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Abstract 

This research includes two separate studies. The first study is devoted to evaluating the persistence effect by 

analyzing performances of portfolios ranked based on previous performances under various factor models. The 

result shows that the shorter the holding period, the stronger the predictability and that the Multi-factor model 

has the highest explaining power for the excess return regarding the underlying factors. The second study is 

devoted to exploring how sustainable investing influences alpha by introducing a new sustainable factor to 

reflect the premium due to exposure to sin industries. The study result shows that there is no significant alpha 

associated with sustainable investing and that there is no significant return differential between funds that have 

high/low exposure to the sustainable factor. 
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1. Introduction 

This research is comprised of two separate studies. The first study is devoted to detecting the persistence effect. 

This study conducts an empirical analysis by first constructing rank portfolios of mutual funds based on previous 

performances and then evaluating their performance and the persistence effect under various factor models. The 

result shows that the shorter the holding period, the stronger the predictability. Besides, the Multi-factor model 

has the highest explaining power for the excess return regarding the underlying factors.  

The second study is devoted to exploring how sustainable investing influences alpha. In this study, I constructed 

a new sustainable factor to reflect the premium due to exposure to sin industries. Then I performed a 4-step 

Fama-Macbeth analysis based on the mutual fund database „fund_data_largest_500.csv‟ by using this factor. This 

research is devoted to exploring whether there is significant alpha associated with sustainable investing and 

whether there is a significant return differential between funds with high/low exposure to the sustainable factor 

according to the Fama-Macbeth results. The study result shows that there is no significant alpha associated with 

sustainable investing and that there is no significant return differential between funds that have high/low 

exposure to the sustainable factor. 

The whole research is conducted by Python programming language. An Intel Core i5-8250U CPU (1.60 GHz) 

laptop with 8 GB RAM is applied for carrying out all the calculations and analyses. The Python codes and the 

task-based database are available on the Github link XUAN-FENG9/AFM_Mutual-Fund-Analysis (github.com). 

This paper develops in the following outline. Following Section 2 first briefly summarizes the literature of 

studies about the persistence effect and sustainable investing. Following that, Section 3 describes the 

methodology and the construction of models. Then this paper moves into the main analysis – Section 4 illustrates 

the steps of the empirical studies and discusses the analysis results. The final Section 5 evaluates the whole task, 

summarizes major conclusions, and presents insights into further researches. 

2. Literature Review 

2.1 Persistence Effect 

Hendricks et al. (1993) and Elton et al. (1996)‟s study analyzed the return differential between the top and 

https://github.com/XUAN-FENG9/AFM_Mutual-Fund-Analysis


ijef.ccsenet.org International Journal of Economics and Finance Vol. 13, No.6; 2021 

144 

bottom decile funds, and they found a high level of persistence in the performance of mutual funds. However, 

Carhart (1997) includes the equity momentum (WML) as a fourth factor and concludes that persistence does not 

exist. Huij et al. (2007) mentioned that the model of Carhart (1997) might lead to a serious underestimation of 

the persistence effect. This is because sorting the mutual funds based on their performance in the last year can 

lead to high (low) beta funds appear at the top (down) decile when the market return is positive, and low (high) 

beta funds appear at the down (top) decile when the market return is negative. But the WML momentum factor 

will also present the same pattern – high (low) beta stocks appear at the top (down) decile when the market 

return is positive, and vice versa – simultaneously. Therefore, the alpha caused by persistence is absorbed in the 

WML factor, and the Carhart model shows that the outperformance disappears for mutual funds in high-ranked 

deciles. Berk (2005) argued that persistence could not exist in the long term if fund managers‟ skills are 

heterogeneous. And Bollen and Busse (2005) found that the persistence effect exists in the short term by 

analyzing high-frequency daily data. 

2.2 Sustainable Investing 

Environment, social, and governance issues are increasingly influencing financial activities and decisions 

worldwide. For example, the extent of the environmental impact of climate change is still uncertain, but the 

recent scientific evidence is increasingly worrisome and most governments are taking decisive steps in order to 

avert a catastrophe. The transition towards a low-carbon economy requires various financial tools and techniques 

that will have far-reaching implications for financial institutions, corporations, and investors. The ESG topic is 

also located in the area of impact investing, which focuses more on the intention to shift the future of the world. 

Impact investors proactively use their investments to generate a tangible, beneficial social or environmental 

impact alongside a financial return. For family foundations specifically, impact investing contributes to advance 

the core social and environmental goals while maintain or growing the overall endowment. 

Many researchers have investigated whether investors can obtain superior risk-adjusted returns by implementing 

responsible investing strategies. Friede et al. (2015) found a positive association between a company‟s 

environmental, social, and governance (ESG) performance and its financial performance. However, there may be 

a publication bias, and the impact of ESG on stock returns depends on the extent to which climate risk and other 

ESG aspects are priced on the stock market. Hong and Kacperczyk (2009) find that “sin stocks” yield higher 

returns, while Hong et al. (2018) suggests that the pricing of ESG risks is incomplete. A recent study estimates 

the carbon premium across the world (Bolton & Kacperczyk, 2020). There are also many other scholars who 

studied the various financial instruments and techniques applied in the context of ESG issues, such as the 

evolving climate policies. For example, how to use capital markets to create emissions trading systems and 

fundamental investing (Cremers & Pareek, 2016; Schoenmaker & Schramade, 2019; Van Nieuwerburgh & 

Veldkamp, 2010). 

It is also worthful to notice that the proxy used to represent the ESG level or rating varies across different rating 

agencies. This variation or disagreement on the ESG rating among different agencies may also influence the 

cross-section stock returns. In a 2021 working paper, Rajna Gibson, Philipp Krüger, and Peter Schmidt (“ESG 

Rating Disagreement and Stock Returns”) study this influence by regressing the return on the independent 

variable called “Disp” (for “rating dispersion”) – which is defined as the standard deviation across the ESG 

ratings for a particular firm in a particular year stemming from 7 different ESG databases – and a set of other 

controlling variables. Their results show that the coefficient on Disp is positively and statistically significant 

around the 5% level, a result suggesting that the stocks of firms with high ESG rating disagreement tend to have 

higher returns going forward than the stocks of firms with low ESG rating disagreement. The “high ESG rating 

disagreement premium” may be explained by the risk brought by the disagreement – investors with ESG 

preferences tend to ask for a higher return to compensate for the uncertainty about the ESG rating. 

In this research, I am devoted to testing whether greater exposure on “sin stocks” can yield higher returns, as 

Hong and Kacperczyk (2009) concluded, and whether there is significant alpha associated with sustainable 

investing. 

3. Methodology and Data 

3.1 Study for Persistence Effect 

This research analyzes the mutual fund performance and persistence based on the database of the largest 500 

funds (the 'fund_data_largest_500.csv' database) through time. The first step is to summarize the funds‟ data and 

load the Fama French database. Figure 1 plots the asset value over time. Figure 2 presents the cumulative log 

returns over time for each factor in the Fama-French database. Then, this research evaluates the performance and 

the persistence effect based on the decile portfolio constructed using 60- and 36-month formation periods and 

https://github.com/XUAN-FENG9/AFM_assignment/blob/main/fund_data_largest_500.zip
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12-month holding periods. The models I used include CAPM model (Equation 1), Fama-French 3 factor model 

(Equation 2), and Carhart 4 factor model (Equation 3).  

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝜀                       (1) 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵 + 𝛽𝐻𝑀𝐿𝐻𝑀𝐿 + 𝜀           (2) 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵 + 𝛽𝐻𝑀𝐿𝐻𝑀𝐿 + 𝛽𝑊𝑀𝐿𝑊𝑀𝐿 + 𝜀    (3) 

Where the 𝑀𝑘𝑡 − 𝑅𝐹 represents the stock market premium, the 𝑆𝑀𝐵 represents the size premium (small 

minus big), the 𝐻𝑀𝐿 represents the value premium (mature stocks minus growth stocks), and the 𝑊𝑀𝐿 

represents the momentum factor (win minus lose). 𝛼 represents the abnormal return/excess return that is not 

expected. 

For each model, I set the holding periods as 12-months but set the formation period as 60 and 36-months 

separately. Therefore, there are 6 models. Finally, I investigate short-run performance persistence as documented 

by Berk and Green (2005) and Bollen and Busse (2005) based on the Fama-French 3 factor model by 

constructing another 6 models - rank portfolios 12- and 3-month formation periods and 12-, 3- and 1-month 

holding periods. The results are detailed in Appendix 1. 

 

Figure 1. Asset over time of the largest 500 fund 

 

 
Figure 2. Cumulative log returns over time for Fama-French factors 

 

3.2 Study for Sustainable Investing 

This research firstly constructed a sin-premium factor to measure funds‟ exposure to the sin industry, then 

conducted a 4-step Fama-Macbeth analysis.  
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The sin-premium factor is constructed through two steps. The first step is calculating the arithmetic average of 

monthly stock returns of all stocks in three sin industries: tobacco industry (SIC code: 211, 212, 213, and 214), 

alcohol industry (SIC code: 2082-2085), and oil & gas industry (SIC code: 131, 132, 138). All the stock returns 

are collected on the WRDS database (WRDS – CRSP - Annual Update - Stock / Security Files – CRSP Monthly 

Stock) and set the period from July 1963 to December 2020. The original data and the after-aggregate monthly 

main data are available at the “sin industry.xlsx” document on 

https://github.com/XUAN-FENG9/AFM_assignment. The second step is to calculate the monthly sin-industry 

premium by subtracting the risk-free rate from the average sin-industry return defined in step 1. In this study, I 

defined this sin-industry premium as another factor – Sin-RF – and added it to the Fama-French data, as shown 

in Figure 3. The whole Fama-French data is available at the “FF.xlsx” document on 

https://github.com/XUAN-FENG9/AFM_assignment. 

 

 

Figure 3. Fama-French data with the sin-RF factor 

 

Following Figure 4 presents the cumulative log-returns of the 7 factors in the Fama-French data since 2000. We 

can see that for the sin premium factor, the cumulative return is always positive and is significantly higher than 

returns of all other factors from 2004 to 2016. This is in line with Hong and Kacperczyk (2009)‟s result that 

stocks in sin industries can yield higher returns. 

 
Figure 4. Fama-French cumulative return plot (after 2000) 

 

After adding the Sin-RF factor to the Carhart-4 factor model, the adjusted model used for this analysis is 

presented in Equation (4). 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵 

+𝛽𝐻𝑀𝐿𝐻𝑀𝐿 + 𝛽𝑊𝑀𝐿𝑊𝑀𝐿 + 𝛽𝑆𝑖𝑛−𝑅𝐹𝑆𝑖𝑛 − 𝑅𝐹 + 𝜀                      (4) 

https://github.com/XUAN-FENG9/AFM_assignment
https://github.com/XUAN-FENG9/AFM_assignment
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Where the 𝑆𝑖𝑛 − 𝑅𝐹  factor represents the sin-industry premium (average return of companies in the sin 

industry minus the risk-free rate). 

4. Empirical Analysis 

4.1 Performance Persistence Effect (Long-Term) 

The 36-months and 60-months lookback periods‟ cumulative return over the 12-months holding periods are 

presented in Figure 5 and Figure 6 separately. From the figures, we can see that the shorter lookback period leads 

to more accurate predictability. For example, the return of funds in the quantile 10 is significantly higher than 

others when using 36-months lookback period, but it is intertwined with the return of quantile 9 when using 

60-months (longer) lookback period.  

 
Figure 5. Cumulative returns over holding period based on 36-months lookback 

 

 

Figure 6. Cumulative returns over holding period based on 60-months lookback 

 

Figure 7 summarizes the performance of quantile funds using three models – CAPM, FF-3 factors model, and 

the Carhart model – based on 36 and 60-months lookback periods. The detailed results are also available in 

Appendix 1. The results show that using the CAPM model leads to the strongest predictability for alpha. The 

other two models do not show significant persistence. This may be because the momentum factor in the Carhart 

model has already absorbed part of the persistence effect, and the HML and SMB factors are inherently 

conflicted – for example, small-cap stocks usually have a low book-to-market ratio.  
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FF-3 
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Figure 7. Quantile performance in holding periods under three models 

 

Then I use the Fama-French 3 factor model to conduct the short-term persistence analysis. The result is 

presented in Figure 8, and the detail is available in Appendix 1. 
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12-months formation period 3-months formation period 
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3-months 
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Figure 8. Quantile performance and persistence for short-term analysis (FF-3 model) 

 

Based on the 12-months and 3-months formation period and the 12-, 3-, and 1- month(s) holding period, the 

predictability is the strongest for the 12-months formation – 12-months look-forward combination and the 

3-months formation – 1-month look-forward combination. This can be explained that the average return of the 

longer past can not predict the shorter near future. If we take the 12-months as the formation period, the average 

return of the past 12 months may include longer-past influence that may not appear in the nearly 1 or 3-months, 

so the 3 and 1-months look-forward period have less predictability. But the same length look-forward period – 

12-months – appears to have a stronger persistence effect. The 3-months formation period is inherent a short 

period, so the strongest persistence effect appears when looking forward 1-month. 

Furthermore, both the long-term and short-term analysis also shows that the top decile of funds does not always 

earn a statistically significant superior return, but the superior return between high and low deciles is significant. 

4.2 Performance Persistence Effect (Short-Term) 

Focusing on the short-term performance persistence, I set formation (12 and 3-months) and holding periods (12-, 

3-, and 1-months), and I conduct my analysis based on the CAPM, FF-3 factor model, 4-factor Carhart model, 

FF-5 factors model (Equation 5, including profitability and investment quality factors), and a multifactor model 

(Equation 6) including all factors used in the previous models. Moreover, I conducted a separate analysis of a lag 

between formation and holding period of 1-month.  
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𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵 + 𝛽𝐻𝑀𝐿𝐻𝑀𝐿 + 𝛽𝑅𝑀𝑊𝑅𝑀𝑊 + 𝛽𝐶𝑀𝐴𝐶𝑀𝐴 + 𝜀  (5) 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝛼 + 𝑅𝐹 + 𝛽𝑀𝑘𝑡𝑀𝑘𝑡 − 𝑅𝐹 + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵 

+𝛽𝐻𝑀𝐿𝐻𝑀𝐿 + 𝛽𝑅𝑀𝑊𝑅𝑀𝑊 + 𝛽𝐶𝑀𝐴𝐶𝑀𝐴 + 𝛽𝑊𝑀𝐿𝑊𝑀𝐿 + 𝜀                   (6) 

Where the 𝑅𝑀𝑊 factor is the return spread between profitable and unprofitable companies, and the 𝐶𝑀𝐴 

factor represents the return spread between companies that invest conversely and companies that invest 

aggressively. The 𝑀𝑘𝑡 − 𝑅𝐹 represents the stock market premium, the 𝑆𝑀𝐵 represents the size premium 

(small minus big), the 𝐻𝑀𝐿 represents the value premium (mature stocks minus growth stocks), and the 𝑊𝑀𝐿 

represents the momentum factor (win minus lose). 𝛼 represents the abnormal return/excess return that is not 

expected. 

This analysis is devoted to comparing the model difference on the short-term performance persistence. The result 

is presented in Appendix 2. From the result, we can see that based on the 3- and 12-months formation period, the 

shorter the holding period, the stronger the predictability, and that the multi-factor model has the highest 

explaining power for the excess return regarding the underlying factors. We also find that the top decile of funds 

does not earn a statistically significant superior return. Some of the other decile funds earn, on the contrary, a 

higher superior return compared to the top decile. This finding is in line with the finding of core analysis. 

Furthermore, by constructing a lag of 1-month under the Fama-French 5 factor model and setting the 12-months 

formation – 1-month holding period, I found that the lag of 1-month has a great impact on the top 3 decile funds 

that have overperformances. The results are presented in Figure 9 and Figure 10. 

 

 
Figure 9. FF-5 factor performance without lag 

 

 

Figure 10. FF-5 factor performance with a lag of 1-month 
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4.3 Sustainable Investing (Fama-Macbeth Analysis) 

The Fama-Macbeth analysis is conducted by following 4 steps, and the python code is available at the 

“Estimating factor premiums.ipynb” document on https://github.com/XUAN-FENG9/AFM_assignment.  

The first step is adding new variables to the mutual funds‟ data (rolling regressions). In this step, I calculated the 

3-year alpha, RMRF, SMB, HML, Sin-RF, and WML beta for each fund in each month. And I set a lookback 

period of 36-months. 

The second step is creating a strategy based on mutual funds ("rank portfolios"). Following Huij & Verbeek 

(2009), I create 10 quantile portfolios based on the funds' exposures to the factors (low to high from 1 to 10). 

Then I sort stocks based on their exposure to the Sin premium factor (Sin-RF). Figure 11 presents the cumulative 

returns of quantile portfolios. We can see that there are no significant return differences among different 

quantiles, except for quantile 10, which has the highest exposure to sin industry and the long term significant 

lowest return as expected. But for funds at quantile 1 and 2, which are expected to have lower returns because of 

lower exposure to sin industry, the result shows that, as expected, they do have slightly lower returns than other 

quantiles except quantile 10. But the difference is not very significant. 

 
Figure 11. Plot of the cumulative returns of quantile portfolios 

 

The third step is conducting a Cross-sectional Fama and MacBeth (1973) regression. In this step, I calculate the 

time-series Fama-French regressions on the 10 quantile portfolios to get betas. Then I run full-sample CAPM 

regressions on the quantile portfolios and plot annualized alphas, as shown in Figure 12: 

 

Figure 12. CAPM alpha for 10 quantiles sorted on Sin-RF factor beta 

 

From Figure 12, we can see that alpha is not associated with sustainable investing. Funds that have higher 

exposure to the sin industry do not have higher alphas than funds with lower sin exposures, as suggested by 

Hong and Kacperczyk (2009). This result is aligned with the result presented in Figure 11. 

The fourth step is calculating the Fama-MacBeth (1973) regressions on the quantiles. In this step, I calculate the 

cross-quantile regression on betas of the 10 quantiles to estimate the factor premium, and the result is presented 
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in Table 1. It is worth noting that I have already lagged the betas by one month in the previous code. The 

significance of the premiums is presented in Table 2. 

 

Table 1. Result of estimating Fama-MacBeth premiums (sorting on Sin-RF beta) 

Premium Time-series average (monthly) Hypothetical long-short (monthly) 

Mkt 0.80% 0.57% 

SMB 0.17% 0.23% 

HML 0.35% 0.25% 

WML 0.52% 0.64% 

Sin 1.59% 0.76% 

 

Table 2. The significance of the premiums 

Premium Significance 

Gamma_Mkt 2.706251 

Gamma_SMB 0.471360 

Gamma_HML 1.022293 

Gamma_WML 0.955124 

Gamma_Sin-RF 1.321257 

 

The result in Figure 13 shows that the estimated Sin premium is 1.59% per month - a positive value which means 

that funds that have higher exposures to the sin industry are expected to have higher returns, as concluded by 

Hong and Kacperczyk (2009). But the significance of this factor is not very significant (t-statistics 1.32), as 

shown in Figure 14. From this result, we can conclude that there is no significant return difference between 

funds that have high exposures to the Sin-RF factor and funds that have low exposures. 

5. Conclusion and Recommendation 

5.1 Persistence Effect 

This research found the persistence effect of mutual funds, especially in the short term. The result is in line with 

the finding of Bollen and Busse (2005). From this research, I conclude that the shorter the holding period, the 

stronger the predictability. However, if the holding period is short, the lookback period cannot be very long 

because a long lookback period will bring historical factors that do not appear in the short-term forecasting 

period. The research result also shows that the Multi-factor model has the highest explaining power for the 

excess return regarding the underlying factors. Moreover, the result shows that the top decile of funds does not 

earn a statistically significant superior return. Some of the other decile funds earn, on the contrary, a higher 

superior return compared to the top decile. 

Based on the results found in this research, I recommend to invest funds at quantile 7 to 10 that have higher 

returns than others. The investor can choose a benchmark not only based on the alpha but on the sharp ratio or 

information ratio. Investors are also recommended to use the Multi-factor model as a supplement to the CAPM 

model to explore the persistence effect. 

This and previous researches do not reveal that how long the persistence will insist. Therefore, in future 

researches, it is interesting to investigate the length of the performance persistence. And it is also interesting to 

add other factors that can influence the fund performance, for example, the quality factors. Furthermore, I am 

also interested in exploring the impact of geographic differences on the persistence effect by conducting the 

above analysis on the US, EU, and emerging markets separately. The geographic difference is worth 

consideration because different markets have different trading limitations and different market efficiency, which 

can greatly influence the persistence effect. For example, it is reasonable to assume that emerging markets have 

less market efficiency than developed countries. Therefore, the persistence effect in emerging markets is more 

significant than that in developed countries. 

5.2 Sustainable Investing 

The result in this research shows that there is no significant alpha associated with sustainable investing. And 

there is no significant return differential between funds that have high/low exposure to the selected factor. By 

running the Fama-MacBeth regression, my result shows that there is a positive „sin premium‟ – higher return for 

funds exposed more on the sin factor (comprise more stocks from companies in the sin industry). But this sin 
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premium is not significant, with a t statistic that equals 1.32. Therefore, from my study, funds that investing in 

the sin industry and that investing in the sustainable industry has no significant difference in abnormal returns. 

In this research, I use the arithmetic average excess return of stocks in the tobacco, alcohol, and oil & gas 

industry as a factor proxy for the premium of exposure on sin industries. However, in future studies, this factor 

premium can be built more complex by using the weighted average and including stocks in other sin industries, 

although hard to find the data, such as unethical entertainment, weapon manufacturing., etc. Moreover, it is also 

interesting to investigating whether the sin premium varies geographically. For example, whether the effect of 

sin exposure is different between developed and developing countries. 

Furthermore, the result in this research cannot totally deny the benefit of sustainable investing that prioritizes the 

delivery of social and environmental impacts. Sustainable investing needs a different assessment system that not 

only includes financial performance measured based on risk-adjusted returns. In future research, it is attractive to 

evaluate the non-financial outcomes of sustainable investing individually, with a tailored, predetermined matrix. 

More efforts are also needed to construct a suitable proxy that can reflect these non-financial outcomes 

thoroughly.  
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Appendix 1. Results for core analysis 

1. CAPM Model (36-months lookback period - 12-months holding period) 

   

 

 

2. CAPM Model (60-months lookback period - 12-months holding period) 
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3. FF 3 factor model (36-months lookback period - 12-months holding period) 

    

 

 
4. FF 3 factor model (60-months lookback period - 12-months holding period) 
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5. Carhart model (36-months lookback period - 12-months holding period) 

   

 
 

6. Carhart model (60-months lookback period - 12-months holding period) 
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Models 7-11 are devoted to explore the short-term and long-term effect 

 

7. FF 3 factor model (12-months formation period - 12-months holding period) 

    

 

 
8. FF 3 factor model (12-months formation period - 3-months holding period) 
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9. FF 3 factor model (12-months formation period - 1-months holding period) 

   

 
 

10. FF 3 factor model (3-months formation period - 12-months holding period) 
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11. FF 3 factor model (3-months formation period - 3-months holding period) 

   

 
 

12. FF 3 factor model (3-months formation period - 1-months holding period) 
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Appendix 2. Results for additional analysis 

(1) CAPM Model 
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(2) FF-3 factor Model 
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(3) Carhart 4 factor Model 
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(4) Fama-French 5 factor Model 
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(5) Multi-factor Model 
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