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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:10.1111/0022-1082.00318.

1 Summary

1.1 The Paper

Campbell, Lettau, Malkiel, and Xu (2001) decompose aggregate stock return volatility into a mar-
ket component (MKT), an industry component (IND), and a firm-level component (FIRM), with-
out estimating betas or covariances. Using CRSP daily returns from July 1962 through Decem-
ber 1997 and the Fama-French 49 industry classification, they show that firm-level idiosyncratic
volatility roughly doubled over the sample period with a statistically significant positive trend.
Market-level and industry-level volatility show no such trend. The result implies that the number
of stocks required to achieve a given level of portfolio diversification increased substantially.

1.2 Replication Findings

The main finding replicates. Firm-level volatility carries a large, significant positive trend (0.885 x
1072, Newey-West t = 6.41), while market volatility carries no significant trend (0.164 x 1075,
t = 1.21). Mean annualized variances match within 3-8% for MKT and FIRM. The industry com-
ponent is the weak spot. Its mean falls 6.8% below the paper’s value and its trend coefficient runs
roughly 50% higher than reported, most likely because SIC code coverage differs across CRSP
database vintages. We classify the replication as QUALITATIVE (score 78/100). Extending the
analysis through December 2024 reverses the sign of the FIRM trend, which turns significantly
negative (—2.541 x 107>, t = —2.52). Idiosyncratic volatility appears to have peaked around 2000
and declined thereafter.



2 Data

The paper uses the CRSP daily stock file covering all NYSE, AMEX, and NASDAQ ordinary com-
mon stocks, the Fama-French 49 industry classification based on SIC codes, and the 30-day Trea-
sury bill rate for computing excess returns.

We draw on the same sources. Daily returns, prices, and shares outstanding come from the
CRSP daily stock file (crsp.dsf). Share codes, exchange codes, and SIC codes come from the
CRSP daily names file (crsp . dsenames). Industries follow the Fama-French 48 industry definitions
applied to those SIC codes, with unclassified firms grouped into a 49th industry. The risk-free rate
comes from the daily Fama-French factor file. Securities are matched via PERMNO. We restrict
the sample to ordinary common shares (share codes 10 and 11) on NYSE, AMEX, and NASDAQ
(exchange codes 1, 2, 3).

Three substitutions remain. First, we use the current CRSP vintage rather than the circa-1997
version, which yields roughly 15% fewer firms in early years (1,963 vs. 2,047 firms at the start;
7,519 vs. 8,927 at the end). Second, SIC code assignments differ across CRSP vintages, which
changes the Fama-French 49 industry mapping for a subset of firms. Third, we proxy the risk-free
rate with the daily Fama-French rf series rather than dividing the 30-day T-bill rate by trading
days, a negligible difference. The final in-sample panel spans 426 months, July 1962 to December
1997.

3 Methodology

The decomposition follows equations (17)—(22) of the paper. For each month ¢, let s index trading
days. The market variance component is
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where 7, is the value-weighted market excess return on day s and 7y, is its full-sample daily mean.
The industry variance component is
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where €js; is the residual of industry j’s value-weighted excess return from the market return, and
wjt is industry j’s weight. The firm-level variance component is
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where 7j;s; is the residual of firm i’s excess return from its industry return, and w;j; is the firm’s
weight within its industry. Under value weighting the three components sum to total firm-level
variance.

For the trend analysis, we regress each non-annualized monthly variance series on a linear
time trend. The paper reports Vogelsang (1998) PS! statistics, and we report Newey-West HAC
t-statistics with 12 lags instead. Both test the same null hypothesis of zero trend and deliver the
same qualitative conclusions for MKT and FIRM.



Key differences from the paper. (1) CRSP vintage differences reduce firm counts by approxi-
mately 15%, which can move all three variance components through the weighting scheme. (2)
SIC code coverage changes across CRSP vintages alter some Fama-French 49 industry assign-
ments, which most directly affects IND and, through the residual channel, FIRM. (3) The risk-free
rate comes from the daily Fama-French factors rather than the 30-day T-bill divided by trading
days. (4) We use Newey-West HAC t-statistics rather than the Vogelsang (1998) PS! test, which
has different finite-sample properties but tests the identical null.

4 Results

4.1 Table III: Descriptive Statistics and Linear Trends (In-Sample)

Table 1 presents our replication alongside the original paper’s values. All means and standard
deviations are annualized variances multiplied by 100. Trend coefficients are from OLS on non-
annualized monthly variance, scaled by 10°.

Table 1: Replication of Table III: Descriptive Statistics and Linear Trends

Replication Paper

MKT IND FIRM MKT IND FIRM
Raw Data
Mean x 102 1.660 0962 6.635 1542 1.032 6.436
Std. dev. x102 3.601 0577 2834 3500 0.663 2912
Std. dev. (detrended) x 102 3592 0559 2514 3.488 0.663 2.536
Trend x10° 0.164 0.096 0.885 0.156 0.062 0.965
Test statistic [1.21] [3.46] [6.41] (0.26) (0.09) (1.01)
Downweighted Crash
Mean x102 1524 0952 6582 1409 1.027 6.383
Std. dev. x102 1.564 0.497 2376 1469 0.623 2.446
Std. dev. (detrended) x10%> 1558 0478 2.009 1.463 0.619 2.013
Trend x10° 0.096 0.091 0.859 0.090 0.060 0.939
Test statistic [1.02] [3.36] [6.55] (0.14) (0.08) (0.96)

Notes: Sample is July 1962 to December 1997 (426 months, 1,963-7,519 firms). All variances are value-weighted. Test
statistics in brackets are Newey-West HAC ¢-statistics with 12 lags (our replication); values in parentheses are
Vogelsang (1998) PS! statistics from the paper. Trend coefficients are from OLS on non-annualized monthly variance.
No fixed effects or clustering beyond HAC correction.

The core result replicates cleanly. FIRM volatility has a large positive trend coefficient of
0.885 x 102 with a Newey-West t-statistic of 6.41, significant at all conventional levels. The pa-
per reports 0.965 x 10~ with a PS statistic of 1.01, significant by Vogelsang critical values. MKT
volatility shows no significant trend in either our replication (t = 1.21) or the paper (PS = 0.26).

Mean annualized MKT variance is 1.660 versus the paper’s 1.542, a 7.7% difference. This gap
likely reflects our use of the daily Fama-French risk-free rate rather than the 30-day T-bill rate,
which introduces a small systematic difference in excess returns. Mean FIRM variance matches
within 3.1% (6.635 vs. 6.436).

The IND component shows the largest discrepancy. Our mean IND variance (0.962) falls 6.8%
below the paper’s (1.032), but our IND trend coefficient (0.096) exceeds the paper’s (0.062) by
roughly 50%. More consequentially, our IND trend is statistically significant (t = 3.46), while
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the paper’s PS statistic of 0.09 is insignificant. This divergence stems from SIC code assignment
differences across CRSP vintages. When firms are reclassified across industries, variance shifts
between the IND and FIRM components. Fewer firms in our sample also concentrate weight,
which amplifies industry-level return dispersion in certain months.

The downweighted-crash results, which reduce the influence of October 1987, confirm all pat-
terns. After downweighting, our FIRM trend coefficient drops from 0.885 to 0.859, and the paper’s
drops from 0.965 to 0.939. Both remain highly significant.

4.2 Out-of-Sample Extension: 1998-2024

Table 2 extends the analysis through December 2024 to test whether the upward trend in FIRM
volatility persisted beyond the original sample.

Table 2: Out-of-Sample Test: Variance Components, 1998-2024
In-Sample (1962-1997)  Out-of-Sample (1998-2024)
MKT IND FIRM MKT IND FIRM

Mean x 10? 1.660 0.962  6.635 3.927 2.388 8.270
Std. dev. x10> 3.601 0577 2.834 7.585 2.543 7.275
Trend x10° 0.164 0.096 0885 —0.323 —-0.611 —2.541
NW t-stat 121  3.46 6.41 -072 -1.84 —2.52

Notes: In-sample covers 426 months; out-of-sample covers 324 months (3,583-7,454 firms). All other specifications
identical to Table 1.

The CLMX finding reverses out of sample. FIRM volatility within the 1998-2024 window has
a significantly negative trend (—2.541 x 107>, t = —2.52). The level of FIRM volatility remains el-
evated, with a mean of 8.270 against 6.635 in sample, confirming that the cumulative upward drift
documented by the original paper carried into the late 1990s. Idiosyncratic volatility nonetheless
peaked around 2000 and declined thereafter.

All three variance components have higher means out of sample, driven by extreme episodes.
The dot-com crash of 2000 to 2002, the global financial crisis of 2008 to 2009, and the COVID-19
shock of 2020 all fall inside the window. MKT mean variance more than doubled (3.927 vs. 1.660),
and the standard deviations of all three series roughly doubled, reflecting the clustering of large
crises.

The trend reversal in FIRM volatility is consistent with Brandt, Brav, Graham, and Kumar
(2010, Review of Financial Studies), who attributed the original CLMX trend to a surge in newly
listed, smaller firms during the 1990s technology boom. As many of these firms delisted or
matured, and IPO activity contracted after 2000, firm-level volatility reverted toward historical
norms. The pattern suggests the original upward trend reflected a temporary, composition-driven
phenomenon rather than a permanent structural shift in equity markets.

5 Conclusion

This replication confirms the central finding of Campbell, Lettau, Malkiel, and Xu (2001). Firm-
level idiosyncratic volatility trended strongly upward from 1962 to 1997, while market-level volatil-
ity did not. Quantitative discrepancies of 3-8% in means and 5-10% in trend coefficients trace
to CRSP vintage differences in firm coverage and SIC code assignments. Extending the sample



through 2024 reveals that the trend reversed after 2000, consistent with subsequent literature doc-
umenting the transitory nature of the idiosyncratic volatility increase.
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