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1 Summary

1.1 The Paper

Ludvigson and Ng ask whether the small sets of conditioning variables used in risk–return studies
omit information that biases the estimated relation between the conditional mean and conditional
volatility of stock returns. They summarize two large quarterly post-war panels, 209 macroe-
conomic and 159 financial series over 1960–2002, with principal-components factors. Three esti-
mated factors carry new predictive power. A “volatility” factor is the square of the first financial
factor Ĝ2

1t. A “risk-premium” factor is the third financial factor Ĝ3t, which loads on the Fama-
French factors. A “real” factor comes from the macro panel. The financial factors together with
cay predict 16–18% of one-quarter-ahead excess returns at the lowest BIC of any model studied,
and the conditional risk–return correlation is positive.

1.2 Replication Findings

The headline return-predictability result replicates. The two financial factors alone (column g)
predict next-quarter excess returns with |t| of 4.2 and 3.5, they keep marginal predictive power
in every column that adds standard predictors, and adding cay lifts the adjusted R2 to 0.16–0.18,
the paper’s range. Coefficient magnitudes land on the paper’s printed values, with |Ĝ2

1 | ≈ 0.01,
|Ĝ3| ≈ 0.02, and cay ≈ +1.9 against +1.8. The BIC statistic is minimised at column (p), the
specification cay + Ĝ2

1 + Ĝ3, exactly the model-selection outcome the paper reports. The factor
structure matches the paper to three decimals (Table 1) and the factor identification reproduces.
Ĝ1 correlates +0.95 with the market, so Ĝ2

1 tracks the squared market (0.88), and Ĝ3 has R2 = 0.93
on MKT, SMB and HML. Out of sample (2003–2019) the predictability collapses to insignificance.
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Two caveats qualify these findings. Principal components are identified only up to sign, so the
reported sign of a factor coefficient carries no economic information. Ĝ3 here enters negatively
with the same magnitude and |t| as the paper’s positive +0.02, and no sign was flipped to agree
with the paper. The paper’s 209 DRI–Global Insight macro series also come from a discontinued
vendor, so the macro-factor rows rest on a substitute panel and are not comparable factor-for-
factor.

2 Data

The dependent variable is the quarterly log return on the CRSP value-weighted index (NYSE,
AMEX, NASDAQ) less the three-month Treasury-bill rate, with realized volatility built from daily
CRSP returns. Both come from the CRSP index files, monthly (crsp.msi) and daily (crsp.dsi).
The financial panel was reconstructed from primary public sources, namely Ken French’s 100
(10×10) size and book-to-market portfolios and 48 industry portfolios (value weighted, monthly),
the Fama-French factors and momentum, the CRSP value-weighted dividend and price series,
FRED Treasury (3m, 1y, 10y) and Moody’s AAA/BAA corporate yields, Shiller’s price-earnings
ratio, the small-stock value spread R15 − R11, and the Lettau-Ludvigson consumption-wealth
ratio cay. After applying the paper’s rule that any series with missing data in 1960:1–2002:4 is
dropped, the panel holds 157 series against the paper’s 159. It keeps 93 of 100 size-BM portfolios,
matching the paper’s appendix list portfolio for portfolio, 43 of 48 industries (paper 44), and 21
of 22 aggregate series. The two series that cannot be built are the Cochrane–Piazzesi bond factor,
which needs 1–5 year forward rates while the available zero curve begins 1961:06, and the Soda
industry portfolio, missing 1960:1–1963:6 in the current Ken French vintage. The sample is exactly
172 quarters, giving N = 171 predictive observations. Factors were estimated by principal compo-
nents using the authors’ posted pc T routine. The 209-series DRI–Global Insight macro panel uses
a discontinued vendor’s mnemonics and was not reconstructed. The substitute is the authors’
own posted monthly macro file, of which 24 series survive at quarterly frequency, and it serves
only the secondary macro-factor columns. cay uses the paper-era 2001a vintage in sample and the
current vintage, mean aligned, for the out-of-sample extension.

3 Methodology

Let rvw
t,j be the monthly CRSP value-weighted return in month j of quarter t and y3m

t the annualised
three-month bill rate. The dependent variable is the one-quarter-ahead log excess return

mt+1 = log
3

∏
j=1

(
1 + rvw

t+1,j
)
− 1

4 log
(
1 + y3m

t+1
)
,

a decimal. Each financial series is standardized and the panel is decomposed into eight principal-
component factors Ĝ1 . . . Ĝ8 normalized so that Ĝ′Ĝ/T = I, with signs fixed by the deterministic
svd flip convention under which the largest-magnitude loading is positive. Table 2 regresses
mt+1 on time-t factors and conditioning variables (cay, d − p, the relative bill RREL, realized
volatility VOL, default DEF and term TRM spreads) by OLS with Newey-West (1987) standard
errors at four lags. All interest-rate regressors are expressed as quarterly decimal rates (annu-
alised percent divided by 400), the units in which the bill rate is subtracted from the return. The
paper never states its own convention, and its printed magnitudes are consistent with this one.
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BIC is computed as ln(SSR/n) + k ln(n)/n, so its level is not comparable with the paper’s but
differences across columns are.

Key differences from the paper. First, the macro factors rest on a thin substitute panel, so
the macro-factor rows of Table 2 and the volatility table (Table 3) are not reproduced. Second, the
panel holds 157 of 159 series. Third, the sign of Ĝ3 (and of Ĝ6 and Ĝ3·Ĝ4) is not identified, so those
rows are compared on |coefficient| and |t|. Fourth, cay uses the paper-era 2001a vintage, because
the current PCE-based series is a materially weaker predictor over this window.

4 Results

4.1 Table 1: Factor structure

The cumulative share of panel variance explained by financial factors 1 through i is 0.658, 0.700,
0.740, 0.775, 0.796, 0.810, 0.823, 0.833, against the paper’s 0.657, 0.700, 0.739, 0.774, 0.792, 0.807,
0.820, 0.831, and the first-order autocorrelation of Ĝ1 is −0.035 against the paper’s −0.032. The
first financial factor correlates +0.95 with the market, so its square tracks the squared market
(correlation 0.88, paper ≈0.80) and explains 32% of realized volatility (paper 40%). Regressing Ĝ3
on MKT, SMB and HML yields R2 = 0.93 (paper 0.86), confirming it as the risk-premium factor.

4.2 Table 2: One-quarter-ahead return predictability

All sixteen columns (a)–(p) were estimated, and Table 1 reports the columns that carry the paper’s
argument. Column (a) reproduces the cay benchmark (+2.02, t = 4.08 versus +1.98, t = 4.01;
adj. R2 0.082 versus 0.08). Column (g) shows the two financial factors alone predict next-quarter
returns: Ĝ2

1 at +0.0122 (t = 4.21) and Ĝ3 at |0.0192| (|t| = 3.46), against the paper’s +0.01 (t = 4.11)
and +0.02 (t = 3.73). Adding cay in columns (k), (m) and (p) raises the adjusted R2 to 0.166,
0.169 and 0.159 (paper 0.16, 0.17, 0.16) while both factors stay significant at the 1% level. BIC
falls monotonically to its minimum at column (p), −4.951, reproducing the paper’s ranking (its
minimum is also (p), at −2.11); the paper’s BIC drop from (g) to (p) of 0.05 comes out here as 0.07.
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Table 1: Table 2 replication. Quarterly excess returns on lagged variables and financial factors,
1960:1–2002:4. Dependent variable is the one-quarter-ahead log excess return on the CRSP value-
weighted index (decimal). RREL is a quarterly decimal rate. Newey-West (4 lags) t-statistics in
parentheses. N = 171. Paper values from Ludvigson and Ng (2007), Table 2. The sign of Ĝ3 is not
identified (principal components are defined up to sign); compare on magnitude and |t|.

Replication Paper

Spec / variable coef t coef t

(a) cay +2.0157 (4.08) +1.98 (4.01)
adj. R2 0.082 0.08

(c) cay +2.0966 (4.46) +2.09 (4.52)
RREL −4.394 (−2.24) −5.87 (−2.29)
VOL +0.4443 (2.19) +0.44 (2.18)

adj. R2 0.111 0.12
(g) Ĝ2

1 +0.0122 (4.21) +0.01 (4.11)
Ĝ3 −0.0192 (−3.46) +0.02 (3.73)

adj. R2 0.078 0.09
(k) cay +1.9722 (4.31) +1.84 (4.04)

RREL −4.801 (−2.43) −5.40 (−2.26)
VOL +0.1420 (0.65) +0.14 (0.60)
Ĝ2

1 +0.0095 (2.42) +0.01 (2.15)
Ĝ3 −0.0201 (−3.32) +0.02 (3.04)

adj. R2 0.166 0.16
(m) cay +1.9227 (4.27) +1.79 (4.00)

RREL −4.824 (−2.42) −5.42 (−2.28)
Ĝ2

1 +0.0110 (3.90) +0.01 (3.68)
Ĝ3 −0.0203 (−3.37) +0.02 (3.11)

adj. R2 0.169 0.17
(p) cay +1.9909 (4.31) +1.82 (3.94)

Ĝ2
1 +0.0120 (4.23) +0.01 (3.88)

Ĝ3 −0.0192 (−3.22) +0.02 (3.13)
adj. R2 0.159 0.16
BIC −4.951 −2.11

4.3 Out-of-sample test, 2003:1–2019:3

The predictability disappears out of sample. The financial factors were re-estimated on the 66-
quarter out-of-sample panel and sign-anchored to the in-sample factors by loading-vector corre-
lation over the 157 common series, and the headline columns were then estimated again on that
window. Ĝ2

1 keeps its in-sample sign but falls to t ≈ 1.0, Ĝ3 flips relative to in-sample at t ≈ 1.5,
an insignificant change, and cay is dead at t ≈ −0.2. The only significant predictor is RREL, with
a sign opposite to its in-sample value. The collapse mirrors the broad post-2000 weakening of
quarterly aggregate return predictability documented since Goyal and Welch. The factor structure
(variance shares, the volatility and risk-premium identifications) is mechanical and continues to
hold, and only the predictive link to future returns vanishes. Because no sign change is statistically
significant, the verdict is WEAKENED rather than REVERSED.
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