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Tail Risk and Expected Stock Returns 
 
In the mean-variance framework of Markowitz (1959), return and risk are to be measured by the expected 

value and variance of the probability distribution of portfolio returns. Although financial economists have 

generally accepted Markowitz’s measure of return, they have not been completely satisfied with his 

suggested measure of risk. The focus on variance (or standard deviation) as the appropriate measure of risk 

implies that investors weigh the probability of negative returns equally against positive returns. If the 

empirical distribution of asset returns was symmetric and normal-tailed, then variance would be a proper 

measure of risk. However, it is a stylized fact that the distribution of many financial return series is generally 

skewed, fat-tailed and peaked around the mode. Furthermore, there is substantial evidence that investors 

often treat losses and gains asymmetrically. There is also a wealth of experimental evidence for loss aversion 

(see, e.g., Kahneman et al. (1990)). The choice therefore of mean-variance efficient portfolios is likely to 

give rise to an inefficient strategy for maximizing expected returns for financial assets while minimizing risk. 

Hence, it would be more desirable to rely on a measure of risk that is able to incorporate any non-normality 

in the return distributions and to account for investors’ aversion to extreme losses.  

Indeed, Markowitz himself had reservations about choosing variance as a measure of risk. Besides 

variance, Markowitz (1959) proposed an alternative measure of portfolio risk called semi-variance or lower 

partial moment (LPM) that depends on only those portfolio returns that fall below some target level of 

returns. LPM is defined as: 

           ∫
∞−

−=
h

p dRRfhRLPM  )()( 2 ,     (1) 

where h is the target level of returns and )(Rf p  represents the probability density function of returns for 

portfolio p.1 The main heuristic motivation for the use of semi-variance in place of variance is that 

minimization of semi-variance concentrates on the reduction of losses, whereas variance identifies extreme 

gains as well as extreme losses as undesirable. Too much expected return may be sacrificed in eliminating 

both extremes. 

As shown in equation (1), semi-variance is the expected value of the squared negative deviations of 

the possible outcomes from an arbitrarily chosen point of reference (h): ]),0[min( 2hRE − . In contrast, 

variance is the expected value of the squared deviations (whether positive or negative) of the possible 

outcomes from the mean of the random variable (μ): ])[( 2μ−RE . This means that semi-variance evaluates 

the risks associated with different distributions by reference to a fixed point which is designated by the 

investor. The variance measure introduces no such refinement, but uses the means of the distributions, which 
                                                 
1 For expected utility maximizing investors, Bawa (1975) provided a theoretical rationale for using semi-variance or 
lower partial moment as the measure of portfolio risk. 
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may vary widely, to make the judgments. Also, in computing semi-variance, positive and negative deviations 

contribute differently to risk, whereas in computing variance, a positive and a negative deviation of the same 

magnitude contribute equally to risk. In essence, then, since capital has an opportunity cost, the risk of an 

investment decision should be measured primarily by the prospect of failure to earn the return foregone. 

Semi-variance is more consistent with this concept of investment risk than ordinary variance.  

Bawa and Lindenberg (1977) developed a mean-lower partial moment capital asset pricing model 

(EL-CAPM). The equilibrium pricing relationship of this model is formulated as:  

    ])([)( fmLPMfi rRErRE −⋅=− β ,     (2) 

where )( iRE  is the expected return on asset i, )( mRE  is the expected return on the market portfolio, fr  is 

the risk-free interest rate, and LPMβ  is a measure of downside systematic risk defined as: 
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where h is the target level of returns, ),( mi RRCLPM  is the co-lower partial moment below h of returns on 

the market portfolio with returns on security i, )( mRLPM  is the lower partial moment of returns below h on 

the market portfolio, and ),( im RRf  is the joint probability density function of returns on asset i and returns 

on the market portfolio.2 

 Earlier studies on the EL-CAPM model use alternative measures of downside market risk, LPMβ , 

based on different target level of returns.3 Specifically, h is measured by the risk-free interest rate )( −
rfβ , 

zero rate of return on the market portfolio )( 0
−β , or average excess market return )( −
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where mμ  is the average excess market return.4 

In this paper, we examine the cross-sectional predictive power of −
rfβ , −

0β , and −
mμβ  for future stock 

returns. The results provide no evidence for a significant link between downside risk measures and the cross-

section of expected returns. We think that the downside market risk in equation (4) may not contain useful 

information about tail events because the downside betas are estimated based on the 50th percentile of the 

                                                 
2 Equation (3) can written as ]),0[min()](),0[min( 2hREhRhRE mimLPM −−⋅−=β . 
3 See, for example, Jahankhani (1976), Price, Price, and Nantell (1982), and Harlow and Rao (1989). 
4 Ang, Chen, and Xing (2006) show that −

rfβ , −
0β , and −

mμβ  are all highly correlated with each other with correlations 
greater than 0.96. Given these strong correlations they indicate that using any of the three measures of downside beta 
yields almost identical results.  
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market return distribution instead of using the extreme tails of the return distribution. Hence, we proposed an 

alternative measure of downside beta based on the observations in the 10% and 5% lower tails of the return 

distribution. However, these alternative measures focusing only on tail observations are also not successful in 

predicting the cross-sectional variation in stock returns.  

The underlying assumption with the definition of downside risk measures given in equation (4) is 

that the prices of individual stocks decline when the market falls. However, this paper provides evidence that 

contradicts with this assumption. For each month t, one year of daily returns on the market portfolio from 

month t to t–12 (approximately 250 daily observations) are used to determine the tail observations for the 

market and also for individual stocks. First, we take the 10% lower tail of the market return distribution as 

our downside risk threshold and focus on the 25 days on which the market fell over the past one year. Then, 

we determine the 10% lower tail of the return distribution for individual stocks, i.e., the 25 days on which the 

individual stocks fell over the past one year. Finally, we count the number of common days for the market 

and individual stocks out of the 25 days on which the market fell. 

We compute the percentiles for the number of common days. As presented below, the median 

number of common days is about 6.64, indicating that the price of a typical stock declines 6.64 days (on 

average) while the market lose value for 25 days over the past one year. Even the 99th percentile for the 

number of common days is only 10.26 (out of 25 days).  
 
Percentiles for the number of common days  (past 1 year) 
 

1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
      

4.78 5.03 5.29 5.74 6.08 6.38 6.64 7.06 7.56 8.16 8.67 8.88 10.26 
 

Similar results are obtained when we use the past two years of daily returns on the market portfolio 

(approximately 500 daily observations) to determine the tail observations for the market and individual 

stocks. As shown below, the median number of common days is about 14.04, indicating that the price of a 

typical stock declines 14 days while the market lose value for 50 days over the past two years. The 99th 

percentile for the number of common days is only 19.05 (out of 50 days).  

 
Percentiles for the number of common days  (past 2 years) 
 

1% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
      

10.49 11.12 11.54 11.98 12.51 13.32 14.04 14.59 14.99 15.91 17.49 18.42 19.05 
 

 
These results indicate that individual stocks do not usually follow the market during the large falls of 

the market. More specifically, the 10% lower tails of the return distributions for individual stocks and the 

market portfolio do not match in terms of the days on which the extreme price movements are observed. 

Since the large falls of the market and the large falls of the stock prices occur on different days, the market-
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based measures of downside risk do not reflect the actual firm-specific covariance risk. Therefore, instead of 

estimating downside risk for an individual stock based on the tails of the market return distribution, we 

propose a new measure of downside systematic risk based on the tails of the individual stock return 

distribution. For each month t, one year of daily returns on individual stocks from month t to t–12 are used to 

determine the tail observations for the individual stocks and also for the market. First, we take the 10% lower 

tail of the stock return distribution as our downside risk threshold and focus on the 25 days on which the 

stock price fell over the past one year. Then, we estimate downside beta using daily market returns 

corresponding to the days of extreme returns on individual stocks.  

In addition to downside market beta, we investigate for future stock returns the cross-sectional 

predictive power of standard risk measures (market beta, total volatility, idiosyncratic volatility) as well as 

the widely-used measures of downside risk (value-at-risk and expected shortfall).5 The long-short portfolio 

analyses provide no evidence for a significant link between the conventional risk measures and the cross-

section of expected returns.  

In this paper, we introduce new measures of tail risk and investigate their performance in predicting 

the cross-sectional variation in stock returns. Our first measure called tail total risk (TTR) depends on only 

those stock returns that fall below some disaster level of returns. TTR is defined as the standard deviation of 

extreme daily returns that are in the 10% (or 5%) lower tail of the return distribution.6 Our second measure 

called tail covariance risk (TCR) is defined as:  

      
)|var(
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where ) ( %5%10 == αα
ii VaRVaR  denotes the cutoff point for the 10% (5%) lower tail of the return distribution of 

stock i, )|,cov( α
iimi VaRRRR <  is the covariance between extreme daily returns on stock i that are below 

α
iVaR  and the corresponding daily returns on the market portfolio, and )|var( α

iim VaRRR <  is the variance 

of daily returns on the market portfolio that corresponds to the days of extreme returns on stock i that are 

below α
iVaR . TCR is the slope coefficient from the regression of extreme daily returns on stock i that are 

below α
iVaR  on the corresponding days’ returns of the market portfolio. Our last measure called tail 

idiosyncratic risk (TIR) is defined as the standard deviation of daily residuals from the regression of extreme 

daily returns on stock i against the corresponding daily returns on the market portfolio. 

                                                 
5 Value-at-risk (VaR) is defined as the expected maximum loss over a given time interval at a given confidence level. 
For example, if the given period of time is one day and the given probability is 1%, the VaR measure would be an 
estimate of the decline in the value of a stock that could occur with a 1% probability over the next trading day. In other 
words, if the VaR measure is accurate, losses greater than the VaR measure should occur less than 1% of the time. 
Expected shortfall (ES) is defined as the average value of those losses beyond the VaR threshold. 
6 The cutoff point for the 10% (5%) lower tail of the return distribution of stock i is measured by the 10% (5%) value-at-
risk of daily returns over the past one year denoted by ) ( %5%10 == αα

ii VaRVaR . 



 5

We investigate the empirical performance of the newly proposed measures of tail risk in the cross-

sectional pricing of NYSE stocks over the sample period of July 1963-December 2006. Univariate portfolio 

level analyses indicate that a trading strategy that longs stocks in the highest quintile of tail covariance risk 

(TCR) and shorts stocks in the lowest quintile of TCR yields average raw and risk-adjusted returns of 3.5% 

per annum. As a robustness check, we test whether the positive relation between tail covariance risk and the 

cross-section of expected returns holds once we exclude small, low-priced, illiquid, highly volatile, winner, 

loser, and reversal stocks. We find that the effect of tail covariance risk on stock returns does not disappear 

after a screen for size, price, liquidity, volatility, and past return characteristics.  
We also control for the well-known cross-sectional effects including size and book-to-market (Fama 

and French (1992, 1993)), momentum (Jegadeesh and Titman (1993)), short-term reversal (Jegadeesh 

(1990)), liquidity (Amihud (2002)), volatility (Ang, Hodrick, Xing, and Zhang (2006)), and co-skewness 

(Harvey and Siddique (1999, 2000)). After controlling for these effects in bivariate sorts of portfolios, we 

estimate the cross-sectional premium of tail covariance risk to be in the range of 25 to 30 basis points per 

month and highly significant. Similar results are obtained from the firm-level Fama-MacBeth (1973) cross-

sectional regressions. 

We further examine the significance of a positive link between tail covariance risk and expected 

returns by presenting average returns on portfolios of tail covariance risk in excess of the size and book-to-

market matched benchmark portfolios similar to Daniel and Titman (1997). After controlling for size and 

book-to-market simultaneously, the average return difference between the Low TCR and High TCR quintiles 

turns out to be positive and highly significant. For the size/book-to-market adjusted portfolios, we include 

additional controls for momentum, reversal, liquidity, volatility, and co-skewness. The results clearly 

indicate that the spreads in size and book-to-market adjusted returns between the TCR quintiles 5 and 1 

remain positive and significant after controlling for momentum, short-term reversal, liquidity, volatility, and 

co-skewness. Thus, our predictive pattern of returns for tail covariance risk is not due to size, book-to-

market, past return, liquidity, volatility, and co-skewness effects. 

The paper is organized as follows. Section 1 contains the data and variable definitions. Section 2 

discusses the average returns on portfolios of standard risk measures, downside risk measures, and the newly 

proposed measures of tail risk (tail covariance, tail total, tail idiosyncratic risk). Section 3 examines the 

significance of a cross-sectional relation between tail covariance risk and expected stock returns. Section 4 

provides bivariate portfolio level analyses after controlling for size, book-to-market, momentum, short-term 

reversal, liquidity, volatility, and co-skewness. Section 5 investigates the cross-sectional predictive power of 

tail covariance risk after screening for small, low-priced, illiquid, highly volatile, winner, loser, and reversal 

stocks. Section 6 examines the predictive power of tail covariance risk using the characteristic matched 

benchmark portfolios. Section 7 presents results from the firm-level cross-sectional regressions. Section 8 

provides additional robustness checks. Section 9 concludes the paper. 
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1.  Data and Variable Definitions 

The first data set includes all New York Stock Exchange (NYSE) financial and non-financial firms 

from the Center for Research in Security Prices (CRSP) for the period from July 1962 through December 

2006. We use daily stock returns to estimate alternative measures of risk. The second data set is the 

COMPUSTAT, which is primarily used to obtain the book values for individual stocks. For each month from 

July 1963 to December 2006, the following variables are computed for each firm in the sample: 

 

1.1  Standard Measures of Risk  
 
Systematic Risk (SR): To estimate market beta (or systematic risk) of an individual stock, we assume a 

single factor return generating process: 

didmiidi RR ,,, εβα ++= ,             (6) 

where diR ,  is the excess return on stock i on day d, dmR ,  is the excess return on the market portfolio on day 

d, and di,ε  is the idiosyncratic return on day d.7  The estimated slope )var(),cov(ˆ
,,,, dmdmditi RRR=β  in 

equation (6) is the market beta (or systematic risk) of stock i. For each month t, one year of daily data from 

month t to t–12 are used to estimate systematic risk (SR) for month t+1: 

          
{ } { }( )

{ }( )t
tdm
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ti
R

RR
SR

12,

12,12,
1,

var

;cov

−

−−
+ = ,     (7) 

where { }t
tdiR

12, −
 is the excess daily return on stock i over the past one year and { }t

tdmR
12, −

 is the excess daily 

return on the market portfolio over the past one year. 

While many cross-sectional studies in empirical asset pricing use within month daily data to estimate 

standard measures of risk, we follow Kothari, Shanken, and Sloan (1995) and Ang, Chen, and Xing (2006) 

and compute risk measures using daily returns over the past one year, from month t to month t–12. There are 

two reasons for choosing an annual horizon. First, we need a sufficiently large number of daily observations 

to compute downside and tail risk measures. One month of daily data provides too short a window for 

obtaining reliable estimates of tail risk based on extreme returns beyond some VaR threshold. As a 

robustness check, we also use six months of daily data to estimate tail risk measures. Second, Fama and 

French (1997), Lewellen and Nagel (2006), and Ang and Chen (2007) show that conditional betas with the 

market are time-varying. Hence, using intervals longer than one year may lead the estimates to be inaccurate. 

Fama and French (2006) also advocate estimating systematic risk based on daily returns within a year. 

 

                                                 
7 In our empirical analysis, Rm,d is measured by the CRSP daily value-weighted index, i.e., the daily value-weighted 
average returns of all stocks trading at the NYSE, AMEX, and NASDAQ. 
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Total Risk (TR): Total risk (TR) of an individual stock is calculated as the standard deviation of daily 

excess returns in a year. For each month t, one year of daily stock returns from month t to t–12 are used to 

estimate total risk for month t+1: 

                     { }( )t
tditi RTR 12,1, var
−+ = ,     (8) 

where { }t
tdiR 12, −

 is the excess daily return on stock i over the past one year. 

 

Idiosyncratic Risk (IR): Idiosyncratic risk (IR) of an individual stock is calculated as the standard 

deviation of daily residuals, di,ε , obtained from the single-factor return generating process in equation (6). 

For each month t, one year of daily residuals from month t to t–12 are used to estimate idiosyncratic risk for 

month t+1: 

                      { }( )t
tditiIR 12,1, var
−+ = ε ,     (9) 

where { }t
tdi 12, −

ε  is the daily idiosyncratic return on stock i over the past one year. 

 

1.2 Downside Risk Measures 
 
VaR:  Value-at-Risk (VaR) of an individual stock is defined as the maximum loss expected on a stock over a 

certain holding period at a given confidence level (probability). There are three main decision variables that 

are required to estimate VaR – the confidence level, a target horizon, and an estimation model. In this paper, 

three confidence levels (99%, 95%, 90%) are used to estimate alternative measures of VaR. The time horizon 

is one year. Estimation model is based on the left tail of the empirical return distribution. We define VaR for 

month t+1 with coverage probability α, based on the information set in month t, as: 

{ }( ) αα =Ω> +− tt
t
tdi VaRL 112,Pr ,               (10) 

where α
1+tVaR  is the value-at-risk for month t+1 with coverage probability α which equals 1%, 5%, and 10% 

in our empirical analysis. { }t
tdiL 12, −

 denotes daily losses that are greater than α
1+tVaR  based on daily returns 

over the past one year and tΩ  denotes the information set known in month t. 

The simplest way to estimate VaR is to use the sample quintile estimates based on historical return 

data – a nonparametric or completely model-free approach. For each month t, one year of daily data from 

month t to month t–12 are used to estimate VaR for month t+1: 8 

       { }( )t
tdit LQVaR

12,11 −−+ = α
α ,               (11) 

                                                 
8 Assuming that there are 250 daily observations in a year, 1% VaR is calculated as the average of the second-lowest 
and third-lowest observations of 250 daily returns. 5% VaR is computed as the average of the 12th-lowest and 13th-
lowest observations of 250 daily returns. 10% VaR is measured by the 25th lowest observation of 250 daily returns. 
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where ( ).1 α−Q  is the empirical (1–α) quintile of the distribution of daily losses { }t
tdiL

12, −
 from month t to     

t–12.  

 

ES:  Expected shortfall (ES) originally proposed by Artzner et al. (1999) is defined as the conditional 

expectation of a loss given that the loss is beyond the VaR level.  We define ES for month t+1 with coverage 

probability α, based on information in month t, as: 

     { } { }( )tt
t
tdi

t
tdit VaRLLEES Ω>= +−−+ ,112,12,1

αα .              (12) 

Equation (12) can be viewed as a mathematical transcription of the concept “average loss in the worst 100α 

% cases”. 

We use a nonparametric approach and estimate ES using the sample quintile estimates based on 

historical return data. For each month t, one year of daily data from month t to t–12 are used to estimate ES 

for month t+1:9 
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where { } α
112,# +−

> t
t
tdi VaRL  is the number of daily losses { }t

tdiL
12, −

 exceeding the VaR calculated in eq. (11). 

It should be noted that the original VaR and ES values are negative because they are obtained from 

the left tail of the return distribution, but the original VaR and ES measures are multiplied by –1 before 

forming the long-short portfolios of VaR and ES and before running cross-sectional regressions. Therefore, 

we expect the cross-sectional relation between expected stock returns and downside risk measures (VaR and 

ES) to be positive, i.e, the more a stock can potentially fall in value the higher should be the expected return. 

 

1.3  Tail Risk Measures 
 
Tail Covariance Risk (TCR): To estimate tail covariance risk (TCR) of an individual stock, we assume a 

single factor return generating process based on the left tail of the return distribution: 

 didmiidi eLbaL ,,, ++= ,               (14) 

where diL ,  is the extreme daily excess return on stock i that are below the 10% VaR threshold and dmL ,  is 

the excess daily return on the market portfolio corresponding to the days of diL ,  over the past one year, and 

die ,  is the extreme idiosyncratic return or regression residual in eq. (14). The estimated slope coefficient 

                                                 
9 Assuming that there are 250 daily observations in a year, 10% ES is computed as the average of 25 extreme daily 
return observations that are below the 10% VaR threshold. 
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)var(),cov(ˆ
,,,, dmdmditi LLLb =  in eq. (14) is the tail covariance risk of stock i. For each month t, one year of 

daily extreme returns from month t to t–12 are used to estimate tail covariance risk (TCR) for month t+1:10 

            
{ } { }( )

{ }( )t
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t
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ti
L
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1,

var

;cov
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where { }t
tdiL

12, −
 is the extreme excess daily returns on stock i that are below the 10% VaR of past one year of 

daily data and { }t
tdmL

12, −
 is the excess daily returns on the market portfolio corresponding to the days of 

{ }t
tdiL

12, −
 over the past one year. 

 

Tail Total Risk (TTR): Tail total risk (TTR) of an individual stock is calculated as the standard deviation 

of daily extreme excess returns that are below the 10% VaR threshold. For each month t, one year of daily 

extreme stock returns from month t to t–12 are used to estimate total tail risk for month t+1: 

                 { }( )t
tditi LTTR 12,1, var
−+ = ,               (16) 

where { }t
tdiL

12, −
 is the extreme excess daily returns on stock i that are below the 10% VaR of past one year of 

daily data. 

 

Tail Idiosyncratic Risk (TIR): Tail idiosyncratic risk (TIR) of an individual stock is calculated as the 

standard deviation of daily residuals, die , , obtained from the single-factor return generating process in 

equation (14). For each month t, one year of daily extreme residuals from month t to t–12 are used to 

estimate tail idiosyncratic risk for month t+1: 

                  { }( )t
tditi eTIR 12,1, var
−+ = ,               (17) 

where { }t
tdie

12, −
 is the extreme idiosyncratic return obtained from the 10% lower tail of the daily return 

distribution of stock i. 

 

1.4  Control Variables 
 
Size: Following the existing literature, firm size is measured by the natural logarithm of the market value of 

equity (a stock’s price times shares outstanding in millions of dollars) for each stock. 

 

                                                 
10 Assuming that there are 250 daily observations in a year, tail covariance risk (TCR) is computed based on the 
regression given in equation (14) using 25 extreme daily return observations that are less than the 10% VaR threshold. 
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Book-to-market: Following Fama and French (1992), we compute a firm’s book-to-market ratio using its 

market equity at the end of December of year t–1 and the book value of common equity plus balance-sheet 

deferred taxes for the firm’s latest fiscal year ending in calendar year t–1.11   

 

Momentum:  Following Jegadeesh and Titman (1993), momentum is defined as the cumulative return over 

the past 12 months by skipping a month between the portfolio formation period and the holding period, i.e., 

average monthly return from month t–12 to month t–2. 

 

Short-term reversal: Jegadeesh (1990) and Lehmann (1990) provide evidence for short-term return 

reversals. These papers show that contrarian strategies that select stocks based on their returns in the previous 

week or month generate significant abnormal returns. In this paper, we investigate the robustness of a cross-

sectional relation between tail covariance risk and expected returns after controlling for the past 1-month 

return. 

 

Liquidity: Liquidity generally implies the ability to trade large quantities quickly, at low cost, and without 

inducing a large change in the price level. Following Amihud (2002), we measure stock illiquidity as the 

ratio of absolute stock return to its dollar trading volume: 

tititi VOLDRILLIQ ,,, /||= ,               (18) 

where Ri,t is the return on stock i in month t, and VOLDi,t is the respective monthly volume in dollars. This 

ratio gives the absolute percentage price change per dollar of monthly trading volume. As discussed in 

Amihud (2002), ILLIQi,t follows the Kyle’s (1985) concept of illiquidity, i.e., the response of price to the 

associated order flow or trading volume. The measure of stock illiquidity given in equation (18) can be 

interpreted as the price response associated with one dollar of trading volume, thus serving as a rough 

measure of price impact. 

 

Co-skewness: Following Harvey and Siddique (2000), we estimate co-skewness based on the following 

regression for each stock in our sample: 

                        didmidmiidi RRR ,
2

,,, εγβα +++= ,                          (19) 

where diR ,  is the excess return on stock i on day d, and dmR ,  is the excess market return on day d. The co-

skewness of stock i in month t+1 is the slope coefficient 1,ˆ +tiγ  in equation (19) estimated with daily returns 

from month t to t–12. 
                                                 
11 To avoid giving extreme observations heavy weight in our analysis, following Fama and French (1992), the smallest 
and largest 0.5% of the observations on book-to-market ratio are set equal to the next largest and smallest values of the 
ratio (the 0.005 and 0.995 fractiles). 
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2. Average Returns on Portfolios of Alternative Risk Measures 

2.1  Average Returns on Portfolios of Downside Risk  

Table 1 presents the average return, VaR, expected shortfall, market beta, total risk, market share, 

size, book-to-market, price, and illiquidity of individual stocks in the equal-weighted quintile portfolios that 

are formed by sorting the NYSE stocks based on the absolute value of 1%, 5%, and 10% VaR of daily 

returns over the past one year. The results are reported for the sample period of July 1963 to December 2006.  

In Panel A of Table 1, Portfolio 1 (Low VaR) contains the NYSE stocks with the lowest 1% VaR of 

daily returns in the previous year and Portfolio 5 (High VaR) includes the NYSE stocks with the highest 1% 

VaR of daily returns in the previous year.  As shown in the second column of Panel A, the average 1% VaR 

of individual stocks is about 3.05% per day for Portfolio 1, 4.02% per day for Portfolio 2, 4.90% per day for 

Portfolio 3, 6.04% per day for Portfolio 4, and 8.31% per day for Portfolio 5. As shown in the first column of 

Panel A, the average return of individual stocks is about 0.64% per month for the Low VaR portfolio 

(Portfolio 1), 0.81% per month for Portfolio 2, 0.88% per month for Portfolio 3, 0.85% per month for 

Portfolio 4, and 0.60% per month for the High VaR portfolio (Portfolio 5). The average return difference 

between quintile 5 (High VaR) and quintile 1 (Low VaR) is about –0.05% per month with the Newey-West 

(1987) t-statistic of –0.20.  

As shown in Panels B and C of Table 1, similar results are obtained from the 5% VaR and 10% VaR 

measures. When portfolios are formed based on the 5% VaR of daily returns in the previous year, the 

average return difference between quintile 5 and quintile 1 is about –0.04% per month with the Newey-West 

t-statistic of –0.17. When portfolios are formed based on the 10% VaR, the average return difference 

between the High VaR and the Low VaR portfolios is about –0.06% per month with t-stat. = –0.23.  

These results indicate economically and statistically insignificant relation between value-at-risk and 

the cross-section of expected returns over the sample period of July 1963 to December 2006.  

A common observation in Table 1 is that there is a strong positive correlation among alternative 

measures of risk. For example, in Panel A, moving from Portfolio 1 to Portfolio 5, as the average 1% VaR 

increases from 3.05% to 8.31% per day, the average 1% expected shortfall increases from 3.60% to 10.28% 

per day, the average market beta increases from 0.51 to 1.23, and the average total risk increases from 1.31% 

to 3.37% per day. Another notable point is that stocks with high VaR (Portfolio 5) are, on average, have 

smaller market capitalization, higher book-to-market ratio (value stocks), lower price, and they are less 

liquid, whereas stocks with low VaR (Portfolio 1) are, on average, have larger market capitalization, lower 

book-to-market ratio (growth stocks), higher price, and they are more liquid. We observe exactly the same 

pattern in Panels B and C of Table 1, i.e., stocks with high downside risk are generally small, value, low-

priced, and illiquid stocks. 



 12

Table 2 displays the average return, expected shortfall (ES), VaR, market beta, total risk, market 

share, size, book-to-market, price, and illiquidity of individual stocks in the equal-weighted quintile 

portfolios that are formed by sorting the NYSE stocks based on the absolute value of 1%, 5%, and 10% ES 

of daily returns over the past 12 months. The results are reported for the same period of July 1963-December 

2006.  

In Panel A of Table 2, Portfolio 1 (Low ES) contains the NYSE stocks with the lowest 1% expected 

shortfall of daily returns in the previous year and Portfolio 5 (High ES) includes the NYSE stocks with the 

highest 1% expected shortfall of daily returns in the previous year.  The second column of Panel A shows 

that the average 1% ES of individual stocks increases from 3.60% per day for Portfolio 1 to 10.60% per day 

for Portfolio 5. The first column of Panel A reports that moving from Portfolio 1 to Portfolio 5, the average 

return decreases from 0.65% to 0.58% per month. The average return difference between quintile 5 (High 

ES) and quintile 1 (Low ES) is about –0.07% per month with the Newey-West t-statistic of –0.29. Similar 

results are obtained from the 5% and 10% expected shortfall measures. When portfolios are formed based on 

the 5% ES of daily returns in the previous year, the average return difference between quintile 5 and quintile 

1 is only 6 basis points per month with the t-statistic of –0.24. When portfolios are formed based on the 10% 

ES, the average return difference between the High ES and the Low ES portfolios is only 4 basis points per 

month with t-stat. = –0.17. The findings in Table 2 provide evidence that expected shortfall has no predictive 

power for the cross-sectional variation in expected stock returns.12 

 
2.2  Average Returns on Portfolios of Standard Risk Measures 

Panel A of Table 3 presents the average return, systematic risk, total risk, idiosyncratic risk, market 

share, size, book-to-market, price, and illiquidity of individual stocks in the equal-weighted quintile 

portfolios that are formed by sorting the NYSE stocks based on their systematic risk (SR) estimated with 

daily returns over the past one year. Portfolio 1 (Low SR) contains the NYSE stocks with the lowest 

systematic risk and Portfolio 5 (High SR) includes the NYSE stocks with the highest systematic risk. Panel A 

shows that moving from quintile 1 to quintile 5, while the average market beta increases from 0.34 to 1.58, 

the average return increases only from 0.68% to 0.73% per month. The average return difference between 

quintile 5 and quintile 1 is only 0.05% per month with t-stat. = 0.28. This result indicates that the cross-

sectional relation between market beta and expected stock returns is flat. 

Panel B of Table 3 presents results from the equal-weighted quintile portfolios that are formed by 

sorting the NYSE stocks based on their total risk (TR) measured with the standard deviation of daily returns 

over the past one year. Portfolio 1 (Low TR) contains the NYSE stocks with the lowest total risk and 

                                                 
12 Similar to our findings in Table 1, when portfolios are formed based on the expected shortfall, we find that stocks 
with high (low) expected shortfall are generally small (big), value (growth), low-priced (high-priced), and illiquid 
(liquid). 
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Portfolio 5 (High TR) includes the NYSE stocks with the highest total risk. As shown in Panel B, moving 

from Low TR to High TR portfolios, the average total risk increases significantly from 1.29% to 3.43% per 

day, whereas the average return decreases almost 1 basis point from 0.63% to 0.62% per month. The average 

return difference between quintile 5 and quintile 1 is only –0.008% per month with t-stat. = –0.03. This result 

indicates that there is no link between total risk and the cross-section of expected returns. 

Panel C of Table 3 shows risk and return statistics from the equal-weighted quintile portfolios that 

are formed by sorting the NYSE stocks based on their idiosyncratic risk (IR) estimated with daily returns 

over the past one year. Portfolio 1 (Low IR) contains the NYSE stocks with the lowest idiosyncratic risk and 

Portfolio 5 (High IR) includes the NYSE stocks with the highest idiosyncratic risk. As shown in Panel C, 

moving from Low IR to High IR portfolio, the average idiosyncratic risk increases significantly from 1.17% 

to 3.22% per day, whereas the average return stays almost the same at 0.63% per month. The average return 

difference between quintiles 5 and 1 is only 5 basis points per month with t-stat. = 0.02, implying that 

idiosyncratic risk has no predictive power for the cross-section of stock returns. 

 
2.3  Average Returns on Portfolios of Tail Risk 

We have so far shown that neither downside risk (VaR, ES) nor standard risk measures (SR, TR, IR) 

can explain the cross-sectional variation in stock returns. In this section, we investigate whether there is a 

positive and significant relation between tail risk and the cross-section of expected returns.  

Panel A of Table 4 presents the average return, tail covariance risk (TCR), systematic risk, total risk, 

market share, size, book-to-market, price, and illiquidity of individual stocks in the equal-weighted quintile 

portfolios that are formed by sorting the NYSE stocks based on their tail covariance risk. As discussed in 

Section 1.3, TCR is estimated using the extreme daily returns in the left tail of the empirical distribution. 

Assuming that there are 250 daily observations in a year, tail covariance risk (TCR) is computed based on the 

regression given in equation (14) using 25 extreme daily return observations that are less than the 10% VaR 

threshold. 

In Panel A, Portfolio 1 (Low TCR) contains the NYSE stocks with the lowest tail covariance risk 

and Portfolio 5 (High TCR) includes the NYSE stocks with the highest tail covariance risk. Panel A shows 

that moving from quintile 1 to quintile 5, average return on TCR portfolios increases monotonically from 

0.58% to 0.85% per month. The average return difference between quintiles 5 and 1 is about 0.27% per 

month with the Newey-West t-statistic of 2.77. A trading strategy that longs stocks in the highest TCR 

quintile and shorts stocks in the lowest TCR quintile produces average return of 27 basis points per month 

(or 3.24% per annum) from July 1963 to December 2006. This result indicates a positive and significant 

relation between tail covariance risk and the cross-section of expected returns. 

A notable point in Panel A of Table 4 is that except for market beta there is no systematic pattern in 

the average total risk, market share, size, book-to-market, price and illiquidity of TCR portfolios. Moving 
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from the Low TCR to High TCR portfolios, average market beta increases from 0.72 to 1.18 although not 

monotonically. However, there is no significant difference between the average total risks of individual 

stocks in the Low TCR to High TCR portfolios, i.e., average total risk is 2.21% per day for Low TCR 

portfolio vs. 2.40% per day for High TCR portfolio. In addition, the last five columns of Panel A show that 

the average market share, average market capitalization, book-to-market ratio, price, and illiquidity of stocks 

in the Low TCR and High TCR portfolios are approximately the same. These results indicate that tail 

covariance risk is an independent risk factor that has almost no association with the well-known cross-

sectional effects such as size, book-to-market, price, volatility and liquidity.  

To better understand the interaction of TCR with other variables, we compute the cross-sectional 

correlation of tail covariance risk (TCR) with market beta, total volatility, size, book-to-market (BM), and 

illiquidity (ILLIQ) for each month from July 1963 to December 2006. Panel A of the Appendix reports the 

time-series averages of the cross-sectional correlations. A notable point in Panel A is that tail covariance risk 

has very low correlation with size, book-to-market, illiquidity, and total volatility. Consistent with the results 

presented in Table 4, TCR is only correlated with market beta although the correlation coefficient of 0.31 

does not imply an economically large association of TCR with BETA. 

Later in the paper, we provide different ways of dealing with the potential interaction of tail 

covariance risk with firm size, book-to-market, liquidity, past returns, total volatility, and co-skewness. 

Specifically, we test whether the positive relation between TCR and the cross-section of expected returns still 

holds once we control for size, book-to-market, momentum, short-term reversal, liquidity, total volatility, and 

co-skewness using the bivariate sorts of portfolios and the characteristic matched benchmark portfolios.  

Panel B of Table 4 presents results for the equal-weighted quintile portfolios that are formed by 

sorting the NYSE stocks based on their tail total risk (TTR). As discussed in Section 1.3, TTR is estimated 

based on the standard deviation of extreme daily returns in the left tail of the empirical distribution. 

Assuming that there are 250 daily observations in a year, tail total risk (TTR) is calculated as the standard 

deviation of 25 extreme daily return observations that are less than the 10% VaR threshold. In Panel B, 

Portfolio 1 (Low TTR) contains the NYSE stocks with the lowest tail total risk and Portfolio 5 (High TTR) 

includes the NYSE stocks with the highest tail total risk. Panel B shows that moving from quintile 1 to 

quintile 5, there is no monotonically increasing or decreasing pattern in the average return of TTR portfolios. 

The average return difference between quintiles 5 and 1 is only –0.06% per month with t-stat. = –0.32, 

indicating that there is no link between that tail total risk and expected stock returns. 

As presented in Panel C of Table 4, similar results are obtained from the tail idiosyncratic risk (TIR) 

defined as the standard deviation of residuals from regression equation (14) estimated with the extreme daily 

return observations that are less than the 10% VaR threshold. In Panel C, Portfolio 1 (Low TIR) contains the 

NYSE stocks with the lowest tail idiosyncratic risk and Portfolio 5 (High TIR) includes the NYSE stocks 

with the highest tail idiosyncratic risk. The second column of Panel C shows that the average TIR of 
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individual stocks increases from 0.61 for Portfolio 1 to 2.35 for Portfolio 5. The first column of Panel C 

reports that moving from Portfolio 1 to Portfolio 5, the average return decreases from 0.67% to 0.60% per 

month. The average return difference between quintiles 5 and 1 is about –0.07% per month with t-stat. = –

0.36, implying that tail idiosyncratic risk has no predictive power for the cross-section of expected returns. 

 
3. Average Returns on Portfolios of Tail Covariance Risk 

To better understand the interaction of alternative risk measures, we compute the cross-sectional 

correlation of tail covariance risk (TCR) with tail total risk (TTR), tail idiosyncratic risk (TIR), systematic 

risk (SR), total risk (TR), idiosyncratic risk (IR), value-at-risk (VaR), and expected shortfall (ES) measures 

for each month from July 1963 to December 2006. Panel B of the Appendix reports the time-series averages 

of the cross-sectional correlations. A notable point in Panel B is that tail covariance risk has very low 

correlation with TTR, TIR, TR, IR, VaR, and ES. The correlation of TCR with these risk measures is in the 

range of 0.003 to 0.047. TCR seems to be correlated only with systematic risk (SR). The correlation between 

TCR and SR is about 0.31 which does not suggest an economically large association of TCR with SR.  As 

expected, total risk, idiosyncratic risk, tail total risk, tail idiosyncratic risk, value-at-risk, and expected 

shortfall measures are found to be highly correlated. 

Table 5 presents the average raw and risk-adjusted returns of individual stocks in the equal-weighted 

quintile portfolios that are formed by sorting the NYSE stocks based on their tail covariance risk. As shown 

in Panel A, for the full sample of NYSE stocks, moving from quintile 1 to quintile 5, average raw returns on 

TCR portfolios increase monotonically from 0.58% to 0.85% per month. The average raw return difference 

between quintiles 5 and 1 is about 0.27% per month with the t-statistic of 2.77. The 5-1 difference in the FF-

3 alphas is about 0.26% per month with t-stat. = 2.99. A trading strategy that longs stocks in the highest-TCR 

quintile and shorts stocks in the lowest-TCR quintile produces average raw and risk-adjusted returns of 26 to 

27 basis points per month from July 1963 to December 2006.  

Ang, Chen, and Xing (2006) emphasize the interaction of stock return volatility and downside beta 

and examine the cross-sectional relation between downside beta and expected returns after excluding stocks 

with the highest 20% volatility. They provide two reasons why high volatility stocks need to be eliminated 

before forming the long-short portfolios of downside beta. First, they find the measurement error in downside 

beta to be higher for stocks with high volatility. Second, Ang, Hodrick, Xing, and Zhang (2006) find that 

stocks with very high volatility have extremely low returns. Ang, Chen, and Xing (2006) point out that this 

volatility effect confounds the relationship between high downside beta and high return because high-

volatility stocks tend to be high-beta stocks, but high-volatility stocks also tend to have lower average return.  

To control for the potential interaction between stock return volatility and TCR, we exclude stocks 

with the highest 1%, 5%, 10%, and 20% volatility and our original findings remain intact. As presented in 

Table 5, the average raw return difference between the High TCR and Low TCR portfolios is in the range of 
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0.25% to 0.28% per month with the t-statistics ranging from 2.78 to 3.36. Similarly, the average risk-adjusted 

return difference between the High TCR and Low TCR portfolios is in the range of 0.24% to 0.26% per 

month with the t-statistics ranging from 2.86 to 3.48. Based on the average raw and risk-adjusted return 

differences, we find a positive and significant link between tail covariance risk and expected returns. 

 

4.  Portfolios of Tail Covariance Risk: After Controlling for Size, Book-to- 
      Market, Momentum, Reversal, Liquidity, Volatility, and Co-skewness 
 

This section tests whether there is a positive relation between tail covariance risk and future stock 

returns after controlling for size, book-to-market, momentum, short-term reversal, liquidity, total volatility, 

and co-skewness. We control for size by first forming quintile portfolios ranked based on market 

capitalization. Then, within each size quintile, we sort stocks into quintile portfolios ranked based on tail 

covariance risk (TCR) so that quintile 1 (quintile 5) contains stocks with the lowest (highest) TCR. Panel A 

of Table 6 shows that in each size quintile, the lowest (highest) TCR quintile has lower (higher) equal-

weighted average returns. The column labeled “Average Returns” averages across the five size quintiles to 

produce quintile portfolios with dispersion in TCR, but which contain all sizes of firms. This procedure 

creates a set of TCR portfolios with near-identical levels of firm size and thus these TCR portfolios control 

for differences in size. After controlling for size, the equal-weighted average return difference between the 

Low TCR and High TCR portfolios is about 0.25% per month with the Newey-West t-statistic of 2.90. The 

5-1 difference in the FF-3 alphas is 0.21% per month with the t-statistic of 2.80. Thus, market capitalization 

does not explain the high (low) returns to high (low) TCR stocks.  

We also control for book-to-market (BM) by first forming quintile portfolios ranked based on the 

ratio of book value of equity to market value of equity. Then, within each BM quintile, we sort stocks into 

quintile portfolios ranked based on TCR so that quintile 1 (quintile 5) contains stocks with the lowest 

(highest) TCR. Panel B of Table 6 shows that in each BM quintile, the lowest (highest) TCR quintile has 

lower (higher) average returns. The last two columns report the differences in average returns and the FF-3 

alphas along with the Newey-West t-statistics after controlling for BM. The average raw return difference 

between the Low TCR and High TCR quintiles is 0.26% per month with the t-statistic of 2.90. The 5-1 

difference in the FF-3 alphas is also positive, 0.22% per month, and highly significant. Thus, book-to-market 

ratio does not explain the positive cross-sectional risk premium on the High TCR minus Low TCR 

portfolios. 

We control for momentum (MOM) by first forming quintile portfolios ranked based on the 

cumulative monthly returns over the past 12 months by skipping a month between the portfolio formation 
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period and the holding period.13 At the beginning of each month t, stocks are ranked in ascending order on 

the basis of their cumulative returns from month t-12 to month t-2. Based on these rankings, 5 quintile 

portfolios are formed that equally weight the stocks contained in the top quintile, the second quintile, and so 

on. The top quintile portfolio is called the “losers” quintile (MOM 1) and the bottom quintile is called the 

“winners” quintile (MOM 5).  Within each MOM quintile, we sort stocks into quintile portfolios ranked 

based on TCR so that quintile 1 (quintile 5) contains stocks with the lowest (highest) TCR. Panel C of Table 

6 shows that in each momentum quintile, the lowest (highest) TCR quintile has lower (higher) average 

returns. The last two columns report the differences in average returns and the FF-3 alphas along with the 

Newey-West t-statistics after controlling for momentum. The average raw return difference between the Low 

TCR and High TCR quintiles is 0.24% per month with t-stat. = 2.83. The 5-1 differences in the FF-3 alphas 

is also positive, 0.23% per month, and highly significant. Thus, momentum does not explain the positive 

relation between TCR and the cross-section of future stock returns.  

We control for short-term reversal (REV) by first forming quintile portfolios ranked based on the 

past 1-month return. Then, within each REV quintile, we sort stocks into quintile portfolios ranked based on 

TCR so that quintile 1 (quintile 5) contains stocks with the lowest (highest) TCR. Panel D of Table 6 shows 

that in each reversal quintile, the lowest (highest) TCR quintile has lower (higher) average returns. The last 

two columns report the differences in average returns and the FF-3 alphas along with the Newey-West t-

statistics after controlling for short-term reversal. The average raw return difference between the Low TCR 

and High TCR quintiles is 0.29% per month with the t-statistic of 3.28. The 5-1 differences in the FF-3 

alphas is also positive, 0.27% per month, with the t-statistic of 3.45. Thus, short-term reversal does not 

explain the high (low) returns to high (low) TCR stocks.  

We control for liquidity by first forming quintile portfolios ranked based on the illiquidity measure 

of Amihud (2002). In Panel E of Table 6, ILLIQ 1 denotes a portfolio of stocks with the lowest illiquidity, 

whereas ILLIQ 5 denotes a portfolio of stocks with the highest illiquidity. Within each illiquidity quintile, we 

sort stocks into quintile portfolios ranked based on tail covariance risk so that quintile 1 (quintile 5) contains 

stocks with the lowest (highest) TCR. Panel E of Table 6 shows that in each illiquidity quintile, the lowest 

(highest) TCR quintile has lower (higher) average returns. The last two columns report the differences in 

average returns and the FF-3 alphas along with the Newey-West t-statistics after controlling for illiquidity. 

The average raw return difference between the Low TCR and High TCR quintiles is 0.24% per month with t-

stat. = 2.72. The 5-1 differences in the FF-3 alphas is also positive, 0.20% per month, and highly significant. 

Thus, liquidity does not explain the positive relation between TCR and expected stock returns.  

We control for total risk (TR) by first forming quintile portfolios ranked based on the total volatility 

measure. In Panel F of Table 6, TR 1 denotes a portfolio of stocks with the lowest total risk whereas TR 5 

                                                 
13 As discussed in Jegadeesh and Titman (1993), skipping a month avoids some of the bid-ask spread, price pressure, 
and lagged reaction effects. 
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denotes a portfolio of stocks with the highest total risk. Within each TR quintile, we sort stocks into quintile 

portfolios ranked based on tail covariance risk so that quintile 1 (quintile 5) contains stocks with the lowest 

(highest) TCR. Panel F of Table 6 shows that in each TR quintile, the lowest (highest) TCR quintile has 

lower (higher) average returns. The last two columns report the differences in average returns and the FF-3 

alphas along with the Newey-West t-statistics after controlling for total risk. The average raw return 

difference between the Low TCR and High TCR quintiles is 0.21% per month with the t-statistic of 3.00. The 

5-1 differences in the FF-3 alphas is also positive, 0.25% per month, and highly significant. Thus, total risk 

does not explain the high (low) returns to high (low) TCR stocks.  

We control for co-skewness (COSKEW) by first forming quintile portfolios ranked based on the co-

skewness measure given in equation (19). In Panel G of Table 6, COSKEW 1 denotes a portfolio of stocks 

with the lowest co-skewness whereas COSKEW 5 denotes a portfolio of stocks with the highest co-

skewness. Within each COSKEW quintile, we sort stocks into quintile portfolios ranked based on tail 

covariance risk so that quintile 1 (quintile 5) contains stocks with the lowest (highest) TCR. Panel G of Table 

6 shows that in each COSKEW quintile, the lowest (highest) TCR quintile has lower (higher) average 

returns. The last two columns report the differences in average returns and the FF-3 alphas along with the 

Newey-West t-statistics after controlling for co-skewness. The average raw return difference between the 

Low TCR and High TCR quintiles is 0.24% per month with t-stat. = 2.65. The 5-1 differences in the FF-3 

alphas is also positive, 0.27% per month, and highly significant. Thus, co-skewness does not explain the 

positive relation between tail covariance risk and the cross-section of expected returns.  

 

5. Portfolios of Tail Covariance Risk: After Screening for Size, Price, 
      Liquidity, Volatility, Winners, Losers, and Short-term Reversal 
 

We have so far used bivariate portfolios to deal with the potential interaction of tail covariance risk 

with firm size, book-to-market, momentum, short-term reversal, volatility, liquidity, and co-skewness. We 

think that an alternative way of handling this problem is to exclude small, low-priced, illiquid, highly 

volatile, extreme winner, loser, and reversal stocks in the formation of TCR portfolios. Our screening process 

can be explained as follows:  

(1) Size: To screen for size, all NYSE stocks are sorted for each month by firm size to determine the 

NYSE decile breakpoints for market capitalization. Then, we exclude all NYSE stocks with market 

capitalizations that would place them in the smallest NYSE size decile. 

(2) Price: We exclude stocks whose price is less than $5. Returns on low-priced stocks are greatly 

affected by the minimum tick of $1/8, which may add noise to the construction of tail covariance risk.14 

                                                 
14 See Harris (1994) and Jegadeesh and Titman (2001). 
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(3) Liquidity: To screen for liquidity, all NYSE stocks are sorted for each month by the ratio of 

absolute stock return to its dollar volume to determine the NYSE decile breakpoints for the illiquidity 

measure. Then, we exclude all NYSE stocks that belong to the smallest NYSE liquidity decile (or the largest 

NYSE illiquidity decile). 

(4) Volatility: To screen for total volatility, all NYSE stocks are sorted for each month by their total 

volatility to determine the NYSE decile breakpoints for the volatility measure. Then, we exclude all NYSE 

stocks that belong to the highest NYSE volatility decile.15 

(5) Winners: To screen for past 12-month winners, all NYSE stocks are sorted for each month by 

their cumulative returns from month t-12 to month t-2 to determine the NYSE decile breakpoints for 

momentum. Then, we exclude the NYSE winner stocks that belong to the highest momentum decile. To 

screen for past 1-month winners, all NYSE stocks are sorted for each month by their past 1-month return to 

determine the NYSE decile breakpoints for short-term reversal. Then, we exclude the past 1-month winner 

stocks that belong to the highest reversal decile. 

(6) Losers: To screen for past 12-month losers, all NYSE stocks are sorted for each month by their 

cumulative returns from month t-12 to month t-2 to determine the NYSE decile breakpoints for momentum. 

Then, we exclude the NYSE loser stocks that belong to the lowest momentum decile. To screen for past 1-

month losers, all NYSE stocks are sorted for each month by their past 1-month return to determine the NYSE 

decile breakpoints for short-term reversal. Then, we exclude the past 1-month loser stocks that belong to the 

lowest reversal decile. 

(7) Short-term reversal: As indicated by Jegadeesh (1990) and Lehman (1990), daily returns in 

month t–1 are the source of short-term reversal. Hence, to screen for short-term reversal, we estimate tail 

covariance risk using daily returns from month t–12 to month t–2, skipping daily returns in month t–1.  

After screening for size, price, liquidity, volatility, winners, losers, and short-term reversal, equal-

weighted quintile portfolios are formed every month from January 1963 to December 2006 by sorting the 

NYSE stocks based on tail covariance risk (TCR) calculated using the 10% lower tail of the daily return 

distribution over the past one year. Portfolio 1 (5) is the portfolio of stocks with the lowest (highest) tail 

covariance risk.  

Table 7 reports the average returns in monthly percentage terms on TCR portfolios. The average raw 

return difference between quintiles 5 and 1 is in the range of 0.22% to 0.28% per month with the t-statistics 

ranging from 2.38 to 3.19. The 5-1 difference in the FF-3 alphas is in the range of 0.17% to 0.26% per month 

with t-statistics ranging from 2.13 to 3.24. Based on the average raw and risk-adjusted return differences, we 

                                                 
15 In Table 5, we report results after excluding stocks with the highest 1%, 5%, 10%, and 20% volatility. To be 
consistent with downside risk measures, total volatility in Table 5 is calculated as the standard deviation of daily returns 
over the past one year. In this section, following Ang, Hodrick, Xing, and Zhang (2006), we compute total volatility as 
the standard deviation of daily returns over the past one month. 
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find a positive and significant relation between tail covariance risk and expected returns after screening for 

small, low-priced, illiquid, highly volatile, extreme winner, loser, and reversal stocks. 

 

6.  Portfolios of Tail Covariance Risk: Alternative Controls for Size/BM,  
     Momentum, Reversal, Liquidity, Volatility, and Co-skewness 
 

In Table 8, we further examine whether the significantly positive relation between tail covariance 

risk and expected returns is not due to size, book-to-market, momentum, reversal, volatility, or liquidity 

effects. In column labeled ‘‘Size/BM adjusted,’’ we report the average returns in excess of the size and book-

to-market matched benchmark portfolios similar to Daniel and Titman (1997). In the next five columns, we 

include additional controls for momentum (as measured by past 12-month returns), short-term reversal (as 

measured by past 1-month returns), illiquidity measure of Amihud (2002), total volatility, and co-skewness. 

For each additional control, we first perform a quintile sort based on the characteristic and then on tail 

covariance risk (TCR). Finally, we average the TCR quintiles across the characteristic quintiles and report 

size and book-to-market matched returns within each TCR quintile. Portfolio 1 (5) is the portfolio of stocks 

with the lowest (highest) tail covariance risk.  

As presented in the first column of Table 8, after controlling for size and book-to-market 

simultaneously, the average return difference between the Low TCR and High TCR quintiles is about 0.21% 

per month with the t-statistic of 2.96. The last five columns of Table 8 clearly show that the spreads in size 

and book-to-market adjusted returns between the TCR quintiles 5 and 1 remain positive and significant after 

controlling for momentum, short-term reversal, liquidity, total risk, and co-skewness. In each case, the 

average return difference between the Low TCR and High TCR quintiles is in the range of 0.19% to 0.23% 

per month with the t-statistics ranging from 2.71 to 3.21. Thus, our predictive pattern of returns for tail 

covariance risk is not due to size, book-to-market, past return, liquidity, volatility, and co-skewness effects. 

 
7.  Firm-Level Cross-Sectional Regressions 

We have so far investigated the significance of TCR as a determinant of the cross-section of future 

returns at the portfolio level. We now examine the cross-sectional relation between TCR and expected 

returns at the firm level using Fama and MacBeth (1973) regressions. We present the time-series averages of 

the slope coefficients from the regressions of one-month ahead stock returns on tail covariance risk (TCR), 

downside risk measures [Value at Risk (VaR), expected shortfall (ES)], and the control variables: log market 

capitalization (SIZE), log book-to-market ratio (BM), momentum (MOM), short-term reversal (REV), 

illiquidity (ILLIQ), co-skewness (COSKEW), total volatility (TVOL), and idiosyncratic volatility (IVOL). 

The average slopes provide standard Fama-MacBeth tests for determining which explanatory variables on 
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average have non-zero premiums. Monthly cross-sectional regressions are first run for the following 

univariate econometric specifications: 

 1,,,1,01, ++ ++= titittti TCRR ελλ , 

 1,,,1,01, ++ ++= titittti VaRR ελλ ,                             (20) 

      1,,,1,01, ++ ++= titittti ESR ελλ , 

where  1, +tiR  is the realized return on stock i in month t+1. The predictive cross-sectional regressions are run 

on the one-month lagged values of TCR, VaR, and ES.  

Table 9 reports the time series averages of the slope coefficients over the 522 months from July 1963 

to December 2006 for the NYSE stocks. The Newey-West adjusted t-statistics are given in parentheses. The 

univariate regression results show a positive and statistically significant relation between tail covariance risk 

and the cross-section of future stock returns. The average slope, λ1,t, from the monthly regressions of realized 

returns on TCR alone is 0.15 with the Newey-West t-statistic of 2.07. The economic magnitude of the 

associated effect is similar to that documented in our earlier tables for the univariate and bivariate portfolios 

of TCR. Similar to our findings from the univariate portfolios, there is no significant relation between 

downside risk and the cross-section of expected returns because the average slopes on VaR and ES turn out 

to be statistically insignificant for all coverage probability levels (1%, 5%, and 10%).  

Panel B of Table 9 reports the average slope coefficients from the bivariate regressions of returns on 

TCR after controlling for the downside risk measures:  

1,,,2,,1,01, ++ +++= titittittti VaRTCRR ελλλ ,              (21) 

 1,,,2,,1,01, ++ +++= titittittti ESTCRR ελλλ , 

From these horserace regressions, the average slopes on TCR turn out to be in the range of 0.13 to 0.15 and 

statistically significant without any exception, whereas the average slopes on VaR and ES are found to be 

negative but statistically insignificant. These results indicate superior performance of tail covariance risk 

over the standard measures of downside risk in predicting the cross-sectional variation in stock returns.  

Finally, monthly cross-sectional regressions are run for the following multivariate specification and 

its nested versions: 

              
1,,,9,,8,,7

,,6,,5,,4,,3,,2,,1,01,

                         +

+

+++

++++++=

titittittit

tittittittittittittti

IVOLTVOLCOSKEW
ILLIQREVMOMBMSIZETCRR

ελλλ

λλλλλλλ
            (22) 

As shown in Panel C of Table 9, the average slope coefficients on the individual control variables are 

generally consistent with earlier studies: the size effect is negative and significant, the value effect is positive 

and significant, stocks exhibit intermediate-term momentum and short-term reversals, and illiquidity is 

priced. Consistent with the findings of Harvey and Siddique (2000) and Ang, Hodrick, Xing, and Zhang 

(2006), the average slopes on co-skewness, total volatility, and idiosyncratic volatility turn out to be 
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negative, but statistically insignificant. Of primary interest in Panel C of Table 9, the average slope 

coefficients on TCR are in the range of 0.13 to 0.17 and statistically significant with all combinations of 

control variables.  

  Panel D of Table 9 provides evidence for the cross-sectional relation between TCR and expected 

returns after controlling for all variables considered in the paper. The average slope on TCR is estimated to 

be between 0.13 and 0.15 with the t-statistics ranging from 2.22 to 2.49. The clear conclusion is that firm-

level cross-sectional regressions provide strong corroborating evidence for an economically and statistically 

significant positive relation between tail covariance risk and future returns, consistent with our earlier 

findings from the portfolio-level analyses. 

 
8.  Robustness Check  

8.1  Alternative Measures of Tail Covariance Risk 

As presented in equation (15), we have so far used one year of daily extreme returns from month t to 

t–12 to estimate tail covariance risk (TCR) for month t+1. Extreme daily returns are obtained from the lower 

10% of the daily return distribution over the past 12 months. As a robustness check, in this section, we 

generate alternative measures of tail covariance risk and test their predictive power for the cross-section of 

expected returns.  

The first alternative measure of TCR is computed based on the extreme daily returns from the lower 

5% of the daily return distribution over the past 12 months. Instead of extremes beyond the 10% VaR of 

daily returns over the past one year, we use the daily extremes beyond the 5% VaR threshold. Panel A of 

Table 10 shows that, with the first alternative measure of TCR, the average raw return increases 

monotonically from 0.62% per month for the Low TCR portfolio to 0.87% per month for the High TCR 

portfolio. The average raw return difference between quintiles 5 and 1 is about 0.25% per month with the 

Newey-West t-statistic of 3.56. The average risk-adjusted return difference between the Low TCR and High 

TCR quintiles is also about 0.25% per month with t-stat. = 3.79.  

The second alternative measure of TCR is computed based on the extreme daily returns from the 

lower 10% of the daily return distribution over the past 6 months. Instead of using the daily extremes in the 

previous 12 months, we utilize the daily extreme returns over the past 6 months when estimating tail 

covariance risk. Panel B of Table 10 reports similar results from the second alternative measure of TCR. 

Moving from quintile 1 to quintile 5, the average raw return increases monotonically from 0.57% to 0.86% 

per month. The average raw return difference between quintiles 5 and 1 is about 0.29% per month with the t-

statistic of 4.22. The 5-1 difference in the FF-3 alphas is about 0.26% per month with t-stat. = 3.69.  

The results based on the average raw and risk-adjusted return differences between the Low TCR and 

High TCR portfolios indicate a positive and significant relation between expected returns and alternative 

measures of tail covariance risk. 
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A notable point in Table 10 is that, similar to our earlier findings from the original measure of TCR, 

except for market beta there is no systematic pattern in the average total risk, market share, size, book-to-

market, price and illiquidity of TCR portfolios. This result indicates that alternative measures of tail 

covariance risk are independent risk factors that have almost no interaction with the well-known cross-

sectional effects such as size, book-to-market, price, volatility and liquidity.  

 
8.2  Tail Covariance Risk Measured with Covariance and Correlation of Extremes 

We have so far used a “beta” type measure of tail covariance risk )( betaTCR  in the cross-sectional 

pricing of individual stocks: 
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We now introduce and test the significance of “covariance” and “correlation” type measures of tail 

covariance risk in predicting the cross-sectional variation in stock returns. For each month t, one year of daily 

extreme returns from month t to t–12 are used to estimate the “covariance” and “correlation” type measure of 

tail covariance risk ) ,( corrcov TCRTCR  for month t+1: 
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In Panel A of Table 11, TCR is computed as the “covariance” between extreme daily returns on 

individual stock and the market portfolio from the 10% lower tail of the daily return distribution of individual 

stocks over the past 12 months. The average raw return on covTCR portfolios increases monotonically from 

0.59% per month for the Low covTCR  portfolio to 0.88% per month for the High covTCR  portfolio. The 

average raw return difference between quintiles 5 and 1 is about 0.29% per month with the Newey-West t-

statistic of 3.15. The average risk-adjusted return difference between the Low covTCR  and High covTCR  

quintiles is about 0.26% per month with t-stat. = 2.98.  

In Panel B, TCR is computed as the “correlation” between extreme daily returns on individual stock 

and the market portfolio from the 10% lower tail of the daily return distribution of individual stocks over the 

past 12 months. Moving from low corrTCR  to high corrTCR  portfolios, the average raw return increases 

monotonically from 0.61% to 0.86% per month. The average raw return difference between quintiles 5 and 1 



 24

is about 0.25% per month with t-stat. = 2.83. The average risk-adjusted return difference between the Low 
corrTCR  to high corrTCR  quintiles is about 0.33% per month with t-stat. = 4.13.  

Similar to our findings from the beta type measure of TCR, we obtain positive and significant 

relation between expected returns and the covariance and correlation type measures of TCR, i.e., stocks in 

the highest ][  )( corrcovbeta TCRTCRTCR  quintile have significantly higher average return than stocks in the 

lowest ][  )( corrcovbeta TCRTCRTCR  quintile. The average risk-adjusted returns on TCR portfolios indicate 

that after adjusting for market, size, and book-to-market factors, the positive cross-sectional premium on the 

High TCR minus Low TCR portfolios is in the range of 3.12% to 3.96% per annum, and highly significant. 

 

9.  Conclusion 

This paper investigates the significance of a cross-sectional relation between alternative measures of 

risk and expected returns on NYSE stocks for the sample period of July 1963 to December 2006. The results 

provide no evidence for a significant link between one-month ahead stock returns and standard risk measures 

(market beta, total volatility, idiosyncratic volatility) that are estimated based on the entire distribution of 

daily returns over the past one year. The paper also examines whether the commonly used measures of 

downside risk (value-at-risk and expected shortfall) have any predictive power for the cross-sectional 

variation in stock returns. The long-short portfolio analyses indicate economically and statistically 

insignificant relation between one-month ahead expected returns and the 1%, 5%, and 10% VaR and 

expected shortfall measures that are estimated based on the left tail of the daily return distribution over the 

past one year. 

A major contribution of this paper is to introduce new measures of tail risk and investigate their 

performance in predicting the cross-sectional variation in stock returns. The results provide strong evidence 

for a positive link between tail covariance risk and expected returns, whereas tail total risk and tail 

idiosyncratic risk have no influence on stock returns.  

The univariate portfolio level analyses indicate that a trading strategy that longs stocks in the highest 

TCR quintile and shorts stocks in the lowest TCR quintile yields average raw and risk-adjusted returns of 

3.5% per annum. As a robustness check, we exclude small, low-priced, illiquid, highly volatile, winner, 

loser, and reversal stocks and find that the effect of tail covariance risk on stock returns does not disappear 

after a screen for size, price, liquidity, volatility, and past return characteristics. In addition, we use two 

different methodologies to control for size, book-to-market, momentum, short-term reversal, liquidity, 

volatility, and co-skewness based on (i) the bivariate sorts of portfolios and (ii) the characteristic matched 

benchmark portfolios. The results from different portfolio sorting and firm-level Fama-MacBeth regressions 

indicate the cross-sectional premium of tail covariance risk to be positive and highly significant after 

controlling for these well-known risk factors and firm characteristics. 
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Appendix.  Average Cross Correlations 
 
 

Panel A.  Cross Correlations of Tail Covariance Risk with Control Variables 
 

Panel A presents the time-series averages of the cross-sectional correlations of tail covariance risk (TCR), 
market beta (BETA), total volatility (TVOL), market capitalization (SIZE), book-to-market ratio (BM), and 
illiqudity (ILLIQ) for the sample period of July 1963-December 2006. 

 
 TCR BETA TVOL SIZE BM ILLIQ 

TCR 1 0.305 0.056 0.052 –0.026 –0.018 

BETA  1 0.484 0.141 –0.128 –0.106 

TVOL   1 –0.498 0.163 0.264 

SIZE    1 –0.369 –0.370 

BM     1 0.163 

ILLIQ      1 
 
 
 

Panel B.  Cross Correlations of Alternative Risk Measures 
 

Panel B presents the time-series averages of the cross-sectional correlations of tail covariance risk (TCR), tail 
total risk (TTR), tail idiosyncratic risk (TIR), systematic risk (SR), total risk (TR), idiosyncratic risk (IR), 
value-at-risk (VaR), and expected shortfall (ES) for the sample period of July 1963-December 2006.   
 

 TCR TTR TIR SR TR IR VaR ES 

TCR 1 0.015 0.012 0.305 0.047 0.003 0.038 0.039 

TTR  1 0.904 0.284 0.692 0.690 0.567 0.734 

TIR   1 0.168 0.575 0.583 0.449 0.604 

SR    1 0.449 0.338 0.460 0.461 

TR     1 0.989 0.942 0.964 

IR      1 0.926 0.950 

VaR       1 0.957 

ES        1 
 
 
TCR: Tail covariance risk is the slope coefficient in eq. (14) estimated with extreme daily returns over the past one year. 
TTR: Tail total risk is the standard deviation of extreme daily returns over the past one year. 
TIR: Tail idiosyncratic risk is the standard deviation of residuals in eq. (14). 
SR: Systematic risk is the slope coefficient in eq. (6) estimated with daily returns over the past one year. 
TR: Total risk is the standard deviation of daily returns over the past one year. 
IR: Idiosyncratic risk is the standard deviation of residuals in eq. (6) estimated with daily returns over the past one year. 
VaR: Value at risk is the 1% cutoff point of the left tail of the distribution of daily returns over the past one year. 
ES: Expected shortfall is the average of losses beyond the 1% VaR of daily returns over the past one year. 
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Table 1.  Portfolios of NYSE Stocks Sorted by Value-at-Risk 
 

This table presents the average return, average value-at-risk (VaR), average expected shortfall (ES), average market beta, average total risk, average market 
share, average size, average book-to-market ratio, average price, and average illiquidity of individual stocks in the equal-weighted quintile portfolios that are 
formed by sorting the NYSE stocks based on the absolute value of the 1%, 5%, and 10% VaR of daily returns over the past one year. Portfolio 1 (Low VaR) 
contains the NYSE stocks with the lowest VaR of daily returns in the previous year and Portfolio 5 (High VaR) includes the NYSE stocks with the highest 
VaR of daily returns in the previous year. The row “High VaR – Low VaR” reports the difference in average monthly returns between the High VaR and Low 
VaR quintiles. Newey-West (1987) adjusted t-statistics are reported in parentheses. The sample period is from July 1963 to December 2006. 
 
 
 
Panel A.   1% Value at Risk  

 Return VaR ES Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low VaR 0.6417 3.0459 3.6036 0.5125 1.3082 40.9476 6.7523 0.6886 34.3828 0.0471 

2 0.8123 4.0192 4.7632 0.7580 1.7023 27.4862 6.5328 0.6394 32.1470 0.0611 
3 0.8772 4.8990 5.8129 0.8823 2.0436 16.8770 6.0144 0.6526 26.5008 0.0983 
4 0.8450 6.0401 7.1915 1.0390 2.4768 10.0385 5.4818 0.6769 20.7342 0.1515 

High VaR 0.5945 8.3142 10.2823 1.2321 3.3692 4.6508 4.6985 0.8193 12.3918 0.3315 
High VaR – Low VaR –0.0472          

t-statistic (–0.20)          
 
 
 
 
Panel B.   5% Value at Risk 

 Return VaR ES Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low VaR 0.6291 1.9052 2.6312 0.4921 1.2928 39.0667 6.6795 0.6947 34.4248 0.0497 

2 0.8127 2.4730 3.4248 0.7465 1.6771 28.3629 6.5607 0.6352 32.9465 0.0606 
3 0.8732 2.9781 4.1146 0.8863 2.0154 18.1379 6.1056 0.6466 27.0292 0.0924 
4 0.8636 3.6175 4.9935 1.0485 2.4601 10.0264 5.5154 0.6684 20.5293 0.1491 

High VaR 0.5878 4.8686 6.7925 1.2976 3.3828 4.4061 4.6702 0.8312 11.7514 0.3298 
High VaR – Low VaR –0.0413          

t-statistic (–0.17)          
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Table 1 (continued) 
 
 
 
Panel C.   10% Value at Risk  

 Return VaR ES Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low VaR 0.6515 1.3875 2.1590 0.4889 1.2956 37.4824 6.6134 0.6951 34.4291 0.0523 

2 0.7993 1.8080 2.7980 0.7452 1.6749 28.5824 6.5591 0.6347 32.8598 0.0606 
3 0.8803 2.1812 3.3519 0.8838 2.0118 18.8724 6.1107 0.6424 27.1508 0.0908 
4 0.8457 2.6628 4.0604 1.0529 2.4544 10.5609 5.5415 0.6743 20.6248 0.1489 

High VaR 0.5949 3.6235 5.5142 1.3017 3.3933 4.5019 4.6711 0.8314 11.6258 0.3285 
High VaR – Low VaR –0.0566          

t-statistic (–0.23)          
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Table 2. Portfolios of NYSE Stocks Sorted by Expected Shortfall 
 
This table presents the average return, average expected shortfall (ES), average value-at-risk (VaR), average market beta, average total risk, average market 
share, average size, average book-to-market ratio, average price, and average illiquidity of individual stocks in the equal-weighted quintile portfolios that are 
formed by sorting the NYSE stocks based on the absolute value of the 1%, 5%, and 10% VaR of daily returns over the past one year. Portfolio 1 (Low ES) 
contains the NYSE stocks with the lowest expected shortfall of daily returns in the previous year and Portfolio 5 (High ES) includes the NYSE stocks with the 
highest expected shortfall of daily returns in the previous year. The row “High ES – Low ES” reports the difference in average monthly returns between the 
High ES and Low ES quintiles. Newey-West (1987) adjusted t-statistics are reported in parentheses. The sample period is from July 1963 to December 2006. 
 
 
 
Panel A.  1% Expected Shortfall 

 Return ES VaR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low ES 0.6542 3.5965 3.0883 0.5205 1.3175 40.6991 6.7443 0.6856 34.3115 0.0475 

2 0.8221 4.8081 4.1315 0.7644 1.7149 26.4058 6.4668 0.6461 31.4957 0.0621 
3 0.8746 5.9584 5.0255 0.8895 2.0552 17.1069 6.0005 0.6538 26.4556 0.0992 
4 0.8289 7.4451 6.1427 1.0423 2.4778 10.4318 5.4969 0.6759 20.9208 0.1522 

High ES 0.5877 10.6046 8.2534 1.1978 3.3055 5.3565 4.7921 0.7955 13.1296 0.3066 
High ES – Low ES –0.0665          

t-statistic (–0.29)          
 
 
 
 
Panel B.  5% Expected Shortfall 

 Return ES VaR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low ES 0.6392 2.6263 1.9212 0.4992 1.2921 41.0795 6.7409 0.6914 34.6308 0.0467 

2 0.8133 3.4369 2.5072 0.7528 1.6823 27.7007 6.5574 0.6390 32.6622 0.0610 
3 0.9027 4.1605 3.0105 0.8851 2.0261 16.9914 6.0651 0.6502 26.8219 0.0958 
4 0.8322 5.0748 3.6363 1.0468 2.4753 9.8211 5.4835 0.6745 20.6526 0.1554 

High ES 0.5802 6.8740 4.8597 1.2774 3.3949 4.4072 4.6920 0.8160 12.0325 0.3274 
High ES – Low ES –0.0589          

t-statistic (–0.24)          
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Table 2 (continued) 
 
 
 
Panel C.   10% Expected Shortfall 

 Return ES VaR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low ES 0.6354 2.1527 1.3989 0.4921 1.2903 40.4843 6.7081 0.6940 34.5864 0.0482 

2 0.8060 2.8026 1.8281 0.7505 1.6776 28.0380 6.5795 0.6362 32.9612 0.0605 
3 0.8962 3.3775 2.1959 0.8865 2.0233 17.3158 6.0857 0.6489 26.9081 0.0926 
4 0.8421 4.1086 2.6654 1.0489 2.4787 9.8988 5.4982 0.6728 20.5411 0.1535 

High ES 0.5916 5.5506 3.6161 1.2932 3.4147 4.2631 4.6641 0.8296 11.7011 0.3353 
High ES – Low ES –0.0438          

t-statistic (–0.17)          
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Table 3.  Portfolios of NYSE Stocks Sorted by Systematic Risk, Total Risk, and Idiosyncratic Risk 

 
This table presents the average return, systematic risk (market beta), total risk, idiosyncratic risk, market share, size, book-to-market ratio, price, and 
illiquidity of individual stocks in the equal-weighted quintile portfolios that are formed by sorting the NYSE stocks based on systematic risk (Panel A), 
total risk (Panel B), and idiosyncratic risk (Panel C) that are estimated with daily returns over the past one year. In Panel A, Portfolio 1 (Low SR) contains 
the NYSE stocks with the lowest systematic risk and Portfolio 5 (High SR) includes the NYSE stocks with the highest systematic risk. The row “High SR – 
Low SR” reports the difference in average monthly returns between the High SR and Low SR quintiles. In Panel B, Portfolio 1 (Low TR) contains the 
NYSE stocks with the lowest total risk and Portfolio 5 (High TR) includes the NYSE stocks with the highest total risk. The row “High TR – Low TR” 
reports the difference in average monthly returns between the High TR and Low TR quintiles. In Panel C, Portfolio 1 (Low IR) contains the NYSE stocks 
with the lowest idiosyncratic risk and Portfolio 5 (High IR) includes the NYSE stocks with the highest idiosyncratic risk. The row “High IR – Low IR” 
reports the difference in average monthly returns between the High IR and Low IR quintiles. Newey-West (1987) adjusted t-statistics are reported in 
parentheses. The sample period is from July 1963 to December 2006. 
 
 
 
Panel A.  Systematic Risk  

 Return Beta Total Vol Idio Vol Mkt Share Size Book-to-market Price Illiquidity
Low SR 0.6790 0.3365 1.5414 1.5101 10.4795 5.4253 0.7650 23.2315 0.1978 

2 0.7531 0.6114 1.7690 1.6893 16.3453 5.8376 0.7101 25.9144 0.1235 
3 0.8323 0.8447 1.9588 1.8266 21.4930 6.0555 0.6702 27.0171 0.0889 
4 0.7738 1.1149 2.1853 1.9790 26.9049 6.1992 0.6285 27.1096 0.0759 

High SR 0.7331 1.5786 2.7926 2.4334 24.7772 6.0952 0.5819 24.1394 0.0844 
High SR – Low SR 0.0541         

t-statistic (0.28)         
 
 
 
 
Panel B.  Total Risk 

 Return Total Vol Beta Idio Vol Mkt Share Size Book-to-market Price Illiquidity
Low TR 0.6257 1.2896 0.4914 1.1806 41.0027 6.7313 0.6858 34.1799 0.0473 

2 0.7994 1.6800 0.7523 1.5384 28.1512 6.6158 0.6223 32.9797 0.0586 
3 0.8782 2.0335 0.8891 1.8755 17.2517 6.0801 0.6441 26.9548 0.0960 
4 0.8505 2.4949 1.0514 2.3171 9.4210 5.4609 0.6804 20.4931 0.1562 

High TR 0.6177 3.4309 1.2948 3.2191 4.1734 4.6507 0.8733 11.6855 0.3378 
High TR – Low TR –0.0080         

t-statistic (–0.03)         
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Table 3 (continued) 

 
 
 
Panel C.  Idiosyncratic Risk 

 Return Idio Vol Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low IR 0.6252 1.1739 0.5590 1.2904 50.2679 7.0410 0.6676 36.7360 0.0344 

2 0.7825 1.5273 0.7528 1.6720 25.0119 6.6366 0.6257 32.9549 0.0574 
3 0.8739 1.8688 0.8604 2.0222 13.9033 6.0225 0.6412 26.6632 0.1005 
4 0.8592 2.3133 1.0021 2.4854 7.4717 5.3884 0.6854 20.1083 0.1696 

High IR 0.6306 3.2191 1.1921 3.4287 3.3451 4.5463 0.9206 11.1518 0.4121 
High IR – Low IR 0.0054         

t-statistic (0.02)         
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Table 4.  Portfolios of NYSE Stocks Sorted by Tail Covariance, Tail Total, and Tail Idiosyncratic Risk 

 
This table presents the average return, tail covariance risk (TCR), tail total risk (TTR), tail idiosyncratic risk (TIR), systematic risk, total risk, market 
share, size, book-to-market, price, and illiquidity of individual stocks in the equal-weighted quintile portfolios that are formed by sorting the NYSE 
stocks based on their tail covariance risk (Panel A), tail total risk (Panel B), and tail idiosyncratic risk (Panel C) that are estimated using the lower 10% 
tail of the daily return distribution over the past one year. In Panel A, Portfolio 1 (Low TCR) contains the NYSE stocks with the lowest tail covariance 
risk and Portfolio 5 (High TCR) includes the NYSE stocks with the highest tail covariance risk. The row “High TCR – Low TCR” reports the 
difference in average monthly returns between the High TCR and Low TCR quintiles. In Panel B, Portfolio 1 (Low TTR) contains the NYSE stocks 
with the lowest tail total risk and Portfolio 5 (High TTR) includes the NYSE stocks with the highest tail total risk. The row “High TTR – Low TTR” 
reports the difference in average monthly returns between the High TTR and Low TTR quintiles. In Panel C, Portfolio 1 (Low TIR) contains the NYSE 
stocks with the lowest tail idiosyncratic risk and Portfolio 5 (High TIR) includes the NYSE stocks with the highest tail idiosyncratic risk. The row 
“High TIR – Low TIR” reports the difference in average monthly returns between the High TIR and Low TIR quintiles. Newey-West adjusted t-
statistics are reported in parentheses. The sample period is from July 1963 to December 2006. 
 
 
 
Panel A.  Tail Covariance Risk 

 Return TCR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TCR 0.5764 -0.2963 0.7242 2.2124 12.8719 5.5028 0.7109 21.0678 0.1405 

2 0.7033 0.0055 0.6866 1.8130 20.5392 5.9786 0.6860 26.2685 0.0973 
3 0.8097 0.1763 0.7694 1.8279 22.4495 6.0984 0.6756 27.5365 0.0886 
4 0.8350 0.3637 0.9142 1.9689 23.9076 6.1103 0.6643 27.5570 0.0902 

High TCR 0.8469 0.7096 1.1794 2.3991 20.2318 5.8152 0.6640 23.9475 0.1183 
High TCR – Low TCR 0.2705         

t-statistic (2.77)         
 
 
 
Panel B.  Tail Total Risk 

 Return TTR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TTR 0.6713 0.6553 0.5768 1.3939 38.2982 6.7006 0.6782 32.9183 0.0493 

2 0.8143 0.9255 0.7727 1.7494 25.4515 6.3314 0.6554 30.0345 0.0695 
3 0.8565 1.1974 0.8885 2.0588 17.3320 5.9489 0.6602 25.9395 0.1002 
4 0.8198 1.5740 0.9913 2.4013 11.9696 5.5172 0.6833 21.6422 0.1506 

High TTR 0.6096 2.4725 1.1015 3.0752 6.9488 4.9660 0.7636 15.2350 0.2622 
High TTR – Low TTR –0.0617         

t-statistic (–0.32)         
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Table 4 (continued) 

 
 
 
Panel C.  Tail Idiosyncratic Risk 

 Return TIR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TIR 0.6726 0.6091 0.5994 1.3997 41.3790 6.7869 0.6748 33.5530 0.0469 

2 0.8287 0.8579 0.7840 1.7534 25.0863 6.3553 0.6541 30.2442 0.0687 
3 0.8535 1.1111 0.8835 2.0596 16.1783 5.9306 0.6591 25.9560 0.1008 
4 0.8130 1.4707 0.9726 2.4016 10.9666 5.4786 0.6864 21.3088 0.1525 

High TIR 0.6037 2.3519 1.0643 3.0787 6.3898 4.9126 0.7746 14.8893 0.2754 
High TIR – Low TIR –0.0689         

t-statistic (–0.36)         
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Table 5.  Portfolios of Tail Covariance Risk 

 
This table presents average returns on the equal-weighted quintile portfolios that are formed by sorting NYSE stocks based on tail covariance 
risk (TCR). Portfolio 1 (Low TCR) contains NYSE stocks with the lowest tail covariance risk in the previous year and Portfolio 5 (High TCR) 
includes NYSE stocks with the highest tail covariance risk in the previous year. The row “High TCR – Low TCR” reports the difference in 
average monthly returns between the High TCR and Low TCR quintiles. The row “FF-3 Alpha Difference” reports Jensen’s alpha with respect to 
the 3-factor Fama-French (1993) model. Newey-West adjusted t-statistics are reported in parentheses. The results are presented for the full 
NYSE sample as well as for the sample excluding NYSE stocks with the highest 1%, 5%, 10%, and 20% volatility. The sample period is from 
July 1963 to December 2006.   
 
 

  excluding stocks with Excluding stocks with  excluding stocks with excluding stocks with 
 Full Sample highest 1% volatility highest 5% volatility highest 10% volatility highest 20% volatility 

Low TCR 0.5764 0.5721 0.6119 0.6233 0.6560 
2 0.7033 0.7035 0.7058 0.7101 0.7002 
3 0.8097 0.8119 0.8202 0.8145 0.8170 
4 0.8350 0.8408 0.8672 0.8550 0.8663 

High TCR 0.8469 0.8474 0.8640 0.8931 0.9026 
High TCR – Low TCR 0.2705 0.2753 0.2521 0.2699 0.2466 

t-statistic (2.77) (2.84) (2.78) (3.16) (3.36) 

FF-3 Alpha Difference 0.2599 0.2527 0.2374 0.2644 0.2373 
t-statistic (2.99) (2.90) (2.86) (3.41) (3.48) 
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Table 6.  Portfolios of Tail Covariance Risk After Controlling for Size 
Book-to-Market, Momentum, Reversal, Liquidity, Volatility, and Co-Skewness 

 
Equal-weighted quintile portfolios are formed every month from July 1963 to December 2006 by sorting 
the NYSE stocks based on tail covariance risk (TCR) after controlling for size, book-to-market, 
momentum, short-term reversal, illiquidity, total volatility, and co-skewness. Portfolio 1 (5) is the portfolio 
of stocks with the lowest (highest) TCR. This table reports the average returns in monthly percentage 
terms. The column “Average Returns” refers to the average monthly returns after controlling for size (Panel 
A), book-to-market (Panel B), momentum (Panel C), short-term reversal (Panel D), illiquidity (Panel E), 
total volatility (Panel F), and co-skewness (Panel G).  The row “Return Difference” reports the difference 
in average monthly returns between High TCR and Low TCR portfolios. The row “Alpha Difference” 
reports Jensen’s alpha with respect to the 3-factor Fama-French (1993) model. Newey-West adjusted t-
statistics are reported in the last column.  
 
 
 

Panel A.  Controlling for Size 
 

In Panel A, we first form quintile portfolios of NYSE stocks ranked based on their market capitalizations. Then, 
within each size quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk (TCR) so 
that quintile 1 (5) contains stocks with the lowest (highest) TCR. The column labeled “Average” averages across 
the five size quintiles to produce quintile portfolios with dispersion in TCR and with near-identical levels of firm 
size and thus these quintile TCR portfolios control for differences in size. 
 
 Size 1 Size 2 Size 3 Size 4 Size 5 Average t-statistic 
Low TCR 1.1753 1.1425 1.0628 0.9469 0.8801 1.0415 4.78 

2 1.4235 1.2714 1.0628 1.1856 0.9829 1.1852 5.93 
3 1.5195 1.4159 1.3915 1.1872 0.9746 1.2977 6.29 
4 1.5570 1.4054 1.3524 1.1746 1.0521 1.3083 5.99 

High TCR 1.4119 1.5103 1.3590 1.1824 0.9837 1.2895 5.39 
        
    Return Difference 0.2479 2.90 
    Alpha Difference 0.2121 2.80 

 
 
 

Panel B.  Controlling for Book-to-Market Ratio 
 

In Panel B, we first form quintile portfolios of NYSE stocks ranked based on their book-to-market ratio (BM). 
Then, within each BM quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk (TCR) 
so that quintile 1 (5) contains stocks with the lowest (highest) TCR. The column labeled “Average” averages 
across the five BM quintiles to produce quintile portfolios with dispersion in TCR and with near-identical levels 
of BM and thus these quintile TCR portfolios control for differences in book-to-market ratio. 
 
 BM 1 BM 2 BM 3 BM 4 BM 5 Average t-statistic 
Low TCR 0.7206 1.0503 1.1183 1.1392 1.2641 1.0585 4.71 

2 0.8612 1.0330 1.1942 1.3303 1.4727 1.1783 5.89 
3 1.0058 1.1103 1.2855 1.4302 1.5003 1.2664 6.35 
4 0.9853 1.2616 1.3118 1.4036 1.5695 1.3064 6.05 

High TCR 0.9005 1.0977 1.4503 1.4892 1.6353 1.3146 5.40 
        
    Return Difference 0.2561 2.90 
    Alpha Difference 0.2232 2.83 
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Table 6 (continued) 
 
 
 

Panel C.  Controlling for Momentum 
 

In Panel C, we first form quintile portfolios of NYSE stocks ranked based on their cumulative returns from 
month t-12 to month t-2 (MOM). Then, within each MOM quintile, we sort stocks into quintile portfolios ranked 
based on tail covariance risk (TCR) so that quintile 1 (5) contains stocks with the lowest (highest) TCR. The 
column labeled “Average” averages across the five MOM quintiles to produce quintile portfolios with dispersion 
in TCR and with near-identical levels of momentum and thus these quintile TCR portfolios control for 
differences in momentum. 
 
 MOM 1 MOM 2 MOM 3 MOM 4 MOM 5 Average t-statistic 
Low TCR 0.7146 1.0905 1.1414 1.1236 1.2404 1.0621 4.82 

2 0.9637 1.2578 1.2590 1.1569 1.3046 1.1884 5.84 
3 1.1196 1.2765 1.3176 1.2709 1.3776 1.2725 6.23 
4 1.0379 1.3974 1.3257 1.2969 1.4312 1.2978 5.97 

High TCR 0.9798 1.4155 1.3244 1.2850 1.5154 1.3040 5.52 
        
    Return Difference 0.2419 2.83 
    Alpha Difference 0.2251 2.95 

 
 
 
 

Panel D.  Controlling for Short-term Reversal 
 

In Panel D, we first form quintile portfolios of NYSE stocks ranked based on their past 1-month return (REV). 
Then, within each REV quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk 
(TCR) so that quintile 1 (5) contains stocks with the lowest (highest) TCR. The column labeled “Average” 
averages across the five REV quintiles to produce quintile portfolios with dispersion in TCR and with near-
identical levels of past 1-month return and thus these quintile TCR portfolios control for differences in short-
term reversal. 
 
 REV 1 REV 2 REV 3 REV 4 REV 5 Average t-statistic
Low TCR 1.5996 1.1619 1.0627 0.9068 0.4246 1.0311 4.55 

2 1.6502 1.3433 1.1661 1.0080 0.6936 1.1722 5.81 
3 1.8625 1.4556 1.2959 1.0320 0.7506 1.2793 6.31 
4 1.8831 1.4685 1.3807 1.1087 0.7543 1.3190 6.22 

High TCR 1.9341 1.4983 1.2939 1.0844 0.7897 1.3201 5.47 
        
    Return Difference 0.2890 3.28 
    Alpha Difference 0.2672 3.45 
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Table 6 (continued) 
 
 
 

Panel E.  Controlling for Illiquidity 
 

In Panel E, we first form quintile portfolios of NYSE stocks ranked based on their illiquidity (ILLIQ). Then, within 
each ILLIQ quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk (TCR) so that quintile 1 
(5) contains stocks with the lowest (highest) TCR. The column labeled “Average” averages across the five ILLIQ 
quintiles to produce quintile portfolios with dispersion in TCR and with near-identical levels of illiquidity and thus 
these quintile TCR portfolios control for differences in illiquidity. 
 
 ILLIQ 1 ILLIQ 2 ILLIQ 3 ILLIQ 4 ILLIQ 5 Average t-statistic 
Low TCR 0.9431 1.0667 1.1212 1.0551 1.1336 1.0640 4.80 

2 1.1044 1.2032 1.1158 1.2841 1.1833 1.1781 5.89 
3 1.2004 1.2200 1.2787 1.4074 1.2967 1.2807 6.31 
4 1.1568 1.3111 1.3367 1.3654 1.3011 1.2942 6.04 

High TCR 1.1307 1.3114 1.3072 1.4286 1.3607 1.3077 5.36 
        
    Return Difference 0.2438 2.72 
    Alpha Difference 0.2021 2.53 

 
 
 
 

Panel F.  Controlling for Total Volatility 
 

In Panel F, we first form quintile portfolios of NYSE stocks ranked based on their total volatility (TVOL). Then, within 
each TVOL quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk (TCR) so that quintile 1 
(5) contains stocks with the lowest (highest) TCR. The column labeled “Average” averages across the five TVOL 
quintiles to produce quintile portfolios with dispersion in TCR and with near-identical levels of total volatility and thus 
these quintile TCR portfolios control for differences in total volatility. 
 
 TVOL 1 TVOL 2 TVOL 3 TVOL 4 TVOL 5 Average t-statistic
Low TCR 1.0612 1.1272 1.1582 1.1535 0.8772 1.0754 4.91 

2 1.0925 1.2474 1.3763 1.1599 1.0009 1.1754 5.53 
3 1.0533 1.3456 1.3952 1.4926 1.1960 1.2965 6.15 
4 1.1175 1.3266 1.3923 1.4410 1.1512 1.2857 5.90 

High TCR 1.1606 1.2985 1.4256 1.3572 1.2053 1.2894 5.94 
        
    Return Difference 0.2140 3.00 
    Alpha Difference 0.2493 4.11 
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Table 6 (continued) 
 
 

Panel G.  Controlling for Co-Skewness 
 

In Panel G, we first form quintile portfolios of NYSE stocks ranked based on their co-skewness measure (COSKEW). 
Then, within each COSKEW quintile, we sort stocks into quintile portfolios ranked based on tail covariance risk (TCR) 
so that quintile 1 (5) contains stocks with the lowest (highest) TCR. The column labeled “Average” averages across the 
five COSKEW quintiles to produce quintile portfolios with dispersion in TCR and with near-identical levels of co-
skewness and thus these quintile TCR portfolios control for differences in co-skewness. 
 
 COSKEW 1 COSKEW 2 COSKEW 3 COSKEW 4 COSKEW 5 Average t-statistic
Low TCR 0.9529 1.0570 1.1908 1.1213 0.9984 1.0641 4.53 

2 1.1334 1.0804 1.1106 1.2592 1.2431 1.1654 5.73 
3 1.2390 1.2363 1.3708 1.3286 1.3471 1.3044 6.48 
4 1.1864 1.2301 1.2712 1.3697 1.3895 1.2894 6.13 

High TCR 1.2308 1.2848 1.3908 1.4192 1.1792 1.3010 5.54 
        
    Return Difference 0.2369 2.65 
    Alpha Difference 0.2653 3.15 
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Table 7.  Portfolios of NYSE Stocks Sorted by Tail Covariance Risk after Screening for 
                Size, Price, Liquidity, Volatility, Winners, Losers, and Short-term Reversal 

 

After screening for size, price, liquidity, volatility, momentum, and reversal, the equal-weighted quintile portfolios are formed every month from January 1963 to 
December 2006 by sorting the NYSE stocks based on tail covariance risk (TCR) calculated using the lower 10% tail of the daily return distribution over the past 
one year. To screen for size, all NYSE stocks on CRSP are sorted for each month by firm size to determine the NYSE decile breakpoints for market capitalization. 
Then, we exclude all NYSE stocks with market capitalizations that would place them in the smallest NYSE size decile. To screen for price, we exclude stocks 
whose price is less than $5. To screen for liquidity, all NYSE stocks are sorted for each month by the ratio of absolute stock return to its dollar volume to determine 
the NYSE decile breakpoints for the illiquidity measure. Then, we exclude all NYSE stocks that belong to the smallest NYSE liquidity decile (or the largest NYSE 
illiquidity decile). To screen for total volatility, all NYSE stocks are sorted for each month by their total volatility to determine the NYSE decile breakpoints for the 
volatility measure. Then, we exclude all NYSE stocks that belong to the highest NYSE volatility decile. To screen for past 12-month winners and losers, all NYSE 
stocks are sorted for each month by their cumulative returns from month t-12 to month t-2 to determine the NYSE decile breakpoints for momentum (or winners 
and losers). Then, we exclude the NYSE winner (loser) stocks that belong to the highest (lowest) momentum decile. To screen for past 1-month winners and losers, 
all NYSE stocks are sorted for each month by their past 1-month return to determine the NYSE decile breakpoints for short-term reversal. Then, we exclude the 
past 1-month winner (loser) stocks that belong to the highest (lowest) reversal decile. To screen for short-term reversal, we estimate tail covariance risk using daily 
returns from month t-12 to month t-2, skipping month t-1. Portfolio 1 (5) is the portfolio of stocks with the lowest (highest) tail covariance risk. This table reports 
the average returns in monthly percentage terms. The row “High TCR – Low TCR” refers to the difference in monthly returns between portfolios 5 and 1.  The row 
“FF-3 Alpha Difference” reports Jensen’s alpha with respect to the 3-factor Fama-French model. Newey-West adjusted t-statistics are reported in parentheses.  
 
 

 Average Raw and Risk-Adjusted Returns on Portfolios of Tail Covariance Risk after Screening for 

 Size Price Illiquidity Volatility* 

Past 12-month 
Winners

Past 12-month 
Losers

Past 1-month 
Winners

Past 1-month 
Losers Reversal 

Low TCR 0.5500 0.5727 0.5641 0.6631 0.5246 0.7127 0.6732 0.4685 0.5864 
2 0.6714 0.6772 0.6929 0.7406 0.6597 0.7650 0.7592 0.6612 0.7244 
3 0.7722 0.7876 0.8145 0.8309 0.7455 0.8510 0.8683 0.7405 0.7717 
4 0.8212 0.8127 0.8402 0.8887 0.7829 0.8880 0.9174 0.7605 0.8635 

High TCR 0.8202 0.8077 0.8393 0.9339 0.7487 0.9307 0.9408 0.7391 0.8253 
High TCR – Low TCR 0.2702 0.2350 0.2752 0.2707 0.2241 0.2180 0.2675 0.2706 0.2388 

t-statistic (2.98) (2.56) (3.00) (3.19) (2.43) (2.38) (2.88) (2.83) (2.67) 
FF-3 Alpha Difference 0.2407 0.2043 0.2490 0.2492 0.2191 0.1724 0.2563 0.2510 0.2119 

t-statistic (2.94) (2.50) (3.02) (3.24) (2.62) (2.13) (3.03) (2.91) (2.51) 
 
 
* After excluding stocks with the highest 10% volatility, the results in this table are different from those in Panel B of Table 5. This is because in Table 5 total volatility is 
computed as the standard deviation of daily returns over the past one year, whereas in this table, total volatility is calculated as the standard deviation of daily returns over 
the past one month. 
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Table 8.  Portfolios of Tail Covariance Risk Including Additional Controls for Size/Book-to-Market 
and Momentum, Reversal, Liquidity, Volatility, and Co-Skewness 

 
In column labeled ‘‘Size/BM adjusted,’’ we report the average returns in excess of the size and book-to-market matched benchmark 
portfolios similar to Daniel and Titman (1997). In the next five columns, we include additional controls for momentum (as measured by 
past 12-month returns), short-term reversal (as measured by past 1-month returns), illiquidity measure of Amihud (2002), total volatility, 
and co-skewness. For each additional control, we first perform a quintile sort based on the characteristic and then on tail covariance risk 
(TCR). Then, we average the TCR quintiles across the characteristic quintiles and report size and book-to-market matched returns within 
each TCR quintile. Portfolio 1 (5) is the portfolio of stocks with the lowest (highest) tail covariance risk. This table reports the average 
returns in monthly percentage terms. The row “High TCR – Low TCR” refers to the difference in monthly returns between portfolios 5 
and 1.  The row “FF-3 Alpha Difference” reports Jensen’s alpha with respect to the 3-factor Fama-French (1993) model. Newey-West 
(1987) adjusted t-statistics are reported in parentheses. 
 

   Including Additional Controls for 
 Size/BM Adjusted  Momentum Reversal Illiquidity Volatility Co-skewness

Low TCR -0.1613  -0.1457 -0.1698 -0.1505 -0.1298 -0.1527 
2 -0.0333  -0.0218 -0.0410 -0.0385 -0.0553 -0.0429 
3 0.0734  0.0519 0.0700 0.0582 0.0706 0.0806 
4 0.0680  0.0633 0.0848 0.0687 0.0559 0.0614 

High TCR 0.0530  0.0521 0.0558 0.0622 0.0589 0.0539 
High TCR – Low TCR 0.2143  0.1978 0.2256 0.2127 0.1887 0.2066 

t-statistic (2.96)  (2.75) (3.06) (2.71) (3.21) (2.84) 
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Table 9.  Firm-Level Cross-Sectional Regressions 
 
This table presents firm-level Fama-MacBeth cross-sectional regression results for the sample period July 
1962 to December 2006. The time-series average slope coefficients are reported in each row.  Newey-West 
(1987) adjusted t-statistics are given in parentheses. Panel A reports the average slope coefficients from the 
univariate regressions of one-month ahead returns on downside risk (value at risk, expected shortfall) and tail 
covariance risk (TCR). Panel B presents results from the bivariate regressions of returns on TCR after 
controlling for downside risk. Panels C and D report results from the bivariate and multivariate regressions of 
returns on TCR after controlling for size, book-to-market, momentum, short-term reversal, illiquidity, co-
skewness, total volatility, and idiosyncratic volatility. 
 
 
 

Panel A.  Univariate Regressions: Downside and Tail Risk Measures 
 

TCR 1% VaR 5% VaR 10% VaR 1% ES 5% ES 10% ES 
0.1509 
(2.07) 

      

 –0.0164 
(–0.42) 

     

  –0.0245 
(–0.34)

    

   –0.0372 
(–0.39)

   

    –0.0158 
(–0.55)

  

     –0.0265 
(–0.51) 

 

      –0.0312 
(–0.47)

 
 
 

Panel B.  Bivariate Regressions: TCR with Downside Risk Measures 
 

TCR 1% VaR 5% VaR 10% VaR 1% ES 5% ES 10% ES 
0.1281 
(2.30) 

–0.0212 
(–0.55) 

     

0.1390 
(2.44) 

 –0.0312 
(–0.43)

    

0.1482 
(2.54) 

  –0.0454 
(–0.49)

   

0.1399 
(2.37) 

   –0.0207 
(–0.73)

  

0.1371 
(2.46) 

    –0.0322 
(–0.63) 

 

0.1395 
(2.50) 

     –0.0377 
(–0.58)
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Table 9 (continued) 
 
 
 

Panel C.  Bivariate Regressions: TCR with Control Variables 
 

TCR SIZE BM MOM REV ILLIQ COSKEW TVOL IVOL 
0.1284 
(1.98) 

–0.1152 
(–2.43) 

       

0.1464 
(2.07) 

 0.2393 
(3.37) 

      

0.1514 
(2.14) 

  0.8624 
(3.84)

     

0.1684 
(2.32) 

   –0.0412 
(–8.02)

    

0.1578 
(2.22) 

    0.1131 
(2.45)

   

0.1528 
(2.02) 

     –0.0359 
(–0.73) 

  

0.1341 
(2.39) 

      –0.0364 
(–0.15)

 

0.1301 
(2.16) 

       –0.0172 
(–0.07)

 
 
 

Panel D.  Multivariate Regressions: TCR with Control Variables 
 

TCR SIZE BM MOM REV ILLIQ COSKEW TVOL IVOL 
0.1555 
(2.49) 

–0.0926 
(–2.34) 

0.1271 
(2.09) 

0.9263 
(3.71)

–0.0519 
(–10.89)

0.0336 
(0.81)

–0.0095 
(–0.24) 

  

0.1299 
(2.41) 

–0.1051 
(–3.26) 

0.1312 
(2.24) 

1.0403 
(4.46)

–0.0578 
(–12.92)

0.0370 
(0.89)

0.0094 
(0.30) 

–0.2058 
(–0.91)

 

0.1280 
(2.22) 

–0.1152 
(–3.64) 

0.1298 
(2.20) 

1.0388 
(4.40)

–0.0578 
(–12.93)

0.0360 
(0.86)

0.0153 
(0.47) 

 –0.2658 
(–1.24)
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Table 10.  Alternative Measures of Tail Covariance Risk  

 
This table presents the average return, tail covariance risk (TCR), systematic risk (market beta), total risk, market share, size, book-to-market, price, 
and illiquidity of individual stocks in the equal-weighted quintile portfolios that are formed by sorting NYSE stocks based on their tail covariance 
risk. In Panel A, TCR is computed based on the extreme daily returns from the 5% lower tail of the daily return distribution over the past 12 months. 
In Panel B, TCR is computed based on the extreme daily returns from the 10% lower tail of the daily return distribution over the past 6 months. 
Portfolio 1 (Low TCR) contains the NYSE stocks with the lowest tail covariance risk and Portfolio 5 (High TCR) includes the NYSE stocks with the 
highest tail covariance risk. The row “High TCR – Low TCR” reports the difference in average monthly returns between the High TCR and Low TCR 
quintiles. The row “FF-3 Alpha Difference” reports Jensen’s alpha with respect to the 3-factor Fama-French (1993) model. Newey-West adjusted t-
statistics are reported in parentheses. The sample period is from July 1963 to December 2006. 
 
 
Panel A.  5% TCR & 12 months 

 Return TCR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TCR 0.6233 -0.5499 0.8029 2.2995 13.4811 5.5072 0.6996 20.9855 0.1355 

2 0.7365 -0.0964 0.7283 1.8522 20.7952 5.9889 0.6804 26.3736 0.0945 
3 0.7522 0.1220 0.7666 1.8097 23.5418 6.1283 0.6722 27.7375 0.0873 
4 0.7907 0.3531 0.8768 1.9333 23.2762 6.1043 0.6705 27.5547 0.0924 

High TCR 0.8686 0.8040 1.0842 2.3430 18.9056 5.7424 0.6767 23.5000 0.1226 
High TCR – Low TCR 0.2453         

t-statistic (3.56)         
FF-3 Alpha Difference 0.2523         

t-statistic (3.79)         
 
 
 
Panel B.  10% TCR & 6 months 

 Return TCR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TCR 0.5745 -0.4761 0.8880 2.2343 13.5780 5.5944 0.6937 21.4121 0.1368 

2 0.7116 -0.0589 0.8263 1.8409 20.7961 6.0357 0.6836 26.4098 0.0950 
3 0.7743 0.1563 0.8892 1.8253 23.1579 6.1513 0.6773 27.6522 0.0875 
4 0.8500 0.3937 1.0286 1.9594 23.6111 6.1377 0.6692 27.3911 0.0923 

High TCR 0.8609 0.8482 1.2854 2.3647 18.8568 5.7997 0.6769 23.3328 0.1210 
High TCR – Low TCR 0.2864         

t-statistic (4.22)         
FF-3 Alpha Difference 0.2555         

t-statistic (3.69)         
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Table 11.  Tail Covariance Risk Measured with Covariance and Correlation of Extreme Returns 

 
This table presents the average return, tail covariance risk (TCR), systematic risk (market beta), total risk, market share, size, book-to-market, price, 
and illiquidity of individual stocks in the equal-weighted quintile portfolios that are formed by sorting NYSE stocks based on their tail covariance 
risk. In Panel A, TCR is computed as the “covariance” between extreme daily returns on individual stock and the market portfolio from the 10% lower 
tail of the daily return distribution of individual stocks over the past 12 months. In Panel B, TCR is computed as the “correlation” between extreme 
daily returns on individual stock and the market portfolio from the 10% lower tail of the daily return distribution of individual stocks over the past 12 
months. Portfolio 1 (Low TCR) contains the NYSE stocks with the lowest tail covariance risk and Portfolio 5 (High TCR) includes the NYSE stocks 
with the highest tail covariance risk. The row “High TCR – Low TCR” reports the difference in average monthly returns between the High TCR and 
Low TCR quintiles. The row “FF-3 Alpha Difference” reports Jensen’s alpha with respect to the 3-factor Fama-French (1993) model. Newey-West 
adjusted t-statistics are reported in parentheses. The sample period is from July 1963 to December 2006. 
 
 
Panel A.  TCR Measured with Covariance 

 Return TCR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TCR 0.5871 -0.1633 0.7196 2.2155 12.8086 5.4969 0.7106 21.0526 0.1438 

2 0.6708 0.1389 0.6958 1.8062 21.9372 6.0222 0.6824 26.4689 0.0862 
3 0.7818 0.3299 0.7798 1.8212 23.9116 6.1355 0.6728 27.7025 0.0816 
4 0.8519 0.5451 0.9152 1.9683 23.7901 6.1162 0.6620 27.6956 0.0914 

High TCR 0.8797 0.9299 1.1524 2.4131 17.5524 5.7423 0.6741 23.4798 0.1423 
High TCR – Low TCR 0.2926         

t-statistic (3.15)         
FF-3 Alpha Difference 0.2546         

t-statistic (2.98)         
 
 
 
Panel B.  TCR Measured with Correlation 

 Return TCR Beta Total Vol Mkt Share Size Book-to-market Price Illiquidity
Low TCR 0.6093 -0.1635 0.6940 2.0996 14.3853 5.5988 0.7042 22.4066 0.1332 

2 0.6794 0.0195 0.7636 2.0638 16.4158 5.7048 0.6939 23.4589 0.1232 
3 0.7883 0.1521 0.8273 2.0389 18.0279 5.8345 0.6851 24.7478 0.1064 
4 0.8317 0.2849 0.9047 2.0068 20.6632 6.0125 0.6703 26.5597 0.0942 

High TCR 0.8626 0.4611 1.0478 1.9915 30.5079 6.3153 0.6468 29.4013 0.0800 
High TCR – Low TCR 0.2533         

t-statistic (2.83)         
FF-3 Alpha Difference 0.3335         

t-statistic (4.13)         
 


