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This report was generated autonomously by an Al replication pipeline for the “Does Empirical Finance
Replicate?” project. It documents one attempt to reproduce the paper’s main analysis from the data
and methods described below. Individual replications may contain mistakes. Treat the numbers as
estimates to be checked, not as a verdict on the original paper. Original article: doi:10.1111/1.1540-
6261.2006.00836.x.

1 Summary

1.1 The Paper

Ang, Hodrick, Xing, and Zhang (2006) ask how volatility affects the cross-section of expected stock
returns, and they document two findings. Stocks with high sensitivity to innovations in aggregate
volatility, proxied by changes in the VIX, earn low average returns, consistent with a negative
price of aggregate volatility risk. More strikingly, stocks with high idiosyncratic volatility relative
to the Fama-French three-factor model earn abysmally low average returns. The quintile of stocks
with the highest idiosyncratic volatility earns a Fama-French alpha of —1.27% per month. This
puzzle survives controls for size, value, momentum, liquidity, and other cross-sectional effects.

1.2 Replication Findings

We replicate Table VI, Panel B, the quintile portfolios sorted by idiosyncratic volatility under the
1/0/1 strategy. Our results match the paper almost exactly. The highest-IVOL quintile earns a
Fama-French alpha of —1.27% per month against the paper’s —1.27%, and the 5-1 spread alpha is
—1.28% against the paper’s —1.31%. Mean returns match within 4 basis points across all quintiles.
The IVOL puzzle also persists over a 24-year out-of-sample window covering 2001 to 2024, where
the 5-1 Fama-French alpha is —0.91% per month with a ¢-statistic of —2.81, though weaker than in
sample.

2 Data

The replication draws on the same sources as the paper. Daily and monthly stock returns
come from CRSP (crsp.dsf and crsp.msf), matched to the daily and monthly Fama-French fac-



tors (ff.factors_daily and ff.factors monthly). Book equity comes from Compustat annual
fundamentals (comp.funda) linked to CRSP through the CRSP/Compustat merged link history
(crsp.ccmxpf_lnkhist). No data substitutions were required, and every source matches the pa-
per. The universe consists of common stocks (share codes 10, 11) on NYSE, AMEX, and NASDAQ
(exchange codes 1, 2, 3).

The in-sample period runs from July 1963 through December 2000, or 450 months. That panel
contains 2,136,983 stock-month observations across 20,541 unique firms, an average of 4,749 stocks
per month. Each stock-month requires at least 17 daily return observations within the formation
month. The out-of-sample period extends from January 2001 through December 2024 and adds
287 months and 1,199,624 stock-months.

3 Methodology

For each stock in each month, we compute idiosyncratic volatility as the standard deviation of
residuals from a Fama-French three-factor regression estimated on daily data,
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where IVOL; = std(é;;) uses the sample standard deviation (ddof=1). The 1/0/1 strategy then
sorts stocks at the end of each month ¢ into value-weighted quintile portfolios by IVOL from
month ¢, and holds them during month ¢ 4- 1. Portfolios are rebalanced monthly.

We evaluate each quintile portfolio by running time-series regressions of monthly excess re-
turns on the CAPM (MKT) and on the Fama-French three-factor model (MKT, SMB, HML). Stan-
dard errors use Newey-West with 6 lags. The 5-1 spread is a self-financing portfolio, so no risk-free
rate is subtracted.

Key differences from the paper. The paper does not specify (1) the minimum number of daily
observations for IVOL computation in Section II, (2) the number of Newey-West lags, or (3) the
exact book equity construction for the B/M summary statistic. We use > 17 daily observations,
the threshold stated for the Section I sorts, together with 6 Newey-West lags, standard for monthly
data, and the Fama-French book equity definition. These choices have negligible effects on the
main results.

4 Results

4.1 In-Sample Replication: Table VI, Panel B

Table [I] presents our replication of Table VI, Panel B alongside the paper’s original values.



Table 1: Portfolios Sorted by Idiosyncratic Volatility (FF-3), July 1963 — December 2000

Mean Return (%) CAPM « (%) FE-3 a (%)

Quintile  Ours Paper Ours  Paper Ours  Paper
1 (Low) 1.03 1.04 0.08 0.11 0.01 0.04
[1.24] [1.57] [0.35] [0.99]

2 1.16 1.16 0.10 0.11 0.08 0.09
[2.00] [1.98] [1.50] [1.51]

3 1.20 1.20 0.02 0.04 0.06 0.08
[0.18] [0.37] [0.78] [1.04]

4 0.84 087 —-042 -038 037 032
[—-2.52] [-2.32] [-3.70] [-3.15]

5 (High) 0.02 -0.02 -126 -127 =127 127
[—4.76] [-5.09] [-7.54] [-7.68]

5-1 —1.01 -1.06 —-134 -138 128 131

[-4.20] [—-4.56] [-6.65] [—7.00]

Newey-West t-statistics in brackets (6 lags). Value-weighted portfolios.
450 months, avg. 4,749 stocks/month. 1/0/1 strategy.

Mean returns match the paper within 4 basis points for every quintile. The highest-IVOL
quintile (Q5) earns 0.02% per month against the paper’s —0.02%, essentially zero. After risk ad-
justment, Q5 has a Fama-French alpha of —1.27% (t = —7.54), identical to the paper’s —1.27%
(t = —7.68). The 5-1 spread in FF-3 alphas is —1.28% (t = —6.65) compared to the paper’s —1.31%
(t = —7.00). The slight differences in Q1 alphas (0.01% vs. 0.04%) likely reflect minor differences
in book equity construction or CRSP database vintage.

All signs, significance levels, and the monotonic pattern of declining returns across IVOL quin-
tiles replicate exactly.

4.2 Out-of-Sample Test: 2001-2024

Table 2|reports the out-of-sample results.



Table 2: IVOL Quintile Portfolios: In-Sample vs. Out-of-Sample

Mean Return (%) FE-3 a (%)

Quintile IS (1963-2000) OOS (2001-2024) IS 00Ss
1 (Low) 1.03 0.82 0.01 0.13
[0.35] [2.43]

2 1.16 0.85 0.08  —0.02
[1.50] [—0.28]

3 1.20 0.80 0.06 —0.21
[0.78] [—2.23]

4 0.84 062 —-037 —-051
[-3.70] [—2.58]

5 (High) 0.02 052 —-127 —-0.78
[—7.54] [-2.69]

5-1 —1.01 -030 —1.28 —-091

[-6.65] [—2.81]

Newey-West t-statistics in brackets (6 lags). Value-weighted.
IS: 450 months. OOS: 287 months.

The IVOL puzzle survives 24 years out of sample. The 5-1 FF-3 alpha is —0.91% per month
(t = —2.81), significant at the 1% level. The monotonic pattern holds, with FF-3 alphas declining
from 0.13% for Q1 to —0.78% for Q5. The magnitude weakens to roughly 70% of the in-sample
value, consistent with increased awareness of the anomaly following the paper’s publication and
with the strong performance of high-volatility growth stocks during the extended post-2009 bull
market.

The raw return spread narrows from —1.01% to —0.30%, driven by higher Q5 raw returns
(0.52% vs. 0.02%). High-IVOL stocks earned higher raw returns over 2001-2024, but the Fama-
French model predicts even higher returns for these stocks given their small-cap and high-value
loadings, so the risk-adjusted underperformance remains substantial.
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