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EXECUTIVE SUMMARY

e Wefind that two variables — the long-term risk-free interest rate and, more surprisingly, the
“expected” rate of capital gains (proxied by a weighted average of past equity returns) —
explain the cyclically adjusted earnings yield of U.S. equities (S&P 500), which has dropped
to arecord low.

e The higher the “expected” rate of capital gains, the lower the earnings yield demanded by
investors. In the recent episodes of equity repricing, the rise in the “expected” rate of capital
appreciation has played a bigger role than the fall in interest rates.

e To keep the cyclically-adjusted earnings yield stable, a 100-bps fall in the risk-free rate has
to offset every 7.5%-fall in the S&P 500: the current level of interest rates provides little
cushion against a deflation of the “expected” rate of capital appreciation.

Movements in interest rates alone cannot explain fluctuations in the earnings yield.

The total return on an investment — the sum of its current yield and its rate of capital
appreciation — is what matters to investors. If equity investors demanded a constant current
yield from their investment, share prices would always appreciate at the same rate as their
current income (dividends or earnings) and the total equity return would equal the sum of the
current yield and the rate of growth of current income. To be a successful investor, it would be
enough to make good earnings forecasts.

Yet, as seen throughout history, the pace at which equity prices appreciate is not necessarily the
same as the one at which earnings or dividends grow, and investors do not demand a constant
current yield. For example, in the 10 years to Q4 2021, the S&P 500 has appreciated on average
by +14.25% a year, while its earnings per share (EPS) have on average gained +10.1%; its
earnings yield has contracted by 275 bps from 6.9% to 4.15%. During the same period, the
US Treasury (UST) 10-year yield has fallen by only 51 bps from 2.05% to 1.54%, while yields on
intermediate maturities have risen. Like it or not, movements in interest rates alone cannot
explain fluctuations in the earnings yield.

The disconnect between the rate of capital appreciation and the rate of earnings growth on the
one hand, and the fluctuations in the earnings yield on the other, leave the door open
to the rate of capital appreciation and the earnings yield being potentially interdependent.
Such a possibility is interesting from both a financial stability and an investment point of view,
especially if the pace at which market participants expect equity prices to appreciate, the
expected rate of capital appreciation, somehow depends on the sequence of past returns.



We find that this has been the case in the US equity market for the S&P 500 over several
decades. More precisely, we show that there exists a linear relationship between the cyclically-
adjusted earnings yield (the inverse of Shiller’s cyclically-adjusted price-earnings ratio) and two
variables: the UST 10-year yield and a weighted average of past returns, a variable that we call
the perceived return on the S&P 500 (rather than the “expected” rate of capital appreciation).
We argue that value very much lies in the memory of the beholder, in the sense that past
performance explains a good deal of the cyclically-adjusted PE level investors are content with.
Rising and elevated returns lead investors to expect further capital gains and to lower the
current yield they demand. Falling and low returns would lead to the opposite situation.

We further show that the lion’s share of the recent decline in the cyclically-adjusted earnings
yield is attributable to an increase in the perceived return on the S&P 500, that is, to the
“expected” rate of capital appreciation.

Last but not least, we show that the current level of interest rates provides little cushion against
a potential decline in the perceived return that would follow a fall of the S&P 500.
We estimate that unless it is matched by a 100-bps decline of the yield on the 10-year UST,
a-7.5% fall in the S&P500 would push the earnings yield up (or the PE down).

The earnings yield from equity investments have been declining.

Deduct the cost of a firm’s inputs (raw materials, wages, interest payments, taxes) from its sales
and you get its earnings. Being a residual, corporate earnings are by nature both uncertain and
volatile. It is not surprising, then, that in any equity valuation exercise, the price-earnings ratio
(PER) that obliges investors is the big unknown: how high or low should it now be and why?
The problem is actually twofold. Firstly, what is the relevant earnings metrics? The one-year
trailing earnings per share (EPS), the 1-year forward EPS (like in the (in)famous Fed model of
the S&P 500) or some other metrics? Secondly, what are the factors that drive the ratio of the
stock price to the selected metrics up or down?

In 1988, Campbell and Shiller showed that the price-earnings ratio computed on the basis of
the long moving average of earnings “is a powerful predictor of the return on stock, particularly
when the return is measured over several years”®. To reach such a conclusion, they used a
10-year arithmetic moving average of quarterly EPS. Why smooth quarterly EPS over a long
period? Because market participants cannot ignore the fact that EPS fluctuate around a rising
trend. Nor should they ignore the fact that forecasting earnings is a delicate exercise. They
should, therefore, disregard the below-trend EPS observed during recessions (for instance, to
take an extreme example, the negative USD23.25 posted in Q4 2008) as much as the above-
trend EPS observed during recoveries and booms (Figure 1)2. The long moving average of EPS
advocated by Campbell and Shiller is now known as cyclically-adjusted EPS (EPS* henceforth).

1 Campbell, 1Y, Shiller, R. ] (1988), Stock Prices, Earnings, and Expected Dividends, The Journal of Finance, Vol. 43, No. 3.
The authors note that “the use of an average of earnings in computing the earnings-price ratio has a long history”.
They explicitly refer to Graham, B and Dodd, D.L (1934), Security Analysis, 1st ed,, McGraw-Hill, New York.

2 The scale of the vertical axis being a log scale, Figure 1 cannot show the Q4 2008 EPS (minus USD 23.25).



An arithmetic moving average is not the only possible way to smooth out the cyclical
fluctuations of EPS: it is simple to compute, but giving an equal weight to past observations
is not self-evident. It seems preferable to give more weight to the more recent observations.
To compute the cyclically-adjusted EPS*, we therefore prefer to use an exponentially weighted
moving average (EWMA)3. We set its decay factor at 0.04 per quarter. To this decay factor
corresponds indeed a characteristic length of 24.5 quarters (or 6.12 years), which is close to the
average length of the S&P 500 EPS cycle*. Setting the decay factor at a higher or lower level
would not fundamentally alter the observations made in our investigation.

Figure 1 - The S&P 500 cyclically-adjusted EPS
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The ratio of the current stock price to the cyclically-adjusted EPS* (P/EPS*) is called the
cyclically-adjusted PER*. In contrast to EPS, which — like GDP — experiences cyclical fluctuations
around a clearly rising trend, the changes of the cyclically-adjusted PER* (also called the Shiller
PE) are long-lasting and sweeping. For example, in the last 70 years, the S&P 500 cyclically-
adjusted PER* has fluctuated between a minimum of 9.9 in 1982 and a maximum of 46.8 in
1999. The inverse of the PER*, the cyclically-adjusted earnings yield EY*, has varied between a
minimum of 2.1% in 1999 and a maximum of 10.1% in 1982 (Figure 2). As the current cyclically-
adjusted EY* (2.3%) is close to the record low of 1999, while nominal risk-free rates are generally
expected to rise, it is timely to look for its drivers.

3 with x being the EPS, y its EWMA and k the decay factor per quarter, the equation ¥, = ¥,_y + k(X — ¥,_1), with0 <
k < 1, should be used to compute the EWMA recursively (and easily). It can be shown that the characteristic length L of
such an EWMA reads L = 1/(—In(1 — k)). It can also be shown that about 2/3 of the exponentially declining weights
are given to observations that are less than L periods old.

4 From a formal point of view, our cyclically-adjusted EPS* is identical to Friedman’s (poorly labelled) “permanent
income” in “A Theory of Consumption Function” (1957).



Figure 2 — A long-term view on the cyclically-adjusted earnings yield of the S&P 500
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In a portfolio construction exercise, equities compete with cash and bonds. Investors therefore
generally assume that there should be some link between risk-free rates and the cyclically-
adjusted EY*: the lower the risk-free rates, the lower the cyclically-adjusted EY*, and vice versa.
Figure 3 makes that point quite clear in the case of the yield on 10-year UST.

Figure 3 — The yield on the 10-year UST and the S&P 500 cyclically-adjusted earnings yield
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But Figure 3 also shows that the yield on 10-year UST does not tell the whole story: the cyclically-
adjusted EY* is sometimes above, sometimes below the long-term risk-free rate; it sometimes
moves up or down faster than the yield on 10-year UST; they sometimes move in the opposite
direction. Put differently, investors’ risk appetite — the ex ante equity risk premium - seems to
have a life of its own.

The perceived equity return has been increasing.

To deal with the vagaries of investors’ risk appetite, we build upon an assumption more or less
explicitly formulated by Olivier Blanchard and Stanley Fischer, Robert Shiller, Andrei Shleifer,
and Blake LeBaron, to name but a few, about the impact of the past performance of the equity
market on investors’ risk appetite®. According to this positive-feedback-loop assumption, the
more investors get used to (realized or unrealized) capital gains, the lower the current yield they
demand®. The problem is then to measure the speed at which the equity market is perceived to
rise or to fall. To that end, we use the smoothing technique designed by Maurice Allais, because
it deals efficiently with regime changes’. The smoothing of past returns yields a variable that
we call the S&P 500 perceived return and denote z (Figure 4)% One can interpret the perceived
return as a backward-looking, non-rational expectation (hence the quotation marks when we
use the word “expected”).

Figure 4 — The S&P 500 perceived return
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5 Blanchard, O, Fischer, S. (1989), Lectures on Macroeconomics, The MIT Press, Cambridge, Massachusetts

Shiller, R.J. (2000) Irrational exuberance, Princeton University Press, Princeton, New Jersey. Shleifer, A. (2000), Inefficient
Markets, An Introduction to Behavioral Finance, Oxford University Press, New York. LeBaron, B. (2013), Heterogeneous
Gain Learning and Long Swings in Asset Prices, Chap. 5 in Frydman, R, Phelps, E.S. eds (2013), Rethinking Expectations:
the Way Forward for Macroeconomics, Princeton University Press, Princeton, New Jersey

6 Blanchard, O, Fischer, S. (1989), Lectures on Macroeconomics, The MIT Press, Cambridge, Massachusetts: « individuals
are ready to pay a higher price for the stock than the price corresponding to the present value of the dividends because
they anticipate the price will rise further, resulting in capital gains that precisely offset the low dividend price ratio. This
anticipation of ever-increasing prices is self-fullfilling”.

7 The elasticity of a classic EWMA is constant since e = (¥, — Yn—1)/ (Xn — Yn—1) = k. In Allais’s framework, the decay
factor k becomes context-dependent as it is an increasing non-linear function of y,_y. Its change through time is
proportional to the most recent innovation x, — y,_1, the proportionality coefficient being an increasing, non-linear
function of y,,_, . To this extent, our model is non-linear and relies on an embedded regime switching mechanism.

8 Unlike earnings per share, which may be negative in the presence of loss (as in 2008), the S&P price index is always
positive. Hence, it is always possible to compute its rate of change, which is the input of Allais’s filtering algorithm. This
explains why we use a classic EWMA to smooth the EPS time series, while we use Allais’s filter to smooth the S&P 500
returns.
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Lower rates and rising (expected) capital gains have allowed companies to get away with
lower cyclically-adjusted earnings yield

The next step in our investigation is to test whether the S&P 500 cyclically-adjusted earnings
yield EY* can be explained by the risk-free rate and the S&P 500 perceived equity return.
Since the US Treasury borrows money on maturities ranging from three months to 30 years,
there is no such thing as one single risk-free rate. We have to find out which point on the
yield curve does the best job. And we also have to find out which decay factor makes the most
sense to compute the cyclically-adjusted EY*. To that end, we have computed a matrix showing
the correlation coefficients between all the variables under consideration (see Table 1 in
Appendix II).

This matrix reveals a number of valuable observations:

° As expected, irrespective of the value of k, the correlation coefficients between the risk-
free rates and the cyclically-adjusted earnings yield EY* are always positive, while the
correlation coefficients between the cyclically-adjusted earnings yield EY* and the
perceived equity return are always negative.

e The various risk-free rates being highly correlated, only one of them should suffice to
account for “the” risk-free rate (using, for example, both the Federal Funds rate and the
yield on the 10-year UST would expose us to the risk of collinearity, blurring the role of
“the” risk-free rate).

° Irrespective of the value of k, the Federal Funds rate never exhibits the highest correlation
with the cyclically-adjusted earnings yield EY*, probably because the Federal Funds rate
does not contain any information about the future path of policy rates.

° For high values of k, i.e. for short EWMA, the yield on one-year UST does the best job;
for low values of k, i.e. for long EWMA, the best job is done by the yield on the 10-year UST:
in both cases, it certainly is because some expectations about future policy rates are
embedded in the yield curve.

e While there is some substantial negative correlation between the perceived equity return
and the cyclically-adjusted earnings yield EY*, there is little correlation between the risk-
free rates and the perceived equity return.

Building on the observations just made, the model we have estimated for different decay
factors k and risk-free rates over different maturities n has the following structure:

EY* (k)= ¢y + cyriskfreerate (n) + caz + ¢

Through linear regression, we find the coefficients and the stats shown in Table 2. The two
variables in the above equation and the constant ¢, all have the same dimension: a rate of
change per unit of time (the year). The coefficients ¢; and c; are therefore directly comparable.
They are all statistically significant (see Appendix | for a discussion of the quality of this model).

The quality of the fit is not very sensitive to changes in the value of the decay factor or changes
in the maturity of the risk-free rate. The absolute value of the ratio ci/c, is always higher than 1
and varies very little around its average (1.2246) or median (1.2210).

To pursue our investigation with a “middle of the road solution”, we select the fifth model from
the top (k=0.04) as “the” representative model (Table 3 and Figure 5).

EY " (0.04)= 0.0453 + 0. 3380 x UST10Y — 0.2588 x 2+ =



On the one hand, as the cyclically-adjusted EPS* is very smooth
InEPS;, —InEPS; | =0

the S&P 500 cyclically-adjusted EY* falls when the index (denoted by the letter P) rises.
mEY —WnEY,=(IEPS, -ImEPS; |,)—(nF, - InF 1)~ —(InP,-mWmF )=—=z,

On the other hand, the S&P500 perceived return depends on the sequence of price changes
which have brought the index to its current level: the S&P500 perceived return, therefore, tends
to rise when the index rises, but not as fast as the EY* falls.

Zn— Zn1 = k(zm a)(Tn — 2n 1)

Figure 5 — Model estimate of the S&P 500 cyclically-adjusted earnings yield
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What does our model say? It says that either one of the two following movements — a decline
of the yield on 10-year UST or arise in the S&P 500 perceived return — may contribute to pushing
the cyclically-adjusted EY* down. As a matter of fact, since 2009 and even more since Q1 2020,
as in the late 1990s, the second factor has been, by and large, the most powerful one
(Figure 6): self-fulfilling expectations of rising prices have compressed the cyclically-adjusted
EY*.



Figure 6 — Contributions to the cyclically-adjusted earnings yield
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The problem is that it could work the other way around: Should the S&P 500 continue to drift
down, the perceived return would continue to fall. And as the 10-year yield, even after its recent
rise to 2.8%, is still very low, the margin of safety is rather thin. According to our model, for the
estimated earnings yield to remain unchanged, an instantaneous 100 bps decrease in the yield
on the 10-year UST is needed to offset an instantaneous 130 bps decrease in the S&P 500
perceived return. Given the current elasticity of the S&P 500 perceived return with respect to
daily returns, a daily return of -7.5% would be enough to push the perceived return down by 130
bps. In short, unless it is matched by a 100 bps decline of the yield on the 10-year UST, a -7.5%
fallin the S&P500 would push the earnings yield up (or the PE down). Investors in the US equity
market should worry more about the dynamics of their self-fulfilling expectations than about
the upcoming tightening of monetary policy, not least because such tightening is already, to a
large extent, embedded in the yield on 10-year UST (Figure 7).

Figure 7 - Model estimate of the cyclically-adjusted PER
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APPENDIX | - MODEL DISCUSSION

The residuals € of the model (actual value minus fitted value) are not normally distributed. More
often than not, they are positive, sometimes very positive. This is because the model tends to
underestimate the cyclically-adjusted earnings yield EY* before the mid 1980s.

The low values of the Durbin-Watson stat indicate the presence of auto-correlation between two
consecutive residuals. In other words, a deviation of the cyclically-adjusted earnings yield EY* from
its model estimate may take a long time to vanish (as it happened between 1954 and 1964, and
again in the 2000s). The autocorrelation function and partial autocorrelation function shed more
light on the persistence of deviations from the fitted value (Figure 8).

Figure 8 — Autocorrelation of the model residual
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The purpose of this model is not to make short-term forecasts of the cyclically-adjusted EY*, but
to better understand its drivers. The auto-correlation of the residuals is, therefore, not a diriment

impediment. But it shows that there is still room for improving our understanding of the cyclically-
adjusted earnings yield EY*.

Were the fluctuations in the cyclically-adjusted EY*, on the one hand, and the S&P 500 perceived
return, on the other hand, two different expressions of the same phenomenon - a rise in the S&P
500 -, the correlation we have found between them would be a mere tautology and we would

expect to find some causal relationship between these two variables. This, however, is not the
case.

As shown by a Granger-causality test, one cannot reject, with a high degree of confidence, the
null hypothesis that the perceived rate of return does not cause the cyclically-adjusted earnings
yield EY* (Table 4). In other words, there is a distinct possibility that the perceived return does not
cause the cyclically-adjusted earnings yield EY*. The inverse assumption that the cyclically-
adjusted earnings yield EY* does not cause the perceived return cannot be either confidently
rejected. Put differently, there is a distinct possibility that the cyclically-adjusted earnings yield EY*
does not cause the perceived return.



In contrast, with a high degree of confidence, we can reject the null hypothesis that the rate of
interest does not cause the cyclically-adjusted earnings yield EY*. The null hypothesis being not
true, we can conclude that the rate of interest does cause the cyclically-adjusted earnings yield
EY* The inverse null hypothesis that the cyclically-adjusted earnings yield EY* does not cause the
rate of interest should also be rejected, but slightly less confidently. Put differently, between the
rate of interest and the cyclically-adjusted earnings yield EY*, the causality runs in both directions,
with a slight predominance of the causality running from the rate of interest to the cyclically-
adjusted earnings yield EY*.

Recursive estimations of the coefficients from 1954 to date show them to be rather stable since
the mid-1980s (Figure 9). Recursive estimates on a 10-year moving window point to some
instability of the 10-year yield coefficient since the mid-2000s, highlighting the well-documented
fact that earnings yield and interest rates tend to part way when the latter fall to a very low level:
being associated with low nominal growth, a headwind to corporate profitability, low nominal
interest rates do not necessarily pull earnings yield down.

Figure 9 — Recursive estimates of the regression coefficients
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APPENDIX Il - TABLES

Table 1 - Pairwise correlation coefficients between the cyclically-adjusted earnings yield, risk-

free rates and the perceived equity return®.

Perceived

equity

Cyclically-adjusted eamings yields EY* for various k Risk-free rates retum

k=008 k=007 k=006 k=005 k=004 k=003 k=002 k=001 USFedFs UST-1Y UST-3Y UST-5Y UST-10Y z

k=0.08 10000 09998 09990 09975 09953 09922 09878 09724  0.6937| 0.7093| 0.7017 07010  0.6984 -0.5862
k=007 10000 09997 09988 09972 09946 09908 09759 06888 | 0.7053| 0.6995 06997  0.6980 -0.5923
k=0.06 1.0000 09997 09986 09967 09935 09793 06832 0.7006| 06966 0.6979 _ 0.6972 -0.5990
k=005 10000 09996 09984 09959 09824 06769 06952 06931  0.6953| 0.6958 -0.6065
k=004 1.0000 09996 09979 09852 06696 06888 0688  0.6918 | 0.6934 -0.6150
k=0.03 1.0000 09993 09878 06604 06805 0.6820 0.6862| 0.6888 -0.6241
k=0.02 1.0000 09919 06454 06664 06690  0.6736 | 0.6761 -0.6309
k=0.01 1.0000 05980 06217  0.6221 0.6229 | 0.6182 -0.6104
USFedFs 1.0000 09830  0.9585 09422 09142 -0.1314
UST-1Y 1.0000  0.9895 09760  0.9491 -0.1134
UST-3Y 1.0000 09964  0.9800 -0.1120
UST-5Y 1.0000  0.9928 -0.1339
UST-10Y 1.0000 -0.1705
z 1.0000

Sources: Refinitiv, Allianz Research

Table 2 — Coefficients and stats of the linear regression of the cyclically-adjusted earnings

yield on the risk-free rate and the perceived equity return

EWMA Chancters tic

decay length :n R kfree Tstat

factor years ate z c ats Tstatz Tstate Rsq  Std error
k=008 3.00 UST-1Y 03805 03102 5.72% 21.6019 339434  7623%  092%
k=0.07 3.4 UST-1Y 03667 03051 5.63% 214510 345233 7633%  08%%
k=0.06 404 UST-1Y 03504 02981 5.52% 213534 351599 7643%  086%
k=005 487 UST-10Y  0.3632 2713 474% 188113 257375 T7293%  088%
k=004 6.12 UST-10Y  0.3380 2588 453% 18.8920 265696 73.50%  081%
k=0.03 821 UST-10Y 03040 0239 422% 18.8288 274014 T738%  073%
k=0.02 1237 UST-10Y 02537 02087 3.70% 18.1070 27704  T73.10%  064%
k=0.01 24.87 UST-5Y 01655 01554 287 154933 281402 67.08%  052%

Sources: Refinitiv, Allianz Research
Table 3 - “The” representative model

Dependent Vanable: SER0OS

Method: Least Squares

Date: @122 Time 10:34

Sanple (adjustad ) 1954Q4 2021Q3

Included observations: 268 afteradus trents

Vanzble Coeffcient  Std. Emvor t-Statistic  Prob.
USTIOY 0.3380 00179 188920 0.0000%
~ . L 00 VVios -1 VAV V.V V)
C 0.0453 0.0017 265656 0.0000%
R-squard 7350% Mean dependent var 463%
Adjustad Rsquarsd 7331% SD.depandent var 157%
S.E ofregression 081% Alkake info criterion £6.7788
Sumsquarsd sy 17456% Schwazedtenion 6.7386
Log tikelthood 91136 Hannan-Quinn criter. $6.7826
Fstatstic 367.59 Dusbin-Watsonstat 00888
Prob(F-statistic) 0.0000%

Sources: Refinitiv, Allianz Research

? We have used Eviews for all our computations.

DW stat
0.1049
0.1055
0.1065
00858
0.0888
00919
00912
00754
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Table 4 — Pairwise Granger causality tests

Pairwise Granger Causality Tests
Date: 02/11/22 Time: 11:27
Sample: 1954Q4 2021Q4

Lags:2

Null Hypothesis:

UST10Y does not Granger Cause SER05
SERO35 does not Granger Cause UST10Y
z does not Granger Cause UST10Y
UST10Y does not Granger Cause z
SERO035 does not Granger Cause z

z does not Granger Cause SER05

F-Statistic

6.9518
4.1098
3.8501
2.7539
2.0631
1.3013

Prob.

0.11%
1.75%
225%
6.55%
12.91%
27.39%
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These assessments are, as always, subject to the disclaimer provided below.

FORWARD-LOOKING STATEMENTS

The statements contained herein may include prospects, statements of future expectations and other forward-
looking statements that are based on management's current views and assumptions and involve known and
unknown risks and uncertainties. Actual results, performance or events may differ materially from those expressed
or implied in such forward-looking statements.

Such deviations may arise due to, without limitation, (i) changes of the general economic conditions and competitive
situation, particularly in the Allianz Group's core business and core markets, (ii) performance of financial markets
(particularly market volatility, liquidity and credit events), (iii) frequency and severity of insured loss events, including
from natural catastrophes, and the development of loss expenses, (iv) mortality and morbidity levels and trends,

(v) persistency levels, (vi) particularly in the banking business, the extent of credit defaults, (vii) interest rate levels,
(viii) currency exchange rates including the EUR/USD exchange rate, (ix) changes in laws and regulations, including
tax regulations, (x) the impact of acquisitions, including related integration issues, and reorganization measures,
and (xi) general competitive factors, in each case on a local, regional, national and/or global basis. Many of these
factors may be more likely to occur, or more pronounced, as a result of terrorist activities and their consequences.

NO DUTY TO UPDATE

The company assumes no obligation to update any information or forward-looking statement contained herein,
save for any information required to be disclosed by law.
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