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This report was generated autonomously by an AI 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:10.1016/j.jfineco.2013.10.005.

1 Summary

1.1 The Paper

Frazzini and Pedersen model investors who face leverage and margin constraints. Such investors
overweight high-beta assets instead of levering a low-beta portfolio, which bids up high-beta
prices and flattens the security market line. The authors test five predictions of that model across
US equities, 20 international equity markets, Treasury bonds, corporate bonds and futures. Their
central US test sorts CRSP common stocks from 1926 to 2012 into beta deciles and builds a betting
against beta (BAB) factor that levers low-beta stocks and de-levers high-beta stocks to a beta of
one on each side. Alphas fall almost monotonically in beta, and BAB earns a three-factor alpha of
0.73 percent per month with a t-statistic of 7.39.

1.2 Replication Findings

The main table reproduces exactly. The BAB factor earns 0.75 percent per month in excess returns
(t = 7.12 against the paper’s 0.70 and 7.12), a CAPM alpha of 0.78 (t = 7.40 against 0.73 and 7.44)
and a three-factor alpha of 0.78 (t = 7.40 against 0.73 and 7.39), with an annualized Sharpe ratio of
0.78 against the paper’s 0.78. Across the 55 return and alpha cells of Table 3, signs agree in 53 and
five percent significance verdicts agree in 53, with a mean absolute deviation of 0.031 percentage
points per month. Ex ante decile betas run 0.62 to 1.77 against the paper’s 0.64 to 1.70. The finding
also holds out of sample and strengthens there. Applying the identical specification to 2012–2024
raises the three-factor alpha to 0.82 (t = 3.84) and the annualized Sharpe ratio to 1.06.
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2 Data

The replication uses the same sources the paper uses for its US test. Daily returns for beta esti-
mation come from the CRSP daily stock file (crsp.dsf), monthly portfolio returns from the CRSP
monthly stock file (crsp.msf) compounded with CRSP delisting returns (crsp.msedelist), and
the market portfolio from the CRSP value-weighted index including dividends in the daily and
monthly index files (crsp.dsi and crsp.msi). Share codes and exchange codes come from the
date-valid CRSP daily name history (crsp.dsenames), which supplies the common-stock screen
(SHRCD 10 or 11) and the NYSE flag (EXCHCD 1) used for decile breakpoints. Every merge runs on
PERMNO and a year-times-twelve-plus-month integer key, so no CUSIP, SEDOL or ticker match-
ing enters anywhere. The size, value and momentum factors and the one-month bill rate come
from the Kenneth French data library beginning 1926-07, and the Pastor and Stambaugh traded
liquidity factor comes from the ff.liq ps table on WRDS, which carries valid values from 1968-01
onward.

The replication substitutes nothing. The paper’s international, credit, futures and mutual-
fund tables require the Compustat Xpressfeed Global daily file, Barclays Bond.Hub indices, AQR’s
internal pricing database and the Barber and Odean brokerage file, none of which was available
for this replication, but the main claim lives entirely in the US table.

The final sample holds 2,432,445 stock-months across 18,184 distinct PERMNOs, spanning
1,004 formation months from 1928-08 to 2012-03, with a mean of 2,423 stocks per month of which
1,087 are NYSE-listed. The universe check against the paper’s Table 1 matches closely, with mean
firm market equity of $0.99 billion against the paper’s $0.99 billion, 23,459 distinct US common-
stock PERMNOs against 23,538, and 3,160 stocks per June through 2011 against 3,182. The March
2012 estimation cutoff excludes the June 2012 snapshot.

3 Methodology

The dependent variable for the decile portfolios is the equal-weighted monthly excess return
rPk

t+1 − r f
t+1, where portfolio membership is fixed at the end of month t. The dependent variable

for the BAB factor follows the paper’s equation (17),

rBAB
t+1 =

1
βL

t

(
rL

t+1 − r f ) − 1
βH

t

(
rH

t+1 − r f ),

with rank weights wH = k(z − z̄)+ and wL = k(z̄ − z)+, k = 2/1′|z − z̄|, zi the cross-sectional rank
of β̂i, and βL

t = w′
L β̂, βH

t = w′
H β̂.

Ex ante betas follow the paper’s Section 3.1 exactly. The estimate is β̂TS
i = ρ̂ σ̂i/σ̂m, where σ̂i

is the standard deviation of one-day log returns over a rolling twelve-month window requiring
at least 120 non-missing daily observations, and ρ̂ is the correlation between the stock’s and the
market’s overlapping three-day log returns over a rolling sixty-month window requiring at least
750 non-missing daily observations. Three-day sums are anchored backward at the window end
so nothing after the formation date enters, and require three consecutive market trading days
present for both stock and index. The time-series estimate is shrunk toward one with the paper’s
fixed weight, β̂i = 0.6 β̂TS

i + 0.4.
Each row of Table 3 regresses the eleven monthly portfolio excess-return series on a constant

and, respectively, nothing, the market factor, the three Fama-French factors, those plus the Carhart
momentum factor, and those plus the Pastor-Stambaugh traded liquidity factor. Standard errors
are plain OLS with no HAC correction and no clustering, because the observations are eleven
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single time series rather than a panel and the paper’s table note specifies no lag structure. The
one- through four-factor regressions use all 1,004 months, while the five-factor regressions use the
531 months from 1968-01 to 2011-12 for which the traded liquidity factor exists.

Key differences from the paper. Four choices deviate from or fill gaps in the published descrip-
tion, and none changes the conclusion. First, the replication compounds CRSP delisting returns
into monthly returns, which the paper never mentions. Because high-beta stocks delist more of-
ten, that adjustment works against the paper’s finding, and BAB still comes out slightly above the
published value. Second, the replication reads Section 3.2’s “asset class median” as an all-stock
median for the BAB split while applying the Table 3 note’s NYSE breakpoints only to the deciles.
The resulting average dollar long of 1.43 and dollar short of 0.69 against the paper’s 1.40 and 0.70
confirms that reading, since an NYSE median would move the split point and those amounts.
Third, the sample starts 1928-08 rather than the paper’s implied 1929-04, because the 750-trading-
day correlation screen binds earlier once one accounts for Saturday NYSE trading in the 1920s.
The eight extra months straddle the 1928–29 run-up and explain most of the uniform three to
eight percent excess in the replication’s point estimates. Fourth, the CRSP tape used here is a 2025
vintage with restated early returns against the paper’s 2012 vintage.

4 Results

4.1 Table 3: US equities, 1926–2012

Table 1 places the replication next to the published table. The BAB column, which carries the
paper’s headline claim, matches on every row. Excess returns come in at 0.75 percent per month
with t = 7.12 against the paper’s 0.70 with t = 7.12, the CAPM alpha at 0.78 with t = 7.40 against
0.73 with t = 7.44, the three-factor alpha at 0.78 with t = 7.40 against 0.73 with t = 7.39, the
four-factor alpha at 0.57 with t = 5.46 against 0.55 with t = 5.59, and the annualized Sharpe ratio
at 0.78 against 0.78. The realized market loading is −0.05 against the paper’s −0.06, confirming
that the ex ante betas price the two legs correctly enough to neutralize market exposure.

The decile columns reproduce the flat security market line. Raw excess returns rise only from
0.94 to 1.12 percent per month between P1 and P6 and then fall back to 0.99 for P10, while ex ante
betas climb from 0.62 to 1.77. CAPM alphas fall from 0.55 (t = 6.20) to −0.14 (t = −0.63) and
three-factor alphas fall from 0.45 (t = 6.43) to −0.52 (t = −3.57), against the paper’s 0.40 to −0.49.
Sharpe ratios decline monotonically from 0.72 to 0.28, matching the paper’s 0.70 to 0.28.

Two cells out of 55 disagree on significance and neither touches the main claim. P6’s three-
factor alpha is 0.12 with t = 2.22 here against 0.11 with t = 1.94 in the paper, and P8’s four-factor
alpha is 0.17 with t = 2.68 here against 0.11 with t = 1.94. Two other insignificant cells disagree
only in point sign, namely P9’s four-factor alpha and P10’s five-factor alpha. The five-factor row
is the loosest throughout, which follows from its 531-month window and from the fact that the
Pastor-Stambaugh traded series on WRDS has been revised since 2013.

Every replication point estimate sits three to eight percent above the paper’s while the t-
statistics agree to two decimals, and replication volatilities sit two to seven percent above the
paper’s. That combination is the signature of a marginally longer and marginally more volatile
sample, not of a different portfolio construction. The eight extra months of 1928–29 and the CRSP
vintage account for it.
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Table 1: Table 3 replication. Beta-sorted decile portfolios and the BAB factor, US common stocks. Returns
and alphas in monthly percent with t-statistics in parentheses. Volatility and Sharpe ratio are annualized.
“Paper” rows are transcribed from Frazzini and Pedersen (2014) Table 3.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Excess return Paper 0.91 0.98 1.00 1.03 1.05 1.10 1.05 1.08 1.06 0.97
(6.37) (5.73) (5.16) (4.88) (4.49) (4.37) (3.84) (3.74) (3.27) (2.55)

Repl. 0.94 0.97 1.06 0.98 1.08 1.12 1.07 1.16 1.04 0.99
(6.61) (5.78) (5.32) (4.81) (4.67) (4.47) (3.93) (3.98) (3.19) (2.53)

CAPM alpha Paper 0.52 0.48 0.42 0.39 0.34 0.34 0.22 0.21 0.10 −0.10
(6.30) (5.99) (4.91) (4.43) (3.51) (3.20) (1.94) (1.72) (0.67) (−0.48)

Repl. 0.55 0.46 0.44 0.33 0.35 0.32 0.21 0.24 0.03 −0.14
(6.20) (5.64) (4.87) (3.94) (3.52) (3.15) (1.81) (1.92) (0.18) (−0.63)

Three-factor Paper 0.40 0.35 0.26 0.21 0.13 0.11 −0.03 −0.06 −0.22 −0.49
alpha (6.25) (5.95) (4.76) (4.13) (2.49) (1.94) (−0.59) (−1.02) (−2.81) (−3.68)

Repl. 0.45 0.35 0.29 0.19 0.16 0.12 −0.03 −0.01 −0.27 −0.52
(6.43) (5.87) (5.02) (3.65) (2.97) (2.22) (−0.50) (−0.14) (−3.37) (−3.57)

Four-factor Paper 0.40 0.37 0.30 0.25 0.18 0.20 0.09 0.11 0.01 −0.13
alpha (6.05) (6.13) (5.36) (4.92) (3.27) (3.63) (1.63) (1.94) (0.12) (−1.01)

Repl. 0.43 0.35 0.35 0.21 0.21 0.22 0.11 0.17 −0.01 −0.13
(6.08) (5.78) (5.92) (4.01) (3.92) (3.93) (1.95) (2.68) (−0.16) (−0.93)

Five-factor Paper 0.37 0.37 0.33 0.30 0.17 0.20 0.11 0.14 0.02 0.00
alpha (4.54) (4.66) (4.50) (4.40) (2.44) (2.71) (1.40) (1.65) (0.21) (−0.01)

Repl. 0.41 0.36 0.35 0.30 0.18 0.21 0.12 0.14 0.02 −0.14
(4.80) (4.45) (4.72) (4.23) (2.58) (2.77) (1.63) (1.49) (0.22) (−0.77)

Beta (ex ante) Paper 0.64 0.79 0.88 0.97 1.05 1.12 1.21 1.31 1.44 1.70
Repl. 0.62 0.79 0.88 0.96 1.04 1.12 1.21 1.31 1.45 1.77

Beta (realized) Paper 0.67 0.87 1.00 1.10 1.22 1.32 1.42 1.51 1.66 1.85
Repl. 0.65 0.85 1.02 1.07 1.21 1.32 1.42 1.51 1.67 1.87

Volatility Paper 15.70 18.70 21.11 23.10 25.56 27.58 29.81 31.58 35.52 41.68
Repl. 15.68 18.36 21.89 22.33 25.44 27.51 29.89 31.89 35.67 42.95

Sharpe ratio Paper 0.70 0.63 0.57 0.54 0.49 0.48 0.42 0.41 0.36 0.28
Repl. 0.72 0.63 0.58 0.53 0.51 0.49 0.43 0.43 0.35 0.28

Standard errors are plain OLS, no HAC and no clustering, since each column is a single monthly time series.
No fixed effects. N = 1,004 months (1928-08 to 2012-03) for the excess-return and one- through four-factor rows,
N = 531 months (1968-01 to 2011-12) for the five-factor rows. The paper reports no N. Inverting its printed mean,
t and annualized volatility implies roughly 1,000 months. Mean 2,423 stocks per formation month, of which 1,087
are NYSE-listed and set the decile breakpoints. There are 18,184 distinct PERMNOs and 2,432,445 stock-month
observations.

4.2 The BAB factor

Table 2 isolates the paper’s headline column. Both the level and the inference match. The average
dollar long of 1.43 and dollar short of 0.69 sit on top of the paper’s 1.40 and 0.70 reported in Section
4.1, which is a demanding test because those amounts equal the reciprocals of the rank-weighted
leg betas and therefore depend jointly on the Vasicek shrinkage constant, the rank weighting and
the median split all being right.
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Table 2: The BAB factor. Monthly percent unless noted, with t-statistics in parentheses. Columns 1–2
give the paper’s Table 3 BAB column and this replication over the paper’s window. Column 3 applies the
identical specification to the post-publication period.

Paper Replication Out of sample
1926–2012 1928-08–2012-03 2012-04–2024-12

Excess return 0.70 0.75 0.77
(7.12) (7.12) (3.77)

CAPM alpha 0.73 0.78 0.83
(7.44) (7.40) (3.94)

Three-factor alpha 0.73 0.78 0.82
(7.39) (7.40) (3.84)

Four-factor alpha 0.55 0.57 0.63
(5.59) (5.46) (3.34)

Five-factor alpha 0.55 0.64 0.63
(4.09) (4.38) (3.31)

Beta (ex ante) 0.00 0.00 0.00
Beta (realized) −0.06 −0.05 −0.05
Volatility (ann. %) 10.75 11.49 8.79
Sharpe ratio (ann.) 0.78 0.78 1.06

Average $ long 1.40 1.43 1.28
Average $ short 0.70 0.69 0.67

OLS standard errors, no HAC, no clustering, no fixed effects. N = 1,004 months in column 2 and 153
months in column 3, except the five-factor rows which use 531 months in column 2 and 153 in column 3.
Mean stocks per formation month 2,423 in column 2 and 3,085 in column 3.

4.3 Out-of-sample test, 2012-04 to 2024-12

The identical specification applied to the 153 months after the paper’s sample confirms the finding.
The BAB factor earns 0.77 percent per month in excess returns (t = 3.77), a CAPM alpha of 0.83
(t = 3.94), a three-factor alpha of 0.82 (t = 3.84) and a four-factor alpha of 0.63 (t = 3.34), with an
annualized Sharpe ratio of 1.06 against 0.78 in sample. The realized market loading stays at −0.05.

The cross-section flattens further rather than mean-reverting. Raw excess returns are indistin-
guishable across P1 through P9, ranging from 0.89 to 1.12 percent per month, and then collapse
to 0.44 percent for the high-beta decile. CAPM alphas fall from +0.24 (t = 1.02) for P1 to −1.68
(t = −2.98) for P10, and decile Sharpe ratios fall monotonically from 0.84 to 0.14. The mechanism
driving the divergence between the two windows sits entirely on the short leg. In the original
sample the low-beta long leg carried a significant positive alpha and the high-beta short leg an
insignificant negative one. After 2012 the low-beta leg’s CAPM alpha loses significance while the
high-beta leg’s becomes strongly negative. Leverage-constrained demand for high-beta equity,
which the model places at the center of the mechanism, shows up post-2012 as a severe penalty on
the most levered names rather than as a premium on the safest ones, which is what one expects
once the low-beta side of the trade has been crowded by a decade of low-volatility products while
the constrained-investor demand for high-beta exposure has not gone away.

5 Conclusion

The paper’s central US result replicates exactly, with no data substitution. The BAB factor’s three-
factor alpha of 0.78 percent per month with t = 7.40 stands against the published 0.73 with t =
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7.39, and the full nine-row, eleven-column table reproduces with a mean absolute deviation of
0.031 percentage points per month across return and alpha cells. The finding survives out of
sample with a higher Sharpe ratio than in the original period.
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