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Is the S&P 500 P/E ratio mean reverting ?

Introduction

The price-to-earning ratio, known as P/E ratio, is one of the most basic valuation measures. It measures how
expensive a company is relative to the earnings per share (EPS). In simple words, it measures how much an
investor is paying for a stock compared to each dollar of a company’s earnings. It is important to highlight that a
high P/E ratio does not necessarily mean that a company’s stock is overvalued and vice versa.

Aside from the managerial/qualitative interpretation, when looking at the whole financial market it can be seen as
a parameter of a population and it can therefore be studied with statistical analysis. Since from a theoretical
standpoint prices are the present value of earnings, when earnings grow, prices should increase. Indeed, prices
and earnings are understood to be nonstationary time series connected by a relationship known as cointegration.

Nonstationary time series do not have the tendency to revert to their mean and vice versa. Cointegration implies
that the variables share similar stochastic trends, and therefore their residuals follow a stationary process. In plain
terms, two cointegrated variables may not necessarily move in the same direction (correlation), but the distance
between them will remain constant over time.

Campbell and Shiller (1998, 2001) showed that high market P/E ratios forecast low market returns and that the
adjustment will come mainly from declining stock prices. On the other hand, some authors argue that P/E ratios
are characterized by a stochastic process and cannot be predicted. Moreover, the fact that P/E ratios have been
near record high levels during the last years brought into question the usefulness of this valuation metric.

In this article, we investigate the cointegration between the two time series by reviewing the existing literature.

Premises

In both the papers we will review, the data used are taken from the database maintained by Robert Shiller. All
stock returns and earnings are assumed to be real stock returns and real earnings. With P/E1 we refer to the
monthly P/E ratio calculated using each month’s real price and trailing annual earnings, while with P/E10,
known as the Cyclically Adjusted PE ratio (CAPE Ratio), we refer to the P/E ratio calculated using the earnings
from the trailing 10-year period.

To test the stationarity, various versions of the unit root test will be used, some of which are very complex. Our
focus will therefore go to the results and their implications rather than the structure of these tests.
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Literature review

We will now review academic literature starting from the paper “An empirical analysis of mean reversion of the
S&P 500s P/E ratios” by Ralf Becker, Junsoo Lee and Benton E. Gup. The paper is based on data from January
1881 up to December 2003. The authors analyse the stationarity of the SP500’s P/E ratios via two very different

routes.

First, they use the unit root tests with a Fourier function, this allows for an unknown number of structural breaks
and can detect sharp changes in level. Then, they conduct further analysis using a regime switching model that
allows a data generating process to switch between two different processes. The first trigonometric analysis
assumes structural change to be of deterministic nature. The regime switching model assumes that the state
variable follows a time invariant Markov process, which implies constant transition probabilities between the two
different states.

In the first test, they find that the null of a unit root (nonstationarity) is rejected using the Fourier function but it
is not rejected using the ADF (Augmented Dickey-Fuller) test. This is explained by the apparent bias of ignoring
multiple breaks in the P/E ratio series.

45

40 —

35 —

30 —

25 —

PE

20 - / \ ’ { ‘ \
r b

15 - \ ' ‘ , s

w04/ Y f N,

5 -

0

RN,
1881 1893 1905 1917 1929 1941 1953 1965 1977 1989 2001

—— PE - FOURIER

Fig. 3 Plot of P/E ratios and the fourier term

In the second test, assuming the first regime to be stationary with an unconditional mean around 14 to 15 and
allowing for some nonstationary behavior in the second regime, they find that the second regime is transitory,
and does not prevail long. Moreover, from the Regime 2 probabilities across the different regime switching
models, they identify at most 4 episodes at regular intervals (around 1900, 1930s, 1960s and around 2000).
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Fig. 5 Plot of P/E ratios (solid line—Ileft scale) and posterior probabilities of being in the high-mean State
(dashed line—right scale). Top left panel: P/E ratio data sampled in the first month of each quarter. Top
right panel: P/E ratios averaged over quarters. Middle left panel: P/E ratio data sampled in the first month
of each half year. Middle right panel: P/E ratios averaged over half years. Botiom left panel: P/E ratio data
sampled in the first month of each year. Bottom right panel: P/E ratios averaged over each year

The paper demonstrates that P/E ratios are statistically nonstationary, but stationary around multiple structural
changes. As a consequence, P/E ratios fluctuate around different means. This implies that a high P/E ratio will
be followed by a decrease in stock prices (Campbell and Shiller 2001) or high earnings growth. Their findings
support the arguments for mean reversion in Campbell and Shiller (2001), but only when structural changes are
allowed for.

We now review the paper “Will the market P/E ratio revert to its mean?” by Robert Irons and Tao Wu. The
authors extend the work in Weigand and Irons (2008), which found that investors have been benchmarking the
market earnings yield (E/P) to 10 year-Treasury note yields since around 1960 implying the two series have
become cointegrated. As a consequence the P/E ratio itself has become nonstationary and can depart from its
mean for extended periods.

The reason given for this change is what is referred to as the “Fed Model”. The Fed Model, a term coined by
Deutsche Bank analyst Edward Yardeni in 1997 after the testimony of Fed Chair Alan Greenspan, is a valuation
approach in which the stock market’s earnings yield is compared to bonds yield. According to the Fed model,
when earnings yield are higher than bonds yield, stock prices should increase and vice versa. The model has been
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heavily criticized because it requires that investors suffer from inflation illusion. Indeed, investors are comparing
a real variable (E/P) to a nominal one, bonds yield. Despite the model not being suitable as a predictive tool, it
has been given support as a descriptive tool for how the market P/E ratio is determined (Malkiel, 2003; Weigand

and Irons, 2008) The FED Model: Ilusion or Reality? - BSIC | Bocconi Students Investment Club

By looking at historical data, the authors find the time period when the relationship between earnings yield and
the yield on 10-year Treasury notes started. The following graphs show that the relationship didn’t exist prior to
around 1950, but since then the two time series have moved closely together.
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If the two time series (earnings yield and 10Y Treasury Yield) became cointegrated during that period, then the
stationatity of the P/E ratio should also have broken down (cointegration occurs only between nonstationary
time-series). The hypothesis is tested first with ADF tests and then with a correlation analysis.

The following table shows the results of the ADF tests. The null hypothesis Delta = 0 (the series has a unit root,

i.e., is non-stationary) is consistently rejected for the pre-1950 P/E data but cannot be rejected for the period
after 1949.

Table 2. Unit root analysis of market P/E1 and P/E10 ratios pre-1950 and post-1949

1872-1949 1950-2008
Lags | PIET |  PEI0 | 5%oriical PE1 |  PEt0 | S%citcal
Panel A. Augmented Dickey-Fuller tests with drift
4] -0.0265 -0.0159 0.0022 -0.0058
s t-statistic -4.28 -3.09 -2.86 0.36 -1.78 -2.86
1) -0.0292 -0.0176 0.0003 -0.0063
s t-statistic -4.60 -3.40 -2.86 0.04 -1.90 -2.86
10 ] -0.0314 -0.0180 0.0010 -0.0066
t-statistic -4.82 341 -2.86 0.16 -1.98 -2.86
" ] -0.0273 -0.0188 0.0008 -0.0071
tstatistic -4.09 -3.51 -2.86 0.14 -2.11 -2.86
Panel B. Augmented Dickey-Fuller tests with frend and drift
6 4] -0.0269 -0.0183 -0.0040 -0.0060
tstatistic -4.33 -3.32 -3.42 -0.57 -1.57 -3.42
4] -0.0296 -0.0205 -0.0071 -0.0068
s tstatistic -4.66 -3.68 -3.42 -0.99 -1.76 -3.42
] -0.0319 -0.0210 -0.0061 -0.0072
10 tstatistic -4.87 -3.71 -3.42 -0.84 -1.86 -3.42
" ] -0.0278 -0.0222 -0.0066 -0.0079
tstatistic -4.14 -3.86 -3.42 -0.90 -2.03 -3.42

Notes: This table reports the results of Augmented Dickey-Fuller tests for the presence of a unit root in the time series of the market
P/E1 and P/E10 ratios for the period prior to 1949 and the period of 1950-2008. The null hypothesis is that the time series has a unit
root (i.e., failing to reject 6 = 0 implies nonstationarity).

The correlation analysis is performed by comparing the correlation coefficient before the year in question versus
from that year forward for the period 1945 to 1965 (correlation coefficients are calculated from the period 1872
to 2008) . It is clear that the most significant change in correlation occurs in the year 1950. Indeed the spread
between the correlation coefficients as of 1949 is 0.0273, while as of 1950 is 0.2046, an increase of almost 650%.
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Table 1. Correlation analysis of market earnings
yield and 10-year T-Note yield

Correlation coefficients E1/P-LTB

Year Before After Spread Delta spread
1945 0.3049 0.2237 -0.0812

1946 0.3115 0.2221 -0.08%4 0.10190
1947 0.3270 0.2138 -0.1132 0.26543
1948 0.3050 0.2327 -0.0723 -0.36134
1949 0.2527 0.2801 0.0273 -1.37774
1950 0.1699 0.3745 0.2046 6.49132
1951 0.1201 0.4622 0.3420 0.67209
1952 0.0952 0.5294 0.4342 0.26939
1953 0.0865 0.5698 0.4834 0.11327
1954 0.0775 0.6182 0.5407 0.11863
1955 0.0714 0.6600 0.5885 0.08846
1956 0.0715 0.6882 0.6167 0.04779
1957 0.0720 0.7108 0.6388 0.03595
1958 0.0715 0.7316 0.6601 0.03325
1959 0.0715 0.7463 0.6748 0.02233
1960 0.0604 0.7482 0.6879 0.01933
1961 0.0531 0.7525 0.6994 0.01674
1962 0.0462 0.7506 0.7044 0.00715
1963 0.0407 0.7544 0.7137 0.01331
1964 0.0344 0.7574 0.7230 0.01291
1965 0.0253 0.7586 0.7333 0.01432

Notes: The table calculates the correlation coefficient
between the market earnings yield (E1/P) and the yield on
10-year T-notes for the data over the period of 1872-2008.
The second column (Before) contains the correlation
coefficient for the period before the year in question, while the
third column (After) contains the correlation coefficient for
that year and beyond. For the first row, the Before coefficient
(0.3049) is the correlation from 1872-1944, while the After
coefficient (0.2237) is the correlation from 1945-2008.

After having tested for nonstationarity of the P/E ratio in the period 1950-2008 and having confirmed that the
change most likely occurred in 1950, the authors conduct a final analysis to confirm cointegration between the

market earnings yield and the 10-year T-note yield. Three different tests are performed.

First the Johansen trace and max eigenvalue tests show that the null-hypothesis is rejected for the relationship
between the E1/P and 10-year T-note yields, while it can not be rejected when using the E10/P. The tests

therefore show evidence of cointegration between E1/P and the 10-year T-note yield for the period 1950-2008.
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Lastly, tests of the residuals for simple regression models regressing both E1/P and the E10/P on the 10-year
T-note yield are conducted. If there is cointegration between E/P and Treasury yields, the nonstationarity
contained in the variables will not pass through the residuals, and thus the residuals will be stationary. The tests
show that the null hypothesis of nonstationarity is rejected for the E1/P but not for the E10/P. Thus, the time
series E1/P and the 10-year yield T-note yields are cointegrated for the period 1950-2008.

Weigand and Irons (2008) stated that as long as investors continue to believe in the Fed model, the market P/E
ratio will be determined by nominal interest rates. However, investors could abandon their belief in the model if
interest rates rise dramatically.

Panel A. Johansen trace and max eigenvalue tests
) ) Johansen trace statistic Johansen max eigenvalue
Variable 1 Variable 2
r=0 r=1 r=0 r=1
E1/P Y 14.13* 0.99 13.14* 0.99
E10/P Y 17.31 28 14.51 28

Notes: r = 0 denotes the null hypothesis of zero cointegrating vectors, * the null hypothesis is rejected at the 0.05 level. This table
reports the results of tests run to confirm that the market earnings yield and the yield on 10-year T-notes are cointegrated for the
period of 1950-2008. ’

Findings and Implications
The two papers show very different findings.

The first one comes to the conclusion that when allowing for structural breaks, the P/E ratio is found to be
stationary. Despite the lack of evidence that in the future structural breaks (high P/E ratio regimes) will reappear
at regular intervals, in the past century this has been the case.

On the other hand, the author of the second paper shows that the P/E ratios were stationary prior to 1950, but

nonstationary from 1950 on. Moreover, they find that after 1950 the earnings yield (E/P) and the 10-year T-note
yield have been cointegrated. This is explained by the fact that investors have been pegging the earnings yield to

the 10-year Treasury yield since 1950.

Finally, we conclude from the first paper that the P/E ratio is mean reverting and that improper modeling of
structural changes can lead to incorrect statistical inference. The second paper, despite not finding evidence of
mean reversion of the P/E ratio, gives us additional information in the determination of this valuation measure.
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