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Equity Risk Premium: Definition

The equity risk premium (ERP) is the excess return of the equity market over
that of a low-risk asset.

It is usually measured against Treasury bill or Treasury bond returns.

Source: Figure 1 in Dimson et al. [2011].

Key Questions:
1 How large is the ERP?

2 Does the ERP vary over time and why?
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Historical versus Expected Equity Risk Premium

One distinguishes historical and expected ERP:
Historical/Realized: The ERP is the extra return earned in the past from
investing in the equity market rather than in T-bills:

ERPt = RM,t − Rf ,t . (1)

Expected/Ex ante: The ERP is the average extra return from investing in
equities rather than in T-Bills over the next h months, quarters, or years:

Et [ERPt→t+h] = Et [RM,t→t+h] − Rf ,t→t+h . (2)

If you borrow capital and invest it in the equity market, the return on this
long-short portfolio will be the ERP.

Note that we can write the optimal portfolio formula for a mean-variance
investor with risk aversion a as:

w =
1

a

Et [RM,t+1]− Rf ,t+1

vart [RM,t+1]
=

1

a

Et [ERPt+1]

vart [RM,t+1]
. (3)

Hence, in order to make portfolio decisions, we need to estimate the
expected ERP.
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Economic Rationale

The ex ante ERP is the compensation required by investors to allocate
capital to the risky asset (equities) rather than to the risk-free asset.

Equilibrium reasoning predicts a positive ex ante ERP because stocks do
poorly in bad times:

Source: Table 2 in Dimson et al. [2008].

However, if investors’ required ex ante ERP increases, realized equity returns
will be negatively affected and might become negative.
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Estimating the Historical ERP

One estimates the historical ERP by comparing historical average returns on
the stock market and on the riskless asset.

Since stock returns are volatile, it is important to use a long sample period.

Estimation can be performed in nominal terms or in real terms:

Source: Figure 1 in Dimson et al. [2008].
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Historical ERP Estimates by Country

The historical ERP is positive in all countries considered:

Source: Figure 4 in Dimson et al. [2008].
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Historical ERP Estimates by Subperiod

The historical ERP varies over time:

Source: Ilmanen [2011]
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Historical ERP: Rolling Windows

Source: Ilmanen [2011]
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Historical ERP: Cumulative Returns

Source: Goetzmann and Ibbotson [2006]
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Historical ERP: Cumulative Returns

Source: Goetzmann and Ibbotson [2006]
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Estimating the Expected ERP

Estimating the expected ERP is much more difficult.

One cannot simply use the historical ERP because there is a negative relation
between the historical ERP and the future ERP.

Intuition: If investors’ required ex ante ERP decreases, realized equity returns
will be positive, driving up the historical ERP.
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Decomposition of the ERP: Sources of Equity Returns

To understand the relation between historical and expected ERP and
estimate the future ERP, it is useful to decompose stock returns.

Start from the definition of the one-period (gross) return:

Rt =
Pt + Dt

Pt−1
, (4)

where Pt denotes the equity price and Dt the dividend at time t.

The return can be decomposed in three components:

Rt =

(
1 +

Dt

Pt

)
︸ ︷︷ ︸
(1+Div. yield)

× Dt

Dt−1︸ ︷︷ ︸
(1+Div. growth)

× Pt/Dt

Pt−1/Dt−1︸ ︷︷ ︸
(1+Multiple expansion)

. (5)

Changes in the expected ERP will affect the historical ERP through the
multiple expansion/contraction.
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Multiple Expansion/Contraction and US Equity Returns

Multiple expansion/contraction is the main driver of short- and medium-term
returns.

Over the long run, it accounts for a small part of the ERP.

Return Components Over Time
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Using the Decomposition to Estimate the Expected ERP

We can use the decomposition to get a rough estimate of the expected ERP.

To do so, we assess each of the components of real equity returns and then
subtract the real riskless rate (which is currently −1.2%).

The dividend yield is currently 1.92%. For dividend growth, we assume the
average of the last 149 years. Finally, we don’t count on any further multiple
expansion. That gives us an estimate of expected real returns of about 3.5%:
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Subtracting the real riskless rate yields an expected ERP of about 4.7%.
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Review of the General Idea

Recall that timing models are based on predictability.

Predictability studies patterns in the return distribution over time. The goal
is to identify a set of variables that forecast the future return distribution.

We saw that predictability is about finding indicators for which the assets’
conditional return distribution differs from the unconditional one.
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Predictability: Approaches

We also saw that in order to assess whether a variable xt has predictive ability, the
following methods can be used:

1 Split the sample based on the values of xt (e.g. positive versus negative
values, values above or below the sample median,...). Compute the summary
statistics of Rt+h for the subsamples and run a test for identical distributions.

2 Estimate the predictive regressions

Rt+h = αh + βhxt + εt+h , (6)

R2
t+h = αh + βhxt + εt+h , (7)

and assess the significance of the betas. The first regression tells you
something about expected returns, the second about the variance. You can
also investigate higher moments if you see some nonnormality.

3 Run predictive regressions using dummy variables Dxt>x̃t instead of xt :

Rt+h = αh + βhDxt>x̃t + εt+h , (8)

R2
t+h = αh + βhDxt>x̃t + εt+h . (9)
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Commonly Used Predictors

Finally, we had seen that the most common predictive variables investigated in the
Finance literature are:

Valuation ratios:

Dividend/Price ratio (D/P).
Earnings/Price ratio (E/P and E10/P).
Book-to-Market ratio (B/M).
Consumption/Wealth ratio (C/W or CAY).

Interest rate variables:

T-bill rate and T-bill minus its 12-month moving average.
Term spread, i.e. long term yield minus short-term rate (TS).
Credit spread, e.g. BBB yield minus AAA yield (CS).

Volatility variables:

Realized volatility.
Implied volatility, e.g. VIX.

Macroeconomic variables:

GDP Growth (GDP).
Inflation (π).

News sentiment.
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Does the Price/Dividend Ratio Contain Information?

We have seen that the dividend yield is a key component of long-term equity
returns and that shifts in its inverse – the price/dividend (P/D) ratio – drive
short-term returns.

The P/D ratio varies strongly over time. Can we use it to estimate the
expected ERP?
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Price/Dividend Ratio: One-Period Present Value Model

Consider a firm that pays dividends Dt . Suppose we are at time t and that
the firm lasts one more period, i.e. it will pay out a terminal dividend Dt+1.

Letting Pt denote the current price, the gross return on an investment in the
firm is

Rt+1 =
Dt+1

Pt
. (10)

Taking expectations:

Et [Rt+1] =
Et [Dt+1]

Pt
. (11)

Solving for Pt and dividing by today’s dividend yields:

Pt

Dt
=

Et [Dt+1/Dt ]

Et [Rt+1]
. (12)

The P/D ratio moves due to changes in expected dividend growth or
changes in expected returns.
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Two Views on the Price/Dividend Ratio

There are two views on the information content of the P/D ratio:

1 Traditional view:
Expected returns are more or less constant, and P/D is driven by changes in
expected dividend growth.
⇒ A high P/D ratio should predict high future dividend growth.
For a forecasting horizon k , this can be tested by estimating the regression:

Dt+k

Dt
= ak + bk

Dt

Pt
+ εt+k . (13)

2 Modern view:
P/D is driven by changes in expected returns.
⇒ A high P/D ratio should predict low future returns.
This can be tested by estimating the regression:

RM,t→t+k − Rf ,t→t+k︸ ︷︷ ︸
Excess return Re

t→t+k

= ak + bk
Dt

Pt
+ εt+k . (14)
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Formal Analysis of the Two Views

Write (10) as Pt

Dt
= R−1

t+1
Dt+1

Dt
, take logs to make things linear, and take

expectations to obtain:

pt − dt = Et [∆dt+1]− Et [rt+1] , (15)

where lowercase letters denote the log of uppercase variables and
∆dt+1 = ln(Dt+1/Dt).

1 Suppose that expected returns are constant, Et [rt+1] = r .
If expectations are rational (unbiased), one has ∆dt+1 = Et [∆dt+1] + εt+1

with Et [εt+1] = 0 so

∆dt+1 = r + (pt − dt) + εt+1 . (16)

2 Suppose instead that expected dividend growth is constant,
Et [∆dt+1] = d .
With rational expectations, one has rt+1 = Et [rt+1] + εt+1 with Et [εt+1] = 0
so

rt+1 = d − (pt − dt) + εt+1 . (17)
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Empirical Findings for the US Market

For 1927-2005, D/P predicts future returns rather than dividend growth:

Source: Table 1 in Cochrane [2008].

Note that return predictability does not imply that markets are irrational or
inefficient. It arises naturally if there is time variation in the ERP.
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Dividend/Price Ratio

Graphically:
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Dividend/Price Ratio: Multi-Period Present Value Model

The one-period model we just considered can be extended to multiple periods
(Campbell and Shiller [1988]). Start from the one-period return definition:

Rt+1 =
Pt+1 + Dt+1

Pt
. (18)

Rewrite this expression as:

Pt

Dt
=

1

Rt+1

Pt+1 + Dt+1

Dt
= R−1

t+1

Dt+1

Dt

(
1 +

Pt+1

Dt+1

)
. (19)

Substituting forward one period yields:

Pt

Dt
= R−1

t+1

Dt+1

Dt
+ R−1

t+1

Dt+1

Dt
R−1
t+2

Dt+2

Dt+1

(
1 +

Pt+2

Dt+2

)
. (20)

Iterate forward, impose a limiting condition, and take expectations:

Pt

Dt
= Et

 ∞∑
i=1

 i∏
j=1

R−1
t+j

Dt+j

Dt+j−1

 . (21)

Today’s P/D ratio is high if people expect high future dividend growth or
low future returns.
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Dividend/Price Ratio: Multi-Period Present Value Model

This expression is hard to work with so one usually uses the approximation
suggested by Campbell and Shiller [1988]. Take logs of the expression

Pt

Dt
= R−1

t+1

Dt+1

Dt

(
1 +

Pt+1

Dt+1

)
(22)

to obtain

pt − dt = −rt+1 + ∆dt+1 + ln (1 + exp(pt+1 − dt+1)) . (23)

Perform a first-order Taylor approximation of the log to obtain

pt − dt = −rt+1 + ∆dt+1 + c + ρ (pt+1 − dt+1) , (24)

where c is a constant and ρ is less than but close to one.

Iterate forward, impose a limiting condition, and take expectations to obtain

pt − dt = const + Et

[ ∞∑
i=1

ρi−1(∆dt+i − rt+i )

]
. (25)

Again, high P/D reflects high future dividend growth or low expected returns.
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Dividend/Price Ratio: Volatility

Equity prices are quite volatile. Shiller [1981] notes that the variation in
prices is not justified by changes in dividends or cash flows.

Does this excess volatility puzzle mean that markets are irrational or
inefficient?
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Dividend/Price Ratio: Volatility

It turns out that excess volatility is the same as return predictability.

From the multi-period price-dividend equation, one can compute the
variance of the P/D ratio as

Var (pt − dt) = Cov

(
pt − dt ,

∞∑
i=1

ρi−1∆dt+i

)

− Cov

(
pt − dt ,

∞∑
i=1

ρi−1rt+i

)
. (26)

Thus, the dividend yield can only vary if it forecasts changes in future
dividend growth or returns.

We saw that empirically P/D predicts returns and not dividend growth. This
means that the variation in the P/D ratio comes from movements in
expected returns.
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Market vs. Single Stock Returns

The analysis we conducted so far was at the aggregate level, i.e. considered
indices or diversified portfolios.

Vuolteenaho [2002] shows that most of the variation in single stock returns
comes from cash-flow news rather than expected return news.

At the single stock level, D/P is driven by changes in cash flows, while at the
aggregate level it is driven by changes in expected returns.

Cash flow news about single stocks are highly idiosyncratic and are diversified
away when stocks are combined into portfolios. As a result, movements in
aggregate portfolio/index returns mostly reflect changes in expected returns
which are driven by macroeconomic components.
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Other Profitability Ratios (E/P, E10/P)

The earnings/price ratio (E/P) and the ratio of the 10-year moving average
of earnings to price (E10/P or CAPE for cyclically adjusted P/E) are also
good predictors.

E10/P is more stable than E/P as it is less affected by single-year events.

E10/P is reasonably good at catching periods of low expected returns (or
periods of discrepancies between fundamentals and valuations), such as the
dot com bubble in 2000.

Campbell and Shiller [1998] compare different predictors. Their analysis was
conducted before the bursting of the dot com bubble.
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Other Profitability Ratios (P/E, P/E10, D/P, E/E10)
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D/P and Term Premium

Fama and French [1988] predict returns on stock and long-term corporate
bond portfolios using D/P and the Term Premium (TP = Aaa bond yield
− 1-month T-bill yield).

They find that D/P and TP predict returns in both markets. This suggests
that there is common variation in expected returns across markets.

In Fama and French [1989], they find that expected returns on stock and
bonds are linked and share a common counter-cyclical component.

D/P and TP are both large in bad times and predict high expected
returns in both stock and bond markets. This is the typical constellation
during recession periods. So expected returns are lower when economic
conditions are strong and higher when they are weak.

The variation through time in the risk premium related to D/P is stronger for
low-grade bonds than for high-grade bonds and stronger for stocks than for
bonds.
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D/P and Term Premium

Source: Fama and French [1989]. Aaa-LG denote bond portfolios formed on the corresponding
Moody’s ratings groups. VW and EW are the value- and equal-weighted NYSE portfolios.

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 41 / 114



Overview

1 The Equity Risk Premium

2 Equity Return Predictability
Review of the General Idea
Dividend/Price Ratio
Other Profitability Ratios
D/P and Term Premium
Volatility
News Sentiment
Seasonality

3 The Cross-Section of Expected Returns

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 42 / 114



Volatility: Intuition

The optimal exposure to stocks depends on the risk-return tradeoff, not just
on the ERP:

w =
1

a

Et [Rt+1]− Rf ,t+1

vart [Rt+1]
=

1

a

Et [ERPt+1]

vart [Rt+1]
. (27)

Moreira and Muir [2017] show that return variance is highly forecastable
at short horizons, but variance forecasts are only weakly related to future
returns at these horizons. Building quintiles based on return variance in the
previous month, for 1926-2015 one gets:
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Volatility: Portfolio Strategy

Since the optimal investment in the risky asset for a mean-variance investor is
proportional to the mean-variance tradeoff,

w =
1

a

Et [Rt+1]− Rf ,t+1

vart [Rt+1]
, (28)

one can scale the equity exposure going into each month by the realized
variance in the previous month RVt , i.e. at the end of each month, set

wt =
c

RVt
, (29)

where c controls the average exposure of the strategy (chosen to match the
unconditional standard deviation of the buy-and-hold portfolio in the paper).

Managing exposure in this way improves the Sharpe ratio from investing in
the US equity market from 0.42 to 0.51.
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Volatility: Strategy Returns

At equal volatility, the timed strategy earns much higher returns than the
buy-and-hold strategy:

Note that while it is true that the Sharpe ratio can be improved, whether the
claimed improvement in returns can be achieved is not obvious because the
scaling factor c is chosen in-sample.
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News Sentiment

Sentiment analysis uses computers to determine the tone of news stories.
Sentiment is then used to time exposure to the equity market.

An example is Uhl et al. [2015], who conduct the analysis as follows:

1 Obtain news sentiment data from Thomson Reuters News Analytics.
Sentiment for each news story is positive, neutral, or negative (1, 0, −1).

2 Aggregate these news either at the company or macro level to obtain a
measure of the daily or weekly overall sentiment of the equity market.

3 Filter the aggregate news with a smoothing procedure (CUSUM) to make the
signal less noisy.

4 Invest in the MSCI world equity index if aggregate equity sentiment is positive
and in the investment grade 3-5 year bond index otherwise.

This strategy achieves a Sharpe ratio of 1.47.

The selection of the smoothing parameter affects performance.
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News Sentiment: Data
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News Sentiment: Signals and Strategy Returns
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“Sell in May and Go Away”

“Sell in May and Go Away” is an old market adage. It says to invest in the
stock market from late October to early May and in cash from early May to
late October.

To investigate whether the effect is present, it is easiest to use futures
contracts since their returns are excess returns.

During 1982-2019, the entire US equity premium accrued during the winter
months:
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“Sell in May” – Average Returns by Month

There is a striking seasonality in S&P 500 returns across months of the year:
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“Sell in May” Around the World

The effect is present in almost all countries.

Since the winter months also have (slightly) lower volatility, the Sharpe ratio
from investing in stock markets in winter is quite attractive.

Country Daily average return (bps) Daily standard deviation (%) Annualized Sharpe Ratio
Nov.-Apr. May-Oct. Nov.-Apr. May-Oct. Nov.-Apr. May-Oct.

Australia 3.01 0.05 0.93 1.02 0.51 0.01
Brazil 6.28 −5.04 2.03 2.03 0.49 −0.39
Canada 4.12 −0.62 1.17 1.13 0.56 −0.09
China 5.32 −1.50 1.42 1.62 0.60 −0.15
Eurozone 4.54 −3.03 1.43 1.55 0.50 −0.31
France 5.53 −2.52 1.30 1.42 0.68 −0.28
Germany 6.71 −2.91 1.36 1.43 0.78 −0.32
Hong Kong 4.18 1.79 1.83 1.62 0.36 0.18
India 4.69 2.81 1.39 1.53 0.54 0.29
Italy 3.44 −2.48 1.41 1.50 0.39 −0.26
Japan 2.90 −3.79 1.52 1.49 0.30 −0.40
Mexico 5.07 −1.84 1.31 1.30 0.61 −0.22
Netherlands 6.27 −2.01 1.25 1.35 0.80 −0.24
Norway 6.51 −1.09 1.45 1.59 0.71 −0.11
Russia 8.43 −2.96 2.39 2.54 0.56 −0.18
South Africa 3.48 −1.35 1.40 1.34 0.39 −0.16
South Korea 7.47 −5.05 1.92 1.87 0.62 −0.43
Spain 5.58 −0.99 1.39 1.52 0.64 −0.10
Sweden 7.68 −1.47 1.36 1.40 0.90 −0.17
Switzerland 4.47 −1.58 1.12 1.28 0.63 −0.20
Taiwan 6.04 −2.13 1.52 1.53 0.63 −0.22
Thailand 5.97 −0.52 1.47 1.57 0.65 −0.05
Turkey 2.54 0.52 1.71 1.77 0.24 0.05
UK 3.70 −1.08 1.06 1.15 0.55 −0.15
US 5.41 −0.04 1.13 1.26 0.76 −0.01

Source: Dzhabarov et al. [2020]
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The “Turn-of-the-Month” Effect

Another seasonality is the “Turn-of-the-Month” effect. It says that returns
are much higher at the turn of the month than during the rest of the month.

It is again easiest to use futures contracts to investigate this effect.

During 1982-2019, most of the US equity premium accrued during the first
five and last five trading days of the month:
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The “Turn-of-the-Month” Effect Around the World

The effect that returns are higher during the first five and last five trading
days of the month is present in almost all countries:
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The “Turn-of-the-Month” Effect Around the World

The effect is even stronger if the “turn-of-the-month” period only includes
the first and last trading day of each month:
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General Idea

Analyses of the cross-section of expected returns aim to identify variables
that help explain differences in expected returns across stocks.

Typically, new factors are identified by comparing the returns on assets or
portfolios built using some variable. For instance, how do returns differ
between small and large capitalization stocks?

The CAPM predicts that market beta should explain the cross-sectional
variation of expected returns, i.e. expected returns should be driven by
exposure to a single factor, the return on the market portfolio.
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CAPM Tests

Regression tests of the CAPM consider the hypothesis that market model
regression alphas are jointly zero:

1 For all assets or portfolios j , estimate the market model:

Rj,t − Rf ,t = αj + βj(RM,t − Rf ,t) + εj,t . (30)

2 Test the null hypothesis predicted by the CAPM: H0 : αj = 0 for all j .

CAPM holds: CAPM doesn’t hold:
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Risk Premium Versus Mispricing

Once an effect has been documented, the key question is whether differences
in returns reflect a risk premium or mispricing. The latter could be caused by
slow processing of information by investors, institutional frictions, or
behavioral anomalies.

To take a few examples:

Do distressed firms earn higher returns because they are highly pro-cyclical or
because investors make errors in pricing them?

Do past winners tend to outperform past losers because investors incorporate
good news too slowly, because of tax-induced trading behavior, or because of
differences in the skewness of returns that command a crash premium?

Do low-beta assets outperform high-beta ones because of institutional
frictions or because of an additional risk?

We now consider a number of factors that have been documented to affect
expected returns.
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Size and Value

Banz [1981] documented differences in average returns between stocks with
large and small market capitalization.

Stattman [1980] and Rosenberg et al. [1985] found that average returns on
US stocks are positively related to the ratio of a firm’s book value of
common equity to its market value, B/M.

Fama and French [1992], [1993], and [1996] combine size and value factors
to explain the cross-section of expected stock returns.

1 At a given point in time, sort stocks according to their B/M ratio. Call stocks
with high B/M Value stocks and those with low B/M Growth stocks. Thus,
Value and Growth are defined relative to other stocks in the cross-section.

2 Similarly, sort stocks based on their market capitalization and divide them into
Small stocks and Big stocks.
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Size and Value: Results

Sorting along both dimensions, one can construct m × n portfolios and
investigate their expected returns.

For instance, the average returns if one builds 5× 5 = 25 portfolios are:
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Size and Value as Evidence Against the CAPM

In the data, Value stocks have higher average returns than Growth stocks
and Small stocks have higher returns than Big stocks.

However, these sizable differences in returns do not reflect differences in
market β. Recall that CAPM predicts that all portfolios should lie on a
straight line going through the origin.

Source: Cochrane [1999]
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Size and Value as Evidence Against the CAPM

The linear relation predicted by the CAPM does not hold even if one varies
size within B/M categories (left panel) or if one varies B/M within size
categories (right panel).

Source: Cochrane [1999]
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Size and Value: Factor Construction

In order to explain the cross-sectional variation in returns, the authors construct
size and value factors as follows:

1 Double sort stocks (independently) by market cap and B/M in 2× 3 = 6
portfolios and compute their returns (each portfolio is value-weighted).

2 Size factor: SMB (Small Minus Big)

SMB =
(Small Value + Small Neutral + Small Growth)

3

− (Big Value + Big Neutral + Big Growth)

3
.

3 Value factor: HML (High Minus Low)

HML =
(Small Value + Big Value)

2
− (Small Growth + Big Growth)

2
.
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Size and Value: Factor Construction

Note that the factors are self-financing (“zero-cost”) portfolios. The long
part is financed by the short part.

1 Size factor: You are investing in small caps and financing this position with a
short-sale of large caps.

2 Value factor: You are investing in Value stocks and financing this position by
shorting Growth stocks.

Hence, the factor returns are already excess returns, i.e. there is no need
to subtract the riskless asset return.

French’s web-page provides many different factors and a detailed description
of their construction: http://mba.tuck.dartmouth.edu/pages/faculty/

ken.french/data_library.html.
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Size and Value: Factor Model

Based on these factors, the authors define a 3-Factor model to explain expected
stock returns:

Re
i,t = αi + biMKTt + siSMBt + hiHMLt + εi,t , (32)

where

Re
i,t ≡ Ri,t − Rf ,t is the excess return of asset i ,

MKTt ≡ RM,t − Rf ,t is the excess return of the market,

SMBt and HMLt are the size and value factor returns, respectively,

αi represents the model’s mispricing, and

εi,t is a mean zero error term.
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Size and Value: Factor Model Pricing Errors

Empirically, the pricing errors are small on the test assets, with an average value
of αi ≈ 0.093% per month:
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Size and Value: Factor Model Pricing Errors

Graphically, small pricing errors mean that predicted and realized returns line up:

Source: Cochrane [1999]
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Size and Value: Factor Exposures

The test assets’ market betas b are quite similar, but their exposures to the size
and value factors, s and h, vary a lot:
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Size and Value: Mispricing or Risk Premium?

The profitability of factors can represent a risk premium (compensation for
risk) or mispricing by investors.

The positive average returns on the value factor could be due to a recession
premium reflecting the pro-cyclical nature of value stocks.

These returns could also arise from undervaluation of value firms by investor
due to behavioral reasons.

Empirically, returns on the HML factor forecast changes in the Chicago Fed
national activity index, consistent with a risk-based explanation (Cooper and
Maio [2016]).
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E/P , C/P , and Sales Growth

Fama and French [1996] further investigated sorting on:

1 the earnings/price ratio (E/P),

2 the cash-flow/price ratio (C/P), and

3 the five-year sales rank (5-Yr SR), computed as the time weighted average of
the annual sales growth ranks of the prior five years.

High E/P and high C/P decile portfolios have higher returns than lower
decile portfolios. This is similar to B/M sorting.

This is not surprising. B/M, E/P, and C/P are fairly similar variables; all
three are ratios of a fundamental variable and a market valuation.

On the other hand, low sales rank decile portfolios have higher returns than
high decile portfolios, i.e. past sales growth is negatively related to
future returns.

Intuition: Firms that have performed poorly in sales terms in the last 5 years
are relatively distressed and load positively on HML. They tend to rebound in
the following period.
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E/P , C/P , and Sales Growth

A summary of these results is reported below:
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E/P , C/P , and Sales Growth

The 3-factor model still performs well when applied to decile portfolios
constructed based on these additional variables:

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 77 / 114



Overview

1 The Equity Risk Premium

2 Equity Return Predictability

3 The Cross-Section of Expected Returns
General Idea
Risk Premium Versus Mispricing
Empirical Findings from the Literature

Size and Value
E/P, C/P, and Sales Growth
Profitability and Investment
Momentum
Low Beta

Buffett’s Factor Exposures
Statistical Significance Issues

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 78 / 114



Profitability and Investment

Fama and French [2015] extend their 3-factor model to a 5-factor model by
adding profitability and investment factors:

Re
i,t = αi + biMKTt + siSMBt + hiHMLt + riRMWt + ciCMAt + εi,t , (33)

where RMWt and CMAt are the returns on the profitability and investment
factors, respectively. Their construction is similar to that of HML and SMB.

Profitability Factor: RMW (Robust Minus Weak profitability)

Sorting is performed based on Revenue−COGS−SGA−Interest
Book value of equity

.

Investment: CMA (Conservative Minus Aggressive portfolios)

Sorting is performed based on the percentage growth in total assets.
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Profitability and Investment

There is large variation in average returns across portfolios:
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Profitability and Investment

Intercepts are much smaller when using five factors than when using three factors:
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Profitability and Investment

The profitability factor shows that firms with high operating profitability
have higher average returns.

The investment factor shows that firms that invest little have higher
average returns than firms that invest a lot.

The 5-factor model performs better than the 3-factor model in terms of
mispricing, i.e. αs become negligible.

The profitability and investment factors overlap with the value factor to some
extent. One can explain the premium on the value factor by its exposure to
the other factors, making the value factor redundant.
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Momentum

Jegadeesh and Titman [1993] investigate a simple strategy that buys winners
in the last 3-12 months and sells losers in the last 3-12 months.

Firms that have performed well in the previous 3 to 12 months are found to
keep performing well for as much as 12 months in the future.
Underperforming firms also keep underperforming.

The long-short portfolio of buying winners and selling losers is called
momentum and its returns cannot be explained by MKT, SMB, and HML.

This momentum effect lasts for about 12 months and is followed by a
reversal.

Momentum is particularly strong in December and January due to tax-loss
selling.
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Momentum: Returns
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Momentum: Portfolio Characteristics
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Momentum: Alphas
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Momentum: Characteristics

Momentum is mainly driven by:

Under-reaction to firm-specific information, which is only processed slowly by
investors.
Investors’ riding recent trends in asset prices.

Momentum has good performance but its returns are negatively skewed,
i.e. it is subject to infrequent but large crashes. Another issue is that its
turnover is high, implying large transaction costs.

Momentum is negatively correlated with the Value factor.

Asness et al. [2013] investigate the presence of Value and Momentum factors
across asset classes and countries. They find that Momentum (Value) in an
asset class is positively related to Momentum (Value) in other asset classes.

Value and Momentum are related to illiquidity factors but when combined
they are neutral to illiquidity (which makes the returns even more puzzling).
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Momentum and Value: US Stocks
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Momentum and Value: Non-US Stocks
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Momentum and Value: Returns for Stocks
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Momentum and Value: Returns for Other Assets
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Momentum: Timing Considerations

Momentum has remarkable performance in terms of Sharpe ratio.
Nonetheless, momentum is negatively skewed and exhibits sudden crashes.

Daniel and Moskowitz [2016] investigate a dynamic momentum strategy
to avoid crashes.

Regressions reveal that momentum returns are particularly poor during bear
markets with high volatility, specifically when:

There has been a steady market decline (a bear market defined as a negative
cumulative market return during the previous 24 months).
Risk (measured as the variance of daily market returns during the previous 126
days) is high.

The dynamic momentum strategy weights the investment in the momentum
portfolio according to its conditional expected return and its conditional
variance,

w ∝ Et−1[RMom]

Et−1[(RMom − Et−1[RMom])2]
. (34)

The dynamic momentum strategy has a Sharpe ratio that is twice as high as
the static momentum strategy.
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Momentum: Timing Considerations
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Momentum: Timing Considerations
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Momentum: Timing Considerations
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Low Beta

Empirically, the SML is flatter than predicted by the CAPM:

Source: Fama and French [2004].

One explanation for this effect is that many investors face leverage
constraints. For example, US regulations constrain leverage at 2:1, and
brokers generally do not allow more than 4:1 intraday leverage.

In order to achieve high returns, constrained investors must purchase
high-beta assets, causing them to be overpriced.

Unconstrained investors can achieve good returns by taking leveraged
positions in underpriced low-beta assets.
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Low Beta

A betting against beta (BAB) factor that goes long low-beta assets and
short high-beta assets generates high returns and Sharpe ratios.

The BAB factor is constructed to be market-neutral by leveraging up
low-beta assets to a beta of one and de-leveraging high-beta assets to a beta
of one (Frazzini and Pedersen [2014]). The factor returns are given by

RBAB
t+1 =

1

βL
t

(RL
t+1 − Rf ,t+1)− 1

βH
t

(RH
t+1 − Rf ,t+1) . (35)

Note that the underlying portfolio is not self-financed. Hence, the riskless
rate must be subtracted from the returns of the long and short legs to obtain
excess returns.

The factor’s returns cannot be explained by other commonly used factors
(i.e. the others we considered).

The profitability of the BAB factor holds across different asset classes and
countries.
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Low Beta: Decile and Long-Short Returns for US Stocks
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Low Beta: Profitability across Countries and Asset Classes

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 101 / 114



Overview

1 The Equity Risk Premium

2 Equity Return Predictability

3 The Cross-Section of Expected Returns
General Idea
Risk Premium Versus Mispricing
Empirical Findings from the Literature
Buffett’s Factor Exposures
Statistical Significance Issues

Adriano Tosi, Alexandre Ziegler (UZH) Asset Management Fall 2020 102 / 114



Buffett’s Factor Exposures

How does Warren Buffett invest?

Frazzini et al. [2018] investigate Warren Buffett’s factor exposures.

They find that Buffett loads positively on: market, value stocks, low-beta
assets, and quality stocks. All this is done with a leverage of approximately
1.6.

The quality factor is constructed in Asness et al. [2019], who build on
Piotroski [2000]:

Piotroski [2000] creates an indicator to distinguish high-quality stocks from
low-quality stocks based on accounting information.

Asness et al. [2019] create the QMJ (Quality minus Junk) factor that goes
long high-quality firms (those with strong profitability, high growth, and low
risk) and short junk firms (those with the opposite characteristics).
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Buffett: Historical Performance

Distribution of annualized information ratios for US common stocks

Source: Frazzini et al. [2018]. The sample comprises all common stocks in the
CRSP database with at least 40 years of return history. The information ratio is
defined as the intercept in a regression of monthly excess returns on the excess
return of the value-weighted market portfolio, divided by the standard deviation of
the residuals.
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Buffett: Factor Exposures and Alpha
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Buffett: Simulated Returns on Mimicking Portfolio

Frazzini et al. [2018] reproduce Buffett’s investment style by loading on
academic factors. The portfolio is then rescaled to have the same volatility as
the Berkshire stock returns.
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Statistical Significance Issues

Harvey et al. [2016] investigate the large number of factors that the literature
has identified so far.

There are over 300 factors nowadays.

They claim that the repetitive data-mining of the academic finance
community requires t-stats much higher than 2 to consider a factor relevant
(they suggest values of 3 or more).

Accordingly, they claim that many of the factors found in the financial
economics literature are most likely false.

Nevertheless, the following factors are widely considered relevant and
statistically significant:

MKT
SMB
HML
UMD
BAB
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Statistical Significance: Required t-stats over Time
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