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Abstract 

This study examines the pricing of volatility risk in the cross-sectional equity Real Estate 

Investment Trust (REIT) stocks returns over the 2002-2014 period. The volatility risk of stock 

returns is decomposed into systematic volatility and idiosyncratic volatility. 

 

We estimate the systematic risk by the residual of VIX after applying GARCH (1,1). We estimate 

idiosyncratic risk by using the residual from Fama and French three-factor model.  

 

Overall, we conclude that neither systematic volatility nor idiosyncratic volatility are directly 

priced in the equity REIT returns over time. 

 

Keywords: Equity REITs returns; Pricing; Systematic volatility; Idiosyncratic volatility; Fama-

French Model. 
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1. Introduction 

As the modern portfolio theory suggests, the inclusion of alternative investments can provide 

useful diversification benefits to a traditional portfolio including only bonds and stocks. 

Compared with other major types of alternative investments, Real Estate Investment Trust 

(REIT), which issues shares just as shares of stocks on the listed exchanges, offers much higher 

liquidity. REITs enable investors to invest in different types of real estate in the form of stock. By 

dividing high-value pieces of real estate into single tradable shares, small investors with limited 

capital can also have access to this type of investment, which originally only large institutions and 

the wealthy could. Historically, REITs provide investors returns mostly in the form of dividends. 

Over the past 20 years ended December 31, 2014, listed U.S. REITs produced a compound 

annual total return of 11.1%, higher than the S&P 500’s 9.8%. In 2014, listed U.S. REITs paid 

out $41 billion in dividends. (Data source: https://www.reit.com/) 

 

As an investment vehicle, REITs not only provide a low barrier to get the exposure to the real 

estate market as an effective means of diversification to the equity and bond markets, but also 

attractive returns. Therefore, we want to study on the unique risk and return profile of equity 

REIT, which is similar to normal stocks in the form but different in nature, to understand how 

return is correlated with its risk and therefore to provide implications on how to optimize the 

formation of our investment portfolio.  

 

There are many discussions about whether REIT equities behave like typical stocks or the 

underlying real estate assets. As suggested by both theories and empirical studies, stock returns 

do not compensate for the idiosyncratic risks, which can be diversified away. Therefore, only 

systematic risk is priced. However, due to the distinct characteristics of equity REITs, which 

might lead to more exposure to idiosyncratic risk for REITs than typical stocks, and suggested by 

previous literature that the systematic risks is not priced in equity REITs, we are motivated on the 

pricing of volatility risks by ourselves.  

 

Theories argue that as the idiosyncratic risk cannot be diversified, investors demand 

compensation for idiosyncratic risk and then agents would require a risk premium on stocks with 
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higher idiosyncratic risk (see Malkiel and Xu (2002) and Jones and Rhodes-Kropf (2003)). So, 

high exposure to idiosyncratic risk tends to produce higher expected returns. If the Fama-French 

model works for equity REITs, forming portfolios by ranking the firms by idiosyncratic volatility 

will return no difference in average returns. Following this logic, we form long-short portfolios 

with a positive exposure to idiosyncratic volatility.  

 

Our paper analyses the equity REIT returns over the period of 2002-2014. We divide the whole 

sample period into three sub-periods: pre-crisis period (2002-2006), crisis period (2007-2009), 

post-crisis period (2010-2014). The way of this separation follows Prashant K. Das (2014). We 

then examine the pricing of systematic volatility risk and idiosyncratic volatility risk for each sub-

sample period independently. We conclude that Fama-French model does not apply for equity 

REITs before the 2007 crisis, when return is negative and significant different from zero. Some 

earlier studies also find the same result as us. For example, R. Jared DeLisle, S. McKay Price, 

and C.F. Sirmans (hereafter RSC) (2013) also find that idiosyncratic risk is negative and 

significant related to the REIT returns. However, after the 2007 crisis, we find different result that 

the there is no significant relation between the idiosyncratic risk and the REIT equity returns. 

 

Our results show that aggregate volatility risk is not priced in REIT returns. The conclusion is 

distinct from AHXZ (2006) using same methodology, but on non-REIT stock returns, where they 

find a negative and highly significant aggregate volatility risk premium in non-REIT stock 

returns. However, this result is consistent with previous studies on equity REITs, which further 

strengthen the idea that unlike the pricing of normal stocks, the pricing of equity REITs is highly 

independent of market risk. 

 

On the other hand, we conclude that the relationship between idiosyncratic volatility and the 

equity REIT returns changed after the 2007 crisis. This is in sharp contrast with the Ooi, Wang, 

and Webb (hereafter OWW) (2009), who find that idiosyncratic risk is positively priced. His 

result is actually consistent with economic theories that suggest that idiosyncratic should be 

positively priced because risk-averted investors demand a premium to compensate for the risk 

that cannot be fully diversified. 

 

Overall, our study mainly makes two contributions to the literature on REITs and volatility risk. 

First, we demonstrate that REITs are not sensitive to innovations in systematic volatility in the 

equity REIT returns using the implied market-wide volatility VIX. In other words, the systematic 
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risk is not priced in equity REIT returns. Second, by using a well-recognized empirical method to 

study the idiosyncratic risk, we do find a significant negative relation between the equity REIT 

idiosyncratic volatility and returns for sub-sample period of 2002-2006 (the pre-crisis period). 

However, when we split and extend the period, we find the relationship no longer works during 

the crisis period and post-crisis period. 
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2. Literature Review 

While modern portfolio theory suggests that if diversification is free, only systematic price would 

be priced. In reality, this assumption does not hold. Barber and Odean (2000) and Benartzi and 

Thaler (2001) provide empirical evidence that investors tend to hold insufficiently diversified 

portfolio in order to limit transaction costs. Therefore, it is necessary to investigate in the pricing 

of not only the market risk but also the idiosyncratic risk. It suggests that market risk and 

idiosyncratic risk together determine the cross-sectional differences in returns (Basu (1977), Banz 

(1981), Jegadeesh (1990)). Merton (1978) thinks that investors concern about total risk if they 

cannot invest in the market portfolio.  

Until now, there are many studies on the importance of pricing of idiosyncratic risk in cross-

sectional stock returns and the time-series predictability of returns, especially for alternative 

investment with distinct characteristics from bonds and stocks. Chaudhry, Maheshwari and Webb 

(2004) find that unique REIT characteristics raise an understanding of idiosyncratic risk to be of 

great importance.  

For typical stocks, many researches find positive relationship between idiosyncratic risk and 

stock returns (Lehmann (1990)). Malkiel and Xu (2002) shows that idiosyncratic risk is 

significantly positive related to the cross-sectional returns. Spiegel and Wang (2005) expected 

stock returns are positive to the idiosyncratic risk and negative to the liquidity of stocks. By 

contrary, Ang, Hodrick, Xing and Zhang (2006) find a strong negative relationship between 

idiosyncratic risk and average returns, not only for cross-sectional US stocks but also in 

international stock market. 

REIT idiosyncratic risk gathered the attention of researchers only since OWW (2009) states that 

the property-related nature of real estate lead to more exposure to idiosyncratic risk for REITs 

than typical stocks. OWW (2009) also find that idiosyncratic risk is positive priced in REIT 

returns. OWW use exponential generalized auto-regressive conditional heteroscedasticity 

(EGARCH) models to estimate the firm-specific volatility, which introduce a look-ahead bias.  

Chiang, Jiang, and Lee (2009) (hereafter CJL) find mixed results.  They show a positive 

relationship between idiosyncratic risk and REIT returns for pre-1992 period and a negative 
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relationship for post-1992 period. Sun and Yung (2009) (hereafter SY) states that they initially 

find a positive relation between idiosyncratic risk and equity REIT returns, but the positive 

relation become insignificant any more once incorporating about various controls. In contrast to 

the previous studies, RSC (2013) used Fama and French three-factor model to estimate the 

idiosyncratic risk of equity REITs and find that it is significantly negative related to the cross-

sectional REIT returns over the sample period of 1996-2010.   
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3. Data Sources  

Our sample includes all the Constituent Companies of the FTSE NAREIT Equity REITs Index. 

We examined the sample over the period of 2002-2014. We obtain the daily VIX index data from 

Chicago Board Options Exchange (CBOE) website. Our data of daily and monthly returns, share 

prices, and shares outstanding are downloaded from the Center for Research in Security Prices 

(CRSP). Ken French’s website provides updated data on related Fama and French model, 

including the risk-free rate (Rf), Market excess returns (MKT), Size factor (SMB) and Book-to-

market factor (HML). Observations with negative price data and with incomplete annual daily 

returns are deleted. In this way we ensure we have a complete daily returns for every company 

each year. This data processing method might not give a very complete set of equity REITs data, 

but a simplified way to pursue and unlikely to influence the result. 
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4. Methodology 

Overall, we follow the template paper of R. Jared DeLisle, S. McKay Price, and C.F. Sirmans 

(hereafter RSC) (2013) closely in terms of methodology. 

 

We obtain the prices and returns of the listed equity REITs on each year over the period 2002-

2014 on both daily and monthly basis. We also get the daily and monthly data related to Fama-

French three-factor model and VIX index over the same period.  

 

Market beta is criticized of its limitation in estimating the systematic risk and failure to capture 

stochastic volatility. To avoid the potential limitations of market beta, we follow the methods of 

Ang, Hodrick, Xing, and Zhang (hereafter AHXZ) (2006, 2009), to use measures of aggregate 

volatility, in our case the CBOE market volatility index (VIX index), to capture the implied 

market volatility.  

 

First, we apply a GARCH (1, 1) filter on the VIX index daily data in order to get the innovations 

of VIX. The innovations of VIX in GARCH (1, 1) are denoted as ΔVIX, which is used to 

measure the systematic volatility. We then run regression of the excess equity REIT daily returns 

on the excess market returns (denoted as MKT) and ΔVIX. We then get the factor loadings of 

MKT and ΔVIX. The factor loadings of ΔVIX, βΔVIX are used as the sensitivity to innovations in 

implied market volatility. 

 

Secondly, we apply Fama-French three-factor model to obtain the idiosyncratic volatility. We run 

regression of the excess equity REIT return on the excess market returns (MKT), SMB and HML. 

We get the residuals from the regression. We then calculate the standard deviation of the residuals 

as the proxy as the idiosyncratic volatility (denoted as IVOL). 

 

Thirdly, for each month, we sort firms by βΔVIX and IVOL independently. Then, we separate firms 

into quintile portfolios from lowest βΔVIX or IVOL to highest βΔVIX or IVOL. A long-short 

portfolio of equity REITs is also created every month by taking a short position on lowest quintile 

firms and taking a long position on highest quintile firms. In order to do further analysis, we 

apply Fama and French three-factor model on the long-short portfolio returns to get alphas. 
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Compared to RSC (2013), we extend the sample period from 1996-2010 to 2002-2014, and 

separate the period into pre-crisis (2004-2006), crisis (2007-2009), post-crisis (2010-2014). 

We have successfully replicated the result during the sub-period (2002 - 2006) of their whole 

sample period (1996-2010). Consistent with their conclusion, we find that equity REIT 

idiosyncratic volatility is negatively priced in returns in period of 2002-2006. The P-value during 

2002-2006 is 0.011, and the coefficient beta IVOL is negative, therefore suggesting that the 

negative relationship is significant. 

 

However, we find the relationship disappear using a more recent sample. And for the whole study 

period of 2002-2014, the relationship is also insignificant. Therefore, we conclude that IVOL is 

no longer priced during the crisis and after the crisis. 

 

We use the actual time series innovations of VIX as the proxy for market volatility. We applied 

GARCH filter on VIX and obtained the standardized residuals (Denoted by ∆VIX) from the time 

series of VIX index. We use the innovations of VIX data as the input for our regression for the 

excess return of the REIT returns (RET) on the Market excess return (MKT) and systematic 

volatility (∆VIX) factors. 

We then regress returns of the equity REITs on the MKT and ∆VIX month-by-month using daily 

returns to obtain the firm sensitivity to innovations in implied market volatility, denoted as βΔVIX. 

𝑅𝐸𝑇𝑖,𝑡 = 𝛼𝑖 + 𝛽𝑀𝐾𝑇,𝑖MKT𝑡 + 𝛽∆𝑉𝐼𝑋,𝑖Volatility𝑡 + 𝜀𝑖,𝑡 

 

 

For the idiosyncratic volatility, we follow AHXZ (2006, 2009). It is computed from the Fama and 

French (1993) three-factor model 

𝑅𝐸𝑇𝑖,𝑡 = 𝛼𝑖 + 𝛽𝑀𝐾𝑇,𝑖MKT𝑡 + 𝛽𝑆𝑀𝐵,𝑖SMB𝑡 + 𝛽𝐻𝑀𝐿,𝑖HML𝑡 + 𝜀𝑖,𝑡 

 

Regress on the Fama-French model, we obtain residuals. We calculate the standard deviation of 

the residuals as idiosyncratic volatility denoted as IVOL. One of the advantages of this technique 

is avoiding introducing a look-ahead bias in the calculation of idiosyncratic volatility.  

𝐼𝑉𝑂𝐿 = (
1

𝑁
∑ 𝜀𝑖,𝑡

2

𝑡=1,𝑁

)

1/2
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5. Analysis and Results 

For each month, we separately rank firms by βΔVIX and IVOL. βΔVIX is the firm sensitivity to 

innovations in implied market volatility. IVOL represents the idiosyncratic volatility. After the 

rankings, firms are sorted into quintile portfolios from lowest to highest. Then, following the 

method of RSC (2013), we generate long-short portfolios where we long the firms in highest 

quintile (5) and short the firms in the lowest quintile (1). Since we assume that investors use 

historical information to adjust their portfolios, equally weighted portfolio returns are then 

calculated using the following month returns. In order to further study the long-short (5-1) 

portfolio returns, we do regression of the 5-1 portfolio excess returns on the Fama-French (1993) 

three-factor model and obtain the alpha, for both cases respectively. To examine the impact of 

2007 Crisis in US, we divide our sample period into Pre-crisis (2002-2006), Crisis (2007-2009) 

and Post- crisis (2010-2014). The way of period separation follows Prashant K. Das.  

Table 3 shows equally weighted monthly returns of quintile portfolios and 5-1 portfolios. In the 

idiosyncratic volatility case (IVOL columns), for the pre-crisis period, from 2002 to 2006, the 

long-short (5-1) portfolio monthly returns are negative and significant at 90% confidence level. 

The Fama and French (1993) alpha is negative -0.68% and highly significant as well. We can say 

that the idiosyncratic risk is priced in the REIT returns. This pre-crisis result is consistent with the 

result of RSC (2013) where the alpha is significant and the 5-1 portfolio returns are negative but 

not significant. In RSC (2013), they used the period of 1996 to 2010. However, the 5-1 portfolio 

returns and alphas are not significant for the whole sample period, crisis period and post-crisis 

period. Therefore, the pricing of idiosyncratic risk presents different results for different sample 

period.  In other words, the idiosyncratic risk is no longer priced in the returns of REIT returns 

after the 2007 crisis. There is an interesting phenomenon that the p-value of alpha in crisis period 

is up to 0.99 (highly not significant), compared to 0.37 for post-crisis period and 0.15 for the 

whole sample period.  

In Table 4, excess returns are regressed on idiosyncratic volatility (IVOL) and firm sensitivity to 

systematic volatility respectively over the whole sample period (from 2002-2014). We use Fama-

MacBeth (1973) regression and use the t-stat to test whether the coefficients and intercepts are 

different from zero. The positive and insignificant (at the 5% level) coefficient on IVOL is 
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contrary to the result in RSC (2013) where the coefficient is negative and significant. Hence, for 

the period of 2002-2014, the idiosyncratic risk is not negatively related to the returns of equity 

REITs. 

 

For the implied market volatility case, in Table 3 βΔVIX columns, the 5-1 portfolio monthly returns 

are not significant different from zero. This is contrary to the highly significant portfolio returns 

differences for non-REIT equities in AHXZ (2006). The Fama and French (1993) alphas are 

insignificant as well.  So, different from non-REIT equity returns, REIT equity returns are not 

related to systematic risk. In Table 4, the coefficient of Fama-MacBeth regression of RET on 

βΔVIX (regression [2]) is negative and insignificant. This result is consistent with the portfolio-

level sorts in Table 3. It suggests that the systematic risk is not priced in equity REIT returns.  

 



 

 15 

6. Conclusion 

This study examines whether volatility risk, both systematic risk and idiosyncratic risk  is priced 

in the cross-sectional returns of US equity REITs. 

We find that systematic volatility is not priced in equity REIT stocks. This result holds across the 

pre-crisis, crisis, post-crisis period and the whole sample period. None of 5-1 alphas in βΔVIX case 

is significant (in Table 3) and coefficient of βΔVIX in the Fama-MacBeth regression is not 

significant as well (in Table 4). Compared to the result in AHXZ (2006) and DS (2011), which 

suggests that the systematic volatility is priced for non-REIT equities, our result implies that the 

systematic volatility is not priced for equity REITs.  This finding is important to portfolio 

hedging. Investors can use equity REITs to hedge their portfolio against innovations in market 

volatility. 

In the idiosyncratic volatility case, we conclude that idiosyncratic volatility is negatively priced in 

the pre-crisis period (2002-2006), which is consistent with the result of RSC (2013) over the 

period of 1996-2010. However, after 2007, the relationship does not continue anymore. The 

idiosyncratic risk is not significantly priced in the equity REIT returns. 

Overall, we conclude that neither systematic volatility nor idiosyncratic volatility have direct 

impact on the equity REIT returns over time. 
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Appendices 

Figure 1: Daily VIX and Daily ΔVIX (from 2002-2014) 

VIX 

 

Notes: VIX is the CBOE market volatility index shown on a daily basis over the 2002-2014 

sample period.  

ΔVIX 

 

Notes: ΔVIX is the innovations of GARCH (1,1) applied to VIX; Daily Implied Market Volatility 

as Measured by ΔVIX 
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Table 1:  Descriptive Statistics 

 

Variables Obs. Mean Std.dev Median 

RET(monthly)  20,274  0.012 0.1014 0.0148 

ΔVIX  3,273  0.006 1.019 -0.11339 

IVOL  20,274  1.48 1.4566 1.0662 

 

 

Table 2:  Correlation 

 

  RET(monthly) βMKT βΔVIX IVOL 

RET(monthly) 1 
  

  

βMKT -0.104 1 
 

  

βΔVIX 0.057 -0.067 1   

IVOL 0.016 -0.057 0.281 1 
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Table 3: Monthly Portfolio Returns Sorted by Sensitivity to Volatility Measures 

                    (pre-crisis, crisis, post-crisis, whole period) 

 

Pre-crisis (2002-2006) 

  βΔVIX   IVOL 

Quintiles 
Pre-formation 
Mean  

Post-formation 
Returns % 

 

Pre-formation 
Mean  

Post-formation 
Returns % 

1(low) -0.276 0.929 
 

0.664 1.662 
2 0.013 0.947 

 
0.862 1.508 

3 0.187 0.835 
 

1.007 1.309 
4 0.369 0.720 

 
1.198 1.421 

5(high) 0.919 0.775   2.105 1.510 

  
    

  
5-1 

 
0.015 

  
-0.436* 

(tstat) 
 

(0.817) 
  

(-1.7784) 
FF3-α 

 
0.34 

  
-0.68** 

(tstat)   (1.297)     (-2.62) 

      

 

 

Crisis (2007-2009) 

  βΔVIX   IVOL 

Quintiles 
Pre-formation 
Mean  

Post-formation 
Returns % 

 

Pre-formation 
Mean  

Post-formation 
Returns % 

1(low) -1.201 0.684 
 

2.031 0.746 

2 -0.427 0.779 
 

2.509 -0.268 

3 -0.031 -0.287 
 

2.823 0.529 

4 0.365 -0.333 
 

3.248 -0.395 

5(high) 1.218 -0.061   4.399 0.144 

  
    

  

5-1 
 

-0.212 
  

-0.003 

(tstat) 
 

(-0.29) 
  

(-0.0039) 

FF3-α 
 

-0.187 
  

-0.0029 

(tstat)   (-0.253)     (-0.004) 
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Post-crisis (2010-2014) 

  βΔVIX   IVOL 

Quintiles 
Pre-formation 
Mean  

Post-formation 
Returns % 

 

Pre-formation 
Mean  

Post-formation 
Returns % 

1(low) -0.179 1.313 
 

0.549 1.467 

2 -0.049 1.727 
 

0.689 1.332 

3 0.004 1.283 
 

0.819 0.896 

4 0.066 1.267 
 

0.977 1.416 

5(high) 0.226 1.256   1.672 1.252 

  
    

  

5-1 
 

0.196 
  

-0.109 

(tstat) 
 

(0.066) 
  

(-0.5172) 

FF3-α 
 

0.0365 
  

-0.19 

(tstat)   (0.152)     (-0.896) 

 

 

Whole sample period (2002-2014) 

  βΔVIX   IVOL 

Quintiles 
Pre-formation 
Mean  

Post-formation 
Returns %   

Pre-formation 
Mean  

Post-formation 
Returns % 

1(low) -0.443 1.337 
 

0.935 1.376 

2 -0.061 1.494 
 

1.175 1.031 

3 0.143 1.011 
 

1.354 0.970 

4 0.357 0.964 
 

1.586 1.000 

5(high) 0.956 1.085   2.468 1.096 

  
    

  

5-1 
 

-0.0005 
  

-0.21 

(tstat) 
 

(0.15) 
  

(-1.0065) 

FF3-α 
 

-0.021 
  

-0.297 

(tstat)   (-0.099)     (-1.432) 

 

Notes: In month t-1, the RET of each firm is regressed on MKT and ΔVIX on a daily basis to 

obtain the facor loading βΔVIX (see equation 1). RET is the daily excess return for each firm. MKT 

is the daily market returns.  ΔVIX is the GARCH (1,1) innovations of VIX, which is the Chicago 

Board Option Exchange's market volatility index. For idiosyncratic risk, in month t-1, RET is 

regressed on Fama and French (1993) three-factor model to obtain the standard deviation of 

residuals denoted as IVOL. In this table, firms are ranked into quintiles based on their respective 

aggregate market volatility sensitivities βΔVIX and IVOl. The Pre-formation means are averages of 
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βΔVIX and IVOL respectively in each quintile. Post-formation monthly returns are computed as 

equally-weighted avearges in each quintile portfolio for each month t. 5-1 monthly returns are 

the returns differences between the highest and lowest quintile portfolios in month t. FF3-α is the 

alpha from regression of 5-1 portfolio returns on Fama and French (1993) three-factor model. 

* p < 0.10 

** p < 0.05 

*** p <0.01 
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Table 4:  Fama-MacBeth Regressions of Excess Equity REIT Returns on Volatility 

Measures and Controls 

 

Regression of RET on the volatility measures 

  [1] 
 

[2] 

  Coeff. t-stat   Coeff.    t-stat 

IVOL -0.0174 (-1.2615) 
  

  

βΔVIX 
   

-0.42 (-0.0728) 

Constant 1.39** (10.01)   1.31**     (2.302) 
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Table 5: 5-1 Portfolio Monthly Returns of Idiosyncratic Risk (IVOL) 
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Table 6: 5-1 Portfolio Monthly Returns of Systematic Risk (βΔVIX) 

 
 

 

Notes: We use the βΔVIX and IVOL from the regression of daily RET in month t-1 to sort the firms 

and create the long-short portfolios (5-1 portfolios). These 5-1 portfolios returns are calculated 

in the month t.  
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