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This study explores the performance of green equity funds in the US stock market. The performance 

measurement framework is implemented by comparing the performance of green funds with their 

conventional counterpart funds. The main motivation is to shed light on the long-term performance 

of green funds by determining their competitiveness and underlying factors affecting the fund returns. 

The development of financial world has seen socially responsible investments and ethical strategies 

emerging as a powerful alternative to conventional investments. This study tackles the debate on the 

profitability of social investments by focusing specifically on green funds, i.e. funds applying 

environmental screens in their asset picking processes. From a theoretical point of view, any 

investment that is done based on non-financial attributes should result in lower risk-adjusted 

performance due to the restricted investment universe and diversification opportunities. Drawing on 

a comprehensive data of green and conventional equity funds and a time period spanning from June 

2006 to June 2017, this study employs a multi-factor model approach in explaining the fund returns. 

The CAPM, Fama-French 3-factor, Carhart 4-factor and an oil factor augmented four-factor model 

are used in empirical analysis. In addition, Sharpe ratios and skewness and kurtosis adjusted Sharpe 

ratios are employed. The results imply that difference in returns between the two investment 

approaches is not found to be statistically significant, thereby indicating that green investors do not 

pay a premium for green investment choices. Results also point out that green funds exhibit an upward 

performance trend during the sample period and resist periods of financial downturns relatively well. 

Investment styles between the two types of funds indicate that green funds tend to exhibit slightly 

greater stock market sensitivity and show a negative momentum exposure. Both fund portfolios are 

found to be tilted towards small-caps. Overall, this study finds supportive evidence for the hypothesis 

that green investments are not penalizing investors but rather becoming increasingly attractive 

alternatives in investors’ portfolios. 
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Tässä tutkimuksessa tarkastellaan vihreiden osakerahastojen suoriutumista yhdysvaltalaisilla 

osakemarkkinoilla. Vihreiden rahastojen suoriutumista verrataan suhteessa konventionaalisten 

rahastojen muodostamaan verrokkiryhmään. Päätavoitteena on selvittää vihreiden rahastojen pitkän 

aikavälin kilpailukyky ja rahastojen tuottoihin vaikuttavat tekijät. Viimeaikainen kehitys 

sijoitusmaailmassa on johtanut niin kutsuttujen sosiaalisten ja eettisten sijoitusstrategioiden suosion 

voimakkaaseen kasvuun ja nousuun vaihtoehdoksi konventionaalisten sijoitusten rinnalle. Tämä 

tutkimus lähestyy vastuullisen sijoittamisen kannattavuutta koskevaa keskustelua keskittymällä 

nimenomaan vihreisiin rahastoihin eli rahastoihin, jotka osakevalinnassaan sekä strategiassa 

painottavat ympäristötekijöitä. Teoreettiselta kannalta ajateltuna ei ainoastaan taloudellisin perustein 

tehdyn investoinnin katsotaan johtavan matalampaan riskikorjattuun tuottoon rajoitettujen 

investointi- ja hajautusmahdollisuuksien aiheuttamien vaikutusten johdosta. 

Tutkimuksessa käytettiin kattavaa otosta yhdysvaltalaisista vihreistä ja konventionaalisista 

osakerahastoista kesäkuusta 2006 kesäkuuhun 2017. Rahastojen tuottoja selitettiin hyödyntämällä 

multifaktori-malleja. Käytännössä estimoinnissa käytettiin CAPM-mallia, Fama-French 

kolmifaktori-mallia, Carhartin nelifaktori-mallia sekä tutkimuksessa rakennettua öljyfaktorilla 

laajennettua nelifaktori-mallia. Lisäksi rahastojen suoriutumista arvioitiin riskikorjatuilla mittareilla, 

joita olivat Sharpen luku ja vinous- ja huipukkuuskorjattu Sharpen luku (SKASR). Portfolioiden 

suoriutumiserojen merkitsevyyttä testattiin faktorimallien ja SKASR-luvun osalta tilastollisten 

testien avulla. Tutkimustulosten perusteella vihreiden ja konventionaalisten rahastojen keskinäiset 

tuottoerot eivät ole tilastollisesti merkitseviä. Vihreiden rahastojen tuottojen havaittiin paranevan 

tarkastelujakson aikana sekä suoriutumisen olevan vahvaa laskukauden aikana. Lisäksi tulokset 

osoittavat vihreiden rahastojen suurempaa markkinaherkkyyttä ja niiden seuraavan vähemmän 

momentum-strategiaa. Molempien portfolioiden havaittiin olevan kallellaan pienyhtiöihin. Tulokset 

tukevat näkemystä, jonka mukaan vihreät investoinnit eivät hävitä sijoittajien tuottoja, vaan ovat yhä 

enemmän kilpailukykyisiä. 
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1. INTRODUCTION 
 

 

1.1 Background 

 

Socially responsible investing or SRI as it is often referred to, has been growing its popularity during 

the last decades and is nowadays an important phenomenon in the financial world. Investing in a 

socially responsible way has during the years become an increasingly considerable investment 

strategy and for a large part of investors, including certain ethical and social factors in the investment 

decision-making processes constitutes today even a guiding principle. The demand for socially 

responsible investment products has increased dramatically as investors worldwide incorporate their 

environmental, social and governance (ESG) concerns and aspects in their investment decisions 

instead of solely considering financial returns. In this regard, green investing has lately emerged as a 

distinctive group of SRI adding environmental considerations in the investment decision-making 

process by applying screens to select environment-friendly assets (Lesser et al. 2014). Theoretically, 

green investing as an investment strategy approach is related to SR investments as both approaches 

are based on underlying non-financial attributes (Climent et al. 2011). However, noteworthy is that 

SRI comprises a much broader universe of ethical approaches than green investing that has a 

relatively narrow scope. In contrast to the bulk of the research done in ethical and social investing, 

this study considers these two approaches as separate but partly overlapping investment strategies.  

 

As the phenomenon of SRI has increased its popularity throughout the years, also the way investors 

perceive social responsibility has changed. Whereas socially responsible investing could some years 

ago be seen as a narrow investment strategy seeking to exclude for example tobacco companies or 

certain non-ethical industries from an investor’s portfolio, it nowadays has a much more wider scope. 

Investors increasingly draw attention to issues of sustainable development and tend to favour 

companies that are among the leading socially responsible firms in their respective industries. In 

addition, on a corporate level companies want to see SRI and ethical business more and more as an 

opportunity to stand out, not as a barrier as it could have been perceived some years or decades ago. 

As the phenomenon has developed, individual investors and institutional investors especially, 

integrate ethical factors to their investment strategies. 

 

According to Revelli (2016), global SRI assets represented more than 30 per cent of total assets 

managed worldwide in 2014, a number that highlights the important weight that SR investments 
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nowadays have in the financial industry. The exact definition of SRI is rather ambiguous as various 

variants of the subject are often utilized in the financial literature. Chang et al. (2012) define socially 

responsible investing as a large investment theme with several subsets. Eccles et al. (2011) studied a 

large sample of academic publications that consider ESG factors but often utilize different 

terminology and names to define the subject. They broadly define SR investing to refer to investment 

practices that integrate a consideration of ESG issues with the primary purpose of yielding higher 

risk-adjusted returns. The latest subset to emerge from the broader world of SRI has been green 

investing that emphasizes environmental issues. Firms involved in clean technology, renewable 

energy production, or alternative fuels are good examples of firms implementing green values in their 

business. 

 

The fundamental question with respect to SRI and green investing in the academic literature has been 

whether the use of various social screens decreases portfolio performance or whether it possibly 

increases opportunities for better returns. A bulk of the academic literature in SRI has focused on 

socially responsible mutual funds that invest according to certain environmental, social and 

governance principles. The fundamental hypothesis and main research question in many of the studies 

focusing on SRI has been the performance comparison between SRI mutual funds and conventional 

mutual funds. The results have been mixed and despite the fact that the subject has been actively 

researched, more analysis is needed in order to get a thorough understanding of this important 

phenomenon that continues to increase its significance in asset management. 

 

In SR investing, an investor always has an ethical side (e.g. environmental, social or religious) 

affecting his investment decisions and thus potentially resulting in a restricted universe of 

investments. Also, the costs resulting from screening and monitoring activities in SRI might decrease 

expected returns and contribute to the weaker performance. Hamilton et al. (1993) tried to tackle the 

fundamental question related to SR investment: Could we be doing well while doing good? One of 

the objectives of this study is to respond to that question and in particular from the point of view of 

environmental funds. A positive response to the above question would imply that it is possible to earn 

higher expected returns from green portfolios than from conventional portfolios. 

 

This study aims to investigate the performance of US based green mutual funds by shedding light on 

the performance comparison between US green funds and their conventional peers. Green mutual 

funds can be considered as a subset of SRI funds that invest in environmentally friendly companies 

committed to environmental principles and engagements. In the SRI literature, the area of green 
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mutual funds has been relatively under researched (Climent et al. 2011). In fact, most of the analysis 

related to environmental responsibility issues have been implemented on a corporate level as studies 

have tried to explain the relation between firm’s environmental engagement and financial 

performance. According to Galema et al. (2008) focusing on a specific dimension of SR investment 

provides an empirically appealing question to mutual fund research and might overcome some 

problems that previous studies focusing on SRI on a more general level have encountered.  

 

Several factors have contributed to the rising trend of green values in financial markets. In particular, 

the constantly growing concern of climate change has contributed to the wide interest in ethical 

products. Investors show increasing interest and demand towards clean and green technologies, 

renewable and alternative energy companies and other environmentally driven businesses. McCann 

et al. (2003) point out that the whole industry has recently taken a new form that is rather different 

from what was considered as ethical investment before. SRI is in fact increasingly approaching to 

become a mainstream investment niche that is not as restricted as earlier and is exploited by large 

institutional investors and mutual funds. According to a Bloomberg New Energy Finance report 

(2016), renewable energy investments reached historic high records in 2015 as total worldwide 

renewable investments amounted to $330 billion. At the same time oil, coal and gas prices were at 

low levels that further emphasizes the fact that renewable and clean technology companies are 

shaping the business and becoming increasingly competitive. This provides future research with great 

opportunities and motivation since the research on green mutual funds is still relatively scarce. In 

addition, the fact that the whole green industry is highly dependent on political and regulatory issues 

makes it a very intriguing theme to investigate. As Chang et al. (2012) point out, the future of green 

mutual funds will depend a lot on how they can compete against their conventional peers in financial 

terms. This wasn’t necessarily the case in the early days of green investing as demand was mainly 

driven by investor’s will to invest in firms engaged in environmentally friendly business. 

 

By focusing on the performance comparison between green and conventional funds, this thesis tackles 

both the rising trend of green investing and the active fund management debate. Despite the fact that 

passive asset management has strongly raised its popularity as products such as index funds and 

exchanged-traded-funds (ETFs) have become common in investors’ portfolios during the last decade, 

the debate on the profitability of active fund management remains a current topic worth studying. 

Also, the effect of financial crisis periods on green mutual fund performance will be investigated. By 

taking account of fossil fuel prices in the analysis of performance differences between green and 
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conventional funds, as proposed by Ibikunle et al. (2015), this study seeks to extend the knowledge 

on green fund performance and its determinants.  

 

 

1.2 Objectives and limitations 
 

The main objective of this study is to assess whether investing in green (environmental) mutual funds 

is an economically profitable investment strategy in the long term. More precisely, this study aims to 

shed light and extend the previous research on return comparison between US green equity funds and 

US conventional equity funds by applying a recent time period for empirical analysis and by trying to 

add knowledge to the underlying factors contributing to financial performance of green investment 

vehicles. The existing literature on green mutual funds is reviewed and empirical results of this study 

are compared to those obtained from few previous studies done in the same area. The broader theme 

of SRI will naturally also be in focus and discussed throughout the study but keeping in my mind that 

the main objective is to explain performance and attributes of green mutual funds. In addition, this 

study seeks to assess effects of financial crisis periods and fossil fuel prices on green mutual fund 

returns. By doing so, this study seeks to enhance the explanatory power of previous studies and is one 

of the first studies to empirically consider the relation between fossil fuel prices and green mutual 

fund performance. The research questions of this study are as follows: 

 

1. Do there exist performance differences between US Green equity funds and US conventional 

equity funds? 

2. Do there exist differences in investment styles between green mutual funds and conventional 

funds? 

3. What is the impact of financial crisis periods on green equity fund performance versus 

conventional fund performance? 

4. Is there any relation between the return differences of green and conventional fund portfolios 

and fossil fuel prices? 

 

The first research question, as described before, seeks to answer to the fundamental question with 

respect to ongoing SRI debate and green investing: what is the performance of green equity funds 

compared to conventional funds and do green investors possibly pay a price premium when opting to 

invest in funds applying environmental screens. As Rudd (1981) amongst others point out, the use of 

non-financial screens in SR investing possibly reduces the potential for diversification and thus might 
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impact portfolio’s risk-adjusted performance. This question related to the performance of ethical 

investment products has been vastly researched in SRI literature yielding often mixed results. It 

provides a stable starting point for this study and extends performance comparison to green products 

as well as to a more recent time period. Second research question focuses on the differences in 

investment styles between green and conventional funds. This is in practice investigated by applying 

multi-factor model approach to the determination of green fund performance. 

 

Third research question aims to consider the effect of crisis periods on green mutual fund 

performance. Nofsinger et al. (2014) studied the crisis time performance of SRI funds finding 

asymmetric return patterns and that SRI mutual funds outperformed their conventional counterparts 

during periods of financial downturns. The authors argue that companies with good environmental 

and governance standards are more likely to resist the difficulties faced during crisis periods. As their 

study analysed SRI funds during the time period 2000-2011, this study employs a more recent time 

period in empirical analysis and extends the financial crisis effect investigation to US domiciled green 

equity funds.  

 

Finally, fourth research question seeks to extend the understanding of green mutual fund performance 

and return behaviour by including fossil fuel price changes as an explanatory variable to the empirical 

analysis. To the best knowledge of the author, previous studies haven’t investigated the relation 

between oil price fluctuations and green mutual fund performance. This research gap provides an 

appealing topic and possibly enables to determine whether there exists any correlation between 

commodity prices and green fund returns. 

 

In order to gather adequate data for empirical analysis, this study concentrates solely on equity funds 

domiciled in the United States of America that have domestic geographic investment focus. Global 

funds are excluded from analysis. Limiting data to US equity funds was mainly due to the fact that 

America has a well-established SRI market and in particular, offers a relatively large selection of 

green instruments to investors. However, the recentness of the green investing practice causes some 

limits regarding this study. First, as described earlier, there is no exact scientific consensus or 

definition on the term of green mutual fund or green investing. In literature, it has been widely 

identified to be a subgroup of the broader SRI theme with its main focus on environmental and climate 

issues. In this sense, this study uses information reported by mutual funds and their managers to 

identify green equity funds applying environmental screens in their investments. Considering the 

extent of this master thesis, it was not possible to perform extensive back up checks to verify the 
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green classifications of funds included in empirical analysis. Therefore, the collected green mutual 

fund data set is to be considered reliable and of high quality but the factors mentioned above should 

be taken into account in the interpretation of empirical results. 

 

1.3 Outline of the thesis 
 

 

The rest of this study is organized as follows. Section 2 gives a detailed description of the theoretical 

framework of this study. Third section introduces the previous studies examining socially responsible 

and green investing, SRI funds and green mutual funds. Fourth section starts the empirical part of the 

study with description of data and its collection process, and continues by presenting the applied 

methodology in detail. Fifth section presents and discusses the obtained empirical results. Finally, the 

last section summarizes the results, discusses their economic significance and concludes with 

suggestions for further research. 
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2. THEORETICAL FRAMEWORK 

 
 

This section outlines and describes the main financial theories and concepts relevant in understanding 

mutual fund performance analysis. Although this study focuses strongly on performance comparison 

between green mutual funds and conventional mutual funds, it is also very important to define the 

central underlying finance theories related to fund performance at a more general level. Therefore, 

the modern portfolio theory is presented first. After that, a very popular and vastly debated research 

topic in asset pricing and financial markets, the efficient market hypothesis, is discussed. The second 

chapter presents also the capital asset pricing model, multi-factor models applied in this study and 

other widely utilised mutual fund performance measures and models. Finally, the latter sections of 

this chapter give an introduction to investing in mutual funds but in particular, define the concepts of 

green and socially responsible investing. Although the primary objective of this study is to focus on 

US green equity funds, the broader explanation of the whole SRI industry is equally given as the two 

phenomena are closely related and understanding the wider concept and meaning of SRI is beneficial 

and serves in the understanding of the green investment niche.  

 

2.1 The Modern Portfolio Theory 
 

 

The Modern portfolio theory (MPT), presented initially in 1952 by Harry Markowitz in his seminal 

paper “Portfolio selection” is a widely applied financial theory relevant nowadays both in modern 

finance theory and practice. MPT describes how a rational investor can maximize his return on a 

portfolio through diversification, i.e. how one can maximize a portfolio’s expected return given a 

certain level of risk. A rationally acting investor will thus according to the theory choose the 

investment alternative that gives the highest return at a certain level of risk or alternatively, the lowest 

possible risk given a level of expected return. MPT is independent of asset pricing models such as 

the capital asset pricing model, but at the end, provides a framework with such models for developing 

relationships between expected asset returns and their associated risks. The statistical notion of 

covariance that is an important measure introduced in MPT quantified the concept of diversification. 

According to the theory, investing all the money to securities whose returns are highly correlated is 

not a wise or recommended strategy. In contrast, one should construct a portfolio and select securities 

so that the returns correlate as little as possible. (Fabozzi et al. 2002) 
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MPT considers two types of risk that an investment portfolio contains: systematic risk and 

unsystematic risk. Systematic risk is the risk that can be associated with the volatility of the entire 

financial market whereas unsystematic risk, that is also often referred to as specific risk, is associated 

with the volatility of a single individual stock. By using diversification, investors are according to 

MPT able to construct portfolios so that the unsystematic risk associated with any individual stock in 

the portfolio is offset by the specific risk associated with another stock. As markets are supposed to 

be efficient, investors are rewarded for bearing systematic risk but on the other hand, not rewarded 

for bearing unsystematic risk because of the possibility for diversification. If a mutual fund carries 

some unsystematic risk, the fund is not on the efficient frontier and thus the risk and return trade-off 

is not maximized. (Barnett et al. 2006) 

 

As a result of applying screens and excluding, for example, certain firms or whole industries from 

the potential universe of stocks, one could expect green mutual funds to bear relatively high 

unsystematic risks (Kurtz 1997). Studies that have pointed out the financial costs resulting from 

investing in a restricted universe of stock and thus leading to a lack in diversification possibilities 

include e.g. Teper (1992) and Geczy et al. (2003) who both documented an approximate one percent 

loss in returns for portfolios using social screening compared to well diversified conventional 

portfolios. Based on the broad empirical research on the modern portfolio theory, the constraints 

resulting from lack of diversification might have a negative impact on a green portfolio’s return. 

However, the modern portfolio theory describes only the ability of a given security to move a portfolio 

towards or away from the efficient frontier (Markowitz 1952), and does not consider the advantages 

that following a green investment strategy, for example, may bring. Figure 1 illustrates the 

consequences of social screens on the possible universe of investment choices. The stricter the 

screening strategy a mutual fund manager implements in stock selection, the lower the possibilities 

are for diversification but at the same time, the better the ability to use selectivity in stock picking 

processes. Therefore, it can be argued that a mutual fund following a strict policy in its social 

investment strategy suffers potentially from losses caused by lack of diversification, but these could 

possibly be offset by the better selectivity opportunities (Lowry 1991). According to Barnett et al. 

(2006), a fund with strict screening process possesses a small pool of securities but on the other hand, 

the pool from which the securities are chosen is said to be richer. This obviously indicates that the 

fund would be more likely to pick securities that outperform the market return from the smaller pool 

of investments than from a broader pool of potential investment choices.  
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Figure 1. The Effects of Social Screening on the Universe of Stock Choices (Barnett et al. 2006) 

 

Theoretically, MPT implies that a mutual fund with social screens generates lower risk-adjusted 

returns for any given risk level in comparison to conventional funds. However, combining the modern 

theories of MPT and the stakeholder theory of Freeman (1984), Barnett et al. (2006) argue that if the 

social screening implemented by SRI fund is adequately applied, the financial loss due to the lack of 

diversification could be offset by intensive screening. Stakeholder theory argues that firm’s social 

attributes and effective management of company’s all stakeholders will ultimately create value and 

better financial performance in the long term. Therefore, an intensive ethical screening strategy could 

aid in selecting these well-managed and over-performing companies and exclude those with poor 

track records and stakeholder management practices. SRI funds employing many strict screens can 

effectively exclude companies with poor performance to enhance returns whereas funds employing 

only few limited screens enjoy rather the benefits of better diversification possibilities to improve 

their performance (Barnett et al. 2006). 

 

 

2.2 Efficient Market Hypothesis and Anomalies 
 

One of the most debated issues and long-lasting research subjects in the field of professional asset 

management has been the stock picking ability of mutual fund managers. Due to its significant 

practical implications for investors, academicians worldwide have been interested in analysing the 

capability and picking skills of fund managers, i.e. are fund managers able to pick outperforming 
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stocks and earn returns above the market return. This question is interesting also due to the light it 

sheds on the efficiency of financial markets. Efficient market hypothesis (EMH) initially presented 

by Fama (1970) suggests that stock markets are “informationally efficient”. A market where prices 

fully reflect all available information is called efficient. Malkiel (2003) gives a broader description 

of the term efficiency as he defines financial markets to be efficient when investors are not able to 

earn above-average risk-adjusted returns without at the same time taking above-average risks.  

 

In the finance literature, the random walk theory is often associated with efficient market hypothesis. 

According to Malkiel (1973), security prices follow a “random walk” process which implies that a 

price change of a randomly moving security is not related to past price behaviour. The underlying 

idea behind the term random walk is that a tomorrows stock price will reflect only tomorrows news 

and will not be dependent on the price development of today if all information is immediately 

reflected in security prices (Malkiel 2003). Therefore, according to the theory one cannot predict the 

future price of a security based on the historic fluctuations or direction of the price of a security or 

the fluctuations or trend in the overall market. 

 

Fama (1970) divided efficiency that financial markets might have in three different levels by 

considering thee different types of information sets: the strong form efficiency, the semi strong form 

efficiency and weak form efficiency. In the strongest form, EMH states a market is considered 

efficient if all information relevant to the price of a security, whether generally available or not, public 

or private, is rapidly reflected in the market price. There is a full revelation of all private information 

in security prices (Malkiel 2003). The semi strong form of EMH states that current security prices 

fully reflect not only historical price information but also all public information. If markets are 

considered to be efficient in this form, an investigation of a company’s income statements, balance 

sheets, dividend announcements or any other publicly available information about the company will 

not aid investors to earn abnormal returns. Thus, techniques like fundamental and technical analysis 

will not be successful in the long run. Finally, the weak form efficiency states that security prices 

fully reflect the information contained in the historical price developments. Investors can’t benefit of 

technical analysis to earn abnormal returns because analysis of past stock price patterns is according 

to the weak form efficiency a useless technique. The above mentioned Malkiel’s theory of random 

walk is often associated with the weak-form of efficiency. 

 

With regard to mutual fund performance, the efficient market theory suggests that funds should not 

be able to generate returns greater than the market benchmark on a continuous basis. This holds as 
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when markets are considered to be efficient, security prices reflect all available information and 

therefore any investment strategy implemented by an actively managed mutual fund should not 

produce abnormal returns and returns that beat the market. This obviously contradicts with the active 

portfolio management theory described later on in this section. A large part of traditional and even 

more recent research papers on mutual fund performance support the EMH and find no evidence for 

the superior performance of mutual funds compared to market indices (Drew et al. 2000). According 

to Malkiel (2005), investing in indices is on average more likely to produce superior returns than 

active portfolio management even in the case that markets were less than completely efficient.  

 

However, despite the strong empirical support in favour of EMH, the views and opinions on the 

theory have often been opposite to each other. Malkiel (2003) points out that by the start of the 21st 

century, the theory had lost of its intellectual dominance as many researchers started to believe that 

security prices can be predicted, at least to some extent. In addition, the newer body of literature 

including, e.g. Lo et al. (1999) and Fama et al. (1988), believed in the analysis of historic price 

patterns and in fundamental valuation methods such as dividend announcements and price-earnings 

ratios that could enable investors to yield abnormal returns. Shiller (2000) were among the many 

academicians to consider periods of strong financial irrationalities or “bubbles”, such as the 

technology internet bubble of late 1990s. Stock market booms and other periods of irrationality like 

the internet bubble have obviously been contradicting the principles of EMH. 

 

The cross-sectional behaviour of stock market returns in response to fundamental-based variables, 

i.e. variables derived from financial statements, such as firm size, leverage and book-to-market-equity 

have been pointed out by numerous studies. Jegadeesh et al. (1993) were among the first to detect the 

momentum effect anomaly. The authors applied an extensive time period of over 20 years of US 

stock returns and proved that a trading strategy that aims to buy past winner stocks and sell stocks 

that have not performed well in the past generates important abnormal returns. Contradictory results 

were found by DeBondt et al. (1985) whose empirical tests showed portfolios of past losers to beat 

past winner portfolios, a result that is consistent with the overreaction hypothesis.  

 

Investigating the relationship between company’s stock price and its size, Banz (1981) documented 

the size-effect that is also referred to as small firm effect. Banz applied a long-term time period and 

found that stock returns of smaller companies outperformed those of larger companies by a 

statistically significant margin. Empirical evidence on earnings/price ratio was first documented by 

Ball (1978) who pointed out that high E/P stocks yield better risk-adjusted returns than stocks with 
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low E/P ratios. Basu (1983) found supporting results to those of Ball and pointed out that the E/P 

effect was significant even when accounting for differences in the firm sizes. Rosenberg et al. (1985) 

were among the first researchers to document the positive correlation between the returns of US 

stocks and the ratio of a firm’s book value of equity to its market value. Later on, Fama et al. (1995) 

found that two variables, size and and book-to-market value ratio, combine to capture the cross-

sectional behaviour in stock returns. 

 

With regard to SR and green investments, the above described anomalies have important implications 

when assessing the efficiency of ethical investments. Hooi et al. (2015) studied the performance 

persistence of European and North American SRI funds and found persistence in European SRI funds 

implying that market is inefficient and that the weak form of EMH doesn’t hold. The authors argue 

that SRI fund managers could have informational advantages for portfolios over holding periods of 

12, 36 and 60 months and could thus benefit of active management strategies in trading ethical stocks 

based on all historic publicly available information. On a corporate level, numerous studies have 

documented the financial benefits for a company to be green. Hamilton (1995), amongst others points 

out that companies that were listed on Toxics Release Inventory (TRI) in US and had their pollution 

figures released publicly, caused stockholders significant negative abnormal returns immediately 

after the pollution information was released. In addition to the clear presence of abnormal returns in 

the field of SRI and green investing discussed more in detail in the following sections, several studies 

have pointed out anomalies regarding the investment styles of ethical funds. Jin et al. (2018) find that 

Chinese green funds are strongly exposed to small-cap companies and value stocks during the time 

period 2010-2016. Bauer et al. (2005) found that SRI funds tend to have lower exposures on market 

factor in comparison to conventional funds and that funds in Europe exhibit a strong tilt towards 

small-caps. The authors equally show that SRI funds exhibit a bias toward growth stocks rather than 

value stocks. Considering green funds, Climent et al. (2011) point out that US environmental funds 

show higher market sensitivity compared to their SRI and conventional peers. Consistent with the 

bulk of SRI studies, the exposure of green funds to small-cap companies is equally remarked.  
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2.3 Performance Measurement 
 

 

In order to be able to compare the performance of mutual funds, it is useful to define models that will 

be used in performance investigation in this study. Due to the popularity of the fund performance 

theme, there is a lot of academic literature on mutual fund performance and an expanding number of 

different models and ways to measure their performance. A large body of the fund performance 

literature is based on estimating ordinary least squares (OLS) of factor model regressions. After the 

early studies of Jensen (1968), who used the single-factor model, performance models based on factor 

estimations have evolved and increased their significance in explaining expected returns. This part of 

the chapter will go through the main models and risk-adjusted performance measures that will be 

applied in the empirical part of this study. The Capital Asset Pricing (CAPM) model is a central 

model in fund performance literature and other models are often derived from it. The measures are 

often based on the same assumptions and thus may often have the same weaknesses. 

 

2.3.1 The Capital Asset Pricing Model 
 

 

When analysing fund performance and comparing funds directly to each other, one could simply 

consult the monthly returns and rank funds accordingly. However, to get a comprehensive and 

realistic understanding on mutual fund returns one should always consider the difference in risk levels 

between funds. The CAPM model developed by Sharpe (1964) and Lintner (1965) was the first model 

that could estimate the performance of a portfolio while at the same time adjusting for the portfolio’s 

level of risk. CAPM gives an idea of a fund’s expected return given the level of its risk. The model 

seeks to explain the relationship between risk and expected returns of an asset. CAPM solely takes 

into account one risk factor that is the excess return on the market portfolio, or i.e. the so-called 

market premium. CAPM is an equilibrium model that describes the covariance of portfolio return 

with the market portfolio return to have an important part in explaining changes in excess portfolio 

returns. CAPM formula is given in equation 1. 

 

                                                      𝐸(𝑟𝑖) = 𝑟𝑓 + 𝛽𝑖[𝐸(𝑟𝑚) − 𝑟𝑓]                                                                    (1) 

 

Where 𝐸(𝑟𝑖) is the expected return of a portfolio, 𝑟𝑓 is the risk-free rate of return, 𝛽𝑖 is the beta 

coefficient of portfolio 𝑖 and 𝐸(𝑟𝑚) is the expected return of the market portfolio. 
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The beta coefficient in CAPM can be calculated as follows: 

 

                                                          𝛽𝑖 =  
cov(𝑟𝑖,𝑟𝑚)

var(𝑟𝑚)
                                                                                      (2) 

 

Where cov(𝑟𝑖,𝑟𝑚) is the covariance of the return of an asset with the return of the benchmark and 

var(𝑟𝑚) is the variance of the return of the benchmark over a certain time period. 

 

The beta coefficient in CAPM is more precisely a measure of market risk that measures the volatility 

of a portfolio in relation to the overall market. The higher the beta (volatility) for portfolio is, the 

higher equilibrium returns are expected to be. Market risk, also known as systematic risk (or non-

diversifiable risk) cannot be diversified away and even mutual funds that are well diversified are 

subject to such risk. The other part of risk, known as unsystematic risk, can be diversified away by 

properly diversifying portfolios. Consequently, in CAPM the relevant risk is systematic risk and thus 

only the portfolio’s sensitiveness to fluctuations in return of the market portfolio is relevant when 

assessing risk. The fundamental idea behind CAPM is that in a competitive market, a security’s 

expected risk premium should always increase or decrease in direct proportion to its beta. This 

relationship can be illustrated by the security market line (SML). SML is a line that plots the risk-

free rate of return and the market portfolio’s risk return relationship. The model states that the 

expected risk premium from any investment should lie on the security market line. In CAPM, 

expected return on a portfolio is a linear function of its beta with the market portfolio. Any deviation 

from the security market line measures abnormal portfolio performance. The deviation from SML 

can be estimated by the “Jensen Alpha” that is the intercept from CAPM regression of portfolio excess 

returns on the market portfolio excess returns. (Brealey et al. 2006) 

 

2.3.2 Jensen’s Alpha 
 

Jensen (1968) used the Capital Asset Pricing Model approach in developing the recognized measure 

of risk-adjusted performance assessment, the Jensen’s alpha. Jensen alpha can be defined as the 

abnormal return on a portfolio measured as the difference between the actual average return yielded 

by the portfolio and the equilibrium return that should have been earned by the portfolio given the 

market conditions and the risk level of the portfolio. For a given portfolio, the Jensen’s alpha is its 

deviation from the security market line that is the graphical representation of CAPM. A positive 

deviation can be attributed to outperforming returns while negative deviations imply inferior 
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performance. The excess return on portfolio is described by alpha and the Jensen measure can be 

written as follows: 

 

                                             𝑅𝑝𝑡 − 𝑅𝑓𝑡 =  𝛼𝑝 + 𝛽𝑝 (𝑅𝑚𝑡 −  𝑅𝑓𝑡) + 𝑒𝑝𝑡                                                    (3) 

 

Where  𝛼𝑝 is the excess return on the portfolio after adjusting for the market,  𝑅𝑝𝑡 is the return on the 

portfolio 𝑝 at time t,  𝑅𝑓𝑡 is the risk-free interest rate, 𝑅𝑚𝑡 is the return on the market portfolio at time 

t and  𝛽𝑝 is portfolio beta, i.e. the sensitivity of the excess return on the portfolio p with the excess 

return on the market. 

 

Jensen’s alpha measures the fund performance through the difference between the mutual fund return 

and the return on the single factor benchmark according to an estimated CAPM. Alpha value reflects 

the investment ability and selectivity skills of a portfolio manager as a significant positive alpha 

reflects a superior fund manager and consistent positive residuals. On the other hand, a significant 

negative alpha value implies that fund returns don’t meet the expectations based on the CAPM model, 

resulting in consistent negative residuals. A positive alpha indicates portfolio to be above the SML 

line and demonstrates superior performance compared to the market benchmark. (Brown et al. 2009) 

 

 

2.3.3 The Sharpe ratio 
 

 

The Sharpe ratio, also often referred to as “reward-to-variability” ratio is a commonly used 

performance measure in the field of mutual fund industry. The ratio was called reward-to-variability 

ratio by Sharpe as it describes that optimum portfolio is the one with largest risk premium over 

standard deviation. As described in equation 4 below, the ratio measures the relationship between 

portfolio’s mean excess return (risk premium over the default-free short-term interest rate) and the 

standard deviation of the excess returns (Sharpe 1966). In other words, Sharpe ratio measures the 

excess return per unit of deviation in a portfolio. Sharpe measure is drawn from the capital market 

line (CML) as it describes excess returns on a portfolio relative to the total risk of portfolio. In 

performance comparison, the benchmark for the Sharpe ratio is based on the slope of CML which 

describes the excess return on market divided by its standard deviation. If portfolio’s Sharpe ratio is 

greater than the slope of CML, portfolios superior performance compared to the market benchmark 

can be documented. The Sharpe ratio is based on mean-variance theory and is thus a meaningful 

measure of performance when investor’s risk can be measured by standard deviation and/or when 
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fund’s returns are normally distributed (Ornelas et al. 2012). The Sharpe ratio formula can be 

calculated as follows: 

                                                                                                                                                            

                                                   𝑆ℎ𝑎𝑟𝑝𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑅𝑝 − 𝑅𝑓

𝜎𝑝
                                                                            (4) 

 

Where 

𝑅𝑝 is the average compound return for portfolio p 

𝜎𝑝 is the standard deviation of portfolio p returns 

𝑅𝑓 is the risk-free interest rate 

 

 

2.3.4 Skewness and Kurtosis adjusted Sharpe ratio (SKASR) 

 

 

Although widely applied in the empirical finance literature, the Sharpe ratio has also been criticized 

for some of its shortcomings as a performance measure. Mainly due to the risk calculation employed 

in the formula, i.e. standard deviation of returns, the Sharpe ratio fails to distinguish between upside 

and downside volatility that are considered equally bad. However, for an investor, sharp volatility to 

the upside and left skewed return distribution is not unambiguously a bad thing although it is 

penalized in the Sharpe formula. Subsequently, the Sharpe ratio alone or used as a primary 

performance metrics is not necessarily a good measure of performance for investments that don’t 

follow a normal distribution curve of returns. Due to the mentioned weaknesses, this study employs 

an additional adjusted Sharpe ratio in an effort to control for skewness and kurtosis characteristics of 

portfolio return distributions. 

 

Skewness and Kurtosis adjusted Sharpe ratio (SKASR), introduced by Pätäri (2011) is an extension 

to the traditional Sharpe ratio that accounts for skewness and kurtosis in returns distributions. In the 

calculation of SKASR, the adjusted Z-value (i.e. 𝑍𝐶𝐹) is determined first and this is done by applying 

the so called fourth order Cornish-Fisher (1937) expansion as described in equation 5 below. 

 

                       𝑍𝐶𝐹 =  𝑍𝑐 + 
1

6
 (𝑍𝐶

2 − 1)𝑆 +
1

24
(𝑍𝐶

3 − 3𝑍𝐶)𝐾 −
1

36
(2𝑍𝐶

3 − 5𝑍𝐶)𝑆2                             (5) 
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Where  𝑍𝐶 is the critical value for the probability based on normal distribution, 𝑆 is skewness of the 

return distribution and 𝐾 is kurtosis of the return distribution. Formulas for sample skewness and 

kurtosis are presented in equations 6 and 7. 

 

                                                                   𝑆 =  
1

𝑁
∑ (

𝑟𝑖𝑡−𝑟𝑖

𝜎
)

3

 

𝑁

𝑖=1

                                                                    (6) 

 

                                                                   𝐾 =  
1

𝑁
∑ (

𝑟𝑖𝑡−𝑟𝑖

𝜎
)

4

 

𝑁

𝑖=1

− 3                                                             (7)  

 

Where N denotes number of outcomes and 𝑟𝑖 is the average return. Next in the calculation of the 

adjusted Sharpe ratio, the skewness and kurtosis adjusted deviation (SKAD) is determined by 

multiplying the standard deviation by the ratio 𝑍𝐶𝐹/𝑍𝑐. Finally, the SKASR is obtained by 

substituting SKAD for standard deviation and the resulting formula manages to capture the problem 

with traditional Sharpe ratio stemming from periods of negative excess returns and initially addressed 

by Israelsen (2005).   

 

                                                            𝑆𝐾𝐴𝑆𝑅 =  
𝑟𝑝 − 𝑟𝑓

𝑆𝐾𝐴𝐷𝑝
(𝐸𝑅/|𝐸𝑅|)                                                                    (8) 

Where 𝑆𝐾𝐴𝐷𝑝  is skewness and kurtosis adjusted deviation of the monthly excess returns of a portfolio 

p and 𝐸𝑅 is average excess returns of a portfolio p.  

 

SKASR has the benefit of taking into account all distributional asymmetries of returns that are 

revealed by skewness and kurtosis. (Pätäri 2011) 

 

 

2.3.5 The Fama-French three-factor-model 
 

Despite the popularity and scientific significance of CAPM, the model has often been criticized in 

financial literature for not necessarily being a good model in practice and perhaps producing 

misleading explanations of alpha results. Notably, since the start of 1980s, the ability of the market 

portfolio to price assets correctly begun to raise a growing attention in the academic literature. Kothari 

et al. (1995) pointed out that average portfolio returns do reflect compensation for beta risk but in 

contrast to principles of CAPM, there are other factors in addition to the beta that explain the cross-
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sectional variation in expected returns. The shortcomings of the CAPM led to development of multi- 

factor models aiming to improve the limited explanatory power of the CAPM. Fama et al. (1992) 

created a three-factor model arguing that the model could capture the market anomalies documented 

initially for example by Banz (1981), Basu (1983) and Rosenberg et al. (1985). By adding two risk 

factors to the CAPM, the three-factor model seeks to better explain portfolio return variation and can 

be mathematically expressed as follows: 

 

                                    𝐸(𝑟𝑖) − 𝑟𝑓 =  𝑏𝑖[𝐸(𝑟𝑚) − 𝑟𝑓] + 𝑠𝑖𝐸(𝑆𝑀𝐵) + ℎ𝑖𝐸(𝐻𝑀𝐿)                                  (9) 

 

Where 𝐸(𝑟𝑖) is the expected return of the portfolio, 𝐸(𝑟𝑚) − 𝑟𝑓, 𝐸(𝑆𝑀𝐵) and ℎ𝑖𝐸(𝐻𝑀𝐿) are the 

expected premiums for the three factors and 𝑏𝑖, 𝑠𝑖 and ℎ𝑖 are factor loadings, i.e. they represent slopes 

in the time series regression that can be estimated as follows: 

 

                                        𝑟𝑖 − 𝑟𝑓 =  𝛼𝑖 + 𝑏𝑖(𝑟𝑚 − 𝑟𝑓) +  𝑠𝑖(𝑆𝑀𝐵) + ℎ𝑖(𝐻𝑀𝐿) + 𝜀𝑖                           (10) 

 

 

The Fama and French 3-factor model has been widely applied in explaining mutual fund return 

behaviour and has proved its better capability to estimate fund returns compared to the traditional 

CAPM. Thus, it manages to show a more precise measurement of fund performance. As the equations 

presented above point out, the model states that the expected excess return on a portfolio is explained 

by the sensitivity of its return to three factors presented below: 

 

- The excess return on market portfolio or i.e. market premium (𝑟𝑚 − 𝑟𝑓) 

- Size premium, i.e. the difference between the return on diversified small stock portfolios 

(small-capitalization) and large-capitalization portfolios (SMB factor, small minus big) 

- Value premium, i.e. the difference between the returns on diversified portfolios of high book 

to market (value) stocks and low book to market (growth) stocks (HML factor, high minus 

low) 

 

When considering the purpose of SMB factor to capture the difference between the returns of big and 

small capitalization stocks, the additional risk for small stocks could be explained by the fact that 

these firms are more sensitive to macroeconomic conditions. For example, in the case of long-term 

economic downturns small firms obviously face a greater probability of bankruptcy than larger firms. 
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The value premium factor was further investigated by Fama and French (1998) who showed that 

value stocks outperformed growth stocks in terms of returns during the 1975-1995 period in twelve 

of thirteen major markets around the world. Thus, it is well justified that the HML risk factor is 

needed for capturing the value premium associated with relative distress. Overall, the results obtained 

by Fama and French (1998) show that an international capital asset pricing model extended with the 

value premium factor performs better in explaining the average portfolio returns in comparison to a 

single-factor CAPM. 

 

 

2.3.6 Carhart 4-factor model 
 

However, more recent empirical studies have shown that the Fama-French three-factor model fails to 

capture the momentum effect first documented by Jegadeesh et al. (1993) and later on by numerous 

studies. Consequently, the Fama-French risk-return framework was further developed by Carhart 

(1997) who added a price momentum factor as the fourth systematic risk factor. The price momentum 

factor relates to the momentum strategy stating that stocks with negative recent returns tend to earn 

negative future returns and stocks with positive recent returns tend to yield positive future returns 

(Bello 2008). Carhart’s extension to the three-factor model can be written as follows: 

 

                 𝑟𝑖 − 𝑟𝑓 = 𝛼𝑖 + 𝑏𝑖(𝑟𝑚 − 𝑟𝑓) + 𝑠𝑖(𝑆𝑀𝐵) + ℎ𝑖(𝐻𝑀𝐿) + 𝑚𝑖(𝑀𝑂𝑀) + 𝜀𝑖                            (11) 

 

Where the price momentum factor denoted as (MOM) is the average return on securities with the 

highest 11-month return lagged by one month minus the average return on securities with the lowest 

corresponding return. Consequently, the MOM factor is often referred to as “WML” factor that stands 

for winners minus losers. The methodological perspective and construction of factor portfolios for 

the multi-factor models applied in this study will be presented more in detail in the methodology 

chapter.  

 

 

2.4 Description of Mutual Funds 
 

Mutual funds are investment vehicles that have dramatically increased their popularity over the last 

few decades. In the USA, money invested in mutual funds account for a significant amount of the 

private sector savings. To illustrate the vast financial significance of the mutual fund industry in USA, 

statistics tell that at the end of 2016, US mutual funds held a total of $16,3 trillion in fund assets with 
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almost half of US households having holdings in mutual funds (Investment Company Institute 2017). 

Cuthbertson et al. (2010) provide an exhaustive definition of mutual funds. The authors define mutual 

funds as pooled investment vehicles which provide liquidity and enable investors to benefit of 

economies of scale when gaining access to well diversified portfolios of securities which are often 

differentiated according to styles such as aggressive growth, growth or small companies, for example. 

A mutual fund can be considered as a collective investment scheme that is, a fund managed by the 

fund manager pools money from investors to invest in a diversified portfolio of stocks, bonds or other 

securities. From an investors’ point of view, investing in mutual funds provides several advantages 

such as diversification, liquidity, convenience and professional asset management. Khorana et al. 

(2005) investigated the development of mutual fund industry worldwide and came to the conclusion 

that investing in mutual funds is much more significant and frequent in wealthy and high educational 

level countries as well as in countries with strong financial regulations and laws. 

 

Mutual funds can be roughly divided into active and passive funds based on how the funds are 

managed. Active management means that the portfolio manager takes continuously decisions about 

the holdings of the fund in an effort to beat the benchmark index that could be for example the S&P 

500 index. According to Cuthbertson et al. (2010), approximately 90 percent of retail funds in the 

USA are actively managed, whereas the corresponding rate for institutional funds is approximately 

70 percent. The term “active”, more specifically refers to the fact that active funds aim to pick 

outperforming “winner stocks” that yield abnormal performance and/or to the timing ability of mutual 

fund managers as they seek to succeed in timing the market. Cremers et al. (2009) define market 

timing to involve fund manager’s time-varying bets on systematic risk factors that are relative to the 

benchmark such as whole industries. Actively managed funds charge fees for asset managent services 

that are commonly greater than fees of index funds which follow broad market indices.  

 

In contrast, the logic behind passive portfolio management is that the passive manager seeks to track 

the index composition and thus follow the benchmark (D´Argandelis et al. 2015). In practice, this 

could be implemented by replicating the return on a benchmark by applying a strategy of holding all 

or at least most of index stocks in the actual index proportions (Cremers et al. 2009). Proponents of 

the passive strategy often tend to believe in the principles of EMH and information efficiency of stock 

markets as the theory states that investors cannot beat the market on a continuous basis. The passive 

strategy aims to reduce tracking error as well as to decrease management fees and other trading costs. 

The term tracking error, or more specifically tracking error volatility is according to Cremers et al. 

an established way to assess active management. It can be defined as the time-series standard 
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deviation of the difference between a portfolio return and portfolio’s benchmark index return (Grinold 

et al. 1999). The equation is given as follows: 

 

                                  𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟 = 𝑆𝑡𝑑𝑒𝑣[𝑅𝑝𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜,𝑡 − 𝑅𝑖𝑛𝑑𝑒𝑥,𝑡]                                              (12) 

 

Cremers et al. point out that in addition to the effort of beating the corresponding benchmark, an 

active fund manager aims as well to have a low tracking error indicating the managers’ will to lower 

the risk of significantly underperforming the benchmark. 

 

In the mutual fund literature, research on risk-adjusted performance comparison and alpha generation 

between active and passive funds have been extensive. For example, Pace et al. (2016) recently 

investigated the performance of over 700 US and European active funds and index funds during a 

time period between 2004-2014 and found that when considering only net asset values in analysis, 

active portfolio management provided equivalent risk-adjusted returns and alphas compared to index 

replication. Their findings are in line with the overall view on the debate between active versus 

passive management as most empirical studies document no superior performance of active funds. 

One of the early reference studies in the field was done by Jensen (1968) who in his seminal paper 

documented a general underperformance of actively managed funds and argued that active funds at 

their best could reach equivalent performance to passive benchmarks. Jensen also qualified 

outperformance of active funds to be simply due to luck. Gruber (1996), amongst others, found 

contradicting results as his analysis showed that active management results in better performance but 

at the end, mutual funds tend to charge investors more than the value generated by active fund 

managers. Several other studies detecting the outperformance of active funds have also documented 

that abnormal excess returns of active funds fade away once expenses and load fees are accounted 

for. 

 

2.4 Definition of SRI 

 

 

Socially responsible investing (SRI) is a relatively new and constantly developing concept in the 

financial world that has risen to public debate during the last decades. The modern term of SRI has 

its roots in US where changes in political atmosphere in the 1960s enabled the growth of investors’ 

ethical awareness and thus led to an increasing demand for ethically managed mutual funds which 

were able to respond to investor’s will to incorporate their social criteria in investment decisions 
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(Bauer et al. 2005). However, only since the beginning of 1970s the subject has been increasingly 

addressed in the empirical financial literature. Several studies have given propositions on the 

definition of SRI and despite the fact that these have often been quite similar and complementary to 

each other, there is no universal acceptance on the definition to this date. A reason for the non-

existence of common definition could be the lack of regulation in the field of SRI, as for example, 

there exists no universal or unambiguous criteria on the procedure that qualifies mutual funds to the 

category of “SRI”. The concept is also differently viewed between countries and different markets, 

the US obviously being the leading market in the area. 

 

Ferruz et al. (2012) determine SRI or ethical and sustainable investing, as it is also often referred to 

in the literature to be an investment strategy that emphasizes non-financial matters and focuses on 

ethical, moral and environmental principles. Although SR investing concentrates a lot on taking 

ethical factors into consideration, the philosophy behind the investment strategy also incorporates the 

financial side of investment. According to Lewis et al. (2000), SR investing can’t be considered as 

an act of charity by investors since most investors are as much after financial returns for their 

investments as conventional investors. Lewis et al. associate the investment behaviour of SR investors 

to their personal identity and life-style. Thus, investing in SRI products could be considered as an 

extension to investors’ life-style as it offers investors possibilities to implement their social beliefs 

and values in practice. 

 

As mentioned, a common starting point for the definition of SRI is that it is an investment made based 

on a non-financial screening process. Renneboog et al. (2011) point out that in response to investors’ 

social objectives, SRI funds apply a mix of negative and positive screens in their portfolio 

construction. A negative screen in this context refers to the exclusion of some assets, for example 

tobacco, alcohol or defence industry companies, from the initial asset pool. The excluded companies 

are ranked as unethical and are out of the fund’s investment universe. Some studies, especially the 

older SRI literature assigned the term “sin shares” to these excluded companies. In contrast, SRI 

funds also apply positive screens to pick companies with superior ethical performance, for example, 

in the field of corporate governance or sustainability. Firms that are to be included in SRI fund 

portfolios should thus pass a minimum social threshold in their respective industries (Renneboog et 

al. 2011). This approach is often referred to as best-in-class process in the literature. The idea is to 

investigate companies in the same industry based on selected SRI criteria and then rank companies 

against each other according to their practices. In addition, the approach doesn’t automatically 

exclude companies operating in an unethical industry from investment by the fund. This process 
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should result in a fund finding the best companies in terms of SRI in each industry. Michelson et al. 

(2004) argue that the best-in-class approach reflects a common will to work towards the overall 

improvement of social performance of companies rather than investing in companies that seem to be 

ethical solely on the surface. For example, in the case of green funds, a company recycling waste 

might perform well in environmental issues but not necessarily on other SRI aspects such as in 

employee rights. Therefore, best-in-class approach avoids categorizing companies based on industry 

and enables the inclusion of firms operating in so-called “bad” industries given that they seek to meet 

SRI criteria. Also, a part of SRI mutual funds has been documented to engage in greater shareholder 

activism than conventional funds as fund managers may try to affect company management directly 

or by voting at annual general meetings (Becht et al. 2010). An SRI fund with large holdings in 

company could use its power to influence as well as enforce the social performance of portfolio 

companies. 

 

According to the US SIF estimates from the Foundation’s yearly published report on American SRI 

assets, approximately $8,7 trillion dollars or alternatively 20 percent of total assets under professional 

management in US undergo some kind of social screens. As SRI funds apply screens in their stock 

selection, it can be considered as an investment strategy that is constructed as a sub-selection of the 

whole investment universe. Benson et al. (2006) describe SRI fund’s investment strategy to include 

both financial and non-financial characteristics with the focus of non-financial criteria given to 

ethical, moral and environmental factors. Although the ethical side is often stressed when analysing 

SR investments, one should remember that it finally is a two-fold investment strategy seeking utility 

from both financial and non-financial gains.  

 
 

2.5 Green Investing and Green Mutual Funds 
 

Green investing is a new phenomenon and investment niche that has started to stand out from the 

larger universe of socially responsible investing. In the financial literature, the term “green” and green 

investing is nowadays increasingly considered as a separate group and research subject, and not just 

an integrated part of SRI, which includes a whole range of diverse social and ethical investment 

strategies. This study considers green mutual funds as a separate group from SRI funds but as pointed 

out by Inderst et al. 2012, the concept is closely related to other social approaches such as SRI, ESG 

(Environmental, social, and governance investing), sustainable and long-term investing. The fact that 

green investments have usually been considered a part of the broader approach of SRI may have some 
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disadvantages as SRI is not necessarily focused on or targeting green investments in particular but is 

rather a universal concept for ethical investing. Therefore, considering SRI as a homogenous group 

is not necessarily a good starting point when empirically analysing green assets in particular.  

 

At this point, there is no one common consensus in the academic literature on the usage and definition 

of the term “green investing” (Inderst et al. 2012). However, the purpose of this section and study is 

not to take position on how green investing should be defined but rather to assess what concepts and 

definitions have been previously used and what are the common points in empirical green investing 

studies. In particular, this study focuses on the performance of green equity funds, that is, on the 

financial products that investors buy and hold to take positions in green projects. As pointed out by 

Inderst et al., the financial products themselves are not “green” but the term rather comes from the 

uses to which the investments are allocated – meaning the underlying activities and in the framework 

of this study environmental equity funds investing in environment friendly businesses.   

 

It comes with no surprise that green investments are constantly associated with the climate change 

mitigation and adaptation. In this context, common qualitative and quantitative measures of “green” 

are for example energy efficiency, greenhouse gas emissions and waste management (Inderst et al. 

2012). Eyraud et al. (2011) provided a macroeconomic definition of green investment in an IMF 

working paper and defined it as follows: “the investment necessary to reduce greenhouse gas and air 

pollutant emissions, without significantly reducing the production and consumption of non-energy 

goods”. In addition, Eyraud et al. state that green investments can be divided into three major 

components that are low-emission energy supply (comprising renewable energy, nuclear and bio 

fuels), energy efficiency (in energy supply and energy-consuming sectors) and finally carbon capture 

and sequestration (involving agriculture and deforestation). In response to the threats related to 

climate issues and growing attention on the above mentioned environmental issues by investors, also 

the supply and demand of green funds have increased accordingly, as investors are nowadays able to 

support their green values through investing in funds covering e.g. an extensive range of renewable 

energy sources such as wind and solar.  

 

When analysing the green investment area in general, a major variable to be highlighted is the 

significance that governmental subsidies and regulatory decisions might have for renewable energy 

projects and their competitiveness. Public sector has traditionally constituted a vital foundation for 

the green industry and a source of financing for a great part of green projects. However, the recent 

trend has also been towards increasing private sector significance in the funding of green projects in 
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addition to the will of governments to facilitate and provide competitive financing conditions to 

renewable energy projects (Reboredo et al. 2017). In the light of green mutual funds, the recent 

development in the field is promising as green projects are gaining better access and sources of 

financing and thus becoming more attractive financially in investors’ eyes. In the light of this study, 

it is worthwhile to raise the question whether the recent positive trend in green investments will also 

ultimately result in better long-term performance of green equity funds.  

 

 

2.6 Theories for and against SR investments 
 

 

Due to its rapid growth during the recent years, socially responsible investing strategies have also 

received large amounts of criticism as sceptics contest especially the financial performance of SR 

investment products. Rivoli (2003) argues that on one hand a traditional and very simplistic 

application of “perfect markets” finance theory could be seen as supportive to the views of SRI critics 

but on the other hand, there are a number of finance theories supporting the opinion that ethical 

screens may enhance company behaviour, lead to better social outcomes and thus contribute 

positively to financial performance. In his popular and vastly debated article, Friedman (1970) stated 

that firms have responsibility towards its shareholders to solely focus on profit maximization and 

argued that if following SR practices could result in increased company value, the practices should 

have already been implemented by company management. By contrast, Yunus (2008) argues that 

traditional economic theory has its weaknesses in the view that individuals are considered purely self-

interested when in practice individuals are rather driven by a mix of self-interest and altruism. 

Fullwiler (2015) writes on sustainable finance adding that in future one should perceive SR 

investments through theory of so-called unified portfolios by recognizing that investors have blended 

values and that each investment produces a blend of financial and non-financial returns. 

 

Advocates of SR investments often refer to commonly cited reasons potentially contributing to their 

outperformance. First, according to Fullwiler (2015), company executives that manage issues related 

to ESG factors better may in fact be the best managers. Kiernan (2009) also points out that high-level 

ESG performance could be seen as an ex-ante indicator of superior management quality. Second, the 

threats and opportunities resulting from ESG issues and from environmental issues especially are 

seen as the future or perhaps even current, operational environment of businesses (DeBoer et al. 

2012). Environmental factors are thus nowadays often viewed as a business value creating factors 

that can be seen notably in today’s company reporting and reporting standards (Hespenheide et al. 
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2013). Consequently, investor’s demand for transparency in environmental reporting and standards 

is increasing accordingly. Ghoul et al. (2011) found that companies with good track-record in 

environmental responsibility ratings tend to have lower costs of equity. Fulton et al. (2012) equally 

showed that good performance in ESG factors was often associated with reduced cost of capital. 

Porter et al. (1995) argue that constraints caused by social factors and companies’ necessity to adapt 

to such factors can actually make them more innovative thus eventually leading to enhanced 

shareholder value. Instrumental stakeholder theory suggests a positive relationship between 

company’s social and financial performance as the satisfaction of stakeholders is seen as contributory 

to organization’s performance (Orlitsky et al. 2003). 

 

As discussed earlier in this section, the construction of green and SRI portfolios normally involves 

exclusionary and/or inclusionary investment approaches. In this sense, one could possibly argue that 

a more centralized approach could generate better investment analysis than a conventional one. Gil-

Bazo et al. (2010) point out the fact that an SRI fund manager might be able to beat his peers as the 

investment approach itself enables a more in-depth and detailed analysis of potential companies. In 

addition, one could argument that equity markets are nowadays sufficiently developed, large and wide 

in the sense that a green investor could incorporate his screens to portfolio construction without 

necessarily creating any constraints or compromising portfolio returns (Junkus et al. 2015). 

 

From an academic finance of point of view, ethical factors are not considered systematic and therefore 

their inclusion into portfolios causes a reduced reward-to-risk balance (Kiernan 2009). However, as 

some studies have already reported superior risk-adjusted returns for ethical investments and as 

information regarding e.g. ESG factors is often publicly available, one could argue that an asset-

pricing model where ethical factors have systematic properties could in practice be a superior model 

compared to traditional asset pricing models (Jussa et al. 2013). In fact, Harold et al. (2007) argue 

that if investors and analysts are applying an asset pricing model not incorporating ESG factors, there 

could be alpha i.e. excess risk-free return attached to SR investments.  
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3. LITERATURE REVIEW 

 

 

This section presents the relevant findings documented on SRI and green fund performance. First, 

the studies on general SRI portfolio performance are investigated. Understanding the previous 

literature on SRI performance is important and adequate with respect to the purpose of this study as 

the analysis of broader body of ethical strategies serves as a foundation for the main green analysis. 

The latter part of this section is dedicated to the presentation of previous literature realized in green 

investing. The distinction made between the broad SRI category and the narrower category of green 

funds has an important relevance. As for example Galema et al. (2008) point out, one of the reasons 

for contradictory results and few significant relations between SRI and expected fund returns might 

just be the lack of separation in prevailing literature between different dimensions of SRI that may 

have counterproductive effects when studying social investments in practice. 

 

3.1 SRI performance 
 

 

Since the socially responsible investment (SRI) strategies have increased their popularity 

dramatically during the last decades, a growing amount of academic literature has also been 

addressing issues related to various dimensions of SR investments. The research on SRI is nowadays 

widespread but asks for more sophisticated and detailed models as well as variables to explain the 

phenomenon. The scientific debate has increasingly shifted from analysing the corporate social 

performance effect on a single firm’s financial performance to the performance analysis of SRI funds 

and SRI indices in comparison to conventional funds.  

 

From a finance theoretic point of view, two main foundations can be distinguished to explain 

performance difference of SRI funds against conventional funds: the opportunities for portfolio 

diversification and costs arising from portfolio construction (Revelli et al. 2015). Thus, criticism on 

SRI performance is often grounded on the modern portfolio theory of Markowitz due to the fact that 

SRI strategies may restrict investment opportunities and tend to lead to a weaker portfolio 

diversification. As stated previously, SRI fund managers possess a narrower universe of stock 

possibilities which should theoretically result in inferior returns due to the deterioration of investor’s 

risk/return trade-off and shift down of the efficient frontier (Le Maux 2004). 
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Bauer et al. (2006) point out the “learning effects” that have been documented to exist with SRI funds. 

The term relates to the short-term underperformance of SRI funds in comparison to conventional 

funds, with a reduction of this performance gap in the medium term and even a potential 

outperformance in the long term. Barnett et al. (2006) amongst others support the findings of Bauer 

et al. and point out that the long-term time horizon might reveal the full potential of investments in 

SRI funds. Overall, the results from previous research investigating the returns on SRI mutual funds 

versus returns on conventional funds are somewhat contradictory. A part of the previous studies 

document that average risk-adjusted returns on SRI funds are lower than returns on conventional 

funds, whereas another part of studies does not find any significant difference between the 

performance of the two classes of funds. In addition, some studies report that SRI funds tend to 

outperform their conventional counterparts in terms of performance. When interpreting and analysing 

the results of previous studies, it is important to consider the effect of different time horizons, 

geographic areas, data sets and performance models that each of these studies have applied and 

focused on. 

 

Most of the research papers exploring SRI mutual funds are interested in responding to the underlying 

fundamental question of whether it is possible to invest in SRI products without making any 

compromises on the financial side of investment, i.e. is it possible to invest ethically and gain 

competitive returns at the same time. One view on the subject is that investing in socially responsible 

portfolios of stocks will result in poorer financial performance. According to Hamilton et al. (1993), 

lower expected returns of SRI funds in comparison with those of conventional funds would imply 

that markets set a price for social responsibility. Hamilton et al. report that market does not price SRI 

characteristics implying that SRI investors don’t make any financial sacrifices when investing in SRI 

funds. In addition to Hamilton et al., Goldreyer et al. (1999), Guerard (1997) and Bello (2005) also 

obtain empirical results that show no significant differences between SRI fund and conventional fund 

performance in the US market. Orlitzky et al. (2003) reviewed over 50 studies in their meta-analysis 

on corporate social performance and concluded that market forces on average do not penalize 

companies that have high social responsibility level but rather enables them to yield superior 

performance.  

 

Goldreyer et al. (1999) studied US based SRI funds over the time period 1981-1997. Applying a 

sample of 49 funds, the authors point out that screening does not affect the performance of SRI funds 

in any systematic or predictable way. Regarding screening strategies, the authors interestingly find 

that SRI funds applying inclusionary screens tend to outperform those that do not employ such 
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screens. In addition, they find no performance advantage between the two groups of conventional and 

SRI funds although conventional funds are reported to outperform in a larger part of market 

circumstances while SRI funds tend to outperform in many of the most important situations and cases. 

Cummings (2000) studied Australian SRI funds and compared their performance with market indexes 

over a 10-year period. His findings showed no significant differences in performance. Scholtens 

(2005) investigated the SRI market in Netherlands and pointed out the superior performance of SRI 

funds although the difference was not found to be significant. On the other hand, when variations in 

market risk, size and momentum were taken into account, Scholtens reported conventional funds 

outperformance in comparison to SRI funds. A UK based study implemented by Mill (2006) found 

that the risk-adjusted performance of conventional funds that switched their investment strategy to 

SRI and started screening processes remained, on average, the same when compared with similar 

funds whose investment strategy remained unchanged. Gregory et al. (2007) analysis on UK SRI 

funds showed the equal performance of social funds in comparison to the local market index. 

Additionally, the authors point out the time-varying nature of performance and argue that conclusions 

on performance analysis is dependent on whether one applies a static or time-varying model. Gregory 

et al. results also report past “winner” SRI funds to beat without exception past “loser” SRI funds 

when a three-year time horizon is considered thus indicating a possible momentum bias.  

 

One of the most extensive studies in the area of SRI was implemented by Renneboog et al. (2008) 

whose study covered a total of 17 countries in Europe, North-America and Asia. Renneboog et al. 

findings show that during the 1991-2003 period, SRI funds in US, UK and in most European countries 

have inferior performance in terms of risk-adjusted returns compared to their domestic benchmark 

portfolios. However, the authors add that differences in obtained alphas between SRI and 

conventional portfolios were not documented to be statistically different, apart from some individual 

exceptions such as Sweden, France and Japan. Also the screening intensity of SRI funds were 

reported to affect returns as funds with greater number of screens generated, on average, lower risk-

adjusted returns. Gil-Bazo et al. (2010) focused in their study on the role and effect of fund fees and 

fund management companies on US SRI equity fund performance. They argue that SR investors do 

not pay a price for their strategy as their findings refer to positive premium in terms of superior risk-

adjusted fund performance relative to that of non-SRI funds both before and after fees. Interestingly, 

Gil-Bazo et al. state that there is no unambiguous evidence that SRI funds would charge greater fees 

and that the performance premium difference in favour of SRI funds can be attached exclusively to 

fund management companies specialized in SRI fund management. Their results indicate that SRI 

funds operated by management companies specialized in SRI manage to beat their conventional peers 



 36 

as the inverse holds for generalist management companies. In addition to the studies comparing SRI 

performance on a fund level, a broad range of research has also focused on social indexes. Sauer 

(1997) analysed the returns on Domini Social Index compared to the S&P 500 and found that during 

the 1986-1994 time period DSI underperformed its benchmark although the social index had a better 

performance during the last four years of analysis period. Statman (2000) points out that the risk-

adjusted returns of S&P 500 and Domini Social Index were equal over the years 1990-1998. 

 

When evaluating the performance of SRI funds, it is worth pointing out that the possible 

underperformance is not automatically due to the social nature of the funds (Humprhey et al. 2011). 

The weaker performance could be as well attached to the fact that SRI funds are actively managed 

and as stated, e.g., by Jensen (1968) and Carhart (1997), there is no clear evidence in support of 

actively managed funds when comparing their returns to broad market indexes. Some studies discuss 

the possibility of restricting the universe of available stocks to correlate positively with SRI fund 

returns. Gil-Bazo et al. (2010) argue that the vast size of the investment universe forces fund managers 

to make decisions about the breadth and depth of their analysis. In this sense, the restriction of 

investment universe might be optimal if depth is relatively more profitable than breadth. 

 

Investors who are willing to put their money in SRI mutual funds are not just seeking to meet their 

ethical principles. Statman (2000) argues that SR investors don’t want just to do good but are also 

after a competitive financial return for their investment. This implies that investors are seeking SRI 

funds that have the similar risk return profile to that of conventional funds. However, according to 

Renneboog et al. (2008) SR investors with social principles may deviate from the economic goal of 

wealth-maximization and investors might pay a price for the SRI screening. Renneboog et al. report 

results that suggest lower risk-adjusted returns for SRI mutual funds with high numbers of social and 

governance screens. In addition, active SRI screening does not aid SRI fund managers to pick 

underpriced stocks. In the US, evidence of underperformance of SRI funds have been documented 

by Statman (2000) who reported SRI funds to underperform the broad S&P 500 index as well as the 

Domini Social Index, but at the same time, no statistically significant difference was found between 

conventional and SRI funds. 

 

Another view on SRI investment strategies is that socially responsible investment portfolios could 

earn higher returns than their conventional counterparts. According to Bollen (2007) social screens 

can be considered as tools for selecting companies that have superior management quality. Also, 

according to stakeholder theory presented by Freeman (1984), good performance along different 
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dimensions of social responsibility will yield better financial performance. Empirical studies that 

report higher returns for SRI mutual funds than conventional funds include e.g. Kempf et al. (2007) 

and Gil-Bazo et al. (2010). 

 

Viviers et al. (2012) implemented a meta-analysis of published SRI studies from 1975 to 2009 and 

found a few dominant trends in the prevailing literature. First, the authors note that although SRI is 

the dominant term in scientific papers, a number of other terms including e.g. ethical investing has 

also been applied in studies. Moreover, the financial performance was by far the most researched 

subject in SR investments with 56 percent of papers reporting not significantly different performance 

and 23 percent reporting superior returns compared to conventional investments. Solely 20 percent 

of studies showed underperformance of SR products that is consistent with findings from the above-

mentioned studies. Finally, most of the studies indicating underperformance were among the earliest 

studies done in the field. Thus, one could argue that although the evidence on SRI performance 

remains mixed, the more recent body of literature generally has a more optimistic view on SR 

investments. This finding is expected as investment opportunities in environmental stocks have been 

growing dramatically during the latest decades, and investors can nowadays expect to earn returns on 

SR investments that are competitive in comparison to conventional funds.  

 

A large part of research papers investigating the performance of socially responsible mutual funds 

ignore the different classes of SRI mutual funds that exist. Additionally, only during the recent times 

studies have started to distinguish between different investment and ethical strategies in SR investing. 

Renneboog et al. (2008) consider controlling for negative and positive screens whereas Abdullah et 

al. (2007) and Hoepner et al. (2011) investigate the performance of religious SRI funds.  

 

In addition to the bias that may result from the fact that the related studies typically consider SRI 

mutual funds as one homogenous group, another important feature of mutual fund performance is 

often ignored as studies don’t necessarily take into account managerial abilities. Stock-picking, 

market-timing and style-timing abilities of mutual fund managers contribute largely to fund 

performance and if these are ignored the results on environmental screening effects might be biased. 

(Munoz et al. 2014) 
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3.2 Green mutual fund performance 
 

 

Where the research on socially responsible investing has received a great amount of attention during 

the last decades, green investing has not gained the same popularity or more precisely, the subject 

has rather been studied as a part of the general SRI literature (Galema et al. 2008). Only during the 

last decade empirical studies have increasingly started to distinct the green investment area as a 

distinct research subject in response to the rising attention around phenomena such as global 

warming. However, most of the studies that seek to analyse performance of environmental 

investments have been conducted from an individual firm’s perspective and are aimed to define the 

relation between firm environmental behaviour and financial performance (Munoz et al. 2014). 

According to Ambec et al. (2008), there are empirical evidence for seven factors related to good 

environmental performance that enable or provide companies with opportunities to both reduce costs 

and increase revenues. The authors point out that, for example, the reduction in pollution should not 

automatically be associated with better financial performance but rather that the costs occurred from 

green activities can be offset by benefits made elsewhere, thus leading to a “win-win” situation and 

positive links between environmental and financial performance. As the academic attention has been 

on corporations engaging in environmental responsibilities, the green mutual funds that invest purely 

in these environment-friendly companies have been relatively under researched. 

 

White (1995) was among the first to investigate environmental fund performance. His studies showed 

that US green funds yielded inferior risk-adjusted performance compared to the overall market index 

when S&P500 was applied as a proxy. Underperformance of green funds was equally reported in 

comparison to US SRI funds proxied through the Domini 400 Social index. White also studied the 

German green mutual funds and reported somewhat contradictory results to those he obtained from 

US market as German green funds’ risk-adjusted returns were not documented to be significantly 

different from the return on the local stock market. Climent et al.’s (2011) research on US SRI funds 

implementing an environmentally friendly green investment strategy during the 1987-2009 period 

reported results that showed green funds having underperformed conventional funds during the whole 

analysis period. However, their analysis based on a CAPM approach also pointed out that during the 

2001-2009 sub-period, there was no significant differences in the risk-adjusted financial performance 

between green mutual funds and conventional funds. Similar results were obtained by Chang et al. 

(2012) as they documented that the relative financial performance of US green mutual funds in 

comparison to conventional funds has improved with time. However, Reboredo et al. (2017) who 



 39 

studied solely the alternative energy mutual funds quoted in EUR or US dollars found that renewable 

fund performance was inferior to that of conventional funds indicating that investors pay a premium 

for going green. Although the results pointed out a lower performance, Reboredo et. al. state that the 

recent steps taken in the alternative energy technology innovations and worldwide climate agreements 

could lead to a reduction in the negative risk premium. The ascending return profile of green 

portfolios documented by most of the previous studies could be attached to the trend in the overall 

green investment universe. It could be argued that at their early years green funds experienced a 

“catch-up” phase associated with restricted investment opportunities and poor financial performance 

but have since then seen the green investments and thus the green stock universe expanding over 

time. In addition to the growth of green investment opportunities, green fund managers and investors 

have started to accumulate experience from the field that could be attached with better knowledge on 

the green investment vehicles and thus better financial returns. 

 

One of the rare green fund studies done outside US and Europe was implemented by Jin et al. (2018) 

who studied Chinese green funds applying a recent time period 2010-2016. Their findings indicated 

that Chinese green funds exhibit a bias towards small-cap companies and value stocks although the 

size effect weakened during the analysis period. In addition, Chinese green funds rather interestingly 

were found to have a characteristic of industry concentration with high height on manufacturing 

industry instead of diversification.  Ziegler et al. (2007) investigated European equity portfolios and 

point out a significant positive relation between an industry’s environmental performance and average 

monthly stock return of the company operating in the respective industry. Contradictory results were 

found for social performance as the average social performance of the industry were reported to 

exhibit a significant negative relation on stock price. Therefore, the authors argue stock markets to 

reward investors in clean sectors with a positive premium whereas negative premium is attached to 

investments in sectors with good social performance. Resulting from their analysis, Ziegler et al. 

(2007) encourage to favour a buy-and-hold strategy on clean industries with good green profiles 

eventually leading to superior portfolio returns. In contrast, applying the best-in-class approach, that 

is, picking stocks according to their relative green performance within an industry will not necessarily 

result in superior returns in the long run. With respect to firm level climate impact disclosures, Ziegler 

et al. (2011) state that taking a long position in US and European companies with high climate impact 

disclosure standards and shorting stocks with poor disclosure standards could generate positive 

abnormal portfolio returns. 
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The fact that empirical SRI fund studies have commonly generated mixed and yet inconclusive 

findings in literature could be attached to the relation between company’s environmental and social 

performance. Ziegler et al. (2007) point out that companies with sound green performance may 

actually often have a relatively poor social performance. This may obviously distort empirical results 

as the positive effects of green investments on portfolio returns might be offset by the possible 

negative effects of social investments. Galema et al. (2008) add that SRI approach rests on 

aggregating all ESG factors and thus the approach may hide the actual performance of green 

investments.  

 

At the moment, the literature hasn’t found a common consensus whether green mutual funds yield 

investors higher, equal or lower returns than conventional funds. The current situation clearly 

demands for more empirical analysis and provides an appealing starting point for future research in 

the area. This is especially justifiable given not only the importance that the green investment vehicles 

already have nowadays but also due to the popularity that should ever grow in the forthcoming years. 

For example, renewable energy is expected to further increase its contribution to energy supply while 

the debate and criticism on fossil fuel investments continues to strengthen. As Ibikunle et al. (2015) 

point out, the research on the topic needs to be extended to different time periods including crisis 

periods, as well as to different geographic areas. Also, trying to explain the performance of green 

mutual funds with respect to other SRI funds and conventional funds by adding control variables such 

as fossil fuel price developments or environmental regulations provides great motivation to more 

extensive future studies.  
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4. DATA AND METHODOLOGY 
 

 

 
The second part of this study is dedicated to empirical analysis on US green equity fund performance. 

First the relevant empirical data including e.g. risk-free rates and benchmarks applied in empirical 

analysis is presented. The data collection process applied for the identification of green funds as well 

as the matched portfolio method are explained. After data description, the methodology section 

explains the empirical models used in empirical analysis. As the previous sections have pointed out, 

green funds and in a more broader sense, SR investment vehicles are a relatively young investment 

niche that have grown its popularity during the latest decades. This obviously affects the availability, 

quality and quantity of green fund data. Given that the US has one of the most developed asset 

management industries in the world as well as an already well-established SRI market, in addition to 

the facts related to data availability, this study focuses solely on US domiciled green funds.  

 

 

4.1 Mutual fund data 

 
This study seeks to investigate the performance of US based green equity funds in comparison to 

their conventional counterparts, i.e. US conventional equity funds. The data is collected from the 

Wharton Research Data Services (WRDS) from where the CRSP mutual fund database can be 

accessed. The Center for Research in Security Prices (CRSP) provides access to CRSP mutual fund 

database where monthly returns and net asset values can be obtained. Monthly time series returns for 

each of the different mutual fund classes are used in the empirical analysis. In addition, a twelve-year 

time period is applied in empirical analysis as the data ranges from June 2006 through June 2017.  

 

The identification of US green equity funds in this study has been done by using data provided by US 

SIF. US SIF, more precisely the forum for sustainable and responsible investment, is the leading US 

membership association for all asset classes engaged in SR investing. The US SIF data represents all 

the US SRI mutual funds offered by their institutional member firms. US SIF provides a list with all 

US SRI funds that use at least one social screen as a part of the fund’s investment strategy. At the 

moment of data collection for this study, there was a total of 202 SRI funds open to new investors in 

US. The information provided under the section “Screening and Advocacy” in the US SIF data was 

utilized to identify and filter active US green funds from the broader family of SRI funds. All funds 

that showed a positive investment “P” mark and/or a combination “C” of positive and 

restricted/exclusionary investment strategies in environment categories in the US SIF data were 
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included as green mutual funds in this empirical analysis. The mark P in US SIF categorization 

implies that funds in that category seek investments with positive impact in one or more of the 

following three environmental areas: Climate/Clean Tech, Pollution/toxics and Environment/other. 

Similarly, the funds that have been granted the mark C in US SIF data apply environmental screens 

so that they apply a combination of positive and restricted/exclusionary investment strategies. Given 

the primary objective of this study to focus on green funds, the identification of funds done by 

applying above mentioned three areas of environment issues enables the collection of a suitable and 

reliable data set. Funds that have been granted the environmental positive or combination of positive 

and restricted strategies mark in US SIF categorization may select assets active for example in 

alternative fuels, renewable energies, clean technologies and pollution reduction.  

 

After the identification of green funds, the monthly time series returns for each fund were collected 

from CRSP database. The final data on green funds after screening consists of 39 open-ended equity 

funds as the bond funds and balanced funds were excluded from the final sample. In total, the time 

series consists of 133 months. Each fund is included in analysis from the first period for which 

monthly performance data is available. Monthly time series returns are net of annual management 

fees and inclusive of any income distributions. By including US domiciled equity funds solely, this 

study seeks to control for differences in return due to different mutual fund types. Some of the funds 

may hold very small bond or cash positions, however these positions are in the context of this study 

relatively insignificant. By narrowing down the sample to consist solely of US based funds, 

macroeconomic factors such as inflation and business cycles are partly controlled for. As the 

empirical study focuses on US funds, funds with US domicile but international global geographical 

investment focus were equally excluded from the final sample. Funds with different share classes 

were also excluded. Finally, to assess the performance of green funds and conventional funds, the 

aggregated equally weighted portfolio approach is applied to combine funds together in order to 

create a comprehensive performance measurement framework for the two distinctive investment 

approaches. 

 

4.2 Survivorship bias 
 

Although the CRSP data on mutual fund performance is survivorship bias free and all known green 

funds over the time period are included in analysis, the sample might suffer from some survivorship 

bias. As Elton et al. (2011) point out, one of the most common problems in empirical mutual fund 

performance studies have been the fact that studies do not success in controlling for survivorship bias 
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in data samples. Initially documented by Brown et al. (1992), survivorship bias refers to issues related 

to non-surviving or merged funds during the sample period. Malkiel (1995) amongst others, states 

that excluding non-surviving funds from the sample may produce significantly upward biased 

empirical results. Unfortunately, this study might suffer from some survivorship bias, as it is not 

possible to identify dead and/or merged funds from the US SIF database or other databases applied 

in this study. Consequently, the portfolio of green funds constructed will solely comprise of surviving 

funds. This should be taken into account when considering the interpretability of final results. In 

addition, worth noticing is that Renneboog et al. (2008) documented a very low attrition rate of SRI 

equity funds relative to conventional funds. Their investigation showed that approximately 0,25 

percent of funds p.a. during their analysis period were excluded due to the cease of existence. The 

fact that ethical funds seem to have a relatively low attrition rate may partly mitigate the problem of 

possible overestimation of average returns in this study. 

 

4.3 Descriptive statistics 
 

Table 1 reports descriptive statistics of the green fund sample under analysis in this study. As can be 

seen, mean annual return calculated based on the monthly time series returns of each fund during the 

sample period from June 2006 to June 2017 varies between -33.68 percent in 2008 and 37.33 percent 

in 2009. At the beginning of the sample period in 2006 there was a total of 22 operating active US 

green equity funds according to the identification process done in this study. The amount of green 

funds has almost doubled in eleven years to reach the amount of 39 funds at the end of the analysis 

period. Annual standard deviation varies from 2.80 percent in 2017 to 21.54 percent in 2008. Worth 

noticing is that due to the sample period applied, statistics for the first analysed year as well as for 

the last year are calculated based on half-year monthly returns of funds. Overall, it could be argued 

that the volatility varies strongly during the analysis period implying that green funds’ returns can 

possibly increase or decrease remarkably over a short period of time. When assessing the time period 

applied in this study, it is worth noticing that the years of global financial crisis in 2007-2008 are 

included in the sample. This obviously causes extreme values in the return data and should be taken 

into account when interpreting the results. However, although the inclusion of periods of financial 

distress might generate outliers, it also enables to analyse and get a better understanding of the 

performance behaviour of green funds especially during periods of financial downturns. Thus, it is 

well justified to include those years in the sample. 
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In general, it seems that green funds tend to exhibit negative skewed i.e. left skewed data. Skewness 

values vary from -1.0442 in 2012 to 0.5601 in 2015. Negative skewness indicates that the returns are 

concentrated on the right-hand side of the return distribution. Kurtosis varies from -0.9503 in 2010 

to 1.3788 in 2012. Maximum and minimum fund returns each year reveal a strong variation between 

the green funds. Some funds seem to have performed relatively well and generated competitive 

returns whereas some of the funds have significantly underperformed. The financial crisis effects can 

obviously be seen clearly from the maximum and minimum return data with minimum fund return of 

-48.250 percent in 2008 and maximum fund return of 67.762 percent in 2009. On one hand, the 

statistics point out the competitive return possibilities of analysed US green funds but on the other 

hand, the risks related to investing in these actively managed funds. 

 

Table 1.  US Green fund return characteristics 2006-2017 

 

Table 1 exhibits return characteristics of US green equity funds from June 2006 to June 2017 calculated based 

on the monthly excess returns of funds. The table presents the number of existing funds each year, mean return 

each year, standard deviation of returns, skewness, kurtosis, and the maximum and minimum annual fund 

return each year. Standard deviations, skewness and kurtosis are given as average values. 

 

 

For comparison purposes, the descriptive statistics for the conventional sample are shown in table 2. 

As described earlier, the number of funds in the conventional portfolio after the matched pair method 

process resulted in 73 conventional US equity funds. At the beginning of the analysis period, 42 of 

these funds were active. Overall, one could point out at this stage from the descriptive statistics 

Year 
No. of funds   Mean      SD Skew. Kurt. Max. Min. 

2006 22 12,36 % 5.37 % -0.1347 -0.0246 14.621% 3.569 % 

  2007 25 -2,90 % 9.30 % -0.4636 -0.2287 14.128 % -6.665 % 

  2008 27 -33,68 % 21.54 % -0.8914 0.4615   -16.167 % -48.250% 

2009 27  37,33 % 20.85 % -0.0525 0.9526  67.762 %  16.334 % 

2010 28 18,68 % 18.66 % -0.2073 -0.9503 31.788 %  8.560 % 

2011 29   -1,89 % 16.92 % 0.4018 1.0871    5.628 % -14.187 % 

2012 32 13,78 % 11.11 % -1.0442 1.3788 26.040% 9.321 % 

2013 34   30,54% 8.72 % -0.2430 -0.2340 46.209 % 9.213 % 

2014 34 9,37 % 8.88 % -0.2854 -0.5344 18.510 % -5.361% 

2015 39 -6,25 % 12.55 % 0.5601 -0.0111 13.016 %   -15.385 % 

2016 39 12,01 % 10.87 % -0.0226 0.5128 23.958 % -4.274 % 

2017 39 16,94 % 2.80 % 0.1398 -0.1136 20.765 % 0.576 % 
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comparison that although the financial cycle has affected both portfolios remarkably, the statistics 

show clear differences between the return behaviour of the green and conventional portfolios.  

 

Table 2.  US Conventional fund return characteristics 2006-2017 

 

Table 2 exhibits return characteristics of US conventional equity funds from June 2006 to June 2017 calculated 

based on the monthly excess returns of funds. The table presents the number of existing funds each year, mean 

return each year, standard deviation of returns, skewness, kurtosis, and the maximum and minimum annual 

fund return each year. Standard deviations, skewness and kurtosis are given as average values. 

 

 

4.2 Portfolio construction 
 

The primary goal of this study is to assess the performance of green funds in comparison to 

conventional funds. For this purpose, a reference benchmark portfolio consisting of unscreened 

conventional funds is required. To combine green funds together, a pooled equally-weighted green 

portfolio for the 39 green funds under analysis is constructed as pointed out above. In order to 

construct the reference conventional fund portfolio a matched pair approach is applied. This method 

is in line with some previous studies done in the field of SRI including for example, the studies 

implemented by Bauer et al. (2005), Renneboog et al. (2008) and Nofsinger et al. (2014). The matched 

sample of conventional funds is constructed so that for each green fund, one or two conventional 

funds with corresponding features are selected and matched based on fund characteristics. The 

matching technique is a reasonable method to generate a benchmark for determining the relative 

performance of a fund portfolio and provides a proxy which matches the characteristics, for example 

Year 
No. of funds     Mean      SD Skew. Kurt. Max. Min. 

2006 42 10.76 % 5.35 % -1.1349 3.5252 17.687% -4.100 % 

  2007 45    2.60 % 9.01 % -0.3726 0.2230 31.931 % -6.038 % 

  2008 49 -35.97 % 21.60 % -0.5778 -0.1693  -23.309% -58.495% 

2009 50  33.85 % 18.74 % -0.5320 0.1735  61.798 %  12.908% 

2010 54 19.40 % 17.51 % -0.2224 -0.9673 39.081%  3.695 % 

2011 57      0.52 % 16.39 % 0.5208 1.2944    12.090 % -12.553 % 

2012 62 12.72 % 9.88 % -0.9248 1.2075 18.789% 7.495 % 

2013 66    30.69 % 7.92 % -0.4284 -0.0940  48.522 % 20.761 % 

2014 71    6.45 % 8.61 % -0.2988 -0.4005 14.235 % -7.648% 

2015 71   0.14 % 12.07 % 0.3559  -0.2745 10.506 %   -26.781 % 

2016 73  9.64 % 11.06 % -0.0528  1.0831 28.959 % -4.842 % 

2017 73   17.99 % 2.79 % 0.0983  0.2758 28.163 % -2.271 % 
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capitalization biases, of the target portfolio (Ho et al. 2010). The matched funds must be highly 

comparable to increase interpretability of analysis. 

 

To ensure comparability, characteristics matching is applied as this study uses fund age, fund size 

(assets under management) and investment focus as matching criteria. These criteria were selected to 

control for possible age and size impacts on fund returns. Total assets under management is used as 

a measure of fund size. In addition, the conventional funds selected must correspond to the target 

green funds of this study, i.e. they must be US domiciled equity funds having geographic investment 

focus in the US. After the matched pair procedure, the conventional fund reference portfolio included 

a total of 73 US domiciled equity funds. In addition to the green and conventional portfolios, a 

difference portfolio is estimated in empirical analysis in the spirit of Bauer et al. (2005). Difference 

portfolio has the goal to further improve comparative analysis between portfolios and is constructed 

by subtracting the monthly returns of the conventional portfolio from the monthly returns of the US 

green portfolio. When forming the difference portfolio, an implicit assumption that the return 

differences between the green and conventional funds are attributed to green screens employed by 

the former funds is done. Monthly time series returns are extracted from the CRSP mutual fund 

database and each fund is included in analysis from the first month for which performance data is 

available. Table 3 presents the descriptive statistics for the constructed portfolios for the whole 

sample period. Morningstar’s mutual fund screener data was used to identify the counterpart 

conventional funds for each of the US green funds. 

 

 

Table 3. Descriptive statistics and characteristics of the green and conventional sample 

portfolios, June 2006-June 2017 

 

 

 

Portfolio        Mean     SD      Max.     Min.     Med.      Size        Age       TER      No. of Funds 

Green             6.77    15.06   288.56   14.69    97.02    1082.36    13.92     1.04          39 

Conventional 7.05    14.45   264.59   13.85   110.24     904.24    17.75     1.18          73 

US Market     8.76    14.93 
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The mean returns and standard deviations in table 3 are calculated based on the equally weighted 

fund portfolios. Monthly return data is annualized for presentation purposes. Additionally, US market 

returns proxied through the Fama-French US market factor are presented. Average fund size is 

measured by total assets under management (AUM) and presented in millions of US dollars. Fund 

age presents the average age of funds under investigation denoted by the number of years the fund is 

in existence. Total expense ratios are annualized and measured in percentages. Maximum and 

minimum cumulative fund return during the entire analysis period as well as median cumulative 

return is equally presented for both portfolios. More precisely, for both portfolios the median is 

calculated by measuring the amount an investment in each of the individual sample funds has gained 

or lost over the holding period and taking the median value for these cumulative fund returns. 

 

Statistics point out that during the entire sample period, conventional US funds seem to have 

outperformed their green counterparts in terms of average returns. However, the return difference 

during the whole sample period remains relatively narrow with average return of 6.77 percent for the 

green portfolio and 7.05 percent for the conventional portfolio. Both the green and the conventional 

portfolios have on average yielded returns inferior to the US market return. Considering annualized 

standard deviations, there is no big differences between the two portfolios although the green 

portfolio seems to exhibit slightly more return variation than the conventional fund portfolio. 

Maximum fund return statistics reveal that best-performing green fund has yielded a 288.56 percent 

cumulative return during the sample period whereas best conventional fund exhibits a 264.59 percent 

return. In other words, some funds have clearly yielded investors with significant returns although 

the entire sample has underperformed in comparison to market index. Median cumulative return for 

the green portfolio is slightly above 97 percent and lower in comparison to the conventional portfolio 

that has a cumulative return above 110 percent. Funds exhibiting worst performance have yielded 

14.69 percent in the green portfolio and 13.85 percent in the conventional portfolio during the entire 

sample period. However, concerning the interpretation of minimum returns, worth emphasizing is 

that some of the funds included in the sample have just few years of existence since their inception 

and therefore naturally also exhibit lower cumulative returns. Fund sizes show that analysed green 

funds are on average larger than the conventional ones. The difference is opposite when considering 

fund age as conventional funds are on average older than green funds. Differences in fund size and 

age between the two portfolios are not remarkable and are in accordance with the matched pair 

method applied in this study. The expense ratios are on average pretty close to each other although 

the green portfolio rather surprisingly has a lower average TER rate than the conventional portfolio.  
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Table 4 exhibits the sub-period performance comparison between green and conventional fund 

portfolios as the sample period was divided into three separate time periods. Statistics on the sub-

period performance point out that studied green portfolio has outperformed its conventional 

counterpart during the first sub-period in terms of average return but underperformed during the last 

two sub-periods. Both portfolios show negative average returns in 2006-2009 whereas average 

returns in 2010-2013 and 2014-2017 are positive, the second analysis sub-period being the most 

profitable for investors. 

 

Table 4. Sub-period performance of green and conventional portfolios 

 

3 Sub-periods Performance 

Portfolio                    Mean return                   Mean return                     Mean return 

                                   2006-2009                      2010-2013                        2014-2017 

 

Green                           -1.20 %                           14.73 %                              6.42 % 
 
Conventional               -1.58 %                           15.35 %                              7.07 % 
 

 

4.3 Methodology 
 

Studies on mutual fund performance evaluation have during the years developed different 

methodologies to examine risk and return in equity fund performance. One of the early important 

studies in the field was done by Friend et al. (1970) who simultaneously considered both risk and 

return in performance measurement. Their study was implemented by dividing funds into three risk 

categories, i.e. low, medium and high, risk being measured first by variance and later on by beta. The 

authors compared the performance of funds in each of the risk categories to a randomly constructed 

portfolio of the same risk. The so-called comparison portfolios were constructed by choosing 

securities randomly until the random portfolios included same amount of securities as the actively 

managed fund portfolios. Similar risk categories were used for random portfolios as for actual fund 

portfolios. According to Elton et al. (2011) this comparison method has the benefit of not making any 

specific assumptions about equilibrium models or the ability to lend or borrow at a given rate. 

However, results may naturally depend a lot on how one constructs the portfolios, measures risk and 

on what basis the determination of risk levels has been done. 
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Despite the advantages of the above-described portfolio-comparison method, more sophisticated 

methodologies need to be considered in mutual fund performance measurement. Early studies on 

mutual fund performance often used the very basic single index CAPM model to evaluate mutual 

fund returns. Elton et al. (2011) point out that performance measurement can be done in an easier 

way by assessing fund performance based on a single number. According to Climent et al. (2011) the 

risk-adjusted returns are most suitable when comparing and evaluating different investment 

alternatives. The most common risk-adjusted measures used widely in academic literature include the 

Sharpe ratio (1966), Jensen’s alpha (1968) and the Treynor index (1965). This study employs the 

Sharpe ratio as well as a modified version of Sharpe measure (SKASR) in empirical analysis. The 

Sharpe measures were defined in section 2 of this study. 

 

However, as Fama et al. (1992) point out, the above stated single index measures and 1-factor 

measures that are based on CAPM framework are not able to sufficiently explain the cross-section of 

expected returns. Therefore, additional models need to be considered in order to get a more 

comprehensive estimation on green mutual fund performance. This study uses similar methods that 

have commonly been applied in fund performance studies as well as adds its own measurements. The 

methodology applied is based on multi-factor models and despite its mentioned weaknesses, the 

empirical analysis begins with one-factor CAPM estimation. After CAPM, the analysis proceeds to 

multi-factor models estimated to obtain comprehensive results and to control for some of the widely 

accepted factors affecting stock market returns. In particular, this study applies the Fama-French 3-

factor model and Carhart 4-factor model that were discussed in greater detail in the second section. 

As this study also seeks to extend the previous findings on green fund performance as well as to 

measure the possible effect of oil price risk exposure on green fund returns, the Carhart model is 

augmented with one additional oil price risk factor. The performance measurement framework 

applied in this study translates into the following four monthly time series factor regression equations: 

 

          𝑟𝑖𝑡 − 𝑟𝑓𝑡 =  𝛼𝑖 + 𝛽𝑖 (𝑟𝑚𝑡 − 𝑟𝑓𝑡)  + 𝜀𝑖𝑡                                                                                               (13) 

 

          𝑟𝑖𝑡 − 𝑟𝑓𝑡 = 𝛼𝑖 + 𝛽1𝑖(𝑟𝑚𝑡 − 𝑟𝑓𝑡) + 𝛽2𝑖𝑆𝑀𝐵𝑡 + 𝛽3𝑖𝐻𝑀𝐿𝑡 + 𝜀𝑖𝑡                                                   (14) 

 

           𝑟𝑖𝑡 − 𝑟𝑓𝑡 = 𝛼𝑖 + 𝛽1𝑖(𝑟𝑚𝑡 − 𝑟𝑓𝑡) + 𝛽2𝑖𝑆𝑀𝐵𝑡 + 𝛽3𝑖𝐻𝑀𝐿𝑡 + 𝛽4𝑖𝑀𝑂𝑀𝑡 + 𝜀𝑖𝑡                           (15) 

 

            𝑟𝑖𝑡 − 𝑟𝑓𝑡 = 𝛼𝑖 + 𝛽1𝑖(𝑟𝑚𝑡 − 𝑟𝑓𝑡) + 𝛽2𝑖𝑆𝑀𝐵𝑡 + 𝛽3𝑖𝐻𝑀𝐿𝑡 + 𝛽4𝑖𝑀𝑂𝑀𝑡 + 𝛽𝑖𝑂𝑖𝑙 + 𝜀𝑖𝑡          (16) 
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Where 𝑟𝑖𝑡 is the return on an individual portfolio at time t, 𝑟𝑓𝑡 is the risk-free interest rate (1-month 

U.S. Treasury Bill), 𝛼𝑖 is model alpha i.e. the risk-adjusted return for the portfolio, 𝑟𝑚𝑡 − 𝑟𝑓𝑡 is the 

excess return on the market portfolio, 𝑆𝑀𝐵𝑡 is the difference between the return of small cap and 

large cap portfolios at time t, 𝐻𝑀𝐿𝑡 is the difference between the return of value and growth stock 

portfolios at time t, 𝛽4𝑖𝑀𝑂𝑀𝑡 is the difference between the return of past winner and past loser 

portfolios at time t, 𝛽𝑖𝑂𝑖𝑙 is the oil factor representing geometric return in crude oil and finally 𝜀𝑖𝑡 is 

the idiosyncratic error term for portfolio at time t. 

 

Equation 10 describes CAPM as a regression and regressions 11, 12 and 13 describe applied multi-

factor models that enable the measurement of factor sensitivities. The intercept of CAPM, 𝛼𝑖, is more 

precisely the Jensen alpha that measures fund’s under or outperformance relative to a market 

benchmark (Jensen 1968). The first multi-factor equation is the Fama-French three-factor model, 

second regression is the four-factor model proposed by Carhart (1997) and the third equation is a 

multi-factor model constructed in this study to better understand the return behaviour of green funds. 

 

When estimating the models estimates for betas and alphas are obtained. The obtained beta 

coefficients provide measures of each market, size, book-to-market, momentum and oil price 

sensitivity of the dependent variable, holding other variables constant. When interpreting regression 

results alpha values are to be considered very important as obviously one needs to control for the risk 

when analysing fund performance. Alpha estimates measure the outperformance or 

underperformance of a portfolio. Consequently, the conclusions on performance of funds are based 

on the obtained regression alpha estimates whereas factor sensitivities describe the underlying fund 

return characteristics and investment styles of the funds. The risk exposure coefficients are estimated 

using the ordinary least squares (OLS) estimation procedure for each of the regressions. This study 

makes the assumption that betas are constant as an unconditional performance model is applied. An 

alternative solution would be to consider a conditional performance evaluation methodology and thus 

allow betas to vary as proposed by Ferson and Schadt (1996). However, as many previous studies 

applying unconditional model state, the methodology should not affect the conclusions remarkably. 

 

The ordinary least squares (OLS) estimation method is applied to perform the regression analysis and 

to obtain estimates for factor loadings presented above. In the framework of equity funds, 

performance can be evaluated by the fund alpha, that is more precisely the intercept term in a 
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regression of portfolio’s excess returns on the returns of benchmark factors. OLS is based on the 

principle that it minimizes the sum of squared vertical distances between the returns and the returns 

predicted by the regression. When applying the OLS estimation method one needs to satisfy some 

assumptions related to the estimation procedure in order to get robust results and obtain coefficient 

estimates that are best linear unbiased estimators (BLUE). Brooks (2002) specifies the following 

underlying assumptions for linear regression whose violation might lead to biased or incorrect 

regression results: 

 

                                                                 𝐸(𝜀𝑡) = 0                                                                                       (17) 

                                                                 𝑣𝑎𝑟(𝜀𝑡) = 𝜎2 < ∞                                                                       (18) 

                                                                 𝑐𝑜𝑣(𝜀𝑖 , 𝜀𝑗) = 0                                                                               (19) 

                                                                𝑐𝑜𝑣(𝜀𝑡 , 𝑥𝑡) = 0                                                                               (20) 

                                                                𝜀𝑡~𝑁(0, 𝜎2) = 0                                                                            (21) 

 

In this study, the possible problems arising from e.g. autocorrelation and heteroscedasticity are 

controlled for by conducting several robustness checks. For detecting multicollineriaty, cross-

correlations among the applied independent variables are computed and point out low correlations 

between explanatory variables thus indicating no issues regarding multicollineriaty. To avoid 

problems related to heteroscedasticity and autocorrelation, the so called auxiliary regressions are 

performed as White’s test as well as Breusch-Pagan-Godfrey test are applied. The Durbin-Watson 

statistics are equally consulted in order to detect possible autocorrelation in the residuals. In addition, 

throughout the study additional regressions employing Newey-West consistent standard errors are 

performed in statistical tests. Finally, the Jarque-Bera normality test is employed to test for normality 

in regression residuals. Overall the performed regression diagnostics did not reveal violations of 

assumptions and the regression results between original and Newey-West adjusted regressions were 

very similar. As a conclusion, the results in this study can be considered robust and statistical 

significance of regression results is not questioned. 

 

The calculation of portfolio returns started off with a panel data of returns of individual funds. The 

individual fund monthly returns are acquired from CRSP Mutual Fund database and are calculated 

according to the following formula: 
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                               𝑅𝑡−1,𝑡 
=  (

𝑁𝐴𝑉𝑡

𝑁𝐴𝑉𝑡−1
) (∏ (1 + 

𝑋_𝐴𝑀𝑇𝑗
𝐷

𝑅𝐸_𝑁𝐴𝑉𝑗
𝐷)

𝐽

𝑗=1

) − 1                                                 (22) 

 

Where  𝑅𝑡−1,𝑡 
 is the return on a fund between time t – 1 and t, 𝑁𝐴𝑉𝑡 is the fund’s net asset value at 

the end of the current period, 𝑁𝐴𝑉𝑡−1 is the fund’s net asset value at the end of the previous period, 

𝐽 is the number of dividend or capital gains during the period, 𝑋_𝐴𝑀𝑇𝑗
𝐷 is the 𝑗th dividend or capital 

gains distribution during the period and 𝑅𝐸_𝑁𝐴𝑉𝑗
𝐷  is the net asset value at which 𝑗th dividend or 

capital gains distribution was reinvested.  

 

Front and rear load fees are excluded from the calculation of net asset values and therefore do not 

have an impact on the calculation of fund returns. Net asset values are net of all management fees. In 

order to obtain the portfolio returns, an equally weighted average of the returns of all funds belonging 

to a specific portfolio are calculated. Concerning the fund return calculation, equal weighted method 

to calculate portfolio returns is applied but allowing the net asset value changes to affect individual 

fund returns during the holding period gives us a more reasonable starting point for the empirical 

analysis. The formula for the calculation of portfolio returns, 𝑅𝑖𝑡, is given in equation 23. 

 

                                                                     𝑅𝑖𝑡 =  ∑ 𝑟𝑖𝑡                                                                                (23) 

 

Where 𝑅𝑖𝑡 is the portfolio return and 𝑟𝑖𝑡 is the equally weighted average of the returns of all funds 

that belong to an analysed portfolio. 

 

The empirical models used in this study apply portfolio’s excess return as the dependent variable and 

the market excess return calculated as market proxy less risk-free rate as the independent variable. 

Therefore, a proxy need to be defined for the risk-free rate, 𝑟𝑓𝑡. According to Bodie et al. (2014), the 

most commonly used proxy for this purpose is a Treasury bill yield. Carhart (1997) used the one-

month US Treasury bill yield as proxy for the risk-free return, and as this study has a dataset of 

monthly returns, a decision to use the same 1-month US Treasury bill rates is done. Risk-free rates 

are obtained from the Kenneth R. French data library. 
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4.4 Benchmarks and factor mimicking portfolios 
 

 

To construct the factor portfolios, Kenneth R. French data library is used to obtain data for the four 

factor proxies (Rmt − Rft, SMB, HML, MOM). Due to the strong US investment orientation of the 

funds in the sample employed, this study relies on the US factor returns market data to conduct the 

empirical analysis. The market factor Rmt − Rft or the excess return on the market, is the value 

weighted return of all US companies listed on the NYSE, NASDAQ, or AMEX minus the one-month 

US T-bill return. Finding an appropriate benchmark is vital for the interpretability of results presented 

in later sections. As the main focus of this study is on aggregate risk-adjusted performance of the US 

green funds rather than individual funds, a common market proxy is a natural choice for market 

benchmark. The Fama-French market factor is selected as it reflects well the investment universe of 

the sample applied in this study. 

 

In the construction of SMB proxy that aims to capture risk associated with firm size and that is shown 

in equation 24 below, Fama and French (1993) included all listed US stocks and divided them to two 

value weighted portfolios. On the basis of market equity, they first divided firms into small and big 

portfolios according to the size and applying the median NYSE market equity as a breakpoint. The 

SMB proxy was finally constructed by subtracting the large portfolio from the small portfolio for 

each month and the portfolio was reweighted annually. More specifically, the average return of 

constructed three big portfolios are subtracted from the average returns of three constructed small 

portfolios. In addition to size ranking, Fama and French group firms into three portfolios according 

to their book-to-market equity ratios. To categorize the stocks on growth, neutral and value the 30th 

and 70th percentiles are applied as breakpoints when stocks are ranked on their B/M ratios. Growth 

group consists of stocks in the lowest 30 percentile in terms of BE/ME ratios whereas neutral group 

consists of stocks in the middle 40 percent in terms of book-to-market and the remaining 30 percent 

with high B/M ratios are categorized into value category.  

 

             𝑆𝑀𝐵 = 1/3(𝑆𝑚𝑎𝑙𝑙 𝑉𝑎𝑙𝑢𝑒 + 𝑆𝑚𝑎𝑙𝑙 𝑁𝑒𝑢𝑡𝑟𝑎𝑙 + 𝑆𝑚𝑎𝑙𝑙 𝐺𝑟𝑜𝑤𝑡ℎ)                                    

−  1/3(𝐵𝑖𝑔 𝑉𝑎𝑙𝑢𝑒 + 𝐵𝑖𝑔 𝑁𝑒𝑢𝑡𝑟𝑎𝑙 + 𝐵𝑖𝑔 𝐺𝑟𝑜𝑤𝑡ℎ)                                                  (24) 

 

Fama and French used similar portfolio construction methods in the construction of HML factor. 

HML factor that aims to measure the risk and return undertaken by an investment based on “growth” 

or “value” strategies is described in equation 25. The value factor is calculated by subtracting the 

average returns of two low B/M portfolios from the average returns of two high B/M portfolios. 
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      𝐻𝑀𝐿 = 1/2(𝑆𝑚𝑎𝑙𝑙 𝑉𝑎𝑙𝑢𝑒 + 𝐵𝑖𝑔 𝑉𝑎𝑙𝑢𝑒)  − 1/2(𝑆𝑚𝑎𝑙𝑙 𝐺𝑟𝑜𝑤𝑡ℎ + 𝐵𝑖𝑔 𝐺𝑟𝑜𝑤𝑡ℎ)                (25) 

 

Building on the findings of Jegadeesh et al. (1993), Carhart (1997) added a fourth factor to the widely 

approved three-factor regression model. The momentum factor described in equation 26 and 

discussed earlier in section 2 states that investors can earn superior returns by following an investment 

strategy that concentrates on buying stocks with good past year performance (winner stocks) and 

selling stocks with poor past year performance (loser stocks). Data for momentum factor is collected 

from Kenneth French’s website and is based on six value-weighted portfolios formed on size and past 

2-12 month returns.  

 

    𝑀𝑂𝑀 = 1/2(𝑆𝑚𝑎𝑙𝑙 𝐻𝑖𝑔ℎ + 𝐵𝑖𝑔 𝐻𝑖𝑔ℎ)  − 1/2(𝑆𝑚𝑎𝑙𝑙 𝐿𝑜𝑤 + 𝐵𝑖𝑔 𝐿𝑜𝑤)                                  (26) 

 

While the Fama French and Carhart factors account mainly for systematic risk factors for the 

aggregate stock market, the model doesn’t capture for example risks related to commodity prices at 

a more specific level (Sadorsky 2001). Thus, in order to measure the impact of crude oil price 

volatility on green fund performance an oil factor is constructed in addition to the factors presented 

above. The Carhart four-factor model is augmented with oil price represented by the West Texas 

Intermediate (WTI) crude oil price. The estimation of oil price risk factor enables the assessment of 

the influence oil price increases and decreases might have on the returns of green funds under 

investigation. According to Sanusi et al. (2016) the inclusion and use of commodity prices in multi-

factor asset pricing models seeking to explain the return behaviour of stocks to have causal 

relationships with a certain commodity have been widely applied in academic literature. Oil price risk 

exposure factor has naturally been one of the most studied in this sense because of the comprehensive 

nature and scope of oil prices. A large body of literature has focused on determining especially the 

returns of oil stocks and other securities highly dependent on oil price fluctuations. As this study 

focuses on green funds, it is rather well justified to shed light on the relationship between oil price 

and green fund returns assuming that companies screened on green criteria in the sample could be 

highly sensitive to changes in oil price. Also, considering the rather long and volatile sample period 

under analysis, results allow us a thorough analysis of the impact oil price shocks might have on green 

fund returns. 
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Concerning the commodity factor applied in this study (crude oil), monthly returns on the West Texas 

Intermediate (WTI) are used since it is the most commonly used oil price index in North America. 

The formula used in the calculation of monthly oil returns is shown in equation below. 

 

      𝑟𝑂𝐼𝐿 = 𝑙𝑛((𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑊𝑇𝐼 𝑏𝑎𝑟𝑟𝑒𝑙 𝑖𝑛 $𝑈𝑆)𝑡/(𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑊𝑇𝐼 𝑏𝑎𝑟𝑟𝑒𝑙 𝑖𝑛 $𝑈𝑆)𝑡−1) − 1           (27) 

 

The reason for the construction of the augmented oil-five-factor model was to determine whether oil 

price affect the returns of green funds and to what extent. According to Chen et al. (1986) oil price 

factor is to be included in any list of macroeconomic factors that have an impact on prices and stock 

market returns. Henriques et al. (2008), among many others, point out that rising oil prices can 

nowadays be widely accepted to be beneficial for the financial performance of renewable energy 

companies. However, there has been little research on the sensitivity that changes in oil prices have 

on the financial performance of alternative energy companies or mutual funds that use environmental 

screens as part of their investment criteria. Thus, it is well-justified to explore the relationship between 

oil price and green fund performance. It can be argued that high fossil energy prices tend to lead to 

an increased use of alternative and cleaner resources. Therefore, the starting point and initial 

hypothesis is that a positive empirical relationship between oil prices and green funds’ performance 

exists implying that when oil price rises, the performance of green companies and green funds should 

improve. 
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5. RESULTS 

 

 
This section will present the empirical results from the models estimated to explain the relative 

performance of US green equity funds. The performance of green funds in comparison to their 

conventional peers will be explored as well as the sensitivity of returns to the risk factors examined 

in the chosen models in this study. First, the results from the one-factor Capital Asset Pricing model 

will be presented. After that, analysis proceeds on the results of Fama-French 3-factor model, Carhart 

4-factor model and finally, the results from the constructed oil multi-factor model are explained. The 

section is concluded with the analysis of the Sharpe ratios and SKASRs that are compared to the 

results obtained from multi-factor models. Empirical results and their significance will be further 

analysed as well as conclusions drawn in the last chapter of this study. 

 

 

5.1 Performance according to CAPM 
 

 

The one-factor CAPM was estimated first and the alpha values calculated for the green fund portfolio 

and the matched conventional fund portfolio. Additionally, a difference portfolio was constructed by 

subtracting the monthly excess conventional portfolio returns from the excess monthly returns of the 

green portfolio. The construction of difference portfolio was done to further increase the 

comparability between the performance of the portfolios and to determine whether the performance 

difference between the analysed portfolios is significantly different. By applying the difference 

portfolio approach, this study implicitly assumes that the differences in average financial performance 

of green funds and conventional funds are due to environmental screens. Table 5 summarizes the 

obtained OLS results from the CAPM estimation for the sample period June 2006 – June 2017. 
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Table 5. Green fund performance measured by CAPM 

 

1-factor model results 

Portfolio                      Alpha                          Market                Adj. 𝑅2 

  

Green                            -1.83***                      0.99***                 0.977 
                                     [-2.647]                     [75.132] 

 

Conventional                 -1.25**                     0.96***                 0.983 
                                      [-2.219]                    [89.114] 

 

Difference                      -0.59                            0.04***                0.058 
Portfolio                        [-0.852]                    [2.854]                   

 

 

 

 All alphas in table 5 are annualized and expressed in percentages. The Market factor presents the 

factor loading on the excess market return. T-statistics are shown in brackets. *** denotes 

significance at 1% risk level, ** denotes significance at 5% risk level and * denotes significance at 

10% risk level. Adj. 𝑅2 measures the model’s goodness of fit, i.e. model’s explanatory power.  

 

The following conclusions can be drawn from table 5. First, the results show statistically significant 

and negative alphas for both portfolios. As the alpha estimate for green portfolio is lower than alpha 

estimate for conventional portfolio, the results suggest that green portfolio slightly underperforms in 

comparison to its conventional counterpart during the sample period. The null hypothesis of alpha 

being zero can thus be rejected. However, the alpha estimate for difference portfolio remains 

statistically insignificant and thus is only economically meaningful. This implies that the negative 

difference in risk-adjusted performance to the disadvantage of green equity funds is statistically 

insignificant and thus no exhaustive conclusions about the return difference between the two 

portfolios can be made based on one-factor alphas. Second, concerning the exposures to market betas, 

both portfolios show statistically significant betas and results point out that green funds tend to be 

slightly more market sensitive than conventional funds although the difference on market exposure 

between portfolios remains very narrow.  
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5.2 Multi-factor models 

 

After the estimation of single-index CAPM, the green fund performance was investigated applying 

multi-factor models, more specifically with Fama-French 3-factor model, Carhart 4-factor model and 

constructed 5-factor model. Similarly to CAPM, the alphas and factor loadings for each model were 

estimated for the green and conventional portfolios as well as for the difference portfolio. Tables 6, 

7 and 8 summarize the results obtained for each model. Interpretations of results are given after the 

tables. 

 

 

Table 6. Green fund performance measured with Fama-French 3-factor model 

 

FF3 Results 

Portfolio                    3-factor-alpha             Market              SMB               HML           Adj. 𝑅2 

 

Green                             -1.69***                   0.96***            0.18***             0.01               0.985 
                                       [-2.953]                [78.999]           [7.813]            [0.609] 

 

Conventional                 -1.40***                   0.94***            0.15***            -0.10***         0.991         
                                       [-3.360]                [107.221]          [9.174]           [-5.776]                          

 

Difference                      -0.30                          0.02                   0.03                  0.10***         0.184       
Portfolio                        [-0.459]                  [1.132]            [1.033]            [4.259] 

 

Table 6 presents the results from the three-factor model. All alphas in the table are expressed in 

percentages and annualized. The market factor describes the factor loading on the excess market 

return, SMB and HML describe the factor mimicking portfolios for size and book-to-

market(value). T-statistics are shown in brackets. *** denotes significance at 1% risk level, ** 

denotes significance at 5% risk level and * denotes significance at 10% risk level. Adj. 𝑅2 measures 

the model’s goodness of fit, i.e. model’s explanatory power.  
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Table 7. Green fund performance measured with Carhart 4-factor model 

 

Carhart 4-factor results 

Portfolio                4-factor-alpha        Market           SMB             HML         MOM      Adj. 𝑅2 

   

Green                       -1.65***               0.95***            0.18***       -0.03            -0.06***    0.988 

                                  [-3.207]            [83.656]          [8.833]         [-1.455]      [-5.776] 

 

Conventional           -1.39***               0.94***            0.15***       -0.08***       -0.01         0.991 

                                  [-3.346]            [103.291]         [9.216]        [-5.858]      [-1.274]       

 

Difference                 -0.26                    0.01                  0.03              0.05***       -0.05***    0.274 

Portfolio                   [-0.419]             [0.097]            [1.156]        [2.753]        [-3.979] 

             

Table 7 presents the results from the Carhart model. All alphas in the table are expressed in 

percentages and annualized. The market factor describes the factor loading on the excess market 

return, SMB and HML describe the factor mimicking portfolios for size and book-to-

market(value), MOM is a 12-month return momentum factor. T-statistics are shown in brackets. 

*** denotes significance at 1% risk level, ** denotes significance at 5% risk level and * denotes 

significance at 10% risk level. Adj. 𝑅2 measures the model’s goodness of fit, i.e. model’s 

explanatory power. 

 

 

 

Table 8. Green fund performance measured with the 5-factor model 

 

5-factor model results 

Portfolio               5-factor-alpha    Market        SMB        HML       MOM          OIL      Adj. 𝑅2 

 

Green                         -1.61***         0.94***      0.18***    -0.03         -0.06***      0.01        0.988 
                                   [3.109]        [78.364]      [8.825]    [-1.462]     [-5.743]     [0.799] 

 

Conventional             -1.38***          0.94***      0.15***   -0.08***    -0.01           0.01        0.991 
                                  [-3.301]        [96.801]      [9.070]     [-5.838]    [-1.264]     [0.168] 

 

Difference                  -0.22                0.00             0.03          0.05***    -0.05***     0.00        0.276 
Portfolio                    [-0.362]        [-0.096]      [1.232]      [2.739]     [-3.951]     [0.556] 

 

Table 8 presents the results from the 5-factor oil model constructed in this study. All alphas in the 

table are expressed in percentages and annualized. The market factor describes the factor loading 

on the excess market return, SMB, HML and MOM present factor mimicking portfolios as 

described above and OIL is the logarithmic monthly return on WTI oil price. T-statistics are shown 

in brackets. *** denotes significance at 1% risk level, ** denotes significance at 5% risk level and 

* denotes significance at 10% risk level. Adj. 𝑅2  measures the model’s goodness of fit, i.e. model’s 

explanatory power. 
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Considering the different multi-factor models estimated above, an overall conclusion is that results 

between models are quite consistent with each other. Consistency between models was naturally 

expected as similar independent variables are employed to explain fund returns. In addition, the 

average adjusted 𝑅2 is higher in multi-factor models in comparison to the single factor CAPM that 

confirms the hypothesis that multi-factor models succeed better in explaining mutual fund returns, 

i.e. demonstrate superior explanatory power. 

 

Alpha estimates for green and conventional fund portfolios are statistically significant in all 

estimated models at the 1 % significance level. The null hypothesis of alpha being zero can thus be 

rejected in both cases of fund portfolios. Alpha values are negative indicating underperformance in 

comparison to the US market return. Correspondingly to the results obtained from CAPM, 

conventional funds show less negative abnormal returns and thus based on alphas beat their green 

peers during the whole analysis period (-1.40 % p.a. compared to -1.69 % p.a. in 3-factor model, -

1.39 % p.a. compared to -1.65 % p.a. in Carhart model and -1.38 % p.a. compared to -1.61 % p.a. 

in 5-factor model). Concerning the analysis of difference portfolio, obtained alphas point out that 

after controlling for market risk, size, book-to-market, momentum and oil price risk, the difference 

in return performance between green and conventional funds remains statistically insignificant in 

all three models. Additionally, Welch’s t-test was conducted to compare alphas of portfolios and 

indicates that null hypothesis cannot be rejected implying no significant difference between alphas. 

 

Results from factor models point out that green funds tend to have little more exposure to the market 

portfolio compared to their conventional counterparts although the difference remains relatively 

small. These findings support the results from previously analysed 1-factor model but contradict 

findings from some previous SRI and ethical fund studies. For example, Bauer et al. (2005) found 

that ethical funds in Germany, United Kingdom and US had less market exposure (lower betas) 

than conventional funds during the time period 1990-2001. In contrast, results are consistent with 

those obtained by Lesser et al. (2014) who found international green fund portfolios to show higher 

market risk compared to SRI portfolios and market benchmarks. Factor loadings for market betas 

are statistically significant in each of the models and for both portfolios at a 1 % risk level. Naturally, 

the betas are positive for both portfolios indicating that fund returns are correlated to the market 

and move to the same direction as the market.  
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Both green and conventional fund portfolios have positive and statistically significant loadings on 

the SMB size factor indicating that both portfolios tend to be tilted towards small-cap stocks. 

Although green funds seem to exhibit larger SMB loadings than conventional funds, t-statistics 

indicate that there are no clear differences in small-cap factor exposures between the two portfolios. 

Results partly support the previous studies on US green fund performance, e.g., Climent et al. 

(2011) reported significant and positive factor loadings for SMB, implying a tilt towards small-cap 

companies. The difference portfolio has a statistically insignificant SMB factor loading in each 

model indicating no differences in SMB exposures between the two investment approaches. In 

addition, positive SMB coefficients are not necessarily evidence of exposure to small-sized 

companies. Chen et al. (2014) point out that in factor regressions the dominance of large caps in the 

cap-weighted market factor can sometimes lead to large-cap portfolios exhibiting positive SMB 

loadings. Hence, although some evidence of small-cap exposure of US green funds is found in this 

study, the issue should be further explored in order to get exhaustive results.  

 

Loadings on the HML factor show negative coefficients in all models expect in the three-factor 

HML estimated for green fund portfolio. This implies that both portfolios seem to be growth 

oriented. However, based on the obtained factor estimates, green funds seem to be slightly more 

value-oriented or less growth-oriented than conventional funds of the matched sample. This 

contradicts the findings of Bauer et al. (2005) who argued ethical funds to have a more growth-

oriented investment approach probably due to the fact that they avoid investments in companies in 

typical value industries such as energy or chemicals. However, in this study only the HML factor 

loadings on conventional fund portfolio and difference portfolio are statistically significant at the 1 

% risk level, the loading on green portfolio having just economic significance. 

 

With regard to momentum anomaly, both green and conventional funds show a negative exposure 

to the MOM factor. However, the momentum factor is statistically significant only for the green 

fund portfolio. A negative beta loading implies that the green fund portfolio contains more of 

contrarian stocks relative to momentum stocks. In addition, negative and statistically significant 

loading on the difference portfolio MOM factor implies that the green portfolio is following the 

momentum anomaly less than the conventional portfolio. However, the factor loadings remain again 

relatively low as for example the loading on Carhart’s model MOM is -0.06 implying that if 12-

month return momentum increases by 1 %, the return of the green fund portfolio decreases by 0.06 

%. 
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5.3 Performance development through time 
 

 

To further investigate the relative performance of green investments, the sample period was divided 

into three different sub-periods. This enables to better assess how the green fund return behavior 

has developed over time and to determine whether green investments have been outperformers or 

underperformers during times of financial downturns. The first sub-period is from June 2006 to 

December 2009 (43 monthly returns), the second sub-period is from January 2010 to December 

2013 84 (48 monthly returns) whereas the last sub-period is from January 2014 to June 2017 (42 

monthly returns). As the sub-period factor sensitivities coincided greatly with the full sample period 

factor loadings, a decision to focus solely on alphas was made in order to avoid redundancy. Table 

9 summarizes the 5-factor alpha sub-period OLS estimates for green and conventional equity fund 

portfolios.  

 

Table 9. Green fund sub-period performance 

 

3 Sub-periods Performance 

Portfolio                     5-factor alpha               5-factor alpha                   5-factor alpha 

                                   2006-2009                      2010-2013                        2014-2017 

 

Green                             -0.19                                -2.72***                                -2.28***  
                                         [-0.183]                            [-3.500]                                  [-2.387] 
 
Conventional                 -0.40                                -1.47**                                   -2.32*** 
                                          [-0.476]                            [-2.460]                                  [-3.365] 
 
Difference                          0.21                                -1.27                                        0.04 
Portfolio                           [0.162]                            [-1.555]                                   [0.042] 
 
 

Table 9 presents the results from estimation of 5-factor model for three separate sub-periods. 

Reported are the 5-factor alphas for green equity fund and conventional equity fund portfolios. 

All alphas are annualized and presented in percentages. T-statistics are shown in brackets. *** 

denotes significance at 1% risk level, ** denotes significance at 5% risk level and * denotes 

significance at 10% risk level. 

The differences in alpha values between green and conventional funds point towards an increasing 

relative performance of green funds at least during the most recent sub-period 2014-2017. However, 
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during the middle sub-period 2010-2013, conventional funds exhibit a superior risk-adjusted 

performance compared to green funds although the difference remains statistically insignificant. 

The alpha estimates for green and conventional portfolio are statistically significant. During the 

first sub-period 2006-2009, reported alpha estimates are statistically insignificant and point to a 

very narrow outperformance of green funds. Worth noticing is that when considering the difference 

portfolio, the observed differences in alphas are statistically insignificant in all three sub-periods. 

The first sub-period includes the recession of the latest financial crisis in 2007-2008 and the 

following boom period thereafter. Hence, considering the development of alphas over the sample 

period, green funds have demonstrated to generate competitive returns relative to conventional 

funds during periods of financial crisis although alpha estimates for financial crisis periods remain 

statistically insignificant. In addition, it can be argued that the latest sub-period remains the best for 

green funds in terms of return comparison to their conventional peers and thus could indicate that 

green funds have passed the previously mentioned “catch-up” phase and are since then starting to 

yield competitive returns. A large part of recent SRI studies has documented the progressively 

increasing return potential of ethical funds and an underlying assumption in this study was that 

green funds are equally becoming increasingly profitable with time. In summary, although some 

evidence is found pointing towards differing performance between the two approaches, results 

finally point out that difference in financial performance is not significant between the green and 

conventional portfolios and thus no conclusive findings can be made.  

 

 

5.4 Alpha and Sharpe ratio comparisons 
 

In order to further investigate the performance comparison between US green and conventional 

funds, the Sharpe ratios as well as skewness and kurtosis adjusted Sharpe ratios (SKASR) were 

calculated for the two portfolios and compared to previously presented multi-factor alphas. Table 

10 reports the annualized alphas for Fama-French three-factor model and for the constructed five-

factor model as well as statistics for Sharpe measures. 
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Table 10. Fund portfolio performance comparison based on multi-factor alphas and Sharpe 

measures 

 

Portfolio             FF-3 alpha     5-factor alpha     Sharpe ratio     SKASR 

 

Green                     -1.69                -1.61                 0.368              0.308 

 

Conventional         -1.40                -1.38                 0.410              0.342 

 

 

 

Results in table 10 point out that the green portfolio exhibits a lower Sharpe ratio (0.368) compared 

to its conventional peer (0.410) implying poorer risk-adjusted performance. Similar results are 

obtained in terms of the skewness-and kurtosis-adjusted Sharpe ratio as SKASR for green portfolio 

is 0.308 whereas the conventional portfolio exhibits a slightly larger SKASR (0.342). Obtained 

Sharpe ratios are in accordance to the alpha analysis conducted earlier in this study as the results 

based on 3-factor and 5-factor alphas point to slight underperformance of the green portfolio. 

However, worth noticing is that although results point to underperformance of the green portfolio, 

Sharpe calculations reveal that the performance difference to the advantage of the conventional 

portfolio is not statistically significant at any conventional significance level. This statistical 

insignificance between the green and conventional portfolios’ performance difference is in line with 

the results based on multi-factor alphas. Overall, the results of the Sharpe ratio comparisons 

strengthen the earlier findings on US environmental fund performance. 

 

In addition to the pooled portfolio level comparison, the Sharpe ratios were computed and compared 

between individual sample funds. As described in the data section, each of the 39 green funds 

identified in this study were carefully paired with one or two conventional funds based on the 

selected matching criteria. Table 11 present the results of Sharpe metrics calculated on the basis of 

matched pair individual sample funds. 
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Table 11. Green and conventional fund matched pair Sharpe measures 

 

Portfolio            Sharpe ratio        SKASR     Med. Sharpe     Med. SKASR 

 

Green                     0.577               0.523             0.488               0.409 

 

Conventional         0.615               0.580             0.458               0.389 

 

 

Table 11 exhibits the average fund Sharpe ratio for green and conventional portfolio, average 

SKASR for both portfolios and the median values for both performance metrics and portfolios. 

Results point out that when the studied funds are examined individually, and green funds compared 

to their matched conventional peers, 13 green funds out of the total green sample examined show 

higher Sharpe ratios and SKASR’s than their conventional counterparts. In 18 matched pair cases 

the conventional fund beats the green counterpart. In 8 matched pair cases, the analyzed green fund 

outperforms in comparison to one of the paired funds but underperforms in comparison to another. 

Average Sharpe ratio is 0.577 for a green fund in contrast to 0.615 for a conventional fund. Average 

SKASR is equally higher for conventional funds. Across all funds in the green sample, the median 

Sharpe ratio is 0.488 and median SKASR is 0.409. Interestingly and in contrast to previously 

presented results, the corresponding median Sharpe measures for conventional funds exhibit 

slightly lower values. In accordance with the pooled portfolio level SKASR analysis, statistically 

significant performance differences between the two types of equity funds are not found in majority 

of the sample funds at the 5 % risk level. Only 11 green funds out of the total sample show 

statistically significant underperformance or outperformance in comparison to their conventional 

peers. Overall, the analysis conducted on individual fund level supports our previous findings on 

US green fund performance. 

 

Similarly to the sub-period multi-factor alphas presented earlier in table 9, the Sharpe measures 

were equally calculated for examined sub-periods and are presented in table 12. For both fund 

portfolios, reported are the Sharpe ratios and SKASRs for each of the sub-periods. Results reveal 

that in terms of the Sharpe ratios and SKASRs, green fund portfolio exhibits superior risk-adjusted 

performance during the first examined sub-period whereas it underperforms during the latest sub-

periods. Considering the performance differences between the two portfolios, the difference is 

statistically significant during the middle sub-period at the 5 % risk level whereas the difference in 
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the first and last sub-periods is not statistically significant at any conventional significance level. In 

line with the results from sub-period alphas, sub-period Sharpe measures reveal that the middle sub-

period has been the weakest in terms of relative risk-adjusted performance for green funds whereas 

their performance has improved during the most recent sub-period. However, contradictory to sub-

period alpha results, the outperformance of conventional funds in comparison to green funds is 

found to be statistically significant during 2010-2013.  

 

 

Table 12. Sub-period Sharpe measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sub-period Sharpe measures 

Portfolio       Sharpe ratio / SKASR    Sharpe ratio / SKASR    Sharpe ratio / SKASR 

                                 2006-2009                    2010-2013                      2014-2017 

 

Green                    -0.159 / -0.133              0.916 / 0.862                    0.562 / 0.576 
                                          
Conventional        -0.179 / -0.151              1.031 / 0.989                    0.649 / 0.641                       
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6. DISCUSSION AND CONCLUSIONS 
 

 

The purpose of this study was to examine the performance of US domiciled green equity funds and 

determine whether investing in green funds can generate value for investors in the US market. By 

focusing on the examination of green funds, this study combined both the rapidly growing trend of 

investing in environment friendly and ethical products as well as the long-lasting debate on 

professional asset management. This section summarizes the main findings as well as discusses the 

economic significance of the results and interpretation of results. Not only is the economic 

significance described, but also the limitations related to this study are considered. This part also 

discusses potential extensions and issues to be studied in the future. 

 

By narrowing down the scope of SRI and ethical investments to include solely green investment 

vehicles this study specifically intended to tackle the environmental debate prevalent in the financial 

world. In this regard, the fundamental research question was to investigate the financial performance 

of US green equity funds, i.e. determine whether equity funds that invest in the US market and that 

are granted an environment positive impact stamp based on their asset selection processes can 

compete with their conventional alternatives in terms of stock returns. Theoretically, green funds 

implementing environmental criteria in asset selection are subject to greater constraints and risks due 

to the limited amount of stocks they invest in. To research the issue four questions were asked: (1) 

Do there exist performance differences between US Green mutual funds and US conventional mutual 

funds? (2) Do there exist differences in style factor exposures between green mutual funds and 

conventional funds? (3) What is the impact of financial crisis periods on green mutual fund 

performance versus conventional fund performance? (4) Is there any relation between the return 

differences of green and conventional fund portfolios and fossil fuel prices? 

 

Drawing on a comprehensive data on 39 green equity funds and 73 matched pair conventional equity 

funds during the time period of June 2006-June 2017 in the US market, this study finds no significant 

evidence of historical return performance difference between the two types of equity funds. 

Conducted multi-factor tests point out that annualized alphas for the green portfolio range between -

1.61 and -1.69 depending on the model applied whereas alphas for the conventional fund portfolio 

range between -1.38 and -1.40. Despite the fact that the obtained alphas are higher for the 

conventional funds, analysis finds no statistically significant performance difference between the 
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green and conventional mutual fund portfolios. Alpha estimates for the difference portfolios are 

insignificant in each of the multi-factor models. These findings are further supported by the results 

based on the Sharpe measures. Comparison between the sample portfolios calculated on basis of 

equal-weighted returns of all funds indicate that the traditional Sharpe ratio of green fund portfolio 

remains lower (0.368) than that of the corresponding conventional portfolio (0.410). Allowing for 

possible impacts of skewness and kurtosis in examined return distributions, the SKASR values were 

estimated analogously and the results were in line with those based on traditional Sharpe ratios as 

green portfolio shows a lower (0.308) SKASR than conventional portfolio (0.342). However, 

performed significance tests on Sharpe measures imply that the difference in performance between 

portfolios is not statistically significant, parallel to the corresponding alpha-based tests.  

 

In conclusion, our results indicate that green funds have earned returns not significantly different 

from conventional funds when the whole sample period is considered. This finding is consistent with 

Climent et al.’s (2011) sub-period analysis on green fund performance but contradicts the findings of 

White (1995) who earlier documented inferior performance of green funds and attached a negative 

risk premium to environmental investments. In addition to the whole sample period investigation, the 

performance of green funds was analyzed by splitting the sample period into three sub-periods. Sub-

period results revealed that green funds exhibit an upward trend in their performance during the 

sample period. Alpha estimate comparisons point that the middle sub-period from 2010 to 2013 has 

been the least rewarding time period for green investors whereas the most recent sub-period spanning 

from 2014 to 2017 has shown green funds significantly improving their performance with respect to 

conventional funds. Regarding the first sub-period from 2006-2009 including financial crisis time, 

alpha estimates are slightly higher for green funds but results are statistically insignificant. Similarly 

to whole sample period results, results on sub-period performance differences are not statistically 

significant between the green and conventional portfolios for any of the sub-periods being examined. 

However, somewhat contradictory results were found when sub-period performance was measured 

by Sharpe measures as results for 2010-2013 indicated that conventional funds’ outperformance in 

comparison to green counterparts was statistically significant. 

 

In an effort to measure possible impacts of fossil fuel price fluctuations on environmental fund 

performance, this study applied a five-factor model augmented with oil price factor to determine 

whether changes in oil price could play its part in explaining green fund returns. The ever-growing 

competitiveness of alternative and renewable sources of energy in comparison to traditional fossil 

fuel sources should presumably lead in increased returns for green investment products especially 
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during periods of rising oil price. Despite efforts to find evidence of the effects of oil price movements 

on green fund performance, results on multi-factor analysis showed only very slight positive factor 

loadings on the oil price risk factor. Estimates for oil factor were statistically insignificant indicating 

that oil price does not have predictive power in explaining the historical returns of green and 

conventional equity fund portfolios. Analysis on the fossil fuel price impact were conducted on 

aggregate portfolio level and regardless of the fact that no evidence was found in this study, future 

research on the topic should deepen more into the impacts of fossil fuel price changes and its effects 

on a fund level. 

 

Comparison between the investment styles of conventional and green funds revealed some 

differences between the two groups. Results on the market factor in each of estimated multi-factor 

models implied that green funds tend to be more exposed to market variability than their conventional 

counterparts. This is contradictory to the findings of Bauer et al. (2005) who considered ethical funds 

as a one homogenous group and documented SRI funds to show less exposure to market variability 

in comparison to conventional funds in German, UK and US markets. However, results are in 

accordance with those obtained by Lesser et al. (2014) who using a more recent time period 

documented international green fund portfolios to show higher market risk compared to SRI 

portfolios and market benchmarks. Concerning the results on the size factor, this study documents 

both green and conventional funds to show positive and significant loadings on the SMB factor 

implying a small-cap tilt of portfolios. Results on size style factor exposures didn’t reveal any clear 

differences between the two portfolios. Findings on the SMB factor partly disagrees with those of 

Bauer et al. (2005) who found ethical funds to be strongly small-cap exposed in UK and Germany in 

comparison to conventional funds but relatively more exposed to large-caps in the US market. 

Schröder (2004) also found SRI funds in European markets to exhibit relatively bigger exposures to 

small-caps than in the US market. In practice and in line with results of this study, Cortez et al. (2012) 

point out that SRI funds and ethical investment screening processes have often been documented to 

more likely exclude stocks with large capitalizations compared to conventional funds. Finally, results 

in this study support those of Climent et al. (2011) and Ibikunle et al. (2015) who were among the 

first to document a tilt towards small-caps for the US and Europe domiciled green funds. 

 

Regarding the HML exposures, obtained coefficient estimates were negative for both portfolios 

although only the conventional portfolio exhibits statistically significant loadings on value factor. 

Therefore, this study does not fully support the earlier studies’ results indicating that socially 

responsible and green funds tend to be tilted towards growth stocks. A general viewpoint in the SRI 
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literature has been that funds include strongly growing companies especially in the environmental 

and clean technology niches resulting in growth orientation exposures, whereas typical value sector 

stocks such as chemical or other basic industries are excluded from green portfolio holdings (Bauer 

et al. 2005). Ibikunle et al. (2015) add that the greater market exposure and the following higher 

volatility of green funds equally documented in this study could partially be explained by the 

exclusion of traditional value stocks from green fund holdings. However, this study manages only to 

detect small-cap exposure of green funds whereas the results don’t fully support the growth bias often 

attached to ethical funds. Finally, findings on the Carhart’s MOM factor indicated a negative and 

significant momentum loading for green funds whereas conventional fund portfolio exhibits 

insignificant and less negative momentum loadings. Compared to previous studies on environmental 

fund performance, the detected negative momentum is in line with the finding of Ibikunle et al. (2015) 

who found negative momentum exposure for European green funds during the sample period 1991-

2002. By contrast, the results of this study contradict with those of Climent et al. (2011) who, using 

US environmental fund data, documented insignificant differences in momentum exposures between 

green, SRI and conventional funds. 

 

In addition to performance comparison between green and conventional equity funds, this study 

aimed to shed light to performance of green funds during periods of market downturns. Considering 

the studied time period spanning from June 2006 through June 2017, sample period includes the 2008 

global financial crisis and the boom market era thereafter. The analysis pointed out that when sample 

was divided into three sub-periods, alphas of the green fund portfolio were worst in comparison to 

conventional fund portfolio during the middle sub-period whereas green fund performance was 

relatively much better during the last sub-period (2014-2017). Regarding the first sub-period 

including the highly volatile period of global financial crisis, obtained alphas indicated slight 

outperformance of green funds but alphas weren’t significant at any conventional significance level. 

Few studies have documented the enhancing performance of SRI funds and green funds during crisis 

periods. Cortez et al. (2016) who studied green fund performance in Europe and USA, concluded that 

although green funds tend to yield returns equivalent or inferior to benchmarks especially in Europe, 

the performance of green vehicles improves in bad market conditions compared to good market 

conditions. Results of this study partly support the earlier findings on improving performance of green 

funds during market downturns but the observed performance differences are mainly insignificant 

and thus the issue should be further investigated in order to get conclusive results. 
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In an effort to gather a representative and comprehensive data sample of US green funds, this study 

relied on the SRI mutual fund screening data provided by US SIF. The economic significance of 

results obtained in this study are thus limited by the data selections made and only valid for the sample 

period and geographic area employed in this study. The issue of survivorship bias following from the 

dead and/or merged funds during the sample period and discussed in greater detail in the data section 

should equally be considered in the interpretation of results. One should also keep in mind that results 

of this study, as in most of the studies in the field of SRI, are dependent on the chosen methodologies, 

matching procedures and decisions related to data collections. The fact that the scientific debate has 

not yet found a consensus on the determination and terminology of a green fund up to this date, i.e. 

what constitutes a green fund and what level of “greenness” is required for a fund to earn an 

environment label, constitutes another limitation. This study distinguished the green funds out of the 

larger population of SRI funds by selecting funds specifically including environmental concerns in 

their asset selection processes. As mentioned before, the increased popularity of SRI clearly demands 

for more detailed analysis especially concerning the sub-classes under the larger body of socially 

responsible investing. The growing popularity of SRI vehicles is equally likely to increase the 

regulation and supervision by different agencies and organizations regarding ethical fund mandates 

that could facilitate the future research to make clear boundaries between green and conventional 

funds. In addition, as investors are becoming more and more familiar and sophisticated with green 

investment products, they are possibly more willing to dig into the holdings of equity funds labelled 

green in greater detail rather than investing solely on the basis of the environment label often attached 

with mutual fund companies’ will to use ethicalness of their funds as a marketing tool. 

 

Empirically the most fundamental finding in this study was perhaps that considering the recent time 

period, the returns generated by conventional US equity funds are not statistically different from those 

of matched green equity funds. On one hand, this finding contradicts several studies reporting 

underperformance of SRI mutual funds but on the other hand, supports the findings of many recent 

studies in the field of international green investing, e.g. Climent et. al (2011), Ibikunle et al. (2015) 

and Cortez et al. (2016). By taking the approach on the performance comparison of green and 

conventional funds, this study largely conforms to previous research done in SRI fund performance 

measurement but simultaneously applies a more restricted and under-researched concept of 

environmental funds as well as introduces multi-factor models, novel variables and an adjusted 

Sharpe approach thus adding insights to performance behaviour of green equity funds. Obtained 

results largely correspond to the expectations and initial motivation behind the implementation of this 

study. The past few years have seen green investing emerging as one of the dominant trends in the 
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financial world following from the growing concerns and threats related to climate change and 

sustainable development issues. In this sense, the focus has increasingly shifted from sources of fossil 

fuels to renewable energy and clean technologies, which are, in addition to their positive 

environmental effects, becoming increasingly cost-efficient and competitive in comparison to 

traditional high emission sources. Growing profitability of renewables and demand for green 

investments should presumably transfer into greater risk-adjusted returns of green funds as the 

universe of green assets in which fund managers invest, continues to expand and green companies 

increase their market share and profitability. The relatively young nature of green investments equally 

makes it an important area to research as with time fund managers gain experience in the field, and the 

financial visibility of green projects improves possibly lowering information asymmetries that could 

be attached to green and alternative investments at least during their early years. 

 

Despite the fact that this study as well as other recent studies find that opting for environmental funds 

does not cause a negative risk premium for an investor, the area of green investing remains a scientific 

subject with large potential for future studies. Most probably the hype around environmental issues 

will continue to grow stronger in the coming years thus demanding for more detailed in-depth 

academic analysis. The nature of green investments itself makes them intriguing to investigate. 

Unlike conventional type of investments, green investments and their growth and profitability are 

often very dependent on factors such as political decisions, climate agreements, regulations, 

government subsidies and feed-in tariff programs. Furthermore, public sector often plays an important 

role in many green related investments. These factors contribute largely to the success of 

environmental companies’ and at best could facilitate cost and revenue estimation thus providing 

green companies with financial visibility and certainty.  

 

From now on, studies on green fund performance should deepen more into the holdings of green 

funds to determine the real content of funds labelled environmental that would mitigate the potential 

problem of real “greenness” of funds discussed earlier. As most of the analysis is done on portfolio 

or fund of funds level, one could add knowledge to the green fund debate by focusing more precisely 

on individual fund comparisons. The growth of green investing is a recent phenomenon and thus the 

empirical research is mainly done in developed markets. As more scientific evidence accumulates 

one can expect to see the research on green investments widen in the future. Also, bringing new 

explanatory variables to the return investigation of green funds would be beneficial. Finally, perhaps 

the single most important thing to be further researched is the effect that political decisions and 

regulatory changes can have on the profitability and performance of green investment vehicles.  
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