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zero or higher. Furthermore, because in the late 1980s 
Japan experienced a stock market bubble with extremely 
high P/E—in excess of 100!—and very low inf lation, 
the middle-to-left sections of the chart might be over-
stated.16 Nevertheless, the pattern is similar to that repre-
sented in Exhibit 3, with peak median P/E falling in the 
moderate range of real yields and inf lation around zero.

Using the developed country sample to estimate the 
parameters for Equation 5 results in numbers very similar 
to those obtained for the United States. Exhibit 10 shows 
a marginally higher parameter a and an almost identical 
parameter b, jointly indicating a slightly higher peak 
P/E of about 23. The location of the international peak 
P/E is very close to the location of the U.S. peak P/E, 
at a real yield of 3.05% and an inf lation rate of 1.89%. 
(The U.S. peak is at 2.92% and 1.36%, respectively.) 
Though the near-identical location of the peak is likely 
to be coincidence, we believe that the broad similarity of 
the peaks is not. These developed country data provide a 
powerful out-of-sample ratification of the U.S. findings. 
Exhibit 11 also confirms the similarity between the level 
sets obtained from the two distinct samples.17

The Gaussian model does not perform as well in 
terms of statistical fit for the international sample as for 
the U.S. market. Exhibit 12 shows the 28.0% adjusted 
R-squared of the developed market sample, which is 
smaller than the 51.1% adjusted R-squared of the U.S. 
market. We are not troubled by this, however, because 
a single model faces a significant challenge in its ability 
to fit the multinational data in the international sample: 
it has to explain P/E in more than 20 countries as dif-
ferent, for example, as Canada and Japan, with different 
accounting standards, different investor risk aversion, 
and so forth.

When using linear regressions to explain P/E, we 
observe some similar results but also some differences. 
Unlike the U.S. sample, the coefficient on real yields 
has the expected negative sign, but the statistical fit of 
less than 1% is very poor. The picture is reversed when 
inf lation is included in the regressions. The R-squareds 
jump to 18.6% (univariate) and 19.1% (multivariate), 

twice the numbers in the U.S. sample. These relatively 
higher statistical f its can be explained by the lack of 
observations in low inf lation periods. With fewer obser-
vations on the left half of the chart, the regression does 
a good job in fitting only on the right half.

Finally, Exhibits 13 and 14 report results for return-
forecasting regressions using Equations 8 and 9, respec-
tively. As in the U.S. sample, we observe a significant 
increase in forecasting power when we include inf lation 
and real yields. The short-horizon t-stats move from 
being marginally significant to strongly significant, and 
the R-squareds very nearly double. The improvements 
are especially important at the one-month horizon, with 
the coeff icient moving from -0.09 to -0.16 and the 
R-squared from 0.2% to 0.4%. In this case, however, 
long-horizon coefficients and R-squareds are very sim-
ilar across the two regressions.

CONCLUSION

Our work on the relationship between stock prices 
and the levels of both inf lation and the real interest rate 
has been gratifying on two levels. First, we and many 
others have long believed that valuation is an impor-
tant determinant of real asset class returns. But the poor 

e x h i b i t  1 0
Gaussian ln(P/E) Model: Parameter Estimates 
(developed countries, 1972–2016)

e x h i b i t  1 1
Level Sets for the Gaussian P/E Model (developed 
countries, 1972–2016)
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linkage with short-term returns has always been an 
Achilles’ heel for valuation measures. The Shiller P/E 
has customarily been a favorite of the valuation commu-
nity because of its demonstrated correlation with long-
horizon real returns for U.S. and international stock 
markets. We are pleased to see that conditioning the 
“normal” P/E on current macroeconomic conditions 
can lead to an impressive step-up in its eff icacy as a 
predictor of near-term capital market returns. Valuations 
do matter—and not just in the long term, but also in the 
short term. We need only recognize that on a short-term 
basis, depending on current macroeconomic conditions, 
a stock’s valuation may gravitate toward a level that is 
different from its long-term historical average.

Second, our work suggests a rich path for fur-
ther research. Many macroeconomic and market mea-
sures have been found to be linked to near-term capital 
market returns—including corporate issuances and the 
price-to-dividend, price-to-book, investment-to-capital, 
and consumption-wealth-income ratios.18 Our technique 
demonstrates that there are more powerful ways to inte-
grate macroeconomic measures with stock valuation 
methods than the linear combinations that predominate 
in quantitative research. As in the example we have pre-
sented, the efficacy of valuation is increased (in this spe-
cific case, doubled) by assuming that the equilibrium level 
for P/E varies with the macroeconomic state. We need 
no longer rely on long-term historical averages to infer 
near-term mean-reversion targets. This result suggests that 
valuation, always a powerful tool for long-term investors, 
can also become useful for assessing short-term market 
prospects. We are hopeful that our work opens the door 
to others who will explore new ways to think about valu-
ation measures and the manner in which we can use them.

A p p e n D i x  A

DATA SOURCE AND SUMMARY STATISTICS

Summary statistics for individual countries are dis-
played in Exhibit A1. Although the U.S. sample starts in 
1880, the international sample starts in 1972, the first year 
the requisite data are available for at least three countries: 
Canada, Japan, and the United Kingdom. Other countries 

e x h i b i t  1 2
Statistical Fit of Various Models Used to Explain P/E (developed countries, 1972–2016)

*Equation 6.

**Equation 7.

e x h i b i t  1 3
Return Forecasting Regression—Equation 8 
(developed countries, 1972–2016)

e x h i b i t  1 4
Return Forecasting Regression—Equation 9 
(developed countries, 1972–2016)
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included in the international sample, with later start dates, 
are Australia, Austria, Belgium, Denmark, Finland, France, 
Germany, Greece, Hong Kong, Ireland, Italy, Netherlands, 
New Zealand, Norway, Portugal, Singapore, Spain, Sweden, 
and Switzerland.

Median P/Es are mostly in the 15–25 range, with a 
few exceptions. Most notably, Japan had a median P/E of 32, 
while the Netherlands’ value was close to 14. The United 
Kingdom had the highest median inf lation rate at 4.0%, while 
Singapore’s was just 1.1%. The median real yield was lowest 
in Ireland (1.1%) and Japan (1.7%), and highest in Belgium 
(3.6%) and Denmark (3.4%).

A p p e n D i x  b

FITTING THE GAUSSIAN BELL CURVE  
TO THE CAPE DATA

We construct a two-dimensional Gaussian (bell-shaped) 
function to model ln(P/E)s:
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The first parameter, a, describes the minimum ln(P/E) 
when i → ∞ and π → ∞. The sum of the first two parameters, 
a + b, describes the maximum ln(P/E), a value attained when 
i = μi and π = mπ, which represent the location of the max-
imum ln(P/E). Finally, the remaining three parameters—σi, 
σπ, and ρ—guide the “width” of the mountain along each 
dimension as well as its orientation (east, west, north, south), 
and have a similar interpretation as the volatilities and cor-
relation in a two-dimensional normal distribution.

e x h i b i t  A 1
Summary Statistics

Source: Global Financial Data.
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Because this function has seven parameters that need 
to be estimated, using the matrix in Exhibit 3, which has 25 
(or fewer) observations, could result in imprecise estimates. 
Accordingly, for estimation purposes, we create a 10 × 10 
grid by dividing the real-yield/inf lation domain into equally 
sized squares with the same boundaries ({-2%, -1%, 0%, 
1%, 2%, 3%, 4%, 5%, 6%}) along both dimensions. Then 
we minimize the weighted sum of squared errors by using 
the median values of P/E, i, and π within each of the regimes 
delineated by these boundaries:

 

N
e

N P
E

f i
j

j

j
j

j

j

j j
j j∑ ∑σ

=
σ





 − π











= =

min min ln ( , )
1

100
2

1

100 2

 
 (A-2)

The weights in Equation A-2 are directly proportional 
to the square root of the number of observations and inversely 
proportional to the standard deviation of ln(P/E), both mea-
sured within the confines of each regime. This choice of 
weights forces the optimization to pay more attention to areas 
on the grid that have more observations and less variability.

ENDNOTES

The views and opinions expressed herein are those of 
the author and do not necessarily ref lect the views of The 
Vanguard Group, its affiliates or employees.

1In their seminal book, Security Analysis, Graham and 
Dodd actually say, “In other words, the market is not a 
weighing machine, in which the value of each issue is regis-
tered by an exact and impersonal mechanism, in accordance 
with its specific qualities. Rather we should say that the market 
is a voting machine, whereon countless individuals register 
choices which are partly the product of reason and partly the 
product of emotion” (Graham and Dodd [2008], p. 70).

2John Y. Campbell and Robert Shiller used 10-year 
average earnings in the earnings-to-price ratio in Campbell 
and Shiller [1988] and tested its predictive strength in Campbell 
and Shiller [1998]. Shiller adopted the term CAPE in the third 
edition of Irrational Exuberance (Shiller [2015], p. xv).

3A precise notation would be ∆ → +Et t 36 and π → +t t 36. 
To minimize clutter, we simplify this to ΔEt and πt.

4Standard errors are corrected for heteroskedasticity and 
time-series correlation in the residuals using the methodology 
of Newey–West. See the data section for sources and details.

5One of the authors (Arnott) has frequently posed a 
thought experiment: Suppose the “equity risk premium” 
had been labeled as a “fear premium” from the early days of 
the concept. After all, there’s little empirical evidence of the 
correct linkage between objective measures of risk—such as 
volatility or beta—and return. And investors in an inefficient 

market may demand a higher reward, hence a lower starting 
price, for investing where others fear to tread. Had finance 
theory begun with a fear premium, rather than a risk pre-
mium, many of the anomalies of modern finance would have 
been unsurprising, even expected.

6This is analogous to the method used in Arnott and 
Chaves [2012] in f inding polynomial linkages between 
demographic profiles and capital market returns.

7It bears mention that the “Fed model” was developed 
based on market data from the 1960s to the 1990s. Before 
the 1960s and after the 1990s, the model fails. Data from 
before the 1960s were readily available when the “Fed model” 
was in its heyday, but were conveniently ignored. It has sub-
sequently failed miserably post-2000, yet the model retains 
many adherents.

8The frequent central bank assertions that quantitative 
easing is not contributing to the much-vaunted wealth gap 
are at odds with this stated intent for quantitative easing. 
Who has assets? Overwhelmingly, it’s the aff luent. Therefore, 
seeking to create a wealth effect, ipso facto, drives wealth 
inequality—but we digress.

9We use a three-year inf lation window when calcu-
lating the real yield in order to reduce the risk of having two 
variables—inf lation and real yields—that are simple mirror 
images of each other during periods of stable nominal interest 
rates. In addition, Arnott and Bernstein [2002] f ind that 
long-term bond yields were better correlated with three-
year inf lation than with longer or shorter spans.

10We focus our attention on median P/Es to reduce the 
inf luence of outliers, especially in international markets, but 
our results are qualitatively the same if we use average P/Es.

11We find the cheerleading for bull markets to be inter-
esting; as Arnott and Bernstein [1997] observe, bull markets 
are good for those who are about to sell and bear markets 
are good for those who are still accumulating and investing.

12In the interest of brevity, from this point on we denote 
the inf lation rate by π, and the real interest rate (or yield) by i.

13The model is defined on ln(P/E), but Exhibit 5 plots 
P/E directly because the P/E ratio is most commonly quoted 
in linear numbers. 

14Low R-squareds on short-term results are decep-
tive; they’re often much more useful than they seem. For 
instance, the R-squared of 32% on 120-month real returns 
implies a correlation of 0.57, while the R-squared of 4.4% on 
12-month real returns implies a correlation of 0.21. A very 
crude analogy is that the P/E is approximately 57% as useful 
as a genie telling us the exact 10-year future real return for 
the stock market or 21% as useful as perfect foresight on the 
1-year future real return for stocks. Given a choice, would you 
rather have 57% correlation with perfect 10-year foresight on 
the real return, or 10 snapshots, each with 21% correlation 
with 1-year perfect foresight? We would probably choose the 
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latter, but it would be a tough call. In other words, the 32% 
R-squared on 10-year real returns is not necessarily better 
than the 4.4% R-squared on 1-year real returns.

15One possible concern is that our Gaussian function 
is estimated using the full sample, but this is also a concern 
for regular forecasting regressions because they use the full 
sample to estimate averages of dependent and independent 
variables.

16Even if we use ln(P/E), these outliers can dominate 
the analysis.

17We have also applied the Gaussian model to smaller 
samples including Europe or Asia (including Australia and 
New Zealand, but excluding Japan) with success. These 
results are available from the authors by request. The case 
of Japan is interesting; the Gaussian model fails to identify 
a peak given the extremely high valuations at times of very 
low inf lation.

18See Goyal and Welch [2008] for a review and sum-
mary of those variables.
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