275) 13.156∗∗∗ 8.821∗∗∗ 24.640∗∗∗ 9.597∗∗∗

This table depicts the results of the regressions generated following equation 8, where the four perfor-
mance measures are regressed on Environmental, Social, Governmental, and Unallocated Risk Scores. All
returns are in percentage terms. Heteroskedasticity-consistent (HC) standard errors are presented in
parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 10: ESG regression table

The significance of these coefficients is not constant throughout the four different performance

measures, and the most consistent out of the four scores is the Environmental Risk Score, achiev-

ing significance in all four regressions. Given the negative sign, an increase in the ETF’s en-

vironmental footprint (i.e. an increment in the Environmental Risk Score) would lead to lower

normal and risk-adjusted returns. Social and Unallocated Scores reveal inconsistent behavior

across the different performance measures. Interestingly, the Governmental Risk Factor displays

some significant positive coefficients, hinting at a positive correlation between Governmental

Risk and returns (i.e. increase of returns for ETF displaying worse Governmental conditions).

Following the same line of reasoning used before for the PCSS, past values of E, S, G, and

U are used to improve and verify further the results from Table 10. To account for the different

periods of the metrics, two lags are used: the 6-month and the 1-year ones. Also in this case the

White test is rejected in favor of heteroskedasticity, and Eicker–Huber–White standard errors
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are used to correct for it.

Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

Environmental (6m lag) −0.851∗∗∗ −0.135∗∗∗

(0.134) (0.016)

Social (6m lag) −0.681∗ 0.036
(0.369) (0.052)

Governance (6m lag) 1.023∗∗ −0.103
(0.520) (0.066)

Unallocated (6m lag) −0.032 −0.098∗∗∗

(0.178) (0.021)

Environmental (1y lag) −0.644∗∗ −0.063∗∗∗

(0.295) (0.019)

Social (1y lag) −1.129 −0.032
(0.719) (0.051)

Governance (1y lag) 4.071∗∗∗ 0.231∗∗∗

(1.018) (0.071)

Unallocated (1y lag) 0.505∗ 0.008
(0.293) (0.019)

Constant 21.200∗∗∗ −0.644 3.038∗∗∗ −0.185
(3.445) (6.913) (0.475) (0.457)

Observations 280 280 280 280
R2 0.173 0.109 0.259 0.119
Adjusted R2 0.161 0.096 0.248 0.106
Residual Std. Error (df = 275) 5.043 10.418 0.632 0.748
F Statistic (df = 4; 275) 14.346∗∗∗ 8.368∗∗∗ 23.980∗∗∗ 9.286∗∗∗

This table depicts the results of the regressions generated following equation 9, where the four perfor-
mance measures are regressed on lagged values of Environmental, Social, Governmental, and Unallocated
Risk Scores. All returns are in percentage terms. Heteroskedasticity-consistent (HC) standard errors are
presented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 11: Lagged ESG regression table

A similarity with the previous regressions can be easily detected, as the significance and the

coefficients remain more or less unaltered, adding robustness to the earlier results and fur-

ther adding evidence to the claim that scores hardly face big changes, and even in that case,

it would take long timespans to change significantly. The Environmental Risk Score is still the
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most influential, followed by the Governmental one with its peculiar behavior, while Social

and Unallocated are still hardly significant.

With the results of the two previous tables, it can be said that while Environmental Risk Score

is always significant throughout the eight regressions, Governance Risk Score comes in close

second given its significance in six out of the eight regression and the notably high values of

some of its coefficients compared to the others. For these reasons, the second hypothesis can

be considered partially true but with two major corrections: firstly, also the Environmental Risk

Score plays a very important role in driving the returns, and secondly, the correlation of the

Governance Risk Score does not have the expected sign and instead works against the other

metrics.

5.3 Hypothesis 3: Rating-specific performance

There is no significant overperformance of ETFs falling into higher sustainability brackets.

For the third hypothesis the focus is shifted to another measure, the Morningstar Sustainability

Rating, derived from the comparison of the measures employed before with the the peer group.

Since this measure is a Rating, the ETFs are split into five brackets, each one for a different ESG

profile, from the worst (Low) to the best (High). This can be used to divide the ETFs into five

distinct portfolios:

• P1 = High

• P2 = Above Average

• P3 = Average

• P4 = Below Average

• P5 = Low

These portfolios will be used in the upcoming analysis to assess whether the sustainable ones

(i.e. P1 and P2) are subject to abnormal returns, thus making them overperform compared

to the ETFs with worse ESG profiles (i.e. P4 and P5). After the split, a method is needed to

compute daily portfolio returns over the whole period, and for this objective, two are the main

possibilities: equally-weighted or value-weighted returns. By employing both, I get the pos-

sibility to explore the similarities and differences that these methods generate. For naming

reasons, from this point onwards, the equally-weighted portfolios will be indicated with the

letter ”E”, while value-weighted ones will use the letter ”V”. Both will also be followed by the
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corresponding number (e.g. E3 corresponds to the Average portfolio in its equally-weighted

variant).

To start the examination of these portfolios, plotting cumulative returns over the time period of

interest is a good way to set a baseline for further analysis, offering an intuitive and straightfor-

ward visual representation of the performance over time to have a better understanding of the

different portfolio behaviors. It allows for a quick comparison (even though not a risk-adjusted

one) to see which portfolio has generally performed better or worse throughout the period.
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(a) Equally-weighted portfolios
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(b) Value-weighted portfolios

Figure 1: Cumulative returns for both weighting methods

Figure 1a and 1b display a general upward trend interrupted by two major collapses, the

COVID-19 pandemic (the first, steeper one), and the market downturn of 2022 (the second

one). By comparing the portfolios it can be clearly seen that throughout the 5-year period, the

portfolio subjected to the highest returns for both EW and VW alternatives is the most sustain-

able one, while consistently worse performances are achieved by the Below Average and Low

portfolios. This is emphasized even more for VW portfolios, where the difference with the best

performer at the end is much bigger (around 45% instead of the EW 25%). However, these are

only preliminary findings as they do not consider the risk profile of the portfolios, hence the

improved performance can also be due to a higher risk exposure.

After having considered the normal returns, now it is time to factor in the riskiness of the

asset and the exposure to anomalies to have a clear understanding of the pricing dynamics.

Following the methodology delineated in Section 4.3, the first factor model to be estimated is

the Capital Asset Pricing Model by Sharpe (1964). Tests for heteroskedasticity (White test) and

autocorrelation (Breusch-Godfrey test) are rejected, leading to the adoption of Newey–West
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standard errors (also called HAC, heteroskedasticity and autocorrelation consistent standard

errors). The results relative to the equally-weighted and value-weighted portfolios are con-

tained in Tables 12 and 13:

Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.788∗∗∗ 0.796∗∗∗ 0.795∗∗∗ 0.789∗∗∗ 0.766∗∗∗

(0.021) (0.020) (0.022) (0.025) (0.023)

α 0.018 0.009 0.012 0.006 0.004
(0.012) (0.009) (0.010) (0.010) (0.012)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.775 0.852 0.830 0.829 0.787
Adjusted R2 0.775 0.851 0.830 0.829 0.787
Res. Std. Error (df = 1303) 0.515 0.403 0.437 0.434 0.484
F Statistic (df = 1; 1303) 4,493.723∗∗∗ 7,475.508∗∗∗ 6,352.802∗∗∗ 6,323.100∗∗∗ 4,808.447∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 12: EW CAPM regression table

Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.807∗∗∗ 0.828∗∗∗ 0.793∗∗∗ 0.801∗∗∗ 0.776∗∗∗

(0.022) (0.019) (0.023) (0.022) (0.027)

α 0.024∗ 0.014 0.021 0.004 0.003
(0.014) (0.010) (0.013) (0.010) (0.011)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.746 0.842 0.766 0.842 0.796
Adjusted R2 0.746 0.842 0.766 0.842 0.796
Res. Std. Error (df = 1303) 0.570 0.434 0.531 0.420 0.477
F Statistic (df = 1; 1303) 3,836.069∗∗∗ 6,967.214∗∗∗ 4,276.885∗∗∗ 6,948.022∗∗∗ 5,079.579∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 13: VW CAPM regression table

Using this first (and very simple) model, despite α being slightly bigger for more sustainable

portfolios (E1 - E5 is 0.014%), no significant abnormal returns can be observed for the equally-
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weighted portfolios. The value-weighted counterpart, instead, displays a significant α at 10%

for the most sustainable portfolio (i.e. V1), compared to the other four still nonsignificant.

Even though this factor model is the simplest out of all three, it still hints at a possible out-

performance given by abnormal returns unpriced by the market. Regarding the two market

risk premia, we can observe great significance, with an average β around 0.8 but with no clear

pattern of change across our portfolios of interest.

The next model, the one theorized by Carhart (1997) 4-factor model, besides the market risk

premium, uses three different market anomalies to price the asset in a more accurate way by

considering three anomalies whose effect is not priced by the market. White tests for het-

eroskedasticity are again rejected along with Breusch-Pagan tests for error correlation, forcing

the usage of heteroskedastic and autocorrelation consistent (HAC) standard errors once more.

The regression coefficients for EW and VW portfolios using this model are in Tables 14 and 15:

Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.777∗∗∗ 0.764∗∗∗ 0.780∗∗∗ 0.762∗∗∗ 0.754∗∗∗

(0.024) (0.021) (0.022) (0.022) (0.022)

SMB −0.037 −0.208∗∗∗ −0.080∗∗ −0.185∗∗∗ −0.061
(0.042) (0.030) (0.034) (0.040) (0.059)

HML −0.173∗∗∗ −0.005 −0.051∗∗ 0.078∗∗∗ 0.164∗∗∗

(0.029) (0.023) (0.024) (0.024) (0.031)

UMD −0.072∗∗∗ −0.037∗∗ −0.040∗∗ −0.006 0.012
(0.024) (0.018) (0.020) (0.019) (0.023)

α 0.022∗ 0.009 0.013 0.004 0.002
(0.012) (0.009) (0.011) (0.010) (0.012)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.786 0.858 0.832 0.838 0.799
Adjusted R2 0.785 0.858 0.831 0.837 0.798
Res. Std. Error (df = 1300) 0.503 0.394 0.435 0.423 0.470
F Statistic (df = 4; 1300) 1,192.147∗∗∗ 1,971.747∗∗∗ 1,606.924∗∗∗ 1,680.228∗∗∗ 1,289.853∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 14: EW Carhart 4-factor regression table
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Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.796∗∗∗ 0.793∗∗∗ 0.778∗∗∗ 0.778∗∗∗ 0.734∗∗∗

(0.024) (0.019) (0.023) (0.021) (0.024)

SMB −0.083∗ −0.225∗∗∗ −0.102∗∗ −0.177∗∗∗ −0.236∗∗∗

(0.044) (0.032) (0.044) (0.035) (0.048)

HML −0.244∗∗∗ −0.052∗∗ −0.143∗∗∗ 0.025 0.199∗∗∗

(0.029) (0.024) (0.027) (0.023) (0.030)

UMD −0.059∗∗ −0.053∗∗∗ −0.046∗ −0.003 −0.028
(0.025) (0.020) (0.023) (0.018) (0.022)

α 0.028∗∗ 0.015 0.023∗ 0.002 0.0002
(0.013) (0.010) (0.013) (0.010) (0.010)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.765 0.850 0.774 0.847 0.826
Adjusted R2 0.764 0.849 0.773 0.847 0.826
Res. Std. Error (df = 1300) 0.550 0.424 0.523 0.414 0.440
F Statistic (df = 4; 1300) 1,055.872∗∗∗ 1,840.804∗∗∗ 1,110.366∗∗∗ 1,801.347∗∗∗ 1,545.591∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 15: VW Carhart 4-factor regression table

Surprisingly, most of the exposures to the anomalies are negative for both weighting methods,

indicating a negative loading on those factors, while the market premium remains the most

influential regressor (although with a slightly lower magnitude). Confirming what was said

before, the EW portfolio with the best ESG exposure registered some abnormal returns at the

10% significance level, indicating a modest outperformance compared to the others, with E4

and E5 registering values extremely lower compared to the first three portfolios. The conclu-

sions that can be drawn for the VW ones are very similar to the previous, but an increase in the

significance of abnormal returns stressed even more the overperformance of the High bracket

compared to the others, although followed by V3, now significant at the 10% level.

The third and last model employed, the Fama and French (2015) 5-factor model, is the one

containing the most factors, as apart from the basic market risk premia, size, and value, two

more anomalies are used to price the ETFs: profitability (RMW) and investment (CMA). Also

these regressions, after careful testing, resulted in the need for robust standard errors, once
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again opting for Newey-West ones. Equally- and value-weighted portfolios are used to deter-

mine the coefficients in Table 16 and 17:

Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.783∗∗∗ 0.771∗∗∗ 0.786∗∗∗ 0.777∗∗∗ 0.759∗∗∗

(0.025) (0.022) (0.024) (0.024) (0.024)

SMB −0.054 −0.219∗∗∗ −0.087∗∗ −0.165∗∗∗ −0.058
(0.042) (0.033) (0.035) (0.039) (0.055)

HML −0.132∗∗∗ −0.010 −0.035 0.035 0.122∗∗∗

(0.045) (0.035) (0.038) (0.037) (0.047)

RMW −0.087 −0.139∗∗ −0.048 −0.016 −0.038
(0.077) (0.057) (0.068) (0.071) (0.068)

CMA −0.087 −0.015 −0.021 0.132∗ 0.071
(0.086) (0.067) (0.078) (0.075) (0.080)

α 0.019 0.009 0.012 0.005 0.004
(0.012) (0.009) (0.010) (0.010) (0.011)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.784 0.859 0.831 0.839 0.799
Adjusted R2 0.783 0.859 0.830 0.838 0.798
Res. Std. Error (df = 1299) 0.506 0.393 0.436 0.422 0.470
F Statistic (df = 5; 1299) 940.810∗∗∗ 1,583.986∗∗∗ 1,278.370∗∗∗ 1,353.275∗∗∗ 1,033.439∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 16: EW Fama and French 5-factor regression table
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Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.800∗∗∗ 0.802∗∗∗ 0.787∗∗∗ 0.788∗∗∗ 0.762∗∗∗

(0.026) (0.021) (0.025) (0.023) (0.026)

SMB −0.102∗∗ −0.236∗∗∗ −0.108∗∗ −0.174∗∗∗ −0.195∗∗∗

(0.043) (0.033) (0.044) (0.035) (0.047)

HML −0.207∗∗∗ −0.038 −0.139∗∗∗ −0.021 0.138∗∗∗

(0.048) (0.039) (0.044) (0.035) (0.044)

RMW −0.089 −0.123∗∗ −0.084 −0.092 0.001
(0.082) (0.060) (0.080) (0.067) (0.064)

CMA −0.081 −0.030 −0.008 0.078 0.218∗∗∗

(0.092) (0.074) (0.088) (0.069) (0.081)

α 0.026∗∗ 0.014 0.022∗ 0.004 0.001
(0.013) (0.009) (0.013) (0.009) (0.010)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.764 0.850 0.773 0.848 0.828
Adjusted R2 0.763 0.849 0.772 0.848 0.828
Res. Std. Error (df = 1299) 0.551 0.425 0.524 0.413 0.438
F Statistic (df = 5; 1299) 839.156∗∗∗ 1,466.958∗∗∗ 884.432∗∗∗ 1,452.142∗∗∗ 1,252.179∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 17: VW Fama and French 5-factor regression table

Even in this case, the regressions are modestly loaded negatively towards all anomalies, with

the previously employed (i.e. SMB and HML) much more significant than the two new addi-

tions. The market risk premium is still the most influential regressor. Across the two tables,

more sustainable portfolios register much higher α compared to the non-sustainable ones. In

assessing abnormal returns significance, EW portfolios do not show any, while the VW coun-

terparts display it for both V1 and V3 α, with the first one being significant at 5% while the

second only at 10% level.

In conclusion, the third hypothesis is rejected, as the most sustainable portfolio throughout

several different models showed signs of significant abnormal returns accounting for around

2.5 basis points per day (circa 6.5% per year). This trend however is not continued by the Above

Average portfolios, which do not show any sign of overperformance.
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5.4 Hypothesis 4: Region-specific performance

The ESG ETF performance is not significantly different among investment regions.

After having analyzed the performance across the five different brackets, the focus for the

fourth hypothesis shifts to geography, to grasp any difference in regional performance. As

established in Section 4.4, the macroregions in which the sample is subdivided are 5:

• PGl = Global markets

• PEm = Emerging markets

• PEu = European markets

• PNa = North American markets

• PAs = Asian markets

Given the significant overperformance of the High bracket displayed in the previous hypoth-

esis, the logical conclusion would be to subdivide this group into the five macroregions and

understand where the abnormal returns are mostly concentrated. This, however, comes with

the problem of underrepresentation of some macroregions (such as Emerging and Asian mar-

kets), problem that can be solved by including also the Above Average class. By adjusting the

sample in this way, the analysis could however lose some significance because of the inclusion

of the second (nonsignificant) group. After the split, to compute returns, equally-weighted

and value-weighted returns are used once more, along with the same naming scheme (Exx for

equally-weighted and Vxx for value-weighted portfolios). As the portfolios represent different

geographical macroregions, regional-specific factors are employed to better track local trends

and enhance accuracy.

Starting once again with CAPM, the five different models are estimated with both EW and

VW portfolios, always using Newey-West standard errors to correct for heteroskedasticity and

error correlation, both found in the sample through testing. The results can be found in Tables

18 and 19.

In these two tables, comparable values are registered, with the Emerging bracket showcasing

the highest β (around 0.95), as opposed to the Asian market registering interestingly low val-

ues (circa 0.47), demonstrating a much lower sensitivity compared to the whole Asian market

portfolio. All the market returns are very significant, maintaining the same trend seen in the

general sustainability analysis, and thus remaining a substantial regressor. Regarding abnor-

mal returns, some discrepancies can be detected, as the value-weighted portfolios capture some
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Dependent variable:

REGl - Rf REEm - Rf REEu - Rf RENa - Rf REAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.702∗∗∗ 0.942∗∗∗ 0.872∗∗∗ 0.538∗∗∗ 0.456∗∗∗

(0.038) (0.036) (0.019) (0.054) (0.037)

α 0.016 0.0004 0.004 0.023 0.019
(0.012) (0.016) (0.012) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.543 0.570 0.845 0.385 0.230
Adjusted R2 0.543 0.569 0.845 0.385 0.230
Res. Std. Error (df = 1303) 0.712 0.829 0.453 0.909 0.908
F Statistic (df = 1; 1303) 1,547.774∗∗∗ 1,725.115∗∗∗ 7,115.052∗∗∗ 816.397∗∗∗ 389.616∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 18: EW Regional CAPM regression table

Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.748∗∗∗ 0.964∗∗∗ 0.898∗∗∗ 0.560∗∗∗ 0.486∗∗∗

(0.042) (0.037) (0.019) (0.056) (0.034)

α 0.016 −0.003 0.008 0.024∗ 0.018
(0.012) (0.013) (0.012) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.556 0.600 0.848 0.395 0.258
Adjusted R2 0.556 0.600 0.848 0.395 0.258
Res. Std. Error (df = 1303) 0.739 0.797 0.462 0.926 0.897
F Statistic (df = 1; 1303) 1,631.357∗∗∗ 1,955.647∗∗∗ 7,262.291∗∗∗ 852.186∗∗∗ 453.582∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 19: VW Regional CAPM regression table

overperformance in the North American market at the 10% level, while the equally-weighted

ones do not show any significance.

It is now the turn of multifactor models, starting with the Carhart (1997) 4-factor model. Ro-

bust (HAC) standard errors are employed again after the rejection of the tests for heteroskedas-

ticity and error correlation. Tables 20 and 21 display the coefficients for these regressions.
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Dependent variable:

REGl - Rf REEm - Rf REEu - Rf RENa - Rf REAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.791∗∗∗ 0.892∗∗∗ 0.810∗∗∗ 0.535∗∗∗ 0.443∗∗∗

(0.037) (0.041) (0.020) (0.064) (0.040)

SMB 0.587∗∗∗ −0.029 −0.350∗∗∗ 0.056 −0.107
(0.066) (0.113) (0.043) (0.064) (0.092)

HML −0.023 −0.134∗ 0.068∗∗ 0.089∗∗ −0.120∗∗∗

(0.036) (0.074) (0.030) (0.037) (0.035)

UMD 0.057∗∗ 0.005 −0.091∗∗∗ −0.043 −0.042
(0.029) (0.071) (0.024) (0.027) (0.039)

α 0.026∗∗ 0.001 0.004 0.025∗ 0.022
(0.012) (0.016) (0.011) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.603 0.573 0.869 0.398 0.239
Adjusted R2 0.602 0.572 0.869 0.396 0.237
Res. Std. Error (df = 1300) 0.664 0.827 0.417 0.900 0.904
F Statistic (df = 4; 1300) 494.581∗∗∗ 436.062∗∗∗ 2,158.548∗∗∗ 214.476∗∗∗ 102.034∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 20: EW Regional Carhart 4-factor regression table
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Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.837∗∗∗ 0.903∗∗∗ 0.832∗∗∗ 0.557∗∗∗ 0.475∗∗∗

(0.039) (0.044) (0.019) (0.066) (0.037)

SMB 0.615∗∗∗ −0.053 −0.418∗∗∗ 0.032 −0.090
(0.067) (0.104) (0.041) (0.064) (0.088)

HML −0.044 −0.142∗∗ 0.043 0.059 −0.106∗∗∗

(0.037) (0.072) (0.030) (0.038) (0.034)

UMD 0.044 0.049 −0.078∗∗∗ −0.042 −0.024
(0.030) (0.068) (0.025) (0.028) (0.038)

α 0.026∗∗ −0.004 0.007 0.026∗ 0.020
(0.011) (0.013) (0.011) (0.014) (0.016)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.616 0.605 0.873 0.402 0.265
Adjusted R2 0.615 0.604 0.873 0.400 0.262
Res. Std. Error (df = 1300) 0.687 0.793 0.422 0.923 0.894
F Statistic (df = 4; 1300) 522.029∗∗∗ 498.057∗∗∗ 2,237.034∗∗∗ 218.265∗∗∗ 117.027∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 21: VW Regional Carhart 4-factor regression table

Using this model, the results are in line with the previous findings, both for equally-weighted

and for value-weighted portfolios, with slightly more significant outcomes in the former. Re-

garding the three anomalies, a variety of different loadings across the five macroregions can be

noted, with both positive and negative exposures to these. Two α are found to be consistently

significant within the two different strategies, namely the ones relative to the Global and North

American markets, with the former being significant at 5% while the latter at 10% level.
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The last multifactor model, the Fama and French (2015) 5-factor model, is now employed to

study the two different groups of portfolios. Even in this case, the White and Breusch-Pagan

tests led to rejection and subsequent introduction of Newey-West HAC standard errors. The

results of these regressions are presented in Tables 22 and 23.

Dependent variable:

REGl - Rf REEm - Rf REEu - Rf RENa - Rf REAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.825∗∗∗ 0.895∗∗∗ 0.816∗∗∗ 0.530∗∗∗ 0.423∗∗∗

(0.037) (0.042) (0.021) (0.065) (0.041)

SMB 0.683∗∗∗ −0.052 −0.374∗∗∗ 0.039 −0.108
(0.070) (0.106) (0.043) (0.083) (0.090)

HML −0.210∗∗∗ −0.246∗∗∗ 0.146∗∗∗ 0.162∗∗ 0.067
(0.062) (0.078) (0.048) (0.063) (0.080)

RMW 0.200∗∗∗ −0.239∗∗∗ −0.119∗∗ −0.050 0.141
(0.068) (0.077) (0.060) (0.078) (0.165)

CMA 0.197∗∗ 0.067 −0.116 −0.132 −0.269∗

(0.099) (0.069) (0.072) (0.084) (0.160)

α 0.022∗ 0.011 0.001 0.027∗ 0.019
(0.012) (0.015) (0.011) (0.015) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.609 0.580 0.867 0.398 0.245
Adjusted R2 0.608 0.578 0.866 0.396 0.242
Residual Std. Error (df = 1299) 0.659 0.821 0.421 0.900 0.901
F Statistic (df = 5; 1299) 405.375∗∗∗ 358.373∗∗∗ 1,689.008∗∗∗ 171.751∗∗∗ 84.408∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 22: EW Regional Fama and French 5-factor regression table
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Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.860∗∗∗ 0.907∗∗∗ 0.831∗∗∗ 0.548∗∗∗ 0.458∗∗∗

(0.040) (0.046) (0.020) (0.068) (0.039)

SMB 0.701∗∗∗ −0.051 −0.452∗∗∗ 0.003 −0.092
(0.071) (0.099) (0.042) (0.084) (0.086)

HML −0.172∗∗∗ −0.214∗∗∗ 0.145∗∗∗ 0.174∗∗∗ 0.047
(0.060) (0.077) (0.048) (0.062) (0.082)

RMW 0.217∗∗∗ −0.123 −0.103∗ −0.049 0.121
(0.070) (0.076) (0.061) (0.081) (0.161)

CMA 0.085 0.041 −0.160∗∗ −0.203∗∗ −0.216
(0.100) (0.069) (0.072) (0.086) (0.165)

α 0.023∗∗ 0.003 0.003 0.030∗∗ 0.018
(0.011) (0.012) (0.011) (0.014) (0.016)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.621 0.606 0.872 0.404 0.269
Adjusted R2 0.619 0.605 0.872 0.402 0.266
Res. Std. Error (df = 1299) 0.684 0.792 0.424 0.921 0.891
F Statistic (df = 5; 1299) 425.107∗∗∗ 400.007∗∗∗ 1,772.171∗∗∗ 176.240∗∗∗ 95.681∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table 23: VW Regional Fama and French 5-factor regression table

Also here, major similarities between the two weighting methods can be tracked, with some

minor differences in significance, while still maintaining the market risk premia as the most

influential regressor. Once again, some abnormal returns are detected in both EW and VW

portfolios for the Global and North American markets, conferring robustness and validating

previous results.

After having presented all the relevant findings, also the fourth hypothesis can be confidently

rejected as the majority of results pointed toward a North American and Global overperfor-

mance, with the latter probably being influenced by the former given the substantial impact of

North American trade volumes and its market size on the global scenario.
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5.5 Robustness checks

In order to confer even more strength to the results described before, ETF fees are implemented

into the daily returns. As described in Section 4.5, the Annual Report Net Expense Ratio is a

data point easily downloadable from Morningstar, and can be used to fulfill our scope. This

metric, however, presents a few NA values that were promptly substituted by the average of

the other observations. After the reestimation of all the regressions (whose tables can be found

in Appendix A), the implementation of fund costs confirmed the robustness of these analyses.

Apart from a few minor changes, this addition maintained intact most of the coefficients and

significance levels, proving that the results found in the sections before are not invalidated

by the introduction of fees, shifting the analysis from a theoretical framework to a real-world

implementation.
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6 Discussion and Conclusion

The last section of the thesis aims to synthesize and discuss the key findings of the research.

As stated in Section 2.4, the final objective of the paper is to answer the question ”Does the

integration of environmental, social, and governance (ESG) criteria into European ETFs enhance

financial performance relative to traditional ETFs?”. After the creation of four hypotheses with

the purpose of exploring the research question from different angles and perspectives, several

different methods are used to study them extensively.

The first hypothesis, ”ETF profitability is not significantly correlated with the magnitude of sustain-

ability scores” may seem at first glance easily rejectable because of some very significant results

(in particular the ones relative to the 6-month returns and Sharpe ratios) showing a negative

correlation between performance and risk scores and indicating that an ETF whose score is

being increased (probably due to greater investments in companies with bad ESG scores) will

face lower returns in the near future. Some questions about the robustness of these results in

harsher periods are however raised, given the insignificant results relating to the trailing year

where higher market instability was experienced.

In the second hypothesis, the Portfolio Corporate Sustainability Score is dissected into its three

pillars to grasp whether ”Governance drives the ETF performance more than Environmental and

Social scores”. Also in this case the hypothesis was revealed to be only partially true, as the

most important (and significant) factor is the Environmental Risk Score, with the Governance

Risk Score coming in second place. This last factor, however, does not behave as expected, as

its coefficients display very positive values, meaning that ”better” governance would result in

a loss of performance. In economic terms, a lower governance risk score would imply more

restrictions to be fulfilled (e.g. board diversity, stakeholder engagement, and many more) and

consequently a reduced profitability given by the suboptimal conditions in which the company

has to operate to satisfy the ESG standards.

The third hypothesis, stating ”There is no significant overperformance of ETFs falling into higher

sustainability brackets” is completely rejected due to the several significant α found in the

single- and multifactor models (both in their equally-weighted and value-weighted variants)

during the estimation of the High portfolio, while still yielding no significance for any of the

other portfolios. By now placing our attention on the coefficients, the delta between the best

and the worst portfolio oscillates between 1.4 and 2.6 basis points on a daily basis (roughly
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between 3.6% and 6.8% yearly), further indicating the important difference among the top and

bottom portfolios.

The fourth (and last) hypothesis tries to assess the geographical differences of this phenomenon,

affirming that the ”The ESG ETF performance is not significantly different among investment re-

gions”. Also in this case a firm rejection can be outlined, as the abnormal returns found be-

fore in this analysis are revealed only regarding the ETFs invested in the North American and

Global markets, with the others showing no significant results. It must be evidenced that the

US market size roughly accounts for a third of the whole global market, therefore the under-

pricing discovered in the latter may be caused by the major American influence.

In conclusion, after having considered all the presented results, a positive answer can be given

to the research question, ultimately confirming a degree of overperformance dictated by the

ESG profile of the ETF. While this thesis may have brought interesting insights regarding ESG

ETFs, its limitations must be also mentioned in an effort to indicate possible future research

topics. Being the study limited to European exchanges, there is much to explore regarding

other continents, and further analysis could be carried out with more risk-adjusting techniques,

such as different ratios or the Modigliani risk-adjusted performance (M2). Even while concen-

trating on the same European sample, more investigations regarding other ETF aspects can be

carried out such as, for example, the influence of ESG factors on portfolios of different-sized

ETFs. Further research on this topic is therefore needed to improve our knowledge of sustain-

able ETFs.
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A Appendix A

This appendix presents all the tables regarding the robustness checks conducted in Section 5.5.

The tables are arranged as follows:

• Hypothesis 1 (Sections 4.1, 5.1): Tables from A1 to A4

• Hypothesis 2 (Sections 4.2, 5.2): Tables A5 and A6

• Hypothesis 3 (Sections 4.3, 5.3): Tables from A7 to A12

• Hypothesis 4 (Sections 4.4, 5.4): Tables from A13 to A18

Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

PCSS −0.475∗∗∗ −0.061 −0.080∗∗∗ −0.004
(0.097) (0.195) (0.011) (0.014)

Constant 25.104∗∗∗ 10.700∗∗∗ 3.179∗∗∗ 0.405
(2.042) (4.120) (0.241) (0.297)

Observations 280 280 280 280
R2 0.080 0.0003 0.150 0.0002
Adjusted R2 0.076 -0.003 0.147 -0.003
Residual Std. Error (df = 278) 5.160 10.408 0.610 0.750
F Statistic (df = 1; 278) 24.111∗∗∗ 0.096 49.055∗∗∗ 0.067

This table depicts the results of the regressions generated following equation 4, where the four perfor-
mance measures are regressed on PCSS, the Portfolio Corporate Sustainability Score. All returns are in
percentage terms. Standard errors are presented in parentheses. Significance levels are the following: ∗

p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A1: PCSS regression table (after expenses)
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

PCSS (6m lag) −0.500∗∗∗ −0.083∗∗∗

(0.098) (0.012)

PCSS (1y lag) −0.119 −0.006
(0.193) (0.014)

Constant 25.733∗∗∗ 11.948∗∗∗ 3.261∗∗∗ 0.460
(2.079) (4.136) (0.245) (0.298)

Observations 280 280 280 280
R2 0.086 0.001 0.158 0.001
Adjusted R2 0.083 -0.002 0.155 -0.003
Residual Std. Error (df = 278) 5.141 10.402 0.607 0.749
F Statistic (df = 1; 278) 26.290∗∗∗ 0.377 52.154∗∗∗ 0.197

This table depicts the results of the regressions generated following equation 5, where the four perfor-
mance measures are regressed on lagged values of PCSS, the Portfolio Corporate Sustainability Score. All
returns are in percentage terms. Standard errors are presented in parentheses. Significance levels are
the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A2: Lagged PCSS regression table (after expenses)

Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

HCSS −0.495∗∗∗ −0.092 −0.083∗∗∗ −0.006
(0.097) (0.196) (0.011) (0.014)

Constant 25.599∗∗∗ 11.379∗∗∗ 3.259∗∗∗ 0.446
(2.057) (4.163) (0.242) (0.300)

Observations 280 280 280 280
R2 0.086 0.001 0.161 0.001
Adjusted R2 0.083 -0.003 0.158 -0.003
Residual Std. Error (df = 278) 5.142 10.405 0.606 0.749
F Statistic (df = 1; 278) 26.186∗∗∗ 0.222 53.453∗∗∗ 0.155

This table depicts the results of the regressions generated following equation 6, where the four perfor-
mance measures are regressed on HCSS, the Historical Corporate Sustainability Score. All returns are in
percentage terms. Standard errors are presented in parentheses. Significance levels are the following: ∗

p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A3: HCSS regression table (after expenses)
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

HCSS −2.809∗∗ −4.448∗ −0.455∗∗∗ −0.266
(1.137) (2.304) (0.133) (0.166)

PCSS 2.315∗∗ 4.358∗ 0.372∗∗∗ 0.261
(1.134) (2.297) (0.133) (0.166)

Constant 25.952∗∗∗ 12.043∗∗∗ 3.316∗∗∗ 0.486
(2.053) (4.158) (0.240) (0.300)

Observations 280 280 280 280
R2 0.100 0.014 0.184 0.009
Adjusted R2 0.093 0.006 0.178 0.002
Residual Std. Error (df = 277) 5.113 10.357 0.599 0.748
F Statistic (df = 2; 277) 15.326∗∗∗ 1.912 31.305∗∗∗ 1.316

This table depicts the results of the regressions generated following equation 7, where the four perfor-
mance measures are regressed on HCSS and PCSS, the Historical Corporate Sustainability Score and the
Portfolio Corporate Sustainability Score. All returns are in percentage terms. Standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A4: HCSS and PCSS regression table (after expenses)
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

Environmental −0.818∗∗∗ −0.490∗ −0.121∗∗∗ −0.037∗∗

(0.133) (0.251) (0.015) (0.016)

Social −0.572 −1.302∗ 0.027 −0.083∗

(0.355) (0.665) (0.045) (0.045)

Governance 0.893∗ 4.271∗∗∗ −0.059 0.316∗∗∗

(0.512) (0.928) (0.062) (0.060)

Unallocated 0.004 0.481 −0.077∗∗∗ 0.028∗

(0.197) (0.303) (0.018) (0.017)

Constant 17.750∗∗∗ −6.860 2.333∗∗∗ −0.976∗∗

(3.369) (6.412) (0.416) (0.386)

Observations 280 280 280 280
R2 0.160 0.113 0.242 0.129
Adjusted R2 0.148 0.100 0.231 0.116
Residual Std. Error (df = 275) 4.957 9.856 0.579 0.704
F Statistic (df = 4; 275) 13.080∗∗∗ 8.778∗∗∗ 21.948∗∗∗ 10.146∗∗∗

This table depicts the results of the regressions generated following equation 8, where the four perfor-
mance measures are regressed on Environmental, Social, Governmental, and Unallocated Risk Scores. All
returns are in percentage terms. Heteroskedasticity-consistent (HC) standard errors are presented in
parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A5: ESG regression table (after expenses)
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Dependent variable:

6mRet 1yRet 6mSR 1ySR

(1) (2) (3) (4)

Environmental (6m lag) −0.830∗∗∗ −0.121∗∗∗

(0.131) (0.015)

Social (6m lag) −0.656∗ 0.012
(0.361) (0.047)

Governance (6m lag) 0.987∗ −0.054
(0.507) (0.060)

Unallocated (6m lag) −0.037 −0.079∗∗∗

(0.174) (0.019)

Environmental (1y lag) −0.614∗∗ −0.045∗∗

(0.281) (0.018)

Social (1y lag) −1.058 −0.057
(0.684) (0.045)

Governance (1y lag) 3.837∗∗∗ 0.278∗∗∗

(0.963) (0.064)

Unallocated (1y lag) 0.466∗ 0.031∗

(0.278) (0.017)

Constant 17.938∗∗∗ −5.893 2.436∗∗∗ −0.942∗∗

(3.368) (6.569) (0.424) (0.402)

Observations 280 280 280 280
R2 0.172 0.108 0.241 0.120
Adjusted R2 0.160 0.095 0.230 0.108
Residual Std. Error (df = 275) 4.922 9.884 0.580 0.707
F Statistic (df = 4; 275) 14.271∗∗∗ 8.333∗∗∗ 21.807∗∗∗ 9.405∗∗∗

This table depicts the results of the regressions generated following equation 9, where the four perfor-
mance measures are regressed on lagged values of Environmental, Social, Governmental, and Unallocated
Risk Scores. All returns are in percentage terms. Heteroskedasticity-consistent (HC) standard errors are
presented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A6: Lagged ESG regression table (after expenses)
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Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.788∗∗∗ 0.796∗∗∗ 0.795∗∗∗ 0.789∗∗∗ 0.766∗∗∗

(0.021) (0.020) (0.022) (0.025) (0.023)

α 0.016 0.008 0.011 0.004 0.003
(0.012) (0.009) (0.010) (0.010) (0.012)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.775 0.852 0.830 0.829 0.787
Adjusted R2 0.775 0.851 0.830 0.829 0.787
Res. Std. Error (df = 1303) 0.515 0.403 0.437 0.434 0.484
F Statistic (df = 1; 1303) 4,493.723∗∗∗ 7,475.508∗∗∗ 6,352.802∗∗∗ 6,323.100∗∗∗ 4,808.447∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A7: EW CAPM regression table (after expenses)

Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.807∗∗∗ 0.828∗∗∗ 0.793∗∗∗ 0.801∗∗∗ 0.776∗∗∗

(0.022) (0.019) (0.023) (0.022) (0.027)

α 0.023∗ 0.013 0.020 0.003 0.001
(0.014) (0.010) (0.013) (0.010) (0.011)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.746 0.842 0.766 0.842 0.796
Adjusted R2 0.746 0.842 0.766 0.842 0.796
Res. Std. Error (df = 1303) 0.570 0.434 0.531 0.420 0.477
F Statistic (df = 1; 1303) 3,836.069∗∗∗ 6,967.214∗∗∗ 4,276.885∗∗∗ 6,948.022∗∗∗ 5,079.579∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A8: VW CAPM regression table (after expenses)
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Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.777∗∗∗ 0.764∗∗∗ 0.780∗∗∗ 0.762∗∗∗ 0.754∗∗∗

(0.024) (0.021) (0.022) (0.022) (0.022)

SMB −0.037 −0.208∗∗∗ −0.080∗∗ −0.185∗∗∗ −0.061
(0.042) (0.030) (0.034) (0.040) (0.059)

HML −0.173∗∗∗ −0.005 −0.051∗∗ 0.078∗∗∗ 0.164∗∗∗

(0.029) (0.023) (0.024) (0.024) (0.031)

UMD −0.072∗∗∗ −0.037∗∗ −0.040∗∗ −0.006 0.012
(0.024) (0.018) (0.020) (0.019) (0.023)

α 0.021∗ 0.008 0.012 0.003 0.001
(0.012) (0.009) (0.011) (0.010) (0.012)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.786 0.858 0.832 0.838 0.799
Adjusted R2 0.785 0.858 0.831 0.837 0.798
Res. Std. Error (df = 1300) 0.503 0.394 0.435 0.423 0.470
F Statistic (df = 4; 1300) 1,192.147∗∗∗ 1,971.747∗∗∗ 1,606.924∗∗∗ 1,680.228∗∗∗ 1,289.853∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A9: EW Carhart 4-factor regression table (after expenses)
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Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.796∗∗∗ 0.793∗∗∗ 0.778∗∗∗ 0.778∗∗∗ 0.734∗∗∗

(0.024) (0.019) (0.023) (0.021) (0.024)

SMB −0.083∗ −0.225∗∗∗ −0.102∗∗ −0.177∗∗∗ −0.236∗∗∗

(0.044) (0.032) (0.044) (0.035) (0.048)

HML −0.244∗∗∗ −0.052∗∗ −0.143∗∗∗ 0.025 0.199∗∗∗

(0.029) (0.024) (0.027) (0.023) (0.030)

UMD −0.059∗∗ −0.053∗∗∗ −0.046∗ −0.003 −0.028
(0.025) (0.020) (0.023) (0.018) (0.022)

α 0.027∗∗ 0.014 0.022∗ 0.001 −0.001
(0.013) (0.010) (0.013) (0.010) (0.010)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.765 0.850 0.774 0.847 0.826
Adjusted R2 0.764 0.849 0.773 0.847 0.826
Res. Std. Error (df = 1300) 0.550 0.424 0.523 0.414 0.440
F Statistic (df = 4; 1300) 1,055.872∗∗∗ 1,840.804∗∗∗ 1,110.366∗∗∗ 1,801.347∗∗∗ 1,545.591∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A10: VW Carhart 4-factor regression table (after expenses)
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Dependent variable:

RF) RF) RF) RF) RF)

(1) (2) (3) (4) (5)

RM - Rf 0.783∗∗∗ 0.771∗∗∗ 0.786∗∗∗ 0.777∗∗∗ 0.759∗∗∗

(0.025) (0.022) (0.024) (0.024) (0.024)

SMB −0.054 −0.219∗∗∗ −0.087∗∗ −0.165∗∗∗ −0.058
(0.042) (0.033) (0.035) (0.039) (0.055)

HML −0.132∗∗∗ −0.010 −0.035 0.035 0.122∗∗∗

(0.045) (0.035) (0.038) (0.037) (0.047)

RMW −0.087 −0.139∗∗ −0.048 −0.016 −0.038
(0.077) (0.057) (0.068) (0.071) (0.068)

CMA −0.087 −0.015 −0.021 0.132∗ 0.071
(0.086) (0.067) (0.078) (0.075) (0.080)

α 0.018 0.007 0.011 0.004 0.002
(0.012) (0.009) (0.010) (0.010) (0.011)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.784 0.859 0.831 0.839 0.799
Adjusted R2 0.783 0.859 0.830 0.838 0.798
Res. Std. Error (df = 1299) 0.506 0.393 0.436 0.422 0.470
F Statistic (df = 5; 1299) 940.810∗∗∗ 1,583.986∗∗∗ 1,278.370∗∗∗ 1,353.275∗∗∗ 1,033.439∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A11: EW Fama and French 5-factor regression table (after expenses)
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Dependent variable:

RV 1 - Rf RV 2 - Rf RV 3 - Rf RV 4 - Rf RV 5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.800∗∗∗ 0.802∗∗∗ 0.787∗∗∗ 0.788∗∗∗ 0.762∗∗∗

(0.026) (0.021) (0.025) (0.023) (0.026)

SMB −0.102∗∗ −0.236∗∗∗ −0.108∗∗ −0.174∗∗∗ −0.195∗∗∗

(0.043) (0.033) (0.044) (0.035) (0.047)

HML −0.207∗∗∗ −0.038 −0.139∗∗∗ −0.021 0.138∗∗∗

(0.048) (0.039) (0.044) (0.035) (0.044)

RMW −0.089 −0.123∗∗ −0.084 −0.092 0.001
(0.082) (0.060) (0.080) (0.067) (0.064)

CMA −0.081 −0.030 −0.008 0.078 0.218∗∗∗

(0.092) (0.074) (0.088) (0.069) (0.081)

α 0.025∗ 0.013 0.021 0.003 −0.0001
(0.013) (0.009) (0.013) (0.009) (0.010)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.764 0.850 0.773 0.848 0.828
Adjusted R2 0.763 0.849 0.772 0.848 0.828
Res. Std. Error (df = 1299) 0.551 0.425 0.524 0.413 0.438
F Statistic (df = 5; 1299) 839.156∗∗∗ 1,466.958∗∗∗ 884.432∗∗∗ 1,452.142∗∗∗ 1,252.179∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A12: VW Fama and French 5-factor regression table (after expenses)
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Dependent variable:

RE1 - Rf RE2 - Rf RE3 - Rf RE4 - Rf RE5 - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.702∗∗∗ 0.942∗∗∗ 0.872∗∗∗ 0.538∗∗∗ 0.456∗∗∗

(0.038) (0.036) (0.019) (0.054) (0.037)

α 0.015 −0.001 0.003 0.022 0.018
(0.012) (0.016) (0.012) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.543 0.570 0.845 0.385 0.230
Adjusted R2 0.543 0.569 0.845 0.385 0.230
Res. Std. Error (df = 1303) 0.712 0.829 0.453 0.909 0.908
F Statistic (df = 1; 1303) 1,547.774∗∗∗ 1,725.115∗∗∗ 7,115.052∗∗∗ 816.397∗∗∗ 389.616∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A13: EW Regional CAPM regression table (after expenses)

Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.748∗∗∗ 0.964∗∗∗ 0.898∗∗∗ 0.560∗∗∗ 0.486∗∗∗

(0.042) (0.037) (0.019) (0.056) (0.034)

α 0.014 −0.004 0.007 0.023∗ 0.017
(0.012) (0.013) (0.012) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.556 0.600 0.848 0.395 0.258
Adjusted R2 0.556 0.600 0.848 0.395 0.258
Res. Std. Error (df = 1303) 0.739 0.797 0.462 0.926 0.897
F Statistic (df = 1; 1303) 1,631.357∗∗∗ 1,955.647∗∗∗ 7,262.291∗∗∗ 852.186∗∗∗ 453.582∗∗∗

This table depicts the results of the regressions generated following equation 10, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ). All returns are in
percentage terms. Heteroskedasticity and autocorrelation consistent (HAC) standard errors are pre-
sented in parentheses. Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A14: VW Regional CAPM regression table (after expenses)
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Dependent variable:

REGl - Rf REEm - Rf REEu - Rf RENa - Rf REAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.791∗∗∗ 0.892∗∗∗ 0.810∗∗∗ 0.535∗∗∗ 0.443∗∗∗

(0.037) (0.041) (0.020) (0.064) (0.040)

SMB 0.587∗∗∗ −0.029 −0.350∗∗∗ 0.056 −0.107
(0.066) (0.113) (0.043) (0.064) (0.092)

HML −0.023 −0.134∗ 0.068∗∗ 0.089∗∗ −0.120∗∗∗

(0.036) (0.074) (0.030) (0.037) (0.035)

UMD 0.057∗∗ 0.005 −0.091∗∗∗ −0.043 −0.042
(0.029) (0.071) (0.024) (0.027) (0.039)

α 0.024∗∗ −0.001 0.003 0.024∗ 0.021
(0.012) (0.016) (0.011) (0.014) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.603 0.573 0.869 0.398 0.239
Adjusted R2 0.602 0.572 0.869 0.396 0.237
Res. Std. Error (df = 1300) 0.664 0.827 0.417 0.900 0.904
F Statistic (df = 4; 1300) 494.581∗∗∗ 436.062∗∗∗ 2,158.548∗∗∗ 214.476∗∗∗ 102.034∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A15: EW Regional Carhart 4-factor regression table (after expenses)
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Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.837∗∗∗ 0.903∗∗∗ 0.832∗∗∗ 0.557∗∗∗ 0.475∗∗∗

(0.039) (0.044) (0.019) (0.066) (0.037)

SMB 0.615∗∗∗ −0.053 −0.418∗∗∗ 0.032 −0.090
(0.067) (0.104) (0.041) (0.064) (0.088)

HML −0.044 −0.142∗∗ 0.043 0.059 −0.106∗∗∗

(0.037) (0.072) (0.030) (0.038) (0.034)

UMD 0.044 0.049 −0.078∗∗∗ −0.042 −0.024
(0.030) (0.068) (0.025) (0.028) (0.038)

α 0.025∗∗ −0.005 0.006 0.025∗ 0.019
(0.011) (0.013) (0.011) (0.014) (0.016)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.616 0.605 0.873 0.402 0.265
Adjusted R2 0.615 0.604 0.873 0.400 0.262
Res. Std. Error (df = 1300) 0.687 0.793 0.422 0.923 0.894
F Statistic (df = 4; 1300) 522.029∗∗∗ 498.057∗∗∗ 2,237.034∗∗∗ 218.265∗∗∗ 117.027∗∗∗

This table depicts the results of the regressions generated following equation 11, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and three anomalies:
size (SMB), value (HML), and Momentum (UMD). All returns are in percentage terms. Heteroskedas-
ticity and autocorrelation consistent (HAC) standard errors are presented in parentheses. Significance
levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A16: VW Regional Carhart 4-factor regression table (after expenses)
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Dependent variable:

REGl - Rf REEm - Rf REEu - Rf RENa - Rf REAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.825∗∗∗ 0.895∗∗∗ 0.816∗∗∗ 0.530∗∗∗ 0.423∗∗∗

(0.037) (0.042) (0.021) (0.065) (0.041)

SMB 0.683∗∗∗ −0.052 −0.374∗∗∗ 0.039 −0.108
(0.070) (0.106) (0.043) (0.083) (0.090)

HML −0.210∗∗∗ −0.246∗∗∗ 0.146∗∗∗ 0.162∗∗ 0.067
(0.062) (0.078) (0.048) (0.063) (0.080)

RMW 0.200∗∗∗ −0.239∗∗∗ −0.119∗∗ −0.050 0.141
(0.068) (0.077) (0.060) (0.078) (0.165)

CMA 0.197∗∗ 0.067 −0.116 −0.132 −0.269∗

(0.099) (0.069) (0.072) (0.084) (0.160)

α 0.021∗ 0.009 −0.0004 0.027∗ 0.018
(0.012) (0.015) (0.011) (0.015) (0.017)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.609 0.580 0.867 0.398 0.245
Adjusted R2 0.608 0.578 0.866 0.396 0.242
Res. Std. Error (df = 1299) 0.659 0.821 0.421 0.900 0.901
F Statistic (df = 5; 1299) 405.375∗∗∗ 358.373∗∗∗ 1,689.008∗∗∗ 171.751∗∗∗ 84.408∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five equally-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A17: EW Regional Fama and French 5-factor regression table (after expenses)
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Dependent variable:

RVGl - Rf RVEm - Rf RVEu - Rf RVNa - Rf RVAs - Rf

(1) (2) (3) (4) (5)

RM - Rf 0.860∗∗∗ 0.907∗∗∗ 0.831∗∗∗ 0.548∗∗∗ 0.458∗∗∗

(0.040) (0.046) (0.020) (0.068) (0.039)

SMB 0.701∗∗∗ −0.051 −0.452∗∗∗ 0.003 −0.092
(0.071) (0.099) (0.042) (0.084) (0.086)

HML −0.172∗∗∗ −0.214∗∗∗ 0.145∗∗∗ 0.174∗∗∗ 0.047
(0.060) (0.077) (0.048) (0.062) (0.082)

RMW 0.217∗∗∗ −0.123 −0.103∗ −0.049 0.121
(0.070) (0.076) (0.061) (0.081) (0.161)

CMA 0.085 0.041 −0.160∗∗ −0.203∗∗ −0.216
(0.100) (0.069) (0.072) (0.086) (0.165)

α 0.022∗ 0.002 0.003 0.029∗∗ 0.017
(0.011) (0.012) (0.011) (0.014) (0.016)

Observations 1,305 1,305 1,305 1,305 1,305
R2 0.621 0.606 0.872 0.404 0.269
Adjusted R2 0.619 0.605 0.872 0.402 0.266
Res. Std. Error (df = 1299) 0.684 0.792 0.424 0.921 0.891
F Statistic (df = 5; 1299) 425.107∗∗∗ 400.007∗∗∗ 1,772.171∗∗∗ 176.240∗∗∗ 95.681∗∗∗

This table depicts the results of the regressions generated following equation 12, where the five value-
weighted portfolio returns are regressed on the market risk premium (RM - Rf ) and four anomalies: size
(SMB), value (HML), profitability (RMW), and investment (CMA). All returns are in percentage terms.
Heteroskedasticity and autocorrelation consistent (HAC) standard errors are presented in parentheses.
Significance levels are the following: ∗ p ≤ 0.1, ∗∗ p ≤ 0.5, ∗∗∗ p ≤ 0.01.

Table A18: VW Regional Fama and French 5-factor regression table (after expenses)
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