

  sustainability-12-09351




sustainability-12-09351







Sustainability 2020, 12(22), 9351; doi:10.3390/su12229351




Article



Integrating ESG Analysis into Smart Beta Strategies



Federica Ielasi 1,*[image: Orcid], Paolo Ceccherini 2,† and Pietro Zito 1[image: Orcid]





1



Department of Economics and Management, University of Florence, 50121 Florence, Italy






2



Banca Monte dei Paschi di Siena, 53100 Siena, Italy









*



Correspondence: federica.ielasi@unifi.it; Tel.: +39-055-2759731






†



The opinions expressed by the author do not involve the home institution.









Received: 5 October 2020 / Accepted: 6 November 2020 / Published: 11 November 2020



Abstract

:

Smart beta strategy is an increasingly frequent approach to investment analysis for portfolio selection and optimization and it can be combined with environmental, social, and governance (ESG) considerations. In order to verify the impact of the integration between ESG and smart beta analysis, first we apply a portfolio rebalancing based on ESG scores on securities selected according to different smart beta strategies (ex-post ESG rebalancing approach). Secondly, we apply different smart beta approaches to sustainable portfolios, screened according to the issuers’ ESG scores (ex-ante ESG screening approach). We find that ESG rebalancing and screening are able to impact both on return and risk statistics, but with a different level of efficiency for each smart beta strategy. ESG rebalancing proves to be particularly efficient when it is applied to a “Value” portfolio. On the other hand, when smart beta is applied to ESG-screened portfolios, “Growth” is the strategy which shows the highest increase in risk-adjusted performance, particularly in the US. Minimum volatility proves to be the most efficient smart beta strategy for sustainable portfolios. In general, the increase in the level of sustainability does not deteriorate the risk-adjusted performances of most smart beta strategies.
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1. Introduction


Socially responsible investing (SRI) is growing rapidly among investors and asset managers globally, partly in response to regulatory pressure [1,2]. SRI strategies integrate traditional financial analysis with environmental, social, and governance (ESG) considerations about securities’ issuers. Empirical analyses show that the integration of ESG issues in security selection and management can impact financial performance and help explain market risk, both at corporate level and at asset portfolios level, especially in the long run [3,4,5,6,7,8].



Regarding investment style for asset allocation, growing attention is paid to smart beta strategies, also referred to as alternative beta or factor investing. They are hybrid management strategies, halfway between active and passive investing. In smart beta approaches, investors build a financial portfolio which follows an index passively, but the weights of its constituents depend on systematic factors, which are alternative betas, such as value, quality, volatility, and size, instead of market capitalization. Portfolios based on weighting schemes other than market values involve, at least to some degree, active management and require active trading [9]. In other words, this investment style involves some active decisions in a passive strategy. Nevertheless, smart beta approaches try to outperform index benchmark without using market analysis, but simply applying a rules-based method. As a consequence, they try to offer the benefits of active strategies in terms of performance, while at the same time preserving many of the benefits of passive investing, such as low costs, liquidity, and transparency [10,11]. Boston Consulting Group [12] estimates smart beta has grown by 30 percent per year since 2012.



A study by FTSE Russell [13] shows the increasing convergence between smart beta and ESG strategies. Most of asset owners implementing smart beta approaches, or planning to do so in the near future, justify applying ESG considerations in their asset allocation choices not as a broad implementation of these principles across the whole range of their portfolios, but by the compatibility of ESG issues with smart beta allocation. They are motivated by the aim to avoid long term risk and improve performance, other than the sustainability of financial portfolios.



In this context, the aim of this paper is to verify whether the integration of ESG considerations into an equity portfolio based on a smart beta strategy affects its risk-adjusted return.



In particular, as an explorative study, it seeks to answer two research questions:




	(1)

	
Is an ex-post ESG rebalancing able to affect the risk-adjusted performance of an equity portfolio based on a smart beta strategy?




	(2)

	
Is an ex-ante ESG screening able to affect the risk-adjusted performance of an equity portfolio based on a smart beta strategy?









The results of our study empirically verify that the ESG profile of an equity portfolio built applying a smart beta strategy can be improved without reducing its risk-return performances, in particular when “Minimum volatility” or “Growth/Value” strategies are selected for smart beta allocation.



The empirical test is applied both to European and US financial markets, and achieves the main results independently of the geographical area involved. Our findings confirm, for smart beta portfolios, the results of past research on sustainable and responsible finance: The application of SRI strategies to smart beta portfolios can maximize returns for investors at the same or lower risk level [7,8].



We contribute to the wider literature on the impact of ESG considerations on returns and risks of financial portfolios by analyzing the effects on investments based on smart beta strategies. Our contribution is twofold. First, we test the contribution of an ESG rebalancing on portfolios built by applying several alternative betas. Moreover, we verify the effect of different smart beta strategies applied on financial portfolios previously screened according to the issuers’ ESG scores.



In the remainder of this paper, we proceed as follows. We begin in Section 2 by analyzing the relevant literature on the effects of ESG considerations on risk-adjusted performance, both at a company level and at an equity portfolio level. In Section 3, we present the methodologies applied to verify the role of ESG issues in portfolios allocated according to a smart beta strategy. In Section 4, we discuss our main results, and verify them with robustness tests. In Section 5, we conclude with practical implications of our approach and suggestions for future research.




2. Literature Review


There has been a great deal of research on the role of ESG issues in financial analysis, aimed at verifying whether ESG considerations can be value-additive or value-detracting in portfolio management. In particular, previous literature highlights the role of ESG factors in influencing performance, risk, and efficiency.



The relationship between ESG issues and risk adjusted performances has been studied both at corporate level [14,15] and at asset portfolio level, with specific reference to mutual funds [16].



Regarding individual firms, a study on European and American stocks verified the hypothesis of no differences in terms of risk and returns between sustainable and other stocks, demonstrating how sustainable stocks are correctly priced by the market, with no presence of abnormal returns [17]. This finding may be the result of the sum of systematic risk [18,19,20,21] and idiosyncratic risk [22]. In particular, Albuquerque et al. [23] present an industry equilibrium model where firms can choose to engage (or not) in responsible behavior. They show that the level of systematic risk is lower for those firms with higher responsible performances. Becchetti et al. [22] explore the relation between corporate behaviors regarding social responsibility and idiosyncratic volatility. Their main hypothesis is that the implementation of corporate social responsibility (CSR) implies a departure from standard profit maximization toward a more complex strategy of stakeholder satisfaction. The consequence is that the earnings of a responsible firm are less predictable or less likely to follow stock market dynamics common to the majority of non-responsible companies. The authors document that the social responsibility of individual firms is positively related with idiosyncratic volatility. Nevertheless, this does not make responsible stocks riskier, given that the higher attention to social, environmental, or governance issues can offer protection from other categories of risk, such as stakeholder risk [24,25,26,27,28], reputational risk [29], and operational risk [27,30].



The impact of ESG variables on risk, in terms of performance volatility, can be related to the economic phase. According to Paul [31], the financial performance of companies with high ethical standards is comparable to the financial performance of the market as a whole during times of economic expansion, but superior to the market during times of economic contraction. The results indicate that ESG tends to preserve value during economic downturn more than it adds value during economic expansion. Nofsinger and Varma [32] confirm that positive sustainability scores make companies less risky during financial crisis. Other studies emphasize that good governance practices, as well as corporate strengths related to social and environmental issues, can be useful to absorb market downturns and mitigate the effects on crash risks [32,33,34,35].



The impact of ESG responsibility on corporate risks is confirmed by a lower level of cost of equity [36,37,38] and a lower cost of debt for responsible firms [21,39,40].



Other than stock investing, ESG scores are able to impact on bond investing. The ESG scores are related to bond returns and include relevant information about the downside risk of companies, in particular small firms [41]. Therefore, the issuer’s ESG performance is correlated with the bond default rate. In particular, literature shows that the default rate in the corporate bond market is positively correlated with the firm’s energy consumption and negatively correlated with its attention to social issues, other than to financial measures [42,43]. The country’s ESG performance moderates this corporate social performance—credit risk relationship [44]. This has significant consequences both for bond investors and rating agencies.



Credit ratings take into account the sustainability performance measures, at least partially. Agencies tend to award relatively high credit ratings to companies with good social and environmental performance [45]. However, having a less consistent sustainability performance over time seems to have no effect on ratings [46]. Moreover, different CSR behaviors can impact short-term and long-term credit risks in different manner and direction [47].



This confirms that ESG scores are complementary to credit ratings to complete the information set on companies for predicting future bond returns, especially for firms with high information asymmetry [41].



The need for a comprehensive evaluation of ESG issues to analyze the corporate behaviors from various perspectives should also favor the full integration of sustainability principles into the corporate assessment process by ESG rating and information provider agencies [48,49]. Investigating the methodology for forecasting the ESG rating of companies, literature demonstrates that sectors and financial factors serve to find only large differences across firms regarding ESG, showing the relevance of detailed information on sustainable behaviors for reliable ESG scores [50].



Regarding portfolio/fund level, a wide strand of literature studies the effect of ESG factors on financial risks and returns.



Several authors divide portfolios/funds into two main categories, responsible and conventional. These studies aim to verify the effect of ESG screening on compromising diversification as well as to test whether and to what extent responsible investments can affect risk-adjusted returns [27,51,52,53,54,55,56]. Most researchers find no significant deviations between socially responsible funds and conventional ones in this comparison. The effect of ESG screening strategies is therefore minimal with regard to compromising diversification [57,58]. After an initial lowered level in return, applying more and more screening yields abnormal stock return, because the drop in the differentiation opportunity is offset by an improved quality of the stock remaining after the screening, which shows more solidity [59]. With specific reference to risks, a Morningstar study [60] analyzes 10,228 funds classified as sustainable and compares them to their peers in Morningstar categories. Empirical results show that over 60% of sustainable funds meet or fall below the median volatility of traditional funds. The performance of responsible funds can also be related to specific abilities of asset managers. Managers who follow ESG principles demonstrate deeper knowledge of market companies in which they invest, which leads to better management of financial portfolios [31,61].



Other authors have further distinguished responsible funds by considering the investment strategy implemented (positive or best-in-class screening criteria compared with a negative screening approach), studying the link between the strategic approach and the risk-adjusted performance of financial portfolios [59,62,63]. Trinks and Scholtens [56] find that the opportunity cost of negative screening depends on the investment categories to be excluded, which produce different impacts and deviations to the normal return trends. The financial loss associated with the screening methodology increases where screening is driven by environmental and labor criteria.



Deeper analysis on the relationship between the market risks of financial portfolios and their level of responsibility has been carried out by distinguishing portfolios according to their sustainability scores [60]. Morningstar’s [64] sustainability rating evaluates the potential risks of a controversy related to ESG issues affecting both a company and its stakeholders. Looking at the relationship between the number of globes assigned by Morningstar to mutual funds and their volatility, a strong negative relationship is found, which emphasizes the role of ESG-related concerns on market risk [64,65]. Moreover, the negative correlation between ESG score and stock volatility becomes even stronger when market volatility is higher. Further, securities with the highest ESG scores show the lowest residual volatility, whereas stocks with a poor ESG evaluation have greater unknown risk [65].



This impact can differ depending on the industry to which the company belongs [5,66]. Besides, several studies demonstrate the relevance of size in affecting results. On one hand, findings show that ESG screening procedures tend to exclude large capitalization companies, operating for example in petroleum or chemical industry [31]. On the other hand, large capitalization companies tend to be more sensitive to reputational risk, with higher potential negative impact on stock return and volatility. Indeed, reputational issues can have different effects on performance according to corporate size and visibility [67,68]. De Haan et al. [25], considering ESG factors based on corporate environmental measures, show that stakeholder risk betas increase as firm size increases. For this reason, large capitalization stocks should be more motivated to apply ESG principles and obtain higher sustainability ratings [31,64].



Lastly, empirical studies also relate the pricing anomalies of sustainable mutual funds to financial behaviors of responsible investors. The literature shows a reduced reaction to market shocks and a higher loyalty of investors in sustainable funds compared to investors in conventional ones, reducing the volatility of fund shares [55,69,70]. With specific reference to the environment, Flammer [70] shows that investors are willing to sell (buy) stocks of firms behaving irresponsibly (responsibly) on the basis of their environmental awareness, which affects their level of financial risk.



The link between pricing anomalies in financial markets and firms’ responsibility toward ESG issues has been used to study ESG as a new risk factor.



Several studies focus on the introduction of new risk factors linked to non-financial behaviors of firms in multi-factor models for asset pricing [20,24,25,37,55,71,72,73]. Continuing the tradition of asset pricing literature of searching for unexplained risk components, some authors have included in their multi-factor models a generic risk factor related to corporate social responsibility [24,55,71,73,74], as well as risk factors related to specific environmental or social issues [20,25,37,72]. This literature shows that ESG components provide insights over and above other traditional risk factors (e.g., size, value, growth, momentum, style, dividend yield).



These traditional factors can be used for determining weights in portfolio selection and optimization by the application of a smart beta strategy. ESG, as a new risk factor, could be used in conjunction with smart beta approaches.



Haugen and Baker [75] and Grinold [76] empirically highlight how market cap-weighted indices are not efficient benchmarks. These indices do not provide adequate compensation for the risk they entail. Therefore, over the years, new forms of indexing and innovative approaches to portfolio management have appeared to overcome these limits. Among these, one of the most successful is the smart beta approach. It includes all alternative strategies to the standard indexing method based on market capitalization. Across smart beta strategies, the investor aims to outperform a benchmark without adopting market-cap weighting. In particular, it is possible to distinguish two smart beta segments: factor and alternative investing. The latter one works on portfolio’s rebalancing across re-weighting systems based on strategies such as equal weighting, fundamental weighting, or criteria that rely on heuristics. On the other hand, factor investing is a portfolio strategy aimed at gaining exposure to one or more risk factors which are outside the plain-vanilla market portfolio. For example, a value smart beta strategy overweight companies with a low price-to-book ratio and underweights firms with a high price-to-book ratio. Current weighting schemes in factor investing focus on traditional risk variables that have been well documented, such as size [77], value [78], quality [79], momentum [80], and low risk [81].



Since ESG characteristics may be a new risk factor, our research aims to verify whether risk-adjusted performance of a smart beta strategy based on traditional factors can be improved by adding ESG considerations. In order to integrate ESG issues into asset allocation, we test both a pure factor investing strategy applied to a sustainability-screened portfolio, and a factor investing approach rebalanced across a re-weighting system based on ESG scores.



ESG issues are not independent from other risk factors; the literature shows correlations between ESG scores and traditional factors. In particular, ESG scores are correlated with size. Large corporates usually invest a higher amount of resources in improving ESG strengths, reducing ESG concerns, and increasing reporting on ESG issues. The literature confirms that smaller companies generally record lower ESG scores [82]. The literature also finds that sin stocks are characterized by lower valuations compared to the whole market [83]. Firms with higher employee satisfaction have higher earnings on average [84] and, in general, companies with higher ESG scores have a higher return on equity, which suggests there is a positive relationship between corporate responsibility and quality factors, as well as profitability. Lastly, ESG scores can be correlated with the momentum factor. The increased amount of funds addressed to socially responsible investing can impact specific companies with a good ESG evaluation, creating potential momentum effect [82].



In short, ESG considerations can lead to substantial biases in investment style, and large corporates with a good level of profitability are more exposed to this bias.




3. Methodology


In order to verify the effect of ESG integration on the risk-return performance of smart beta portfolios, we use two different approaches for asset allocation.



In the first approach, starting from the constituents of a market index, we built portfolios based on alternative betas, periodically selecting the first quartile of benchmark’s assets with the highest smart beta. Each portfolio was then periodically rebalanced on the basis of the issuers’ ESG scores.



In the second approach, starting from the constituents of a market index, we selected securities on the basis of their ESG scores, periodically selecting the first quartile of benchmark’s assets with the highest score. The screened assets were then periodically weighted according to a specific alternative beta.



For the ESG evaluation of companies, we used the ESG scores by Bloomberg, which collects ESG data for over 10,000 publicly listed companies globally and rates them annually. Bloomberg ESG score is a measure of the company’s environmental, social, and governance disclosure. Bloomberg collects public ESG information disclosed by companies through corporate social responsibility or sustainability reports, annual reports and websites, and other public sources, as well as through company direct contacts. This data covers 120 environmental, social, and governance indicators including: carbon emissions, climate change effect, pollution, waste disposal, renewable energy, resource depletion, supply chain, political contributions, discrimination, diversity, community relations, human rights, cumulative voting, executive compensation, shareholders’ rights, takeover defense, staggered boards, and independent directors. Bloomberg ESG ratings penalize companies for missing data. The score ranges from 0.1 for companies that provide a minimum amount of ESG data up to 100 for those that disclose each data point collected by Bloomberg. Each data point is weighted in terms of importance, with data such as greenhouse gas emissions carrying more weight than other publications. The score is also customized for different industrial sectors. In this way, each company is evaluated in terms of the relevant data for its industry sector.



The first and the second approach for portfolio selection are applied starting from the constituents of two different market indexes: S&P500 and Stoxx Europe 600. This way the analysis is focused on Europe and the US, the two areas that cover almost all ESG investments globally [2]. At the same time, European and North American asset owners show the highest rate of smart beta adoption and the largest increase in the recent past [13].



The analysis covers a five-year time horizon. Analyzing portfolios’ performances, we have noticed that the added value of the sustainable screening and rebalancing is visible in a long-time horizon, as suggested also by the literature. In the short term the selected portfolios’ returns are similar to or even lower than benchmarks. Unfortunately, Bloomberg provides a wide dataset of ESG scores starting from 2014, so we consider for the analysis a holding period equals to five years, from 31 December 2014 to 31 December 2019.



The empirical analysis was made across two Bloomberg functions: equity screening (EQS) and equity screening back-testing (EQBT). EQS is a customizable screening tool for portfolio construction through the application of investment strategies. It helps managers and investors to generate investment ideas, create list of securities to follow, and then validate new trade ideas by verifying how they performed historically. As an example, applying the US first-quarter earnings approach, the function can screen companies with faster one-year sales and earnings-per-share growth than the weighted average of their peer group. Criteria for screening include categories such as countries and sectors, along with data categories such as fundamentals, estimates, and financial ratios. Based on an investment idea, the function creates lists of securities and compares the screened items against a market index benchmark. It is possible to analyze growth, trends, and estimate revisions over time. The test updates the portfolio at user-defined historical intervals. We used a monthly frequency for updating the portfolios. The function shows the risk-return statistics of financial portfolios, compared with benchmarks.



EQBT makes it possible to analyze the performance of new investment ideas with historical data. Back-test simulates the investment decisions of the model (or screen/selection criteria) using Bloomberg historical database and computes the theoretical historical return profile. It is the main tool used to determine the value of a strategy by a fundamental or quantitative manager. EQBT function can rebalance a portfolio using specified criteria. The back-testing covers a time window with periodical rebalancing. We screened and rebalanced portfolios over a five-year window with monthly rebalancing.



The smart beta strategies applied for portfolio selection were the following:




	-

	
Value, aimed to capture excess returns from stocks that have low price relative to their fundamental value;




	-

	
Momentum, aimed to capture excess returns from stocks that have a persistent positive trend in time;




	-

	
Minimum volatility, aimed to capture excess returns from stocks with lower volatility than average with respect to reference index;




	-

	
Dividend yield, aimed to capture excess returns from stocks capable of regularly paying high dividends;




	-

	
Growth, aimed to capture excess returns from stocks with an increasing price expectation.









These strategies were used to select securities and to define weights for the allocation of financial portfolios, starting from market indexes. These factors were the basis for the allocation of dynamic portfolios of equities which maximize the exposure to each factor. As an example, for the “Value” strategy, we used the price-to-book (P/B) ratio as a measure for asset allocation, overweighting securities with a low P/B ratio and underweighting assets with a high P/B ratio.



We excluded from our analysis alternative betas in which the ESG filter could produce biases. In particular, we did not apply ESG screening and rebalancing on portfolios based on quality and size factors. Smart beta strategies based on quality seek to capture excess returns from companies with good indicators of quality such as profitability, quality of earnings, operational efficiency, and managerial strength. On the other hand, strategy based on size seeks to capture excess returns from small capitalization shares. Literature shows that there are significant relationships between ESG and the traditional factors used in some of the most popular smart beta strategies [82,83,84]. A strong relationship has been found between ESG and corporate size, as well as between ESG and profitability. Since small and less profitable companies have generally lower scores, applying ESG considerations on a portfolio based on size and quality factor can produce investment biases.



In the first approach, we built portfolios based on the first quartile of a market index (respectively S&P500 and Stoxx Europe 600) according to a smart beta strategy, and then we applied a monthly ESG portfolio rebalancing (ex-post ESG rebalancing approach). In other words, starting from the constituents of a benchmark, the Bloomberg functions built financial portfolios based on alternative betas (for each smart beta strategy, a parameter or ratio to select stocks was chosen). Each portfolio was then rebalanced on the basis of the issuers’ ESG scores.



In the second approach, we built portfolios based on the first quartile of a market index (respectively S&P500 and Stoxx Europe 600) with the highest ESG score, and subsequently we applied a monthly smart beta rebalancing (ex-ante ESG screening approach). In other words, starting from the constituents of a benchmark, the Bloomberg functions selected securities on the basis of their ESG scores. Then, the screened assets were weighted according to a specific alternative beta.



Therefore, applying the two approaches, we obtain four portfolios’ categories:




	(1)

	
Strictly smart beta;




	(2)

	
Smart beta screened with ESG rebalancing;




	(3)

	
Strictly ESG;




	(4)

	
ESG based with smart beta rebalancing.









The basic statistical concept for portfolios’ construction is quartile. It divides an ordered statistical distribution into groups containing an equal number of data (Equation (1)).


  p o s Q 1   =    (  N + 1  )  / 4 ) ∗ 1  



(1)







The index from which constituents are extracted is previously ordered according to pre-set criteria (smart beta ratio or ESG score) and the first quartile is periodically taken, intended as the portion of the index that best meets the requirement. The first quartile is calculated every month. Then, each month the portfolio is rebalanced, in order to make it more consistent with the selected rebalancing criteria. Therefore, rebalancing the portfolio means changing its composition. This operation can be done by adding new securities and removing others, or by buying or selling shares in the initial portfolio in order to modify the “weights” of the different assets. The Bloomberg functions consider the costs of rebalancing portfolios and taxation on capital gains.



Table 1 shows the empirical analysis process based on Bloomberg functions for portfolio screening and rebalancing in the two approaches.



In both approaches, portfolios were built starting from an index and, after the screening and rebalancing, compared with the same index, used as benchmark.



In the first approach, the purpose is to verify the performance of the most common smart beta strategies, testing the efficacy of a rebalancing according to an ESG score. Applying EQBT, it was possible to evaluate how ESG rebalancing is able to impact risks and returns of strictly smart beta portfolios.



The second approach aims to verify the performance of a smart beta strategy applied to a sustainable portfolio, selected according to an ESG evaluation. For example, the eligible ESG universe was rebalanced according to the lowest monthly volatility or the lowest P/B ratio. Applying EQBT, it was possible to evaluate the impact of a smart beta rebalancing on a portfolio strictly sustainable. EQBT function allows you to verify whether the smart beta rebalancing is able to produce a rewarded risk premium exposure for a sustainable financial portfolio.



Both EQS function and EQBT one are applied monthly. Starting from the same index, the portfolios are monthly selected, and later monthly rebalanced. This produces a high portfolio turnover rate, especially in portfolios born from a first smart beta selection. In general, there is a high variability in portfolio composition. For this reason, descriptive statistics and comparison of assets in each portfolio are particularly hard to produce. To better understand the asset allocation and the differences between portfolios, we show the statistics for a specific smart beta strategy (minimum volatility). Other statistics are available from the authors on request.



Table 2 shows the number of incoming and outgoing assets for the final portfolios obtained with the minimum volatility selection and the ESG rebalancing (MIN VOL ESG), as well as with the ESG screening and the minimum volatility rebalancing (ESG MIN VOL), just for the year 2019, respectively for the European market and the American one.



The strictly smart beta strategy involves a more variable portfolio than strictly ESG one. According to the specific strategy, the rate of turnover can be higher in Europe than US, or vice versa.



In order to describe the monthly return of portfolios built applying the two approaches, first with step one and then with step two, Table 3 presents the descriptive statistics of four portfolios:




	(1)

	
The portfolio built considering the first quartile of securities with the minimum volatility (MIN VOL);




	(2)

	
Starting from the previous portfolio, the financial portfolio rebalanced considering the firms’ ESG scores (MIN VOL ESG).




	(3)

	
The portfolio built considering the first quartile of securities with the highest ESG scores (ESG);




	(4)

	
Starting from the previous portfolio, the financial portfolio rebalanced considering the securities’ volatility (ESG MIN VOL).









Table 4 shows the correlation matrix between portfolios’ returns. Within the same geographical area, the performance of different portfolios are highly correlated. On the other hand, the correlation is limited when the portfolios related to different financial markets are compared.




4. Main Results


Table 5 and Table 6 show the main results for the first approach, for S&P 500 and Stoxx 600, respectively.



Analyzing returns, we observe that ex-post ESG rebalancing approach produced a higher compounded performance for four of the six smart-beta strategies in the case of the European index. The worst performance of ESG rebalancing was seen with the “Growth” strategy, as shown in Figure 1. For the American market, ESG-rebalancing was only useful in terms of returns in the case of the “Value” strategy, as shown in Figure 2, and here too, the worst effect in terms of returns was produced on portfolios weighted according to the “Growth” approach.



Nevertheless, these results have to be combined with statistics on risks, where the impact of ESG rebalancing was substantial.



Table 7 shows the comparison of the effect on standard deviation for both markets.



ESG rebalancing is not always effective in profitability terms, but it can reduce risk level significantly. In terms of standard deviation, ESG rebalancing systematically reduces portfolio risk. There is just one exception; “Value” strategy, where the increase in risk level is justified by major returns. The risk premium per unit of risk for the different strategies can be analyzed using the Sharpe ratio. Table 8 compares the effect for the two markets.



Applying the ex-post ESG rebalancing approach to a portfolio, the Sharpe ratio only decreases to a significant extent for the “Growth” strategy, for Europe and US. In the case of the “Growth” approach, the negative impact on returns after ESG rebalancing is stronger than the positive effect on risks. For all the other alternative betas, the Sharpe ratio improves or remains substantially unchanged. ESG rebalancing is able to increase the sustainability of asset portfolios without causing waivers in terms of risk-adjusted performance, except for the “Growth” strategy.



Different results were obtained on sustainable portfolios. Table 9 and Table 10 show the main findings for the second approach, in which smart beta strategies were applied to a sustainability-screened portfolio, for the European and the American financial markets, respectively.



For ESG-screened portfolios, the alternative beta that produces the highest total return is “Growth”. All ESG portfolios, with the sole exception of the “Value” strategy, outperform the benchmark represented by S&P500. For the American Stoxx600, whose total return in the period was equal to 43.76%, only the “Momentum” strategy shows a performance slightly lower.



These results show that where first ESG screening and later a smart beta strategy are applied, the selected portfolios outperform the benchmarks, with the two exceptions of value and momentum strategies in both US and European markets.



The Sharpe ratio (Table 11) yields some interesting results.



First, “Minimum volatility” is the smart beta strategy that increases the Sharpe ratio for sustainable portfolios on both European and American markets. “Minimum volatility” thus proves to be an efficient strategy for sustainable portfolios. Comparing “Value” and “Growth” strategy on sustainability-screened portfolios, “Value” produces a strong decrease in risk-adjusted performance, while “Growth” increases the Sharpe ratio for sustainable portfolios, in particular on the American market.



Comparing the two empirical approaches, ESG rebalancing proves to be particularly efficient in terms of risk-adjusted performance when it is applied to a “Value” portfolio. On the other hand, when smart beta is applied to ESG-screened portfolios, “Growth” is the strategy which shows the highest increase, particularly in the US.



Robustness Tests


In order to test the robustness of our results, we analyzed portfolios’ risk-adjusted performance by using the capital asset pricing model (CAPM). Since recent literature has expressed the convenience of adopting multi-factor models to exceed the weaknesses of the CAPM single index, we applied Fama and French five-factor model [85,86], one of the main methodologies used by influential papers that study financial portfolios’ performance [16]. Then, we used this multi-factor model to compare the risk-adjusted performance of financial portfolios built using the different approaches presented in the paper.



The five-factor model captures the size, value, profitability, and investment patterns on average stock returns, in addition to market risk. The idea behind this model is that smaller and value firms (with a low value of market price/book) are likely to outperform bigger and growth firms; besides, the best performers are firms with a high operating profitability; and, lastly, companies with the high total asset growth record poorer returns.



The Fama and French five-factor model is shown in Equation (2):


rpt − rft = αp + βp(rmt − rft) + δpSMBt + ρpHMLt + φpRMWt + σpCMAt + εpt



(2)




where: rpt represents the return on portfolio p considering month t, rft represents the return on risk-free (one-month), considering month t, rmt represents the portfolio’s benchmark, considering month t, αp gives the Jensen alpha, βp represents the beta of the portfolio p. It measures the portfolio’s risk in comparison to the market risk, SMBt represents the difference in return between a small cap portfolio and a large cap portfolio at time t, HMLt represents the difference in return at time t between a portfolio containing value stocks (with a high book-to-market ratio) and one consisting of growth stocks (with a low book-to-market ratio). RMWt represents the difference between the returns of robust and weak profitability stock portfolios, CMAt represents the difference between the returns of low (conservative) and high (aggressive) investment stocks portfolios. εpt represents the residual term considering period t.



SMB, HML, RMV, and CMA factors relating to American and European markets were downloaded from Kenneth R. French’s website (http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html).



Table 12 and Table 13 show the results of the five-factor model, respectively for the American and European market. The tables contain the coefficients for the different portfolios for which descriptive statistics have been presented.



Each portfolio extracted from the benchmark is compared with the corresponding financial portfolio after the rebalancing activity (1 versus 2, as well as 3 versus 4). Moreover, the final rebalanced portfolio according to the two main approaches are compared (2 versus 4).



Lastly, in order to verify the results for different holding periods, the same regressions are applied considering five-year returns, as well as three-year returns.



This table (Table 12) reports the Ordinary Least Squares estimates for the sample of first quartile minimum volatility portfolio, the ESG rebalancing portfolio, the first quartile ESG portfolio, and the minimum-volatility rebalancing portfolio. The benchmark is represented by S&P500 index. We tested the equality of means with two-sample Z tests. “*”, “**”, “***” indicate 1%, 5%, 10% significance levels, respectively. Standard errors are in parenthesis.



The R squared spreads from 79% to 97%, indicating the passive nature of the different approaches. Each portfolio is a selection of the initial benchmark, so it well reflects the benchmark performance.



This table (Table 13) reports the OLS estimates for the sample of first quartile minimum volatility portfolio, the ESG rebalancing portfolio, the first quartile ESG portfolio, and the minimum-volatility rebalancing portfolio. The benchmark is represented by Stoxx Europe 600 Index. We tested the equality of means with two-sample Z tests. “*”, “**”, “***” indicate 1%, 5%, 10% significance levels, respectively. Standard errors are in parenthesis.



The R-squared for the European market is even higher, ranging from around 90% to 97%.



Results are similar for the two geographical areas, as well as for the two holding periods. The most significant difference between financial portfolios is related to market risk exposure (this variable is always significant at a very high level, as well as its difference between portfolios). On the other hand, no substantial difference is detected between the other Fama and French factors. SMB, HML, RMV, and CMA are often statistically not significant. The level of portfolio diversification is not compromised, and the analyzed portfolios do not show a specific investment strategy related to size, value, profitability, and investment pattern.



Minimum-volatility portfolios are more exposed to market risk than ESG rebalancing portfolios (only for the European market and the five-year holding period the coefficients are similar, before and after the rebalancing). ESG rebalancing is able to reduce the volatility of smart-beta portfolios selected according to the minimum volatility strategy.



Smart beta and ESG considerations can be effectively combined also with the second approach. The volatility of a sustainable portfolio, selected according to ESG scores, can be reduced by rebalancing the asset weights applying a smart-beta strategy. In particular, ESG portfolios are more exposed to market risk than minimum-volatility rebalancing portfolios.



If we compare the final portfolios achieved with the two approaches, it is possible to verify the higher effect on market risk produced by smart beta selection than ESG selection. When a minimum volatility strategy is applied to a portfolio, beta coefficient drops compared to an ESG portfolio. Nevertheless, the exposure to market risk is usually further reduced if an ESG-rebalancing is applied.



We obtained similar results for the other smart-beta strategies (they are available from the authors on request).





5. Conclusions


Globally, over half of asset owners anticipate applying sustainability considerations to smart beta strategies (more than 80% among EMEA asset owners) [13].



The growth of interest in ESG issues is also driven by regulatory reforms, in particular in Europe [87]. As an example, the IORP II Directive (UE 2016/2341) encourages pension funds to integrate ESG issues in both risk analysis and investment policies, and establishes specific disclosure measures in favor of beneficiaries. In 2018, The European Commission published an Action Plan for Sustainable Finance, aimed at improving the contribution of the financial sector to a sustainable and inclusive growth. The European Parliament and Council published the Regulation UE 2019/2088 which introduced new duties of disclosure on sustainability for financial services institutions. ESG factors were also introduced by EIOPA in 2019 in stress tests for assessing the resilience of European pension sectors to an adverse market scenario.



At the same time, smart beta strategies, an intermediate approach between active and passive strategies in portfolio management, are spreading widely among asset managers.



First, the purpose of this explorative study was to investigate the effects of an ex-post ESG portfolio rebalancing on risk-adjusted performance when different smart beta approaches are applied to portfolio selection. Secondly, the study aimed to verify the risk/return impact of ex-ante ESG-screened portfolios when several smart beta strategies are applied.



Our results show that some smart beta strategies can be efficiently combined with ESG rebalancing or ESG screening. For most smart beta strategies, adding ESG considerations for portfolio selection and optimization is able to improve the sustainability of the asset portfolios without reducing their efficiency. ESG rebalancing and screening impact on both return and risk statistics. When the compound return falls, financial risks are more than counterbalanced. However, the two approaches used for considering ESG factors (ex-post ESG rebalancing and ex-ante ESG screening) impact differently on the final risk-adjusted performances, and these differences possibly reflect the different levels of constraint imposed. The ESG screening approach imposes a first level of constraints in the selection of portfolio composition, by admitting only firms with the highest ESG score to the eligible universe. The smart beta strategy on the other hand entails other constraints related to the selected alternative beta. In the ESG rebalancing approach, the original eligible universe is wider and is not screened according to ESG characteristics. In this case, portfolio biases due to ESG issues do not affect asset selection, but ESG considerations are used simply to rebalance the weights of different assets in the smart-beta portfolio.



Starting from a sustainable portfolio, selected according to the ESG scores of the issuers, one of the most efficient smart beta strategies is minimum volatility. This is coherent with the recent introduction on financial markets of a low volatility index with ESG integration: MSCI Minimum Volatility ESG Target Index, designed to capture the performance of a strategy that seeks systematic integration of ESG scores in minimum volatility investing. MSCI methodology aims to minimize risk while improving the ESG profile of the asset portfolio. The methodology of MSCI construction, and portfolio construction, is similar to the second approach used in our analysis. A parent index is selected and all the securities in the parent index that are not involved in very severe ESG controversies are included in the eligible universe. The parent index is optimized by using an estimated co-variance matrix to produce a portfolio that has the lowest absolute volatility for a given set of constraints. This includes specific constraints for improving the ESG profile of the index relative to the underlying parent index.



Focusing on minimum volatility strategy, a Fama and French five-Factor model was applied to test the results of the study. The most significant difference between financial portfolios is related to market risk exposure. In particular, even if all the analyzed financial portfolios are characterized by a market beta inferior to one, some relevant differences are detected among the samples. The exposure to the market risk is higher for ESG portfolios than for minimum-volatility ones. Nevertheless, if an ESG-rebalancing is applied to a minimum-volatility portfolio, market risk further declines. The Fama and French five-factor models confirm the main findings of the previous methodology. Our results confirm that the lack of consideration of ESG variables in portfolio management makes performance more vulnerable.



The effects on risk-adjusted performances of ESG considerations for portfolio selection and optimization is a field which requires deeper investigation in the future.



Our analysis investigates a period when, because of the growth of SRI, a huge amount of cash flow was directed towards securities characterized by high ESG scores, and when there was also an increase in sustainable investments by traditional investors and funds. As a consequence, buying stocks with high socially responsible scores and selling stocks with low socially responsible scores could lead to high abnormal returns [62]. Because it is possible that a strategy may appear to be successful only because it is measured in a favorable period [88], future research will be required to test the persistency of our results.



Future studies will also be required to focus on different financial markets. Our research highlighted the effect of ESG on portfolios made up of European and US securities, the markets in which both SRI and smart beta strategies are most common. It is however the case that some factors can be more effective in smaller stocks and in less-liquid financial markets, such as those of developing countries.
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Figure 1. The effect of ex-post ESG rebalancing approach on compounded returns—Stoxx600. 
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Figure 2. The effect of ex-post ESG rebalancing approach on compounded returns—S&P500. 
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Table 1. Empirical analysis process.
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	Equity Screening (EQS)
	Equity Screening Back-Testing (EQBT)





	First approach: ex-post environmental, social, governance (ESG) rebalancing approach
	First quartile smart beta (strictly smart beta portfolio)
	ESG rebalancing (smart beta screened with ESG rebalancing portfolio)



	Second approach: ex-ante ESG screening approach
	First quartile ESG (strictly ESG portfolio)
	Smart beta rebalancing (ESG based with smart beta rebalancing portfolio)
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Table 2. Monthly portfolio turnover—Europe and US. ESG Minimum volatility portfolio and minimum volatility ESG portfolio—2019.
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MIN VOL ESG Eur

	
MIN VOL ESG US




	
Data

	
Number of Assets

	
Incoming

	
Outgoing

	
Turnover (%)

	
Number of Assets

	
Incoming

	
Outgoing

	
Turnover (%)




	
31 December 2019

	
136.00

	
53.00

	
47.00

	
39.12

	
126.00

	
51.00

	
50.00

	
42.11




	
30 November 2019

	
130.00

	
43.00

	
49.00

	
36.93

	
125.00

	
49.00

	
49.00

	
42.90




	
31 October 2019

	
136.00

	
45.00

	
42.00

	
33.81

	
125.00

	
54.00

	
51.00

	
41.52




	
30 September 2019

	
133.00

	
60.00

	
54.00

	
44.02

	
122.00

	
42.00

	
43.00

	
35.39




	
31 August 2019

	
127.00

	
55.00

	
48.00

	
44.06

	
123.00

	
60.00

	
59.00

	
50.25




	
31 July 2019

	
120.00

	
47.00

	
53.00

	
43.32

	
122.00

	
43.00

	
44.00

	
36.84




	
30 June 2019

	
126.00

	
45.00

	
47.00

	
37.81

	
123.00

	
46.00

	
48.00

	
38.82




	
31 May 2019

	
128.00

	
57.00

	
53.00

	
43.30

	
125.00

	
51.00

	
49.00

	
43.79




	
30 April 2019

	
124.00

	
47.00

	
49.00

	
38.94

	
123.00

	
47.00

	
49.00

	
38.79




	
31 March 2019

	
126.00

	
41.00

	
35.00

	
33.43

	
125.00

	
54.00

	
55.00

	
42.83




	
28 February 2019

	
120.00

	
33.00

	
38.00

	
29.06

	
126.00

	
55.00

	
51.00

	
46.98




	
31 January 2019

	
125.00

	
36.00

	
41.00

	
32.93

	
122.00

	
44.00

	
45.00

	
39.94




	

	
ESG MIN VOL Eur

	
ESG MIN VOL US




	
Data

	
Number of Assets

	
Incoming

	
Outgoing

	
Turnover (%)

	
Number of Assets

	
Incoming

	
Outgoing

	
Turnover (%)




	
31 December 2019

	
117.00

	
9.00

	
9.00

	
24.71

	
123.00

	
6.00

	
7.00

	
22.85




	
30 November 2019

	
117.00

	
11.00

	
11.00

	
24.77

	
124.00

	
6.00

	
5.00

	
18.25




	
31 October 2019

	
117.00

	
4.00

	
4.00

	
18.14

	
123.00

	
3.00

	
3.00

	
21.42




	
30 September 2019

	
117.00

	
2.00

	
3.00

	
19.75

	
123.00

	
4.00

	
4.00

	
16.66




	
31 August 2019

	
118.00

	
8.00

	
7.00

	
23.91

	
123.00

	
4.00

	
3.00

	
24.58




	
31 July 2019

	
117.00

	
6.00

	
5.00

	
20.89

	
122.00

	
1.00

	
1.00

	
19.47




	
30 June 2019

	
116.00

	
2.00

	
4.00

	
18.55

	
122.00

	
5.00

	
5.00

	
19.21




	
31 May 2019

	
118.00

	
7.00

	
7.00

	
23.82

	
122.00

	
4.00

	
4.00

	
23.45




	
30 April 2019

	
118.00

	
9.00

	
8.00

	
23.34

	
122.00

	
5.00

	
6.00

	
21.38




	
31 March 2019

	
117.00

	
8.00

	
8.00

	
20.04

	
123.00

	
5.00

	
7.00

	
24.66




	
28 February 2019

	
117.00

	
10.00

	
9.00

	
21.73

	
125.00

	
5.00

	
2.00

	
21.03




	
31 January 2019

	
116.00

	
2.00

	
2.00

	
17.90

	
122.00

	
5.00

	
6.00

	
21.73
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Table 3. Descriptive statistics of monthly portfolios’ returns—Europe and US (2014–2019).






Table 3. Descriptive statistics of monthly portfolios’ returns—Europe and US (2014–2019).
















	
	ESG Eur
	ESG MIN VOL Eur
	MIN VOL Eur
	MIN VOL ESG Eur
	ESG US
	ESG MIN VOL US
	MIN VOL US
	MIN VOL ESG US





	Mean
	0.78134
	0.76429
	0.85726
	0.78398
	1.17401
	1.01837
	1.06830
	0.94175



	p50
	1.27145
	0.826
	0.62555
	0.711
	1.51925
	1.24985
	1.1217
	1.1704



	Min
	−8.2186
	−7.8487
	−6.2372
	−7.1084
	−8.2484
	−8.5616
	−8.2582
	−7.5577



	Max
	8.5301
	8.7856
	8.1365
	9.0518
	9.4786
	7.221
	5.9494
	5.9942



	Sd
	3.73219
	3.43421
	3.04628
	3.06771
	3.63544
	3.21097
	2.79283
	2.59907
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Table 4. Correlation matrix of monthly portfolios’ returns—Europe and US (2014–2019).
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	ESG Eur
	ESG MIN VOL Eur
	MIN VOL Eur
	MIN VOL ESG Eur
	ESG US
	ESG MIN VOL US
	MIN VOL US
	MIN VOL ESG US





	ESG Eur
	1
	
	
	
	
	
	
	



	ESG MIN VOL Eur
	0.98206
	1
	
	
	
	
	
	



	MIN VOL Eur
	0.94599
	0.971467
	1
	
	
	
	
	



	MIN VOL ESG Eur
	0.93802
	0.976847
	0.98755
	1
	
	
	
	



	ESG US
	0.69693
	0.645563
	0.65401
	0.616703
	1
	
	
	



	ESG MIN VOL US
	0.69713
	0.643363
	0.65463
	0.619981
	0.94121
	1
	
	



	MIN VOL US
	0.57788
	0.559707
	0.57218
	0.567241
	0.855539
	0.9026632
	1
	



	MIN VOL ESG US
	0.62058
	0.605421
	0.64025
	0.621223
	0.831947
	0.9285381
	0.944189
	1
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Table 5. Results for ex-post ESG rebalancing approach—S&P 500.






Table 5. Results for ex-post ESG rebalancing approach—S&P 500.




















	
	MIN VOL
	MIN VOL ESG
	VALUE
	VALUE ESG
	GROWTH
	GROWTH ESG
	EQUAL WEIGHT
	ESG EQUAL WEIGHT
	DIV YIELD
	DIV YIELD ESG
	MOMENT
	MOMENT ESG





	Return statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Total return
	76.27
	73
	48.36
	52.8
	89.76
	64.57
	60.46
	77.24
	62.21
	63.03
	53.7
	43.51



	Average return (%)
	12.69
	12.25
	9.65
	10.35
	15.09
	11.51
	10.94
	13.16
	11.19
	11.2
	10.06
	8.67



	Active average return (%)
	0
	−0.39
	−2.7
	−2.08
	2.13
	−1.05
	−1.56
	0.42
	−1.33
	−1.32
	−2.34
	−3.57



	Minimum return (%)
	−3.88
	−3.77
	−5.68
	−5.67
	−4.95
	−4.24
	−4.09
	−4.08
	−3.79
	−3.9
	−4.16
	−4.3



	Maximum return (%)
	3.25
	3.18
	4.87
	4.98
	4.92
	4.72
	4.53
	4.72
	4.07
	4.16
	5.04
	5.18



	Risk statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Standard deviation
	9.35
	9.28
	13.77
	14
	13.35
	11.57
	11.49
	11.49
	11.59
	10.98
	11.89
	12.49



	Semi-variance
	8.64
	8.55
	12.42
	12.63
	12.3
	10.62
	10.53
	10.6
	10.31
	9.9
	11.07
	11.78



	Tracking error (%)
	5.3
	5.49
	6.95
	7.16
	7.56
	4.24
	2.93
	2.69
	7.39
	6.69
	5.19
	6.05



	Skewness
	−0.69
	−0.69
	−0.37
	−0.39
	−0.49
	−0.45
	−0.49
	−0.48
	−0.2
	−0.3
	−0.52
	−0.6



	Risk/return statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Sharpe ratio
	0.87
	0.85
	0.44
	0.47
	0.74
	0.63
	0.6
	0.74
	0.61
	0.65
	0.53
	0.43



	Jensen’s alpha
	2.04
	1.83
	−2.77
	−2.42
	1.52
	−0.52
	−1.09
	0.41
	0.21
	0.39
	−1.54
	−2.71



	Coeff of information
	0
	−0.06
	−0.31
	−0.23
	0.23
	−0.2
	−0.42
	0.13
	−0.14
	−0.16
	−0.36
	−0.47



	Beta
	0.75
	0.74
	1.08
	1.1
	1.02
	0.96
	0.98
	0.99
	0.85
	0.83
	0.97
	0.99



	Correlation
	0.91
	0.9
	0.89
	0.89
	0.86
	0.95
	0.97
	0.98
	0.83
	0.85
	0.92
	0.9
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Table 6. Results for ex-post ESG rebalancing approach—Stoxx 600.
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	MIN VOL
	MIN VOL ESG
	VALUE
	VALUE ESG
	GROWTH
	GROWTH ESG
	EQUAL WEIGHT
	ESG EQUAL WEIGHT
	DIV YIELD
	DIV YIELD ESG
	MOMENT
	MOMENT ESG





	Return statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Total return
	58.65
	54.37
	39.44
	45.16
	86.47
	53.32
	53.84
	52.99
	51.11
	49.19
	68.41
	56.48



	Average return (%)
	10.55
	9.9
	8.53
	9.51
	15.43
	10.1
	10.27
	10.09
	10.12
	9.83
	12.46
	10.57



	Active average return (%)
	1.64
	1.04
	−0.23
	0.67
	6.12
	1.22
	1.38
	1.22
	1.23
	0.97
	3.39
	1.65



	Minimum return (%)
	−5.57
	−4.87
	−11.36
	−11.1
	−8.61
	−5.75
	−7.81
	−6.8
	−8.56
	−8.85
	−5.77
	−4.9



	Maximum return (%)
	3.43
	3.14
	4.43
	4.34
	15.32
	3.77
	3.88
	3.46
	3.94
	4.03
	4.39
	4.22



	Risk statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Standard deviation
	10.74
	10.45
	14.77
	15.23
	16.54
	12.4
	12.89
	12.63
	14.04
	14.03
	13.74
	12.52



	Semi-variance
	9.98
	9.6
	13.8
	14.11
	14.12
	11.44
	12.06
	11.72
	12.76
	12.73
	12.97
	11.58



	Tracking error (%)
	4.61
	4.77
	6.12
	6.54
	11.85
	3.73
	3.11
	3.02
	5.88
	5.54
	7.65
	5.54



	Skewness
	−0.59
	−0.4
	−1.35
	−1.11
	1.44
	−0.47
	−0.83
	−0.6
	−0.68
	−0.71
	−0.56
	−0.41



	Risk/return statistics
	
	
	
	
	
	
	
	
	
	
	
	



	Sharpe ratio
	0.71
	0.69
	0.42
	0.45
	0.66
	0.59
	0.58
	0.58
	0.52
	0.51
	0.65
	0.61



	Jensen’s alpha
	2.52
	2.21
	−0.62
	−0.12
	4.66
	1.35
	1.17
	1.16
	0.84
	0.58
	3
	1.88



	Coeff of information
	0.28
	0.17
	−0.03
	0.08
	0.41
	0.26
	0.35
	0.32
	0.17
	0.14
	0.35
	0.24



	Beta
	0.8
	0.78
	1.07
	1.1
	0.99
	0.93
	0.98
	0.96
	1.02
	1.02
	0.93
	0.9



	Correlation
	0.95
	0.95
	0.93
	0.93
	0.77
	0.97
	0.98
	0.98
	0.93
	0.94
	0.87
	0.92










[image: Table] 





Table 7. Standard deviation after ESG rebalancing—S&P500 and Stoxx 600.
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	Region
	MIN VOL
	ESG MIN VOL
	VALUE
	ESG VALUE
	GROWTH
	ESG GROWTH
	EQUAL WEIGHT
	ESG EQUAL WEIGHT
	DIV. YIELD
	ESG DIV. YIELD
	MOMENT
	ESG MOMENT





	US
	9.35
	9.28
	13.77
	14
	13.35
	11.57
	11.49
	11.49
	11.59
	10.98
	12.49
	11.89



	EUROPE
	10.74
	10.45
	14.77
	15.23
	16.54
	12.4
	12.89
	12.63
	14.04
	14.03
	13.74
	12.52
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Table 8. Sharpe ratio after ESG rebalancing—S&P500 and Stoxx 600.
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	Region
	MIN VOL
	ESG MIN VOL
	VALUE
	ESG VALUE
	GROWTH
	ESG GROWTH
	EQUAL WEIGHT
	ESG EQUAL WEIGHT
	DIV. YIELD
	ESG DIV. YIELD
	MOMENT
	ESG MOMENT





	US
	0.87
	0.85
	0.44
	0.47
	0.74
	0.63
	0.6
	0.74
	0.61
	0.65
	0.43
	0.53



	EUROPE
	0.71
	0.69
	0.42
	0.45
	0.66
	0.59
	0.58
	0.58
	0.52
	0.51
	0.65
	0.61
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Table 9. Results for ex-ante ESG screening approach with smart beta rebalancing—S&P500.
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	ESG
	ESG MIN VOL
	ESG VALUE
	ESG GROWTH
	ESG EQUAL WEIGHT
	ESG DIVID YIELD
	ESG MOMENTUM





	Return statistics
	
	
	
	
	
	
	



	Total return
	77.15
	75.99
	67.65
	95.75
	77.24
	75.61
	86.27



	Average return (%)
	13.15
	12.88
	12.01
	15.76
	13.16
	12.91
	14.46



	Active average return (%)
	0.41
	0.17
	−0.6
	2.53
	0.42
	0.2
	1.57



	Minimum return (%)
	−4.08
	−3.81
	−4.27
	−4.86
	−4.08
	−3.78
	−4.13



	Maximum return (%)
	4.72
	4.48
	4.72
	4.66
	4.72
	4.61
	5.12



	Risk statistics
	
	
	
	
	
	
	



	Standard deviation
	11.52
	10.81
	12.02
	11.83
	11.49
	11.28
	12.37



	Semi-variance
	10.63
	9.95
	11.05
	10.93
	10.6
	10.34
	11.47



	Tracking error (%)
	2.7
	2.5
	4.16
	4.33
	2.69
	4.39
	4.15



	Skewness
	−0.47
	−0.49
	−0.47
	−0.49
	−0.48
	−0.38
	−0.45



	Risk/return statistics
	
	
	
	
	
	
	



	Sharpe ratio
	0.74
	0.77
	0.64
	0.87
	0.74
	0.74
	0.76



	Jensen’s alpha
	0.39
	0.67
	−0.53
	2.03
	0.41
	0.71
	0.89



	Coeff of information
	0.12
	0.05
	−0.12
	0.47
	0.13
	0.04
	0.3



	Beta
	0.99
	0.93
	1.01
	0.99
	0.99
	0.93
	1.04



	Correlation
	0.98
	0.98
	0.95
	0.95
	0.98
	0.94
	0.96










[image: Table] 





Table 10. Results for ex-ante ESG screening approach with smart beta rebalancing—Stoxx600.
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	ESG
	ESG MIN VOL
	ESG VALUE
	ESG GROWTH
	ESG EQUAL WEIGHT
	ESG DIVID YIELD
	ESG MOMENTUM





	Return statistics
	
	
	
	
	
	
	



	Total return
	53.14
	51.18
	47.72
	53.71
	52.99
	49.76
	43.28



	Average return (%)
	10.12
	9.69
	9.42
	10.28
	10.09
	9.7
	8.82



	Active average return (%)
	1.23
	0.84
	0.59
	1.39
	1.22
	0.85
	0.05



	Minimum return (%)
	−6.8
	−6.22
	−7.94
	−7.09
	−6.8
	−7.23
	−5.01



	Maximum return (%)
	3.46
	3.22
	3.71
	3.49
	3.46
	3.74
	3.94



	Risk statistics
	
	
	
	
	
	
	



	Standard deviation
	12.62
	11.85
	13.09
	13.04
	12.63
	13
	13.45



	Semi-variance
	11.72
	10.93
	12.09
	12.11
	11.72
	11.97
	12.06



	Tracking error (%)
	3.02
	3.06
	3.69
	4.66
	3.02
	3.71
	5.64



	Skewness
	−0.6
	−0.57
	−0.77
	−0.63
	−0.6
	−0.61
	−0.22



	Risk/return statistics
	
	
	
	
	
	
	



	Sharpe ratio
	0.58
	0.59
	0.52
	0.57
	0.58
	0.54
	0.48



	Jensen’s alpha
	1.18
	1.25
	0.54
	1.28
	1.16
	0.78
	0.21



	Coeff of information
	0.33
	0.22
	0.13
	0.24
	0.32
	0.18
	0.01



	Beta
	0.96
	0.9
	0.99
	0.96
	0.96
	0.98
	0.97



	Correlation
	0.98
	0.98
	0.97
	0.95
	0.98
	0.97
	0.93










[image: Table] 





Table 11. Sharpe ratio after smart beta rebalancing—S&P500 and Stoxx 600.
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	Region
	ESG
	ESG MIN VOL
	ESG VALUE
	ESG GROWTH
	ESG EQUAL WEIGHT
	ESG DIVID YIELD
	ESG MOMENTUM





	US
	0.74
	0.77
	0.64
	0.87
	0.74
	0.74
	0.76



	EUROPE
	0.58
	0.59
	0.52
	0.57
	0.58
	0.54
	0.48
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Table 12. 5-factor model for ESG and minimum volatility approaches (S&P500)—five years and three years.
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	Five Years
	
	
	
	
	
	
	



	
	MIN VOL (1)
	MIN VOL ESG (2)
	ESG (3)
	ESG MIN VOL (4)
	Difference (1–2)
	Difference (3–4)
	Difference (2–4)



	Five-factor alpha
	0.318606
	0.271675
	0.188707
	0.054834
	0.0469308
	0.13387
	0.21684



	
	(0.1937483)
	(0.183977)
	(0.125308)
	(0.09937)
	
	
	



	Rm-Rf
	0.7241906 ***
	0.669711 ***
	1.02621 ***
	0.906651 ***
	0.0544801
	0.11956
	−0.23694



	
	(0.0505672)
	(0.048017)
	(0.032705)
	(0.025935)
	
	
	



	SMB
	0.1314708
	0.053191
	−0.07425
	0.035148
	0.0782801
	−0.10940
	0.01804



	
	(0.1304197)
	(0.123842)
	(0.08435)
	(0.06689)
	
	
	



	HML
	−0.220517
	−0.2439
	−0.0923
	−0.00652
	0.023387
	−0.08578
	−0.23738



	
	(0.1863036)
	(0.176908)
	(0.120493)
	(0.095551)
	
	
	



	CMA
	0.0625386
	0.11831
	0.043497
	0.110052
	−0.055771
	−0.06656
	0.00826



	
	(0.2024122)
	(0.192204)
	(0.130912)
	(0.103813)
	
	
	



	RMW
	−0.095918
	−0.14392
	−0.06592
	0.183454
	0.0479997
	−0.24938
	−0.32737



	
	(0.2633258)
	(0.250045)
	(0.170308)
	(0.135055)
	
	
	



	R squared
	0.7985
	0.7903
	0.9502
	0.9599
	
	
	



	Three Years
	
	
	
	
	
	
	



	
	MIN VOL (1)
	MIN VOL ESG (2)
	ESG (3)
	ESG MIN VOL (4)
	Difference (1–2)
	Difference (3–4)
	Difference (2–4)



	Five-factor alpha
	0.3363975
	0.147279
	0.270733
	−0.00851
	0.18912
	0.2792448
	0.15579



	
	(0.2714831)
	(0.267331)
	(0.172473)
	(0.117476)
	
	
	



	Rm-Rf
	0.7559019 ***
	0.694296 ***
	1.00265 ***
	0.915152 ***
	0.06161
	0.0874978
	−0.22086



	
	(0.0664973)
	(0.06548)
	(0.042246)
	(0.028775)
	
	
	



	SMB
	0.0636903
	−0.04994
	−0.16229
	0.116083
	0.11363
	−0.2783757
	−0.16602



	
	(0.2133384)
	(0.210076)
	(0.135534)
	(0.092316)
	
	
	



	HML
	−0.301841
	−0.26785
	0.063862
	−0.07337
	−0.03399
	0.1372283
	−0.19448



	
	(0.2838643)
	(0.279523)
	(0.180339)
	(0.122833)
	
	
	



	CMA
	0.3463133
	0.113797
	−0.41414
	0.28757
	0.23252
	−0.7017102
	−0.17377



	
	(0.4577836)
	(0.450783)
	(0.29083)
	(0.198092)
	
	
	



	RMW
	−0.078815
	−0.09047
	−0.25103
	0.353897 *
	0.01166
	−0.6049234
	−0.44437



	
	(0.4470413)
	(0.440205)
	(0.284005)
	(0.193443)
	
	
	



	R squared
	0.815
	0.7921
	0.9507
	0.9721
	
	
	







“*”, “**”, “***” indicate 1%, 5%, 10% significance levels, respectively. Standard errors are in parenthesis.
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Table 13. Five-factor model for ESG and minimum volatility approaches (Stoxx Europe 600)—five years and three years.
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	Five Years
	
	
	
	
	
	
	



	
	MIN VOL (1)
	MIN VOL ESG (2)
	ESG (3)
	ESG MIN VOL (4)
	Difference (1–2)
	Difference (3–4)
	Difference (2–4)



	Five-factor alpha
	0.2936555 **
	0.2064502
	0.055808
	0.0918534
	0.08721
	−0.03605
	0.11460



	
	(0.1208217)
	(0.1313659)
	(0.0887271)
	(0.1000186)
	
	
	



	Rm-Rf
	0.8151183 ***
	0.816855 ***
	1.023293 ***
	0.9373966 ***
	−0.00174
	0.08590
	−0.12054



	
	(0.0327278)
	(0.035584)
	(0.0240341)
	(0.0270927)
	
	
	



	SMB
	−0.0200637
	0.0703663
	0.0692783
	0.1422477 **
	−0.09043
	−0.07297
	−0.07188



	
	(0.0816228)
	(0.0887461)
	(0.0599408)
	(0.067569)
	
	
	



	HML
	−0.0575234
	−0.110673
	0.055227
	−0.0172396
	0.05315
	0.07247
	−0.09343



	
	(0.1057332)
	(0.1149605)
	(0.0776466)
	(0.087528)
	
	
	



	CMA
	0.0096774
	0.0131196
	−0.0053457
	0.0063513
	−0.00344
	−0.01170
	0.00677



	
	(0.103921)
	(0.011299)
	(0.0076316)
	(0.0086028)
	
	
	



	RMW
	0.0126267
	−0.0378562
	0.097641
	0.0350106
	0.05048
	0.06263
	−0.07287



	
	(0.1456428)
	(0.1583531)
	(0.1069548)
	(0.1205659)
	
	
	



	R squared
	0.9241
	0.9113
	0.9727
	0.959
	
	
	



	Three Years
	
	
	
	
	
	
	



	
	MIN VOL (1)
	MIN VOL ESG (2)
	ESG (3)
	ESG MIN VOL (4)
	Difference (1–2)
	Difference (3–4)
	Difference (2–4)



	Five-factor alpha
	0.2164634
	0.2254759
	0.0029633
	0.0739302
	−0.00901
	−0.0709669
	0.15155



	
	(0.1495394)
	(0.1462899)
	(0.105164)
	(0.1044946)
	
	
	



	Rm-Rf
	0.7996197 ***
	0.7618185 ***
	1.086016 ***
	0.9353793 ***
	0.03780
	0.1506367
	−0.17356



	
	(0.0519299)
	(0.0508015)
	(0.036518)
	(0.0362874)
	
	
	



	SMB
	−0.143758
	−0.137476
	0.0091748
	−0.0296216
	−0.00628
	0.0387964
	−0.10785



	
	(0.1268234)
	(0.1240676)
	(0.0891889)
	(0.0886212)
	
	
	



	HML
	0.0435135
	0.0354213
	0.0738182
	0.0833594
	0.00809
	−0.0095412
	−0.04794



	
	(0.1510174)
	(0.1477358)
	(0.1062034)
	(0.1055274)
	
	
	



	CMA
	−1998173
	−0.2659246
	−0.2154953
	−0.2564254
	−1998173
	0.0409301
	−0.00950



	
	(0.2902629)
	(0.2839556)
	(0.2041282)
	(0.2028289)
	
	
	



	RMW
	−0.1389176
	−0.1286444
	−0.1955721
	−0.1102207
	−0.01027
	−0.0853514
	−0.01842



	
	(0.2030572)
	(0.1986448)
	(0.1428005)
	(0.1418916)
	
	
	



	R squared
	0.9006
	0.8979
	0.9715
	0.9631
	
	
	







“*”, “**”, “***” indicate 1%, 5%, 10% significance levels, respectively. Standard errors are in parenthesis.
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