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Abstract 

This article examines the role of idiosyncratic volatility in explaining the cross-sectional variation 

of size- and value-sorted portfolio returns. We show that the premium for bearing idiosyncratic 

volatility varies inversely with the number of stocks included in the portfolios. This conclusion is 

robust within various multifactor models based on size, value, past performance, liquidity and 

total volatility and also holds within an ICAPM specification of the risk-return relationship. Our 

findings thus indicate that investors demand an additional return for bearing the idiosyncratic 

volatility of poorly-diversified portfolios. 
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I.     Introduction 

One of the main tenets of modern portfolio theory is that differences in returns are solely driven 

by differences in systematic risk and thus that idiosyncratic volatility has no role to play in 

explaining why some stocks or portfolios generate higher returns than others (see for example, 

the CAPM of Sharpe, 1964 and Lintner, 1965). Yet, other theoretical models such as Merton 

(1987) and Malkiel and Xu (2002) posit that idiosyncratic volatility commands a positive risk 

premium and thus that the relationship between idiosyncratic volatility and mean returns, far 

from being flat, is positive.
1
  

 The relationship between idiosyncratic volatility and mean returns has been the subject of 

an intense debate in the empirical asset pricing literature too. A majority of articles conclude that 

idiosyncratic volatility is not priced (Fama and MacBeth, 1973; Bali et al., 2005; Huang et al., 

2010; Han and Lesmond, 2011; Fink et al., 2012; Miffre et al., 2012). Other articles, however, 

put forward the case that stocks with higher idiosyncratic volatility command higher risk 

premium (Goyal and Santa-Clara, 2003; Jiang and Lee, 2006; Diavatopoulos et al., 2008; Fu, 

2009; Garcia et al., 2010). Finally, and perhaps most puzzlingly, Ang et al. (2006, 2009) and Guo 

and Savickas (2010) argue that the relationship between idiosyncratic volatility and mean returns 

is negative: stocks with high (low) idiosyncratic volatility earn lower (higher) mean returns on 

average. Interestingly Bali and Cakici (2008) are unable to find a reliable and consistent 

relationship between idiosyncratic volatility and portfolio returns – they find statistically 

                                                 

1
 Because of incomplete information, transaction costs or institutional restrictions such as taxes or 

liquidity constraints, investors are unable to hold the true market portfolio and thus are forced to care 

about both systematic and idiosyncratic risks. In equilibrium they should therefore demand a premium that 

is proportionate to the idiosyncratic risk they take. 
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insignificant; positive and significant; and negative and significant results when they examine the 

data in different ways. While the lack of consensus on the sign of the idiosyncratic volatility 

premium could be attributed to how the idiosyncratic volatility signal was extracted,
2
 other 

explanations relating to the weighting scheme used (value versus equal-weighting), the data 

frequency, dataset or time period in use
3
 have also been brought forward as possible reasons for 

the diverging conclusions. Finally, it is interesting to note that the relevance of idiosyncratic risk 

may not be confined to the US, but is also priced in 23 international markets (Ang et al., 2009), in 

the UK (Angelidis and Tessaromatis, 2008) and in China (Drew et al., 2004).  

Another enduring strand of literature on idiosyncratic volatility focuses on the number of 

stocks that are needed to ensure good diversification. An earlier study by Evans and Archer 

(1968) reports that by holding a portfolio with more than eight randomly selected stocks, 

unsystematic variation can be significantly reduced. Elton and Gruber (1977) demonstrate that a 

portfolio containing more than 15 stocks provides sufficient diversification at the time of writing. 

Later, Statman (1987) reveals that a well-diversified portfolio should include a minimum of 30-

40 stocks. Yet more recently, the study by Campbell et al. (2001) argues that to achieve full 

diversification, the number of randomly selected stocks should be increased to 50. Xu and 

Malkiel (2003) contend further that idiosyncratic volatility has become more important over time 

                                                 

2
 While most papers extract the idiosyncratic volatility signal from the market or Fama and French (1993) 

models, other authors either base their inference on firm's traded options (Diavatopoulos et al., 2008), 

estimate an EGARCH model (Fu, 2009) or adopt a model-free approach (Garcia et al., 2010). Accounting 

for short-term negative autocorrelation (Huang et al., 2010) and contango (Miffre et al., 2012) also seems 

to impact the conclusions on the pricing of idiosyncratic volatility.  

3
 Bali et al. (2005) suggest that the findings of Goyal and Santa-Clara (2003) are in fact spuriously caused 

by small, illiquid NASDAQ stocks, and period specific (disappearing after 2000). The role of seasonality 

is noted by Huang et al.  (2011) in determining the strength of the idiosyncratic volatility-return 

relationship. 
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since the 1960’s as the proportion of institutional investors, who may unintentionally cluster their 

purchase and sales activities, grew and as stocks listed on the NASDAQ increased in number and 

importance. Kearney and Potì (2008) examine the issue of diversification in an European context 

and find that stocks have become more volatile so that it took 166 stocks in 2003 versus merely 

35 in 1974 to diversify idiosyncratic risk away.
4
  

Altogether, the lack of agreement in existing research merely serves to illustrate the 

fragility of extant conclusions on idiosyncratic volatility and its role in explaining the cross-

sectional variation in returns. In this paper, we reconsider the issue of the number of stocks 

required to diversify a portfolio, but unlike existing studies, we do this by investigating whether 

idiosyncratic volatility is priced for size and value-sorted Fama and French (1992) portfolios 

containing different numbers of stocks. We show that cross-sectional differences in average 

returns directly and positively relate to differences in the idiosyncratic volatility of the portfolio 

returns. More specifically, we reveal that, in a fashion unrelated to Fama and French (1993), past 

performance, market volatility, or liquidity factors, investors demand a positive (albeit mostly 

insignificant) idiosyncratic volatility premium for holding portfolios that include less than 20 

stocks. The premium for bearing idiosyncratic volatility then decreases as the number of assets 

included in the size and BM-sorted portfolios rises. These results are in line with the notion that 

agents who fail to fully diversify their portfolios demand higher average returns to compensate 

them for bearing increased levels of firm-specific risk (Merton, 1987; Malkiel and Xu, 2002). 

                                                 

4
 Kearney and Potì (2008) argue that this result is not due to a rise in stock return correlations, but rather to 

the fact that idiosyncratic risk itself has gone up. A possible explanation that they highlight is a divergence 

between individuals’ and institutional investor sentiment together with a rise in the proportion of 

institutional investors; alternatively, it may be that idiosyncratic risk has risen due to an increase in the 

speculative trading volumes of retail investors.  



 

 

 

4 

It is evident that optimally spreading risks across assets is not costless and that information 

is not freely and fully available. This argument discussed in many studies (see, for example, 

Malkiel and Xu, 2002) concerning the frictions to full diversification that may exist in practice 

are sufficient to justify why an idiosyncratic risk premium may arise. This line of reasoning 

would lead us to believe that the price of idiosyncratic volatility (i.e. the price per unit of 

idiosyncratic risk) should be the same for all portfolios whether they are well diversified or not 

since all portfolios will be held by the same marginal investor. Our finding of different 

idiosyncratic risk premia for portfolios containing different number of stocks may arise if the 

portfolios are held by distinct groups of investors with varying risk tolerances – in other words, if 

capital markets are segmented.
5
 Errunza and Losq (1985) develop a model of partial market 

segmentation that may arise from restrictions on foreign ownership for some assets but not 

others. However, segmentation may arise even in the absence of such restrictions where there are 

systematic and permanent clientele effects in the investment decisions made by different groups 

of investors. For instance, it may be that large, international companies have both international 

and domestic investor bases, whereas smaller, less well known companies may have only local 

investors. Indeed, it has been reported that large capitalization stocks are well integrated into 

world capital markets but small cap stocks are more segmented (see, for example, Heston et al., 

1995). It may also be that institutional investors, who are holding large, well diversified 

portfolios and therefore do not require compensation for idiosyncratic risk are focused 

predominantly on large capitalization and growth stocks. On the other hand, individual investors 

may be holding small, poorly diversified portfolios but are also investing in small cap value 

                                                 

5
 We are grateful to an anonymous referee for suggesting this line of argument.  
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stocks. To the extent that individual investors do not have sufficient investment capital to form 

well diversified portfolios through direct equity investment and institutions are precluded from 

investing in small cap stocks by the price impact that their investments would have on these 

illiquid and shallow markets, these two groups of investors will hold quite different portfolios 

even in the long run.
6
 In these circumstances, the usual forces of arbitrage will be insufficient to 

elicit a change in their holdings.  

The rest of the study is organized as follows. Section II presents the methodology employed 

to study the relationship between time-varying idiosyncratic volatility and portfolio returns. 

Section III describes the data. Section IV reports the results and finally section V offers some 

concluding remarks. 

 

II. Methodology 

We employ the two-step methodology of Fama and MacBeth (1973) to test for the pricing of 

idiosyncratic volatility within portfolios with increasing numbers of stocks. In the first step, we 

run regressions of the excess returns of size and B/M-sorted equity portfolios on a set of risk 

factors: 

                (1) 

where RP,t are the time t excess returns of size- and B/M-sorted portfolios of Fama and French 

(1992), P  {1,2,…100}, Ft is a vector of risk premiums that are known to explain cross-

                                                 

6
 Likewise, Fu and Schutte (2009) suggest intuitively that idiosyncratic volatility will be more highly 

priced for stocks where there is a higher proportion of retail investors, who tend to be less diversified. For 

firms where the majority of stocks is held by institutions, they show that there is much less evidence that 

idiosyncratic volatility is priced. 
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sectional equity returns or shocks to a set of state variables that serve as hedges against 

unwelcome shifts in agents' investment opportunity sets according to the Intertemporal CAPM of 

Merton (1973), P is a vector of sensitivities of portfolio P to these K risk premiums or risk 

factors,  P is a constant and 
Pt  is an error term.  

 Model (1) is first estimated over the sample January 1968 to December 1972. We then 

calculate the standard deviation of the residuals from (1) over the window as , and 

this forms the measure of idiosyncratic volatility that we employ. By constructing it in this way, 

we ensure that idiosyncratic volatility is orthogonal to the risk factors. Both the measures of risk 

(P) and the measure of idiosyncratic volatility are used in a second step to explain cross-sectional 

mean excess returns in each month k from January 1973 to December 1973. The cross-sectional 

regression in a given month t+k is:  

                           (2) 

where the subscript P  {1,2,…100}) denotes size and BM-sorted portfolios of Fama and 

French (1992),  is a K-vector of prices of risk associated with the factor mimicking portfolios or 

state variables Ft, IVol is the price of idiosyncratic volatility, 0 is an intercept and 
P  is an error 

term. This step produces 12 estimates of the vector {0, , IVol}. Finally, the sample is rolled-

over by 12 observations at a time, with each repetition of the two steps producing 12 new 

estimates of each of the factor risk premia. t-tests are then performed on the resulting risk premia 

to determine which factors have explanatory power for the cross-section of realized stock returns.  

The purpose of the article is to test whether investors demand a risk premium for holding 

portfolios that are poorly diversified (i.e. that includes relatively few stocks). If so, IVol should be 

positive and significant. In line with the discussion above concerning market segmentation, we 
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also consider whether investors demand higher expected returns for holding poorly diversified 

portfolios. To test these ideas, we perform the two-step approach for portfolios containing 

different numbers of stocks. Thus, the first set of regressions include from the 100 portfolios of 

Fama and French (1992) only those that contain no more than 20 stocks in the first step 

regression. We then repeat this analysis for only portfolios containing at most 25, 30, 40, 50, 60, 

70, 80, 90, 100, 120, 140, 160, 180, 200 stocks.
7
 Each time, we test the null hypothesis that 

. We also test this hypothesis for all 100 size and BM-sorted portfolios of Fama and 

French (1992). 

When we restrict N (the maximum number of stocks included in a given portfolio) to be as 

low as 20, the resulting number of portfolios that meet the criterion of having at most N stocks 

can be as small as 17. The small sample size may then lead to the statistical tests lacking power, 

especially in the presence of non-normally distributed errors. To obtain robust inferences on the 

pricing of idiosyncratic volatility, we run the following bootstrap procedure: 

i) The Fama and French (1992) portfolio returns  and the set of risk premia or risk 

factors  are re-sampled with replacement simultaneously and the bootstrapped series are 

used to estimate P and  in equation (1); 

ii)  Step i) is repeated 100 times; this generates 100 vectors of P and 100 estimates of  

per portfolio that meets the requirement of containing at most N stocks;  

                                                 

7
 Again the maximum number of stocks is calculated over the period corresponding to the first-step 

regression. 
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iii) The bootstrapped estimates of P and  are then used in the  second step cross-

sectional regressions of Fama and MacBeth (1973) to explain actual portfolio returns in 

months t+k, k=1, 2,…, 12.
8
  

 We test the robustness of our conclusions on the pricing of idiosyncratic volatility by 

using different factor models in equation (1). For example, we employ the standard three-factor 

Fama and French (1993) model and four-factor Carhart (1997) model. Pastor and Stambaugh 

(2003) show that stock returns are significantly and positively related to a market-wide liquidity 

risk factor, and Han and Lesmond (2011) further argue that the usefulness of idiosyncratic 

volatility as an asset pricing factor is crucially affected by liquidity. Therefore, two additional 

specifications of the pricing regression (1) augment the Carhart (1997) model with the liquidity 

risk premium of Pastor and Stambaugh (2003) and with the liquidity risk premium and two 

portfolios based on short-term and long-term reversals (see, for example, Conrad and Kaul, 1989; 

De Bondt and Thaler, 1985, 1987).
9
 We also test the robustness of our conclusions regarding the 

pricing of idiosyncratic volatility to the inclusion of a risk factor that proxies for total risk 

measured via the VIX volatility index (see, for example, Pan, 2002) and finally we estimate an 

Intertemporal CAPM similar to that of Petkova (2006).  

 

 

                                                 

8
 Ideally, we would use considerably more than 100 bootstrapped samples; however, given that we are 

resampling as part of a two-stage process, the procedure is highly computer intensive and therefore 

employing a non-trivially larger number of replications is infeasible.  

9 
Huang et al. (2010) explain the negative relationship between idiosyncratic volatility and mean returns 

observed in Ang et al. (2006, 2009) via return reversals; thus allowing for short-term reversals in our 

specification of the risk-return relationship seems important. 
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III. Data  

Our dataset comprises the monthly returns on the 100 size- and B/M-sorted portfolios of Fama 

and French (1992) as provided on the website of Kenneth French. It also includes the equity risk 

premium, the size premium (SMB), the value premium (HML), the portfolios formed on short 

and long-term reversals as provided by Kenneth French and the liquidity risk premium as 

provided by Robert Stambaugh. The start date for the sample is dictated by data availability for 

the liquidity risk premium. The sample spans the period January 1968 to December 2011. The 

value-weighted return on all NYSE, AMEX, and NASDAQ stocks in excess of the one-month 

Treasury bill rate is used as a proxy for the market risk premium. We also download from 

Kenneth French’s website the number of stocks included in the 100 size and B/M-sorted 

portfolios as this information is crucial to our testing of whether there is an inverse relationship 

between the number of stocks included in a portfolio and the pricing of its idiosyncratic volatility. 

 Following Petkova (2006), our intertemporal CAPM uses as proxies for the state variables 

deemed to hedge unwelcome changes in investment opportunities: i) the dividend yield on the 

S&P500 composite index (DY, obtained from Datastream), ii) default spread (DS, measured as 

the difference in yields between BAA- and AAA-rated bonds and obtained from the St. Louis 

FED), iii) the slope of the term structure of interest rates (TS, measured as the difference in yields 

between 10-year government bonds and 3-month Treasury-bills and obtained from Datastream) 

and iv) the 3-month Treasury-bill rate (TB, obtained from Datastream). Shocks to the state 

variables ( , ,  and ) are modeled using the following VAR(1) specification: 
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        (3) 

where RM,t stands for the excess returns on the market. Following Petkova (2006), all the 

variables are first demeaned; the residuals , ,  and  are orthogonalized with respect 

to the market excess returns and then standardized so that they have zero-mean and a standard 

deviation equal to that of . The resulting four series can be considered as shocks to the state 

variables that proxy for changes in the investment opportunity set of agents over time. As such, 

they can enter the intertemporal CAPM pricing equation (1) alongside the market excess returns. 

The VIX series is obtained from the CBOE. 

 

IV. Empirical Results 

Table 1 presents the average prices of risk associated with the three factors of Fama and French 

(1993) and of idiosyncratic volatility together with their associated t-ratios. The market risk 

premium, M, declines almost monotonically as the maximal number of stocks in the portfolio 

increases; it is never statistically significant and is negative when the portfolios contain at least 70 

stocks or more. On the other hand, the size and value factors are always positive, and are 

significant in some cases (all portfolios with at least 25 stocks in the case of HML); interestingly, 

the size premium declines monotonically as the number of stocks increases, while the value 

premium generally increases. The idiosyncratic volatility premium, IVol, declines almost 

continually as the maximum number of stocks in the portfolios increases. Although it is never 

significant, the idiosyncratic volatility premium has a financially meaningful magnitude. For 
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example, IVol is equal to 0.0654 for portfolios that include up to 20 stocks, indicating that 

investors who are not well diversified require a 0.0654% increase in monthly mean returns per 

1% increase in the idiosyncratic volatility of their portfolios. On the other hand, the idiosyncratic 

volatility premia are mostly negative but much smaller in magnitude when the portfolios 

comprising more stocks are also included in the cross-sectional regressions.  

 The final row of Table 1 (Panel B) presents the differences between the idiosyncratic 

volatility premia for portfolios with up to 20 stocks compared with those including portfolios 

with higher numbers of stocks, and in parentheses we display the t-statistics for the null 

hypothesis that there is no difference between these idiosyncratic volatility premia. It is clear that 

all of these differences are positive (that is, the idiosyncratic volatility premium is higher when 

the large stock portfolios are omitted from the cross-sectional regressions), and in most cases 

significantly so. For instance, this premium is 0.0628 (0.0628% per month per unit of risk) higher 

for the maximum 20-stock portfolio than for the maximum 30-stock portfolio, with t-ratio 2.69, 

significant at the 5% level. Another interpretation of these results is that portfolios with 30 stocks 

or more can be considered well diversified, while those with 25 or fewer cannot.
10

  

 Table 2 presents the findings from applying a similar methodology, but now additionally 

including a fourth factor for momentum in the model, following Carhart (1997). As the results 

show, the momentum risk premium is not statistically significant in any of the entries in Table 2, 

and thus we can conclude that “momentum risk” is not priced in the 100-portfolio cross-section 

                                                 

10
 In unreported results, we calculate the correlations between the prices of idiosyncratic volatility and the 

number of stocks included in the portfolio; we also calculate the correlations between the t-ratios of the 

prices of idiosyncratic volatility and the number of stocks included in the portfolio for all sets of models 

that we estimate. We find that irrespective of the model, all correlations are large and negative: of the 

order -0.8, indicating very strongly that the relationship between the number of stocks in the portfolio and 

the idiosyncratic volatility premium is negative. 
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sorted on size and book-to-market. The other results, including those for idiosyncratic volatility, 

are virtually unchanged compared with those in Table 1.  

 Tables 3 and 4 again employ the same approach as above, but further add variables to 

capture the liquidity risk premium (Table 3) and the liquidity risk premium plus factors to capture 

short- and long-term return reversals (Table 4). Considering first the liquidity risk premium in 

Table 3, it can be seen that it is highly significant for all portfolios containing 40 stocks or more, 

and increases substantially in size from 0.0005 for the maximum 20-stock portfolio to reach 

0.028 for the maximum 50-stock portfolio. It then remains at approximately this level as the 

maximum number of stocks increases (i.e., moving from left to right across the table). It is 

evident, however, that the findings from the previous tables on idiosyncratic volatility remain 

largely unaltered, both in terms of the sizes of the coefficients, and the differences between the 

maximum 20-stock portfolio and the others in the last rows of Tables 3 and 4. We can thus 

conclude that, in contrast to the suggestion of Han and Lesmond (2011), we cannot attribute the 

idiosyncratic volatility premium that we observe to illiquidity; the two are statistically distinct 

phenomena. Finally, there is a significant risk premium for long- but not short-term reversals: the 

prices of risk associated with the former are statistically significant and positive for almost all the 

columns in Table 4 except for those including only very small numbers of stocks (20 or fewer), 

whereas the prices of risk associated with short-term reversals are positive but rarely significant. 

The magnitudes of both the idiosyncratic volatility premia and their differences compared with 

the premia modeled from the 20-stock portfolio (as reported in the last two rows of Table 4) are 

reduced compared to their corresponding values in the previous tables and become negative for 

portfolios containing at least 30 stocks. Yet, as we increase the number of securities in the 

portfolios, the key features of decreasing idiosyncratic volatility premia and increasing spreads 



 

 

 

13 

relative to the 20-stock portfolio still hold within the augmented factor model of Table 4. This 

suggests that, in contrast to the conclusions of Huang et al. (2010), the pattern observed in the 

previous tables remains present when we allow for short-term reversals. 

 Table 5 repeats the analysis of Table 4, but this time including the measure of market 

volatility represented by the VIX volatility index. Note that the VIX data are only available from 

1986; thus the results presented in Table 5 are based on a shorter sample period than those in all 

other tables and hence are not strictly comparable. It is clear that the risk premia for market-wide 

risk as captured by the VIX are all negative and statistically insignificant, although they become 

almost monotonically larger (i.e., less negative) as we more from left to right across the table. 

The sizes of the idiosyncratic volatility premia are somewhat altered from their values in the 

previous tables, although not in a consistent way, but the significances of the differences in these 

premia between the 20-stock portfolio and the better diversified ones are diminished, probably as 

a result of the reduced sample period. 

Finally, the results from the intertemporal CAPM approach augmented with idiosyncratic 

volatility are given in Table 6. It is worth noting that none of the parameters on the 

macroeconomic variables are significant (with the exception of unexpected changes in the term 

structure of interest rates, which is positive and significant for the least well diversified portfolios 

and positive and almost significant for several others; see also Petkova, 2006). We find that the 

magnitudes of the idiosyncratic risk premia are similar to those in the previous tables, and that the 

differences between these premia across well diversified versus poorly diversified portfolios 

(Panel B) are considerably reduced in significance although the parameter values themselves are 

only slightly smaller.  
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V. Conclusions 

This paper examines whether idiosyncratic volatility explains some of the cross-sectional 

variations in returns between a set of 100 size- and value-sorted portfolios. In other words, it 

considers: first, whether idiosyncratic risk is priced; and second, whether the most poorly 

diversified from amongst these portfolios require greater compensation for the idiosyncratic 

volatility that they entail than those that are better diversified, against the basic prediction of the 

CAPM.  

Supporting evidence for this hypothesis is provided in Campbell et al. (2001) and by 

Kearney and Potì (2008), who argue that 50 and over 100 randomly selected stocks respectively 

are now needed to achieve full diversification as the prices of individual stocks have in general 

become more interlinked over time. It is also likely that some of the portfolios with smaller 

numbers of stocks are not sectorally well stratified. For example, it is well known that value 

portfolios tend to comprise disproportionate numbers of utility, mining and basic manufacturing 

companies while growth portfolios include more technology, software, advertising firms and 

pharmaceuticals, leading to persistent, non-trivial levels of industry-specific unsystematic risk in 

the portfolios.  

We show that idiosyncratic volatility commands a premium that is unrelated to the CAPM 

beta, size, book-to-market ratio, liquidity risk and past performance. More specifically our results 

suggest that within the Fama and French (1993) model, at least 30 stocks are needed for the 

premium for bearing idiosyncratic volatility to become insignificant at the 5% level. To put this 

differently, investors who hold portfolios with fewer than 30 stocks on average demand a positive 

(albeit insignificant) idiosyncratic volatility premium. Our paper therefore contributes to the 

debate on the possible role of unsystematic risk in explaining stock returns. The results are also 
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consistent with those reported in Goyal and Santa-Clara (2003), Diavatopoulos et al. (2008), Fu 

(2009), Garcia et al. (2010) who also found a positive relationship between idiosyncratic 

volatility and stock market returns.  

In practice, it is often the case that institutional investors such as pension and mutual fund 

managers may end up holding similar stocks that have common characteristics, such as small 

capitalization, value or growth, past losers or winners (see for example Barberis and Shleifer, 

2003; Chan et al., 2002) either by choice or because their mandate is narrow. This investment 

strategy enables them to simplify their portfolio allocation decisions and to pursue superior 

performance in a narrowly defined fashion. Since the returns of stocks sharing common 

characteristics may be highly positively correlated, it might not be possible to achieve adequate 

diversification even with fairly large numbers of stocks. It may also be the case that there are 

clientele effects in investment decisions so that certain groups of investors hold well diversified 

portfolios while others hold smaller numbers of a different style of stocks in their portfolios. It 

could well be that investors in this latter group require compensation for idiosyncratic risk while 

those in the former do not. 

Therefore, it would be interesting for future research to determine the extent to which the 

portfolios of actual fund managers and of retail investors are subject to idiosyncratic volatility 

and the relationship between this and their relative performances. It would also be of relevance to 

test whether the Fama and French (1993) portfolios with small numbers of stocks are poorly 

diversified across industries as well as being specialized in terms of their styles, and thus whether 

sectoral concentration can explain some of the idiosyncratic volatility premium that we observe 

in this study.  
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Table 1: Pricing of idiosyncratic volatility within the Fama and French (1993) model 

The table presents averages for the prices of risk associated with the three factors of Fama and French (1993) and the price of idiosyncratic 

volatility. The prices of risk are estimated from the second-step of Fama and MacBeth (1973) regressions over the period January 1973 - 

December 2011. N is the maximum number of stocks included in the portfolios, ALL means that the 100 Fama and French (1992) portfolios 

were considered in the cross-sectional regressions. λIVol(20) - λIVol(N) measures the difference in the prices of idiosyncratic volatility for the 

portfolio with 20 stocks and the portfolio with N stocks. t-statistics are in parentheses. 

N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0024 0.0032 0.0043 0.0047 0.0047 0.0051 0.0054 0.0056 0.0060 0.0062 0.0066 0.0068 0.0069 0.0070 0.0068 0.0082

(0.96) (1.38) (1.93) (2.25) (2.32) (2.62) (2.75) (2.93) (3.15) (3.26) (3.46) (3.60) (3.68) (3.72) (3.66) (4.51)

M 0.0013 0.0010 0.0008 0.0004 0.0005 0.0001 -0.0001 -0.0004 -0.0007 -0.0009 -0.0011 -0.0014 -0.0015 -0.0015 -0.0014 -0.0021

(0.70) (0.65) (0.59) (0.28) (0.41) (0.10) (-0.11) (-0.35) (-0.59) (-0.72) (-0.92) (-1.15) (-1.20) (-1.18) (-1.11) (-1.59)

SMB 0.0036 0.0031 0.0024 0.0021 0.0021 0.0020 0.0017 0.0017 0.0017 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0012

(2.61) (2.27) (1.92) (1.78) (1.67) (1.58) (1.41) (1.37) (1.40) (1.39) (1.31) (1.26) (1.18) (1.16) (1.12) (0.92)

HML 0.0020 0.0024 0.0026 0.0024 0.0025 0.0026 0.0030 0.0032 0.0032 0.0033 0.0035 0.0036 0.0037 0.0037 0.0037 0.0040

(1.51) (2.08) (2.31) (2.11) (2.08) (2.11) (2.42) (2.54) (2.57) (2.64) (2.80) (2.81) (2.89) (2.89) (2.90) (3.12)

 IVol 0.0654 0.0390 0.0023 0.0117 0.0046 0.0032 -0.0021 -0.0041 -0.0068 -0.0097 -0.0179 -0.0147 -0.0164 -0.0181 -0.0141 -0.0420

(1.31) (0.89) (0.06) (0.32) (0.13) (0.09) (-0.06) (-0.12) (-0.19) (-0.28) (-0.51) (-0.43) (-0.47) (-0.52) (-0.41) (-1.24)

Panel B: λ IVol(20) - λ IVol(N ) 0.0261 0.0628 0.0535 0.0606 0.0619 0.0672 0.0693 0.0720 0.0748 0.0830 0.0799 0.0815 0.0832 0.0793 0.1071

(1.40) (2.69) (1.84) (1.92) (1.87) (2.00) (2.03) (2.08) (2.15) (2.33) (2.24) (2.30) (2.32) (2.20) (2.93)  
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Table 2: Pricing of idiosyncratic volatility within the Carhart model 

The table presents averages for the prices of risk associated with the four factors of Carhart (1997) and the price of idiosyncratic volatility. The 

prices of risk are estimated from the second-step of Fama and MacBeth (1973) regressions over the period January 1973 - December 2011. N is 

the maximum number of stocks included in the portfolios, ALL means that the 100 Fama and French (1992) portfolios were considered in the 

cross-sectional regressions. λIVol(20) - λIVol(N) measures the difference in the prices of idiosyncratic volatility for the portfolio with 20 stocks 

and the portfolio with N stocks. t-statistics are in parentheses. 

N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0026 0.0029 0.0043 0.0044 0.0047 0.0049 0.0051 0.0055 0.0058 0.0061 0.0064 0.0064 0.0068 0.0067 0.0066 0.0079

(1.02) (1.26) (1.90) (2.10) (2.31) (2.50) (2.59) (2.80) (2.98) (3.15) (3.30) (3.36) (3.55) (3.50) (3.54) (4.32)

M 0.0012 0.0012 0.0008 0.0007 0.0006 0.0004 0.0002 -0.0001 -0.0004 -0.0006 -0.0009 -0.0009 -0.0012 -0.0011 -0.0011 -0.0019

(0.66) (0.78) (0.53) (0.51) (0.49) (0.31) (0.13) (-0.10) (-0.31) (-0.49) (-0.70) (-0.72) (-0.95) (-0.85) (-0.88) (-1.42)

SMB 0.0037 0.0030 0.0024 0.0021 0.0020 0.0020 0.0017 0.0017 0.0017 0.0017 0.0017 0.0016 0.0015 0.0015 0.0014 0.0013

(2.68) (2.25) (1.93) (1.75) (1.65) (1.58) (1.38) (1.37) (1.39) (1.39) (1.32) (1.26) (1.20) (1.17) (1.13) (0.98)

HML 0.0019 0.0024 0.0027 0.0024 0.0026 0.0026 0.0031 0.0032 0.0032 0.0033 0.0035 0.0036 0.0037 0.0037 0.0037 0.0040

(1.48) (2.12) (2.36) (2.14) (2.15) (2.16) (2.44) (2.57) (2.59) (2.67) (2.82) (2.82) (2.90) (2.94) (2.92) (3.10)

Mom -0.0019 -0.0013 -0.0008 -0.0017 -0.0015 -0.0014 -0.0014 -0.0016 -0.0014 -0.0016 -0.0014 -0.0014 -0.0014 -0.0014 -0.0014 -0.0013

(-1.34) (-1.09) (-0.65) (-1.71) (-1.49) (-1.37) (-1.33) (-1.54) (-1.31) (-1.58) (-1.41) (-1.40) (-1.33) (-1.38) (-1.41) (-1.24)

 IVol 0.0629 0.0446 0.0046 0.0110 -0.0003 -0.0026 -0.0044 -0.0112 -0.0121 -0.0151 -0.0178 -0.0207 -0.0230 -0.0226 -0.0197 -0.0410

(1.23) (1.01) (0.11) (0.30) (-0.01) (-0.07) (-0.12) (-0.31) (-0.34) (-0.42) (-0.50) (-0.58) (-0.64) (-0.63) (-0.55) (-1.20)

Panel B: λ IVol(20) - λ IVol(N ) 0.0176 0.0576 0.0511 0.0624 0.0648 0.0665 0.0733 0.0743 0.0772 0.0799 0.0828 0.0851 0.0847 0.0818 0.1031

(0.96) (2.48) (1.74) (1.93) (1.94) (1.96) (2.13) (2.11) (2.17) (2.23) (2.32) (2.35) (2.34) (2.24) (2.80)  



 

 

 

21 

 

 

Table 3: Pricing of idiosyncratic volatility within a liquidity-augmented Carhart model  

The table presents averages for the prices of risk associated with the four factors of Carhart (1997) augmented with the liquidity risk premium 

of Pastor and Stambaugh (2003) and the price of idiosyncratic volatility. The prices of risk are estimated from the second-step of Fama and 

MacBeth (1973) regressions over the period January 1973 - December 2011. N is the maximum number of stocks included in the portfolios, 

ALL means that the 100 Fama and French (1992) portfolios were considered in the cross-sectional regressions. λIVol(20) - λIVol(N) measures the 

difference in the prices of idiosyncratic volatility for the portfolio with 20 stocks and the portfolio with N stocks. t-statistics are in parentheses. 

N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0026 0.0032 0.0042 0.0046 0.0045 0.0052 0.0052 0.0055 0.0057 0.0061 0.0063 0.0065 0.0067 0.0067 0.0066 0.0078

(1.04) (1.41) (1.93) (2.19) (2.24) (2.64) (2.64) (2.82) (2.98) (3.16) (3.26) (3.42) (3.54) (3.55) (3.52) (4.29)

M 0.0012 0.0011 0.0008 0.0005 0.0008 0.0002 0.0001 -0.0003 -0.0003 -0.0006 -0.0008 -0.0011 -0.0011 -0.0011 -0.0011 -0.0017

(0.66) (0.72) (0.59) (0.42) (0.62) (0.19) (0.05) (-0.21) (-0.22) (-0.49) (-0.62) (-0.88) (-0.92) (-0.88) (-0.85) (-1.29)

SMB 0.0037 0.0030 0.0024 0.0021 0.0020 0.0020 0.0018 0.0017 0.0018 0.0018 0.0016 0.0016 0.0015 0.0015 0.0014 0.0013

(2.72) (2.22) (1.87) (1.77) (1.66) (1.57) (1.45) (1.38) (1.41) (1.39) (1.31) (1.26) (1.20) (1.18) (1.12) (1.00)

HML 0.0021 0.0025 0.0028 0.0024 0.0026 0.0027 0.0031 0.0032 0.0033 0.0033 0.0036 0.0036 0.0037 0.0037 0.0037 0.0040

(1.64) (2.20) (2.45) (2.14) (2.21) (2.17) (2.47) (2.59) (2.62) (2.68) (2.83) (2.86) (2.91) (2.96) (2.95) (3.11)

Mom -0.0019 -0.0014 -0.0009 -0.0018 -0.0015 -0.0015 -0.0015 -0.0016 -0.0015 -0.0016 -0.0016 -0.0014 -0.0015 -0.0015 -0.0015 -0.0014

(-1.36) (-1.16) (-0.76) (-1.70) (-1.43) (-1.50) (-1.40) (-1.58) (-1.43) (-1.50) (-1.54) (-1.40) (-1.46) (-1.45) (-1.43) (-1.38)

LRP 0.0005 0.0015 0.0016 0.0021 0.0028 0.0027 0.0030 0.0032 0.0031 0.0029 0.0031 0.0031 0.0031 0.0030 0.0031 0.0033

(0.39) (1.20) (1.45) (2.23) (2.96) (2.93) (3.22) (3.48) (3.37) (3.25) (3.40) (3.42) (3.49) (3.29) (3.49) (3.47)

 IVol 0.0635 0.0389 0.0008 0.0104 -0.0023 -0.0069 -0.0045 -0.0071 -0.0157 -0.0175 -0.0194 -0.0170 -0.0239 -0.0244 -0.0202 -0.0477

(1.25) (0.88) (0.02) (0.28) (-0.06) (-0.19) (-0.12) (-0.20) (-0.44) (-0.49) (-0.55) (-0.48) (-0.67) (-0.69) (-0.57) (-1.38)

Panel B: λ IVol(20) - λ IVol(N ) 0.0264 0.0645 0.0549 0.0676 0.0722 0.0698 0.0724 0.0810 0.0828 0.0847 0.0823 0.0892 0.0897 0.0855 0.1130

(1.37) (2.68) (1.84) (2.07) (2.13) (2.02) (2.05) (2.27) (2.28) (2.31) (2.23) (2.42) (2.42) (2.30) (2.99)  
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Table 4: Pricing of idiosyncratic volatility within a liquidity and reversals-augmented Carhart model  

The table presents averages for the prices of risk associated with i) the four factors of Carhart (1997), ii) the liquidity risk premium of Pastor 

and Stambaugh (2003), iii) the portfolios formed on short and long-term reversals and iv) idiosyncratic volatility. The prices of risk are 

estimated from the second-step of Fama and MacBeth (1973) regressions over the period January 1973 - December 2011. N is the maximum 

number of stocks included in the portfolios, ALL means that the 100 Fama and French (1992) portfolios were considered in the cross-sectional 

regressions. λIVol(20) - λIVol(N) measures the difference in the prices of idiosyncratic volatility for the portfolio with 20 stocks and the portfolio 

with N stocks. t-statistics are in parentheses. 
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N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0031 0.0037 0.0045 0.0048 0.0048 0.0050 0.0054 0.0058 0.0059 0.0062 0.0067 0.0068 0.0069 0.0070 0.0068 0.0079

(1.23) (1.65) (2.08) (2.30) (2.42) (2.54) (2.76) (2.99) (3.09) (3.24) (3.52) (3.56) (3.68) (3.70) (3.69) (4.39)

M 0.0009 0.0004 0.0008 0.0005 0.0006 0.0004 -0.0001 -0.0004 -0.0005 -0.0007 -0.0010 -0.0012 -0.0013 -0.0014 -0.0012 -0.0019

(0.49) (0.27) (0.56) (0.39) (0.45) (0.34) (-0.06) (-0.32) (-0.37) (-0.59) (-0.85) (-1.02) (-1.09) (-1.12) (-1.00) (-1.46)

SMB 0.0036 0.0029 0.0023 0.0022 0.0021 0.0020 0.0018 0.0017 0.0018 0.0018 0.0017 0.0016 0.0015 0.0015 0.0015 0.0013

(2.70) (2.21) (1.87) (1.84) (1.72) (1.63) (1.44) (1.39) (1.40) (1.40) (1.32) (1.28) (1.21) (1.19) (1.14) (1.01)

HML 0.0019 0.0025 0.0026 0.0024 0.0026 0.0026 0.0031 0.0032 0.0033 0.0033 0.0036 0.0037 0.0037 0.0037 0.0038 0.0040

(1.51) (2.29) (2.37) (2.12) (2.17) (2.12) (2.46) (2.60) (2.64) (2.69) (2.85) (2.90) (2.96) (2.95) (2.98) (3.17)

Mom -0.0017 -0.0015 -0.0009 -0.0018 -0.0015 -0.0016 -0.0016 -0.0017 -0.0016 -0.0018 -0.0016 -0.0015 -0.0016 -0.0016 -0.0017 -0.0013

(-1.28) (-1.23) (-0.81) (-1.74) (-1.52) (-1.60) (-1.55) (-1.64) (-1.62) (-1.71) (-1.59) (-1.46) (-1.60) (-1.60) (-1.66) (-1.32)

LRP 0.0004 0.0013 0.0011 0.0019 0.0023 0.0024 0.0027 0.0030 0.0028 0.0027 0.0029 0.0029 0.0027 0.0029 0.0028 0.0030

(0.32) (1.08) (1.02) (2.01) (2.52) (2.66) (2.92) (3.35) (3.08) (3.05) (3.31) (3.26) (3.01) (3.23) (3.22) (3.24)

ST_Rev 0.0015 0.0012 0.0010 0.0012 0.0010 0.0013 0.0013 0.0012 0.0012 0.0012 0.0011 0.0010 0.0010 0.0010 0.0010 0.0012

(1.49) (1.34) (1.29) (1.69) (1.29) (1.66) (1.70) (1.57) (1.57) (1.59) (1.39) (1.42) (1.35) (1.35) (1.37) (1.60)

LT_Rev 0.0016 0.0018 0.0019 0.0016 0.0018 0.0018 0.0018 0.0019 0.0021 0.0020 0.0022 0.0023 0.0022 0.0022 0.0022 0.0025

(1.75) (2.21) (2.43) (2.19) (2.50) (2.38) (2.37) (2.59) (2.77) (2.75) (3.03) (3.05) (3.02) (2.92) (2.93) (3.23)

 IVol 0.0658 0.0499 -0.0035 0.0070 -0.0044 -0.0011 -0.0031 -0.0114 -0.0158 -0.0154 -0.0261 -0.0205 -0.0250 -0.0225 -0.0239 -0.0471

(1.27) (1.10) (-0.08) (0.18) (-0.12) (-0.03) (-0.09) (-0.32) (-0.44) (-0.43) (-0.72) (-0.56) (-0.68) (-0.62) (-0.66) (-1.33)

Panel B: λ IVol(20) - λ IVol(N ) 0.0101 0.0635 0.0531 0.0644 0.0611 0.0631 0.0714 0.0758 0.0754 0.0861 0.0805 0.0850 0.0825 0.0839 0.1071

(0.51) (2.64) (1.74) (1.91) (1.75) (1.77) (1.98) (2.06) (2.01) (2.25) (2.11) (2.21) (2.16) (2.17) (2.74)  

 

 

 

Table 5: Pricing of idiosyncratic volatility within a VIX, liquidity and reversals-augmented Carhart model  

The table presents averages for the prices of risk associated with i) the four factors of Carhart (1997), ii) the liquidity risk premium of Pastor 

and Stambaugh (2003), iii) the portfolios formed on short and long-term reversals, iv) VIX and v) idiosyncratic volatility. The prices of risk are 

estimated from the second-step of Fama and MacBeth (1973) regressions over the period January 1973 - December 2011. N is the maximum 

number of stocks included in the portfolios, ALL means that the 100 Fama and French (1992) portfolios were considered in the cross-sectional 
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regressions. λIVol(20) - λIVol(N) measures the difference in the prices of idiosyncratic volatility for the portfolio with 20 stocks and the portfolio 

with N stocks. t-statistics are in parentheses.  

N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0030 0.0037 0.0050 0.0051 0.0050 0.0052 0.0059 0.0063 0.0065 0.0066 0.0073 0.0073 0.0075 0.0078 0.0077 0.0093

(0.86) (1.14) (1.58) (1.71) (1.77) (1.90) (2.13) (2.33) (2.45) (2.49) (2.72) (2.72) (2.80) (2.98) (2.96) (3.76)

M 0.0007 0.0004 0.0000 0.0003 0.0005 0.0003 -0.0002 -0.0006 -0.0006 -0.0005 -0.0011 -0.0010 -0.0011 -0.0015 -0.0015 -0.0022

(0.30) (0.16) (-0.01) (0.19) (0.30) (0.18) (-0.11) (-0.36) (-0.34) (-0.30) (-0.64) (-0.60) (-0.63) (-0.90) (-0.86) (-1.23)

SMB 0.0040 0.0036 0.0026 0.0021 0.0019 0.0018 0.0014 0.0013 0.0014 0.0015 0.0013 0.0014 0.0012 0.0012 0.0011 0.0011

(1.92) (1.76) (1.37) (1.20) (1.03) (0.96) (0.77) (0.72) (0.73) (0.76) (0.67) (0.68) (0.61) (0.61) (0.56) (0.54)

HML 0.0019 0.0023 0.0026 0.0014 0.0017 0.0017 0.0022 0.0025 0.0025 0.0025 0.0029 0.0030 0.0031 0.0032 0.0032 0.0036

(1.06) (1.52) (1.64) (0.90) (0.96) (0.95) (1.18) (1.30) (1.31) (1.32) (1.52) (1.54) (1.62) (1.66) (1.66) (1.86)

Mom -0.0005 -0.0009 0.0004 -0.0012 -0.0011 -0.0008 -0.0010 -0.0014 -0.0011 -0.0009 -0.0008 -0.0009 -0.0008 -0.0007 -0.0008 -0.0003

(-0.26) (-0.51) (0.19) (-0.77) (-0.67) (-0.49) (-0.60) (-0.93) (-0.65) (-0.60) (-0.50) (-0.56) (-0.49) (-0.46) (-0.53) (-0.18)

LRP 0.0016 0.0023 0.0018 0.0028 0.0038 0.0038 0.0042 0.0044 0.0041 0.0041 0.0041 0.0040 0.0039 0.0039 0.0038 0.0043

(0.75) (1.22) (1.06) (1.79) (2.45) (2.56) (2.93) (3.12) (2.87) (2.95) (2.85) (2.81) (2.76) (2.80) (2.66) (2.88)

ST_Rev 0.0025 0.0023 0.0015 0.0013 0.0011 0.0014 0.0015 0.0014 0.0012 0.0013 0.0011 0.0011 0.0008 0.0006 0.0008 0.0007

(1.64) (1.65) (1.21) (1.19) (0.90) (1.16) (1.20) (1.13) (0.99) (1.09) (0.93) (0.89) (0.68) (0.52) (0.67) (0.58)

LT_Rev -0.0002 0.0003 0.0005 0.0004 0.0006 0.0004 0.0003 0.0004 0.0005 0.0005 0.0009 0.0008 0.0009 0.0010 0.0009 0.0015

(-0.14) (0.31) (0.51) (0.47) (0.69) (0.49) (0.31) (0.48) (0.60) (0.57) (1.08) (0.98) (1.06) (1.13) (1.06) (1.51)

VIX -0.0011 -0.0010 -0.0012 -0.0004 -0.0008 -0.0009 -0.0007 -0.0005 -0.0007 -0.0008 -0.0006 -0.0005 -0.0006 -0.0006 -0.0006 -0.0006

(-1.02) (-1.10) (-1.44) (-0.62) (-1.13) (-1.27) (-1.10) (-0.83) (-1.04) (-1.22) (-0.94) (-0.83) (-0.90) (-0.89) (-0.94) (-0.84)

 IVol 0.1002 0.0838 0.0381 0.0442 0.0307 0.0379 0.0190 0.0131 0.0022 -0.0019 -0.0091 -0.0153 -0.0246 -0.0197 -0.0188 -0.0617

(1.23) (1.12) (0.53) (0.70) (0.52) (0.65) (0.32) (0.22) (0.04) (-0.03) (-0.15) (-0.26) (-0.40) (-0.33) (-0.31) (-1.09)

Panel B: λ IVol(20) - λ IVol(N ) 0.0064 0.0521 0.0460 0.0595 0.0523 0.0712 0.0771 0.0880 0.0921 0.0993 0.1055 0.1148 0.1099 0.1090 0.1519

(0.22) (1.59) (1.03) (1.21) (1.00) (1.33) (1.41) (1.59) (1.62) (1.72) (1.82) (1.99) (1.91) (1.88) (2.61)  

 

 

Table 6: Pricing of idiosyncratic volatility within the Intertemporal CAPM 
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The table presents averages for the prices of risk associated with idiosyncratic volatility, the market excess returns and shocks to dividend yield 

(DY), default spread (DS), the slope of the term structure (TS) and the 3-month Treasury-bill rate (TB), where the later four factors are proxies 

for unwelcome change in the investment opportunity set of agents over time. The prices of risk are estimated from the second-step of Fama and 

MacBeth (1973) regressions over the period January 1973 - December 2011. N is the maximum number of stocks included in the portfolios, 

ALL means that the 100 Fama and French (1992) portfolios were considered in the cross-sectional regressions. λIVol(20) - λIVol(N) measures the 

difference in the prices of idiosyncratic volatility for the portfolio with 20 stocks and the portfolio with N stocks. t-statistics are in parentheses. 

N <= 20 25 30 40 50 60 70 80 90 100 120 140 160 180 200 ALL

Panel A: Estimated prices of risk

0 0.0034 0.0044 0.0056 0.0049 0.0047 0.0049 0.0057 0.0061 0.0061 0.0065 0.0069 0.0071 0.0073 0.0074 0.0074 0.0084

(1.35) (1.92) (2.54) (2.30) (2.19) (2.30) (2.61) (2.78) (2.80) (2.99) (3.19) (3.25) (3.33) (3.37) (3.36) (3.90)

M 0.0008 0.0001 0.0001 0.0004 0.0003 0.0002 -0.0003 -0.0008 -0.0009 -0.0012 -0.0015 -0.0018 -0.0019 -0.0019 -0.0018 -0.0024

(0.44) (0.05) (0.06) (0.23) (0.21) (0.14) (-0.21) (-0.45) (-0.54) (-0.72) (-0.88) (-1.03) (-1.09) (-1.12) (-1.09) (-1.44)

UDY -0.0001 -0.0001 -0.0005 -0.0003 -0.0001 -0.0003 -0.0003 -0.0002 -0.0002 -0.0002 -0.0001 -0.0003 -0.0002 -0.0002 -0.0004 -0.0001

(-0.07) (-0.07) (-0.39) (-0.25) (-0.11) (-0.29) (-0.28) (-0.19) (-0.22) (-0.22) (-0.09) (-0.27) (-0.18) (-0.20) (-0.33) (-0.12)

UDS -0.0002 -0.0004 -0.0008 -0.0010 -0.0011 -0.0010 -0.0010 -0.0011 -0.0011 -0.0013 -0.0013 -0.0013 -0.0015 -0.0015 -0.0014 -0.0016

(-0.12) (-0.32) (-0.77) (-0.95) (-1.10) (-0.94) (-0.95) (-1.04) (-1.12) (-1.26) (-1.29) (-1.30) (-1.44) (-1.50) (-1.37) (-1.55)

UTS 0.0036 0.0035 0.0028 0.0023 0.0024 0.0020 0.0022 0.0023 0.0024 0.0026 0.0025 0.0024 0.0022 0.0023 0.0024 0.0025

(2.17) (2.21) (1.91) (1.54) (1.58) (1.31) (1.49) (1.57) (1.60) (1.68) (1.68) (1.61) (1.44) (1.48) (1.62) (1.50)

UTB -0.0016 -0.0015 -0.0011 -0.0006 -0.0010 -0.0010 -0.0011 -0.0013 -0.0012 -0.0013 -0.0012 -0.0011 -0.0009 -0.0010 -0.0013 -0.0013

(-1.21) (-1.19) (-0.93) (-0.51) (-0.82) (-0.80) (-0.91) (-1.06) (-0.96) (-1.06) (-1.01) (-0.93) (-0.78) (-0.80) (-1.08) (-1.07)

 IVol 0.0937 0.0735 0.0282 0.0520 0.0583 0.0548 0.0393 0.0390 0.0419 0.0389 0.0336 0.0341 0.0315 0.0302 0.0274 0.0051

(1.88) (1.62) (0.67) (1.31) (1.53) (1.40) (1.00) (1.00) (1.05) (0.98) (0.85) (0.85) (0.78) (0.76) (0.68) (0.12)

Panel B: λ IVol(20) - λ IVol(N ) 0.0181 0.0634 0.0395 0.0332 0.0368 0.0522 0.0526 0.0497 0.0527 0.0580 0.0575 0.0601 0.0614 0.0642 0.0865

(1.07) (2.87) (1.34) (1.01) (1.09) (1.53) (1.51) (1.39) (1.48) (1.61) (1.57) (1.63) (1.67) (1.73) (2.15)  
 


