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I. Introduction

A central theme in asset pricing is what types of news drives realized asset returns. A large
literature combines the log-linearization of Campbell and Shiller (1988) with a VAR approach as in
Campbell (1991) to decompose stock return variance into components coming from dividend news,
expected return news, and the covariance of the two. In this paper we propose a decomposition not
of return variance but of the realized return for a given period. This allows for an interpretation
of the movement of the stock market period by period. It can also be used to assess potential
risks to the market ex-ante, similarly to the way investors use duration to assess risks ex-ante in
the bond market.

Our approach relies on two main ideas. First, we make the simple observation that in modern
financial markets, a lot of information about the real yield curve and the equity risk premium is
observable. The term structure of the real riskless rate can be measured out to around 30 years
from nominal Treasury yields and inflation swaps, or from inflation-indexed Treasury (TIPS)
yields. Using the nominal rate on interest rate swaps combined with inflation swaps one can
observe real yields out as far as 40 years. The term structure of the equity risk premium is not
directly observable but Martin (2017) provides a lower bound on the equity risk premium based on
S&P500 index options. He argues that this lower bound is approximately tight and thus is close
to the actual equity risk premium.’ While Martin studies the equity risk premium out to 1 year,
this can be extended out to around 2 years in recent years, based on available S&P500 options. If
fluctuations in the equity risk premium have a large transitory component, fluctuations in the first
two years will account for a substantial part of equity risk premium news. We supplement Martin’s
equity risk premium approach with data for asset managers’ equity risk premium estimates out to
year t+ 10, obtained from Dahlquist and Ibert (2021). This provides information on less transitory
movements in equity risk premium.

Second, to utilize the availability of rich discount rate data, we develop a simple new stock
return decomposition (Result 3) which is straightforward to map to available data. Our approach

starts from the present value formula that expresses the stock price as a function of expected

1'We supplement Martin’s analysis with theoretical analysis of how the change in the Martin lower bound relates to the
true change in the equity risk premium. In particular, we show that for the CRRA log-normal case, the same parameters that
ensure that the lower bound is in fact a lower bound (Martin’s negative correlation condition) also ensure that the change
in the lower bound is smaller than the change in the true risk premium. This suggests that our approach will understate
the role of risk premium changes for realized returns to the extent that Martin’s lower bound is not tight.



dividends and expected returns. Under a set of assumptions, we derive the elasticities at date ¢ of
the stock price with respect to the expected return for year ¢t 4+ k and with respect to the expected
dividends for year t+k. We show that these elasticities are functions only of dividend strip weights
(i.e., the fractions of the stock market paid for dividends at various maturities). Using wt(n) to
denote the portfolio weight of the n'* dividend strip in the overall stock market, the elasticity of
the stock price at ¢ with respect to the expected return in a future year t +kis — >~ wtn), ie.,
minus the portfolio weight of dividends from ¢ + k onward. This is intuitive, since the present
value of dividends to be received before t + k are unaffected by increased discounting in year ¢ + k.
The elasticity of the stock price at t with respect to the expected dividend at ¢ + k is simply the
dividend strip weight for that dividend wt(n). Intuitively, the effect of a given percentage change
in an expected dividend on the stock price depends on how large that expected dividend is prior
to the change, measured by its weight in the overall stock market.

To implement our method, we calculate dividend strip weights from dividend futures out to
year 10 and show how dividend strip weights can be estimated past year 10 if expected returns
and expected growth are approximately constant past year 10. Crucially, we show how market
data on dividend futures can be used to estimate the market’s perception today of the ratio G/R
at the terminal date, where GG denotes the gross expected growth rate and R the gross expected
return, both past year 10. The dividend futures, combined with discount rate data, also provide
information about expected dividends out to 10 years. Armed with elasticities and observable
measures of changes to expected returns from real yields or the equity risk premium (and some
data on changes to expected dividends), we are able to provide a decomposition of a given daily
realized stock return into real yield curve news, equity risk premium news, near-term dividend
news, and long-run news capturing news past the measured horizons. Most cash flow news will
enter this residual given the modest importance of the first 10 years of dividends for the value of
the stock market.

We compare our elasticities approach to the Campbell-Shiller log-linearization which could also
be used for a period-by-period stock return decomposition given observable inputs. We argue that
our approach maps more directly to data. Our expected return and expected dividend elasticities
can be calculated from dividend futures data, while calculation of expected return and expected
dividend elasticities based on the log-linearization approach requires an assumption about the value

of the log-linearization constant p = e.g., the last value or the historical average). Because
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the Campbell-Shiller log-linearization is done around the same value of p in all time periods, it
implicitly assumes a constant D/P ratio going forward. In our approach, the elasticities out to
the horizon of available dividend futures impose no restrictions on the D/P ratio. Furthermore,
elasticities past this horizon are calculated based on a market-implied measure of the G/R ratio.

As discussed above, by implementing a stock market decomposition (ours or the CS log-
linearization) using observables, one can measure the contributions of various return components
for the realized stock return in a particular time period. A standard VAR estimation also pro-
duces time series of cash flow news and discount rate news. Could one use a VAR-based analysis
to understand stock market developments in a given time period? We think the answer is no, in
the sense that this would be less informative. Specifically, a VAR-based return decomposition is
typically used to estimate whether stock market fluctuations on average, over a long estimation
sample, tend to be driven more by cash flow news or discount rate news. This objective aligns well
with the assumptions made. One assumes a time-invariant VAR model structure, with constant
regression coefficients. The drawback of using a VAR for a period-by-period decomposition of
returns is that VARs interpret all movements in the predictors equally. For example, suppose the
price-earnings ratio falls in a given period of interest and that declines in the price-earnings ratios
predict higher stock returns over the VAR estimation sample. A VAR approach to understanding
the realized return for the period will then suggest that there was negative discount rate compo-
nent to the realized stock return even if the decline in the price-earnings ratio in this particular
period was due mainly to negative news about future cash flows. By contrast, since our approach
does not rely on regressions it does not impose any constraints on the mix of discount rate news
and cash flow news in a given period.” Similarly, because our decomposition is based on observ-
able data and does not require any regressions, our approach allows equity market researchers to
decompose realized stock returns in a way that is conceptually similar to that used in event studies
of yield changes in bond markets. See, e.g., Krishnamurthy and Vissing-Jorgensen (2011) for a
decomposition of yield changes around quantitative easing announcement dates into components.

The question of understanding stock market movements in a given period gained particular
interest during the COVID crisis and recovery so we illustrate our approach with an application

to 2020. Figure 1 graphs the cumulative return on the S&P500 index over the year 2020.° The

2Recent work in the VAR literature allows for time-varying coefficients, see e.g. Bianchi (2020).
3The figure is based on the total S&P500 return index form Bloomberg (SPXT Index) which index includes dividends.
For the year, the dividend yield accounts for 1.8% of the total return.



cumulative S&P500 return was -33.9% from the start of 2020 up to March 23, 2020. This was
followed by a sharp recovery and the market ended the year up by 22.1%. The dramatic moves in
the stock market led to a series of questions. What drove the sharp decline in the market? Why
did the market recover so fast despite the lingering health crisis? Why was the market recovery
so strong, with a large gain for the year?

An emerging literature has approached these questions by seeking to measure cash flow news
for 2020. Landier and Thesmar (2020) analyze analyst earnings forecasts up to May 2020. They
estimate a counterfactual path for the stock market which assumes unchanged discount rates (and
payout ratios) and uses dividend expectations updated daily based on updates to analyst forecasts
for 2020-2022 earnings. The 2022 earnings are central for their terminal value calculation. They
find that dividend news was modest, around -5% by March 23, 2020, and became more negative
past March 23, 2020. This is in sharp contrast to the large crash and fast recovery of the actual
stock market. Cox, Greenwald, and Ludvigson (2020) study the COVID crisis using the estimated
structural asset pricing model of Greenwald, Lettau, and Ludvigson (2019) in which the value of the
stock market is expressed as GDP X [corporate profits/GDP] x [stock market value/corporate
profits]. They also conclude that it is difficult to explain the V-shaped trajectory of the stock
market over the COVID crisis with cash flow news. A central argument is that, based on data
from the Survey of Professional Forecasters as of May 2020, GDP was expected to fall by about
10% in 2020Q2, but was expected to increase in 2020Q3. The COVID shock to GDP was thus
expected to be quite transitory implying that GDP (and thus earnings) changes can explain only
a small fraction of the crash and recovery. Gormsen and Koijen (2020) study dividend futures.
They show that changes to the value of dividends out to year 10 can account for little of the stock
market crash (given their modest weight in the market and the realized decline in dividend futures
values) and none of the recovery up to July 20, 2020. They argue that longer-maturity dividends
are likely to be only modestly affected by the COVID crisis, implying that changes to their present
value and thus to the overall market may have been driven mostly by discount rate news.

We infer from these papers that, to the extent it is possible to measure cash flow news, such
news does not appear able to explain much of the stock market decline or recovery in 2020. Is
this due to the difficulty of measuring expected cash flows, or can market movements instead be
explained by discount rate news? Our decomposition allows us to shed light on this question by

taking what is, in essence, the opposite approach of that taken by prior work on 2020. We try to



measure discount rate news rather than cash flow news. The focus on discount rates also allows
us to provide a more granular decomposition of discount rate effects by distinguishing between
(a) the impact of real yield curve news and the impact of equity risk premium news, and (b) the
relative importance of short-term and long-term discount rates. Indeed, the application of our
decomposition to 2020 reveals four key facts.

First, the equity risk premium increased sharply until March 18 and had a substantial role
in the market crash. We estimate that from the start of the year up to March 18, the equity
risk premium for the one-year horizon increased from 2.6% to 15.7%, with further increases in the
year-2 risk premium. Together, the increase in the risk premium for the first two years contributed
-14.3 percentage points to the stock return up to March 18 (which was -26%). Using quarterly
data on asset manager equity risk premium estimates out to the 10-year horizon, we estimate
that equity premium news can account for almost all of the market decline in 2020Q1. During
the recovery period, equity risk premia decline quickly. An “A-shaped” pattern for the equity
risk premium thus helps explain the V-shaped pattern of the stock price. Equity premia remain
somewhat higher at the end of 2020 than at the start of the year.

Second, with the exception of an upward spike in long rates from March 9-18, real riskless rates
drop dramatically across all maturities and do not recover by the end of the year. The 10-year
real riskless rate declines over 100 bps over the year and real forward rates fall even out to the
40-year horizon. For the year 2020, the decline in the term structure of real rates out to year 40
contributes a 20.9% increase in the stock market.

Third, changes to expected dividends out to year 10 have a modest effect on the market,
contributing minus 2.5% percentage to the stock return over the year and never more than minus
4.5% percent during the year. The small contribution of observed expected dividend changes to
overall returns is unsurprising given that the first 10-years of dividends generally contribute only
about 20% of the value of the stock market.

Fourth, there is some negative residual (the long-run news) in the crash but almost none for
the year as a whole. Since the majority of cash flow news enters the residual in our approach, this
finding is consistent with the prior literature finding only a modest role for cash flow news.

The outline of the paper is as follows. Section [l derives our stock return decomposition.
Section III compares it to the Campbell-Shiller log-linearization. Section [V-VI describes the

implementation of our decomposition and applies it to 2020, while Section VII implements it for



the financial crisis as well as for the July 2004-December 2020 period of available data. Section

VIII concludes.

II. A new stock return decomposition

We derive a simple decomposition of the realized stock market return (over a short period) into
real yield curve news, equity premium news and cash flow news. Our approach relies on calculating
first derivatives and elasticities of the stock price to expected returns and expected dividends at
various maturities. The percentage change in an expected return or exp dividend multiplied by
the elasticity of the stock price to this variable is then its contribution to the aggregate stock price
movement.

After presenting the new approach in this section, Section 1] compares the price elasticities
from our approach to those one would obtain based on the Campbell-Shiller (CS) log-linearization.
We argue that our approach has the benefit that the elasticities are function only of dividend strip
weights which can be calculated from dividend futures, whereas the CS log-linearization requires

an assumption about the log-linearization parameter p.

A. Background definitions

We begin with some definitions of prices, dividends and returns. Unless otherwise noted, all

variables are in real terms. Start from the present value formula of the stock market

p=dop =y Bl 0
n=1 n=1 i

where Pt(n) = % is the value of the n'* dividend strip, i.e., the present value at time ¢ of the
expected dividend paid out at time ¢ +n with R;,, the n-period cumulative gross discount rate at

time ¢.

(n—1)
The one-period gross return of the n'* dividend strip is given by R§1)1 = P;?L) where Pt(f:)l =
Dy, 1. The cumulative gross discount rate on the expected dividend paid out at time ¢ + n can

then be expressed as

Riw = E [ RIS (2)
k=1

because Ry, is the time ¢ expected hold-to-maturity return, and the n-period holding return is



the product of one-period returns from time ¢ + 1 to t + n.
The one-period gross return on the market can be expressed as the value-weighted average of

the one-period gross returns on all dividend strips

P+ D () pin
Ry = %M = ng )R§+)1 (3)
t
n=1
(n)
where wg") = P;Dt is the weight of the n'* dividend strip (the present value of the expected dividend

paid out at time t 4+ n relative to the overall stock market value).

B. The effect of expected return changes on the stock price

To show the effect of expected returns on the stock price we first make the following assumptions

on the returns to dividend strips.

Assumption 1. The realized returns on a dividend strip are independent across time periods,

conditional on information known at date t
(n—k+1) (n—k+1)
By H Ry, - H Bl
k=1 k=1

Assumption 2. The expected gross return on a dividend strip is proportional to the expected gross
return on the market

ERY), = bV E Ry,

t+k
where 3°°°  w!™b™ = 1 must hold due to equation (3)."
With these assumptions, the effect of expected return changes on stock returns is as follows.

Result 1 (expected return news and stock returns).
Under assumptions 1 and 2, the effect of an instantaneous change to the expected gross return on

the market for year t + k on the stock price can be expressed as:

o

oP/ b 1 (n)
= — wy . 4
OE,Ry 11, E.Ry iy, ;C ! ( )

4A simple but more restrictive version of Assumption 2 is that all dividend strips have the same expected gross return
for a given period, which is then equal to expected gross return on market. In this case bg") =1 for all ¢ and n such that
EtREZL == Eth+k.



Therefore, the elasticity of the stock price with respect to the expected gross stock return in year

t+k is

OP,/ P, =
R t/ 1t }: (n)
Uik (OFRiy1,) /| Ei Ry — (5)

with a one percent increase in the expected gross return in period t + k generating a — > oo (n)

percent stock return today.

Proof: See appendix.

Result 1 is related to the standard bond pricing formula that links bond price changes to
duration and yield curve shifts. However, rather than studying the effects of parallel shifts in the
yield curve, we derive the effect of a change to the expected gross return for one future year.

To see the intuition, consider an increase in the expected gross return for period t + k, E; Rk,
of one percentage point. With the higher discount rate for year ¢ + k, all dividends to be paid at
t + k or later will now be discounted by one percentage point more when we discount back from
t+k tot+k—1. Therefore, if there were no dividends before date ¢t + k, then the expected return
elasticity of the stock price, wfk, would simply be -1. However, if there are dividends before date
t+k, their present value is unaffected by the change in the expected return for year t+ k, resulting
in a smaller effect of EyR;,j on P,. The factor > wﬁ") captures the fraction of today’s price P,
that is due to dividends at date t + k£ and later.

In terms of the assumptions required for Result 1, Assumption | states that realized returns on
a dividend strip are independent across time periods, conditional on information known at date
t. Importantly, this does not rule out time-variation in expected returns and expected returns
for different maturities can update in a correlated fashion. What needs to hold is that realized
returns in one year for a dividend strip are not informative for realized returns in another year
on that same dividend strip, conditional on what is known at ¢. For example, £, [Rglez] =
E, [RE%} E, [RSF)Q] + covy (Rg)l, R&)z). Thus, the assumption holds for horizon n = 2 if
covy (Rﬁ)l, RS_)2> = 0, i.e., if the distance of Rii)l from its conditional mean is uninformative for
the distance of R% from its conditional mean.

Assumption 2 states that the expected return on a dividend strip is proportional to the expected
return on the market. If bi”) = 1 for all n, then the equity term structure (a plot of the expected

annualized return on dividend strips against dividend strip term) is flat at time ¢ and all dividend
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strips have the same expected return. This expected return is equal to the expected return on
the market. However, the assumption is less restrictive than this, and allows for upward sloping
™ > ™ if m > n) or downward sloping (b™ < b{™ if m > n) term structures of equity returns.
The assumptions also allow for time series variation in the term structure (see Gormsen (2021))
as the maturity dependent proportional factors are conditional on ¢.

As an alternative to assuming proportional gross returns, suppose instead that expected returns

on dividend strips followed a CAPM, possibly with non-zero alphas:

E, (R,gﬂ) Rl = o™ + 8" [Et (Revr) — Rl

In this case, Result 1 would change to Result 14

The main difference from Result 1 is that @(n) in the numerator may differ substantially from one
for some maturities. The net effect of this compared to Result 1 is ambiguous. van Binsbergen,
Brandt, and Koijen (2012) and van Binsbergen and Koijen (2017) find that betas are increasing in
n (and below one for low n). This has two effects in Result 14", First, since the sum on the right

hand side only starts at n = k, betas that are increasing in n will imply that the average beta used

t/ t
OFE+R

more negative compared to Result 1. Second, within

the sum, betas that are increasing in n Wlll imply that the largest weights wt(n) are multiplied by

t/ t
OELR

in the sum is above 1, thus making

the smallest betas, thus making less negative compared to Result 1. Given this ambiguity,
and given that Result 14! is harder to implement in practice as it requires estimates of ﬁt(n) and

E,R™

iy WE proceed with Result 1.

C. The effect of expected dividend changes on the stock price

We next characterize the effect of expected dividend changes on stock returns as follows.

Result 2 (dividend news and stock returns).
The effect of an instantaneous change to the expected dividend for year t + k on the stock price

can be expressed as:
0P,/ P, 1/P, 1
/b 1P w®. (6)
OEDix  Run  EiDpr




Therefore, the elasticity of the stock price with respect to the expected dividend at t + k s

or,/ P,

D _ — w(k’) 7
¢t,k (aEtDt+k) /EtDt+k t ( )

with a one percent change in expected dividend t + k leading to a wgk) percent stock return.

Result 2 states that a one percentage point change in a dividend accounts for a percentage
change in the stock price that is equal to that dividend’s weight in the overall stock market
valuation. Since dividends further into the future are discounted more, dividend strip weights wt(k)
will typically be decreasing in maturity k, implying that a one percent change to a later dividend

has a smaller effects on today’s stock price than a one percent change to an earlier dividend.

D. The new stock return decomposition

Results 1 and 2 show the effect of an instantaneous change in an expected return or an expected
dividend on today’s price. We implement them using daily data, both because a short time period
maps better than a longer one (e.g., weeks or months) to the idea of instantaneous changes, and
because we are interested in understanding the evolution of the stock market day by day.
Assuming that, over a one-day period, the realized dividend yield equals the expected dividend

yield for that day, we can express the realized return on day d as
Realized return; = Expected return,; + Unexpected capital gain,.

Using Results 1 and 2, we then have the following decomposition:

Result 3 (Realized return decomposition).

Realized returng (8)

- w1 OER = 0ED
= Faxpected return, + Z [_ Z":kwﬁ )] bl inka +Z wt(k)t—”k

1 Eth-‘rk EtDH—k
Discount rate newsq Cash flow news,
0 0
W Ofisn ™ ety (k) OE Dy y,
= Ezpected returng + 5 W + E Wy | = E Wy ————
" E Ry " EiRy EyDy iy
= = L )
Yield curve newsy Risk premium newsy Cash flow news,
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where the second line uses that the expected gross stock return for year ¢t + k can be expressed as

EiRii = fen + erak (9)

where f;.r denotes the (gross real) forward rate for a risk-free 1-year investment in year ¢ + k£ and
esvr denotes the equity risk premium for year ¢ + k. Result 1 holds whether changes to E;R;
are due to changes in expectations of f;, . or e; .

In practice, data for real yields, the equity risk premium and expected dividends is not observed
to infinite maturities. This limitation on data availability means that in actual implementations

one computes

Realized returng (10)
0 of 2 de Y OE.D
= Expected return, + [—ZOO: w(n)] AL [— > w(")} Stk N W 2R
I kz:; "R B R kz:; "R B Ry, kz:; " EDiy
Riskfre;,rate newsgy Risk pre;rnium news, Cash ﬂ;v newsgy
+Residualy

where the residual term reflects the daily returns unexplained by the observable data. In US
data, the maximum maturity of available data on real risk-free rates, risk premium and expected
dividends are 40, 2 and 10 years respectively (see subsequent sections for the data descriptions).
The residual will include discount rate news past the horizons stated as well as the majority of

the cash flow news (given the modest role of the first 10 years of dividends for the stock price).

E.  Dividend strip weights and stock market elasticities

In implementing Result 3, a central element is the dividend strip weights wﬁ”). It is well known that

dividend strips (which are not traded) can be valued from dividend futures (e.g. van Binsbergen
et al. (2013)). Since dividend futures pay off at maturity (¢ + n), dividend strips and dividend

futures prices are related by
P = Foo/ (L+yi")" (11)

where F),; denotes the date t price of a dividend future paying the nominal dividend for period

t+mn at t +n and y)™ is the riskless nominal yield at date ¢ for a n-period investment. In this

11



expression, [}, ; is nominal (since actual dividend futures contracts pay the nominal dividend) and

nom

therefore they are discounted using the nominal yield y;*

. Using the dividend futures prices, we

can then express the dividend strip weights as

w_ P /(1 +ypem)

) P,

(12)

This highlights how Result 3 is easily mapped to data when dividend future prices are available.

In practice, dividend futures are traded on the S&P500 index out to a maximum maturity of 10
years. Assumptions are therefore needed to estimate dividend strip weights past this maturity. We
assume a Gordon growth model for dividends beyond year ¢ + 10, with G¥ denoting the expected
annual gross dividend growth rate past year ¢ + 10 and R is the expected annual gross return
past year t + 10. Both rates are, as of time ¢, assumed to be constant in expectation across all

periods past year ¢ + 10. Under this assumption, the value of “long-term dividends”, L; is

. E,Dy
L= R,
k=11 ’

GE  (GEN?
=pMO L (2 4
o\t )
L
(10) Gy
_puo (T 1
() "

Rearranging in terms of the ratio of the long-run gross dividend growth rate to the long-run gross
expected return, .

%L = Lt—l—#;t(w)' (14)
The value of long-term dividends, L;, is observed from the difference between aggregate stock

market value and the sum of dividend strip values up to 10 years maturity
10
Ly=P—> P" (15)
k=1
and Pt(lo) is observable as the price of the 10th dividend strip. The right hand side of equation

(14) is therefore fully observed. The ratio % can thus be calculated from observables and we
t

arrive at the following result.
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Result 4 (Long-maturity dividend strip weights estimates).
Assuming a Gordon growth model for dividends beyond year 10 and using available data on dividend

futures, dividend weights beyond 10 years in maturity can be expressed as:

GL k—10
wlk) = <R—tL> for k > 10. (16)
¢

where ratio of the long-run growth rate to expected return is calculated from equation (14).

Since G/R ~ 14+ G — R =1 — D/P under constant expected dividend growth and expected
returns, our assumptions about G* and R” are equivalent to making assumptions about the value
of D/P at the horizon from which expected dividend growth and expected returns are assumed
constant.

To illustrate the relation between dividend strip weights and elasticities, Figure 2 plots the
dividend strip weights on the first day of 2020 in the top left hand panel, and the cumulative sum
of weights in the top right hand side panel.” Dividends up to 10 (30) years were a combined weight
of 17% (44%) of the total stock market value on this date. This highlights the large fraction of
stock market value that is generated from long-maturity dividends, and thus the long duration of
the stock market overall (a point also made in van Binsbergen (2020) and Gongalves (2021)). As
of the start of 2020, the duration of the stock market was 46 years based on the dividend strip
weights in Figure 2.

Figure 2 plots the dividend elasticity of the stock price in the bottom left hand panel and
the return elasticity of the stock price in the bottom right hand panel. These figures shows
how percentage changes in expected dividends and expected returns at various maturities effect
the aggregate stock market’s instantaneous return. The dividend elasticity of the stock price is
the same as the dividend weight in the panel above. The return elasticity of the stock price is
Vi =—=> wi™ = — <1 -3 w§n_1)> — 3% w™Y — 1 and therefore equals the value in
the figure above, minus one. Increases in expected future returns lead to instantaneous negative

realized returns.

®We obtain the dividend futures prices from Bloomberg, which are available from 2017 and out to a maturity of 10 years.
To get constant-maturity prices for years 1 through to 10, we interpolate across the prices of different contracts each day,
following the norm in the literature (see van Binsbergen et al. (2012), van Binsbergen et al. (2013), van Binsbergen and
Koijen (2017), Gormsen et al. (2021)).
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III. Comparison to the Campbell-Shiller log-linearization

As an alternative to our approach that starts from the present value formula, one could have
used the Campbell and Shiller (1988) (CS) log-linearization to calculate price elasticities and thus
to implement a period-by-period return decomposition with observables. We compare these two
approaches before turning to the implementation of our approach.

Let r, = In Ry, p; = In P;, and d; = In Dy, then it follows

g1 = Im(Py+ D) —In Py

= Pey1— P+ In (1 +exp (diy1 — peg1))

The CS log-linearization is based on a first-order Taylor approximation of
In (1 + exp (di11 — per1)) around a particular value of dyy1 —p;y1, often the historical average value

of d — p denoted by d — p:

In (14 exp (di1 — pey1))

exp (d — p)
1+ exp (dTp
= k+ (1= p)di1 — prs]

= In (1 + exp (dTp)) +

) [dt-H — Pt+1 — (dTp)}

with

1
P 1+ exp (m) a7

ko= —lnp—(l—p)ln(%—l) (18)

This implies,

Tep1 = Pep1 — Pr + b+ (1= p) [diy1 — Doyl = pe = ppesr +k + (1 = p) diq — 141 (19)
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Iterating forward, and assuming the no bubble condition that lim;_., p/py; = 0, then

e = % + ZP] (1= p)desryy — ijrt+1+j- (20)

Jj=0 j=0

with this expression also holding in expectation. Assuming returns and dividends are log-normally

distributed, then

k ; j
=g 2P (L= ) I BDuay = 3 pln Eifeiay

>0 >0

1 , A

) <Z (1 =p)Varidp1yj — ZP]VC”% 7"t+1+j> (21)
Jj=0 J=0

since E (InX) = In E (X)—1Var (InX) for a log-normal random variable X . Given equation (21),

the effect of expected return and expected dividend changes based on the CS log-linearization is

as follows.

Result 1¢° (expected return news and stock returns based on the CS log-linearization).
Using the Campbell-Shiller log-linearization and assuming returns are log-normally distributed, the

elasticity of the stock price with respect to the expected return in period t + k is:

RCS _ P,/ hy _ Ipt _ _pk—l (22)
, (aEth+k) /Eth+k dln EiRy i,

Result 2¢° (dividend news and stock returns based on the CS log-linearization).
Using the Campbell-Shiller log-linearization and assuming dividends are log-normally distributed,

the elasticity of the stock price with respect to the expected dividend at date t 4+ k is:

D,CS __ OP;/ P, _ Op -
P = =(L=p)p
(3EtDt+k) /EtDt+k Oln By Dy,

k—1 (23)

One can think of Result 1¢° and Result 2¢9 as restricted versions of Result 1 and 2 in the fol-
lowing sense. When iterating (19) forward to derive the price expression, the Campbell-Shiller ap-
proach implicitly log-linearizes In (1 4 exp (dix — piyx)) around the same value of the log dividend-
price ratio for all k. This is equivalent to saying that the resulting Campbell-Shiller price expression
assumes that, standing at date ¢, investors expect the dividend-price ratio to be the same at each

future date ¢ + k. The simplest example of a setting generating a constant dividend-price ratio is
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one with constant expected growth and constant expected returns. The result below shows that
if we were to impose these assumptions on our framework (starting from today’s date), it would
give identical values for the elasticities of the stock price as the Campbell-Shiller approach if the

latter log-linearized around today’s D/P ratio.

Result 5 (Comparing impact of expected return news and dividend news in our ap-
proach and Campbell-Shiller log-linearization).

If (a) returns and dividends are log-normal, (b) expected gross dividend growth and expected gross
stock returns are constant going forward (equal to G and R, respectively), and (c) the CS log-
linearization is done around the log of today’s dividend-price ratio, then our approach simplifies

to the CS approach:

G
_ v 24
p 7 (24)
w” = (1-p)p! (25)
PR = = w =gt =yt (26)
n=~k
= w = (1= p)pft = (27)

Proof: See Appendix.

This result makes it clear that the CS log-linearization imposes additional assumptions com-
pared to our approach. From a practical perspective, the main difference is that rather than having
to make an assumption about the most accurate value of p to use in the CS log-linearization, the
dividend strip weights in our approach are observable from dividend futures out to year 10 and,
as shown in Result 4, one can use the observable values of the stock price at ¢t and of short-term
dividends at ¢ to back out the ratio GF/RF needed for the calculation of dividend strip weights
past year 10.

Conceptually, the most accurate value of p to use in the CS log-linearization would be based
on an estimate of the typical dividend-price ratio going forward, but is this best proxied by a
historical average, the latest value, or some other choice? Figure 3 illustrates the importance
of this choice. For the CS log-linearization approach, we graph the stock price elasticities with
respect to expected dividends (left) and expected returns (right) for two different choices of p. We
compare elasticities from calculating p based on the value of D/P at the start of 2020 (D/P=1.5%,

16



p = 0.985) or based on the historical average dividend-price ratio for the 1871M1-2021M7 sample
(D/P=3.9%, p = 0.962). Using the D/P at the start of 2020 leads to a lower stock price elasticity
with respect to expected dividends for early maturities, while the stock price elasticity with respect
to expected returns is substantially more negative (more so for longer maturities) when using this
value of p. For example, the elasticity with respect to the expected return in year 20 is -0.74
when basing p on the January 2, 2020, D/P ratio but -0.46 when p is based on the historical
average D /P ratio. Rather than having to make a judgement on which p to use, our approach
uses the observable dividend strip weights out to year 10 along with the observable GL/RF ratio
to calculate dividend strip weights past year ¢ + 10.

One could consider a version of the CS log-linearization in which In (1 4 exp (di1x — peyx)) was
log-linearized around FE; (dyyx — piix) - Then

e _
dE, 71 Pt+1Pt42---Prdk—1

with
1 1

5 == etc.
I +exp (Et (dt-l—l - pt+1)) Pre2 1+ exp (Et (dt+2 - pt+2))

Pi+1 =

This would be more accurate than the standard CS log-linearization. However, because dy;1 — pri1
in py1q is in logs, d;vq does not map directly dividend futures. Furthermore, p;.; is a future price
so implementing F; (dy+1 — pi1) would require assumptions about price expectations (similarly
for psyo etc.).0™®

In sum, our decomposition makes it clear how to use dividend futures to calculate stock price

elasticities rather than having to make assumptions about the appropriate value of p to calculate

stock price elasticities based on the CS log-linearization.

5A disadvantage of the CS approach as rewritten above is that it leads to variance terms which do not map directly to
observables. One could work directly with equation (20) to avoid that. One would need a lower bound for expected log
returns, as opposed to expected returns, but that is possible based on Gao and Martin (2021).

"Gao and Martin (2021) make a related point, showing that the Campbell-Shiller log-linearization can be inaccurate when
the log price-dividend ratio is far from its historical average. This issue may be particularly relevant for the year 2020 given
the COVID recession. They propose a different log-approach and use it to understand the expected growth rate investors
must have to be happy to hold the market at a given point in time.

8Gongalves (2021) uses a VAR approach to allow p to vary over time in the CS log-linearization. The log dividend price
ratio dp; is included as an element of the state vector and therefore conditional expectations of this variable can be extracted
from the VAR model estimation. Our approach does not require assumptions about the D/P process or the estimation of a
VAR.
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IV. Real yield curve news

A.  Real yield curve data

As a baseline approach we propose calculating real interest rates as the nominal interest rate on
interest rate swaps (the fixed rate in a fixed-for-floating interest rate swap) minus the rate on
inflation swaps. Both series are available out to 40 years, with data obtained from Bloomberg.
We convert the term-structure of real zero-coupon yields into annual forward real risk-free rates
enabling us to rely on Result 1 in which the expected return for a given future year is changed. For
robustness, we consider real interest rates calculated from nominal Treasury rates minus inflation
swaps, with nominal Treasury zero-coupon yields obtained from the Federal Reserve.” We also
consider real interest rates from TIPS, with data from FRED. Both alternatives are available to
the 30-year maturity.

Observability of real interest rates by either of the three methods is a relatively recent phe-
nomenon. Inflation swap data is available from Bloomberg beginning in July 2004 and TIPS yields

from FRED start in 2003.

B.  Real yield curve news in 2020

Figure 4, top graph, shows the evolution of the 10-year and 30-year real rates estimated from
interest rate swaps and inflation swaps. Real yields fall dramatically over 2020, with a 114 bps
decline in the 10-year real rate and an 80 bps decline in the 30-year real rate. The bottom graphs
in Figure 4 illustrates the role of interest rate swaps (the nominal interest rate) and inflation
swaps (capturing expected inflation) separately. Both fell dramatically in at the onset of the
crisis, with a larger drop in the nominal rate up to March 9 driving the decline in real rates up
to this point. After a short-lived spike in nominal yields from March 9 to 18, nominal yields fall
and do not recover fully over the year. By contrast, inflation swaps start increasing in late March,
resulting in falling real rates up to August. As a side note, it is interesting to observe that financial
markets initially thought the COVID crisis would reduce inflation while in fact it turned out to
be inflationary (perhaps due to stronger than expected fiscal and monetary stimulus).

The top left panel of Figure 5 shows how changes in real yields affected the stock market over

the year via real yield curve news based on our decomposition. The figure is based on our baseline

“https://www.federalreserve.gov/data/nominal-yield-curve.htm

18



approach of using changes in real yields out to 40 years maturity based on interest rate swaps and
inflation swaps. The figure shows that falling real yields had a very important role in the rise in
the stock market. In fact, yield curve news, taken in isolation, explains an 20.9% increase in the
stock market (that increased +22.1% overall). Given that the stock market is such a long-duration
asset, the large fall in long-term real yields had a big impact on its price level."

Figure 6 considers robustness to using the two alternative approached to calculate real rates.
The decline in the 30 year real rate is around 80bps whether we compute real yields as the difference
between interest rate swaps and inflation swaps, the difference between Treasury nominal yields
and inflation swaps, or from inflation indexed Treasuries (TIPS). The real yields are about 50bps
lower in terms of levels when measured based on interest rates swaps and inflation swaps. Klingler
and Sundaresan (2019) argue that low rates in interest rate swaps is due to certain pension funds
preferring to get interest rate exposure off-balance sheet. However, the level difference is not
important for our results given that it is the changes (and not levels) of these yields that generate
the real yield curve news component of stock return. Indeed, the right panel of Figure 6 shows that
yield curve news for the year is broadly similar whether we use interest rate swaps or Treasury
yields for nominal yield component of our real yields (and using real yields out to the 30-year
maturity).

In the above figures, it is noticeable that the decline in real yields is interrupted by a sharp
spike in real long yields from March 9 to March 18. The spike is particularly dramatic for real
yields based on nominal Treasuries or TIPS. Vissing-Jgrgensen (2021) and He, Nagel, and Song
(2022) study this spike which led to Federal Reserve purchases of over $1T of Treasuries in 2020Q1
in order to stabilize Treasury markets. The spike is associated with heavy selling by bond mutual
funds, foreign central banks and hedge funds and reverses as the Federal Reserve increases its
daily purchases sharply starting on March 19. Although there was price pressure pass through
into interest rate swaps, the spike in these were less dramatic (perhaps due to derivatives absorbing
less balance sheet space than holding Treasuries outright). It is possible that the March spike in
real yields is disconnected from the stock market in the sense that stock market investors viewed it
driven by urgent liquidity needs that may have been perceived as less relevant for the fundamental
value of stocks. If so, our real yield curve news component based on interest rate swaps will be

the most accurate but we will nonetheless overestimate the negative return effect of the spike on

10 A5 of the start of 2020, the duration of the stock market was 46 years based on the dividend strip weights in Figure 2
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realized stock returns in March 2020. This issue will not affect our decomposition for the full year,
nor our assessment of the role of the risk premium for the crash, nor our estimate of the role of

the real rates outside of the March period.

V. Equity risk premium news

A. Data for the equity risk premium: The Martin lower bound

For the equity risk premium we use the methodology of Martin (2017) who calculates a lower
bound on the risk premium using prices of stock market index options and argues that this lower
bound is approximately equal to the true risk premium. Martin’s data covers the period 1996-
2012. We extend his series to 2020 using data from OptionMetrics. We are able to almost exactly
replicate Martin’s series over his sample period. The description below provides a recap of Martin’s
approach and Appendix 2 details our data construction.

Martin (2017) starts from the fact that the time ¢ price of a claim to a cash flow X7 at time

T can either be expressed using the stochastic discount factor My or using risk-neutral notation

. I
Price;=FE; (MrXr) :R_Et (X7)
f7t

where the expectation E; is defined by
E; (Xr) = E (R My Xr) .

The return on an investment can similarly be written in terms of the SDF or using risk-neutral

notation

1 1
1 - Et (MTRT) - EEIS (Rf,tMTRT) - gEt* (RT) .
)t )t

The conditional risk-neutral variance can be expressed as

var; Ry = E; R} — (E;Rr)’ = Ry,E, (MrR}) — R},
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The risk premium expressed as a function of the risk-neutral variance is then

E.Rr — Ry, = [E,(MrR3) — Ryi] — [E: (MrR7) — EyRr]

1
— —V&T:RT — COV¢ (MTRT7 RT)
Ry,

1
——var} Ry if covy (Mr Ry, Ry) <0
Ry

v

Thus ﬁvarj{RT provides a lower bound on E;Ry — Ry, if cov, (MrRr, Ry) < 0, denoted the
“negative correlation condition” (NCC).
Martin (2017) shows that the lower bound ﬁvar;“ Ry can be calculated from put and call

option prices as follows

1 2 | [T >
—var; Ry =— / put, - (K) dK +/ call, r (K) dK
0 ’ Fir
where S; is the stock price at ¢, Fyr = E} (Sr) is the forward stock price, and K denotes the
option strike price. On any date, it is therefore possible to extract a lower bound estimate for each
available maturity of expiring options. Consistent with Martin (2017), we use linear interpolation
to calculate constant maturity lower bounds, which post-2006 allows estimates out to about two

years and 6 months.

B.  Equity risk premium news in 2020

Figure 7 shows our estimated equity risk premia (the lower bounds) over 2020, by maturity. All
risk premia shown in the figure are annualized. The top graph shows that 5-day risk premia peaked
above 100 percent in March. For the one-year horizon, the risk premium increases from around
3 percent at the start of the year to above 15 percent on March 18. Across horizons, annualized
risk premia for longer horizons rise less.

As a supplementary way to describe the term structure of equity risk premia, Figure 8 graphs
the cumulative equity risk premium by maturity for the beginning and end of the year as well
as for March 18, they day risk premia peaks. Higher annualized risk premia at shorter horizons
translate in to a concave cumulative equity risk premium. At the peak of the crisis, investors
required a risk premium of 4.1 percent to invest for a 30-day period and a risk premium of 15.7

percent to invest over the next year.
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The top right panel of Figure 5 shows how changes in the equity risk premium over the next
two years impacted the stock return over 2020. The upward spike in equity risk premia in March
generates a negative realized return effect which accounts for minus 14.3 percentage point of the
realized return of minus 26 percent up to March 18. The equity risk premium news effect recovers
somewhat from the height on crisis, but still ends the year negative, contributing -4 percentage
points to the overall 2020 stock return.

In Section VI.D we explore whether the equity risk premium moved past year two and the

implication of such changes for our decomposition results.

C. Is the Martin lower bound a good measure of the equity risk premium?
C.1. The tightness of the Martin lower bound

Martin (2017) documents an average lower bound over the 1996-2012 period of about 5%, close
to the equity premium estimates obtained by Fama and French (2002) using average realized
dividend (or earnings) growth rates as an estimate of ex-ante expected capital gains. Martin
also tests whether the lower bound is a good predictor of the realized excess return, with small

intercepts. He estimates the relation

1
7“——1§(RT_Rf’t):a+bX

1
— var'R 28
T—tRy, 7 (28)

and cannot reject the null of b = 1, a = 0 for any horizon from 1 month to 1 year.'!

We re-estimate (28) over the 1996-2020 sample as shown in Table I. Over this longer sample,
we find that (8 is higher than one for most horizons, though not significantly so for most horizons.
The intercept is close to zero and insignificant across all horizons.

Our decomposition relies on changes in equity risk premia. What matters for accuracy is thus
whether b is close to one, with the intercept playing no role. The b estimates above one imply
that the true risk premium change exceeds that of the change in the lower bound. It is possible,
however, that realized excess returns exceeded expected returns over this particular time period,
more so in times of stress (high values of the risk-neutral variance). Fama and French (2002)

argue that realized returns exceeded expected returns even over a sample as long as 1951-2000.

" Martin’s defines a variable SVIX2, , = ﬁvar;‘ (%) and his regressor is thus expressed as Ry ;SVIX?Z 1.
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Cieslak, Morse, and Vissing-Jorgensen (2019) argue that over the post-1994 period, unexpectedly
accommodating monetary policy has contributed to much of the realized excess return on the
stock market. If the unexpected positive component of realized returns is sufficiently correlated
with risk-neutral variance, then an estimated b above one may not imply that changes in the lower
bound are smaller than the true changes in the equity risk premium for a given horizon.

Given the lack of conclusive empirical evidence on whether b =1 or b > 1 it is relevant to ask
what theory says about how the change in the bound relates to the change in the true equity risk

premium.

C.2.  Theoretical results for the Martin lower bound in changes

0 varj R
Suppose an underlying state variable s; changes and that s; is signed such that [thaftT} > 0.
Then
0 [EtRT — Rf,t] . 9 [R vary RTi| B aCOUt (MTRT, RT)
sy N 0s; 05
. 0 [—VaftRT} - dcovy (Mr Ry, Ry) “0
83t 85,5

It follows that the change in the lower bound is, on average, equal to the true change in the risk
premium if the regression coefficient b in (28) equals one. If instead b > 1 that would suggest that

the regressor is positively correlated with the omitted variable —cov, (Mp Ry, Rr) implying that

Ocovy(Mr Ry ,Rr)

o < 0 and thus that the true change in the risk premium is larger than the change in

the lower bound.

To assess theoretically whether b > 1 is likely, assume conditional log-normality as follows:

1.2
My = e TittoMeZM =500,

RT — eMR,t+UR,tZR,T*%‘7%?,,t

where Zy; and Zp, are (potentially correlated) standard normal random variables. Martin (2017)

shows that in the log-normal case, the NCC holds iff the conditional Sharpe ratio exceeds the
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conditional standard deviation:

. 2 Rt —Tft
covy (M Ry, Ry) < 0 iff et 0he < ehit o= Opt < MRt = it
ORt

The following result states conditions that allow us to relate the true change in the risk premium

to the change in the lower bound.

Result 6 (True change vs. lower bound change in equity risk premium).

' . 1o} [ﬁ vary RT} dop
Suppose an underlying state variable s; changes such that —%——= >0 and aT{t > 0. The
true change in the equity risk premium is at least as large as the change in the lower bound iff

%@RT’R” < 0. Under log-normality, it is sufficient for %ﬁtp@ﬂﬂ < 0 that

(1) The NCC holds: covy (Mr Ry, Ry) < 0 <~ % > opy, and

0 |BRtTTft Oop,t
(8) & |Hmcras| > Fne,

OR,t

Proof: See appendiz.

In addition to log-normality, assume CRRA utility,

CYT - In B—~In(Cr/Ch)
MT = /B ? =€
t

with In (C7p/Cy) ~ N(piey,07,) conditional on information known at ¢. Define the consumption
covt(In Ry, In(Cr /Cy)
2

IRt

beta relative to the market as 8¢ = ). The following result emerges.

Result 7 (True change vs. lower bound change in equity risk premium).

In the log-normal CRRA case,
KRt — Tft
ORt

so the NCC holds if y8¢ > 1. Furthermore,

= ”YﬁtCUR,t- (29)

oo 850
_ cYURt t
] = ’Y@t s, + Ds, ORt

i HRt — Tft
83t

ORt

so it is sufficient for

i KRt — Tft > aUR,t
8815 ORt - 8815

that 7@50 >1 and % > 0.

Proof: Sece appendiz.
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Therefore, the same condition that ensures the NCC holds, y5¢ > 1, also helps to ensure that
the true change in the risk premium is larger than the change in the lower bound. Martin (2017)
argues that the NCC is very likely to hold in the log-normal case since the Sharpe ratio based
on realized returns has substantially exceeded the realized standard deviation. The additional

condition, %ﬁs ttc > 0 holds if 3% is constant. This will be the case for an investor who is fully

invested in the market, since then 3¢ = 1. It will also (approximately) be the case for an investor
who is not fully invested in the market as long as the the investor has a roughly constant portfolio
weight in the market and the covariance between the market and non-market risky assets is roughly
constant over time.

Overall, theoretical considerations suggest that to the extent that the Martin lower bound is
not exact, the most likely direction of any bias is that the true changes in the equity risk premium

are larger than the changes in the Martin lower bounds.

C.3.  Does the Martin lower bound comove with asset-manager excess return expectations?

One approach to assess the validity of Martin’s options-based approach to calculate equity premium
estimates is to compare it to equity premium estimates of asset managers. Dahlquist and Ibert
(2021) collect a dataset of equity risk premium estimates of asset managers (and some of the largest
investment consultants). The data is based on asset managers’ capital market assumptions, posted
publicly or provided to clients. For the period 2005-2020, their data has 541 observations of equity
risk premia from a total of 45 asset managers such as J.P. Morgan, BlackRock, Franklin Templeton
and AQR. The most typical horizons in their dataset are 10 years (45% of the data), 7 years (13%),
and 5 years (10%). Dahlquist and Ibert (2021) show that asset managers’ expectations appear a
lot more rational than expectations of households. Asset managers’ perceived equity risk premium
is high when the P/E ratio is low — consistent with statistical predictive relations — whereas the
literature on behavioral finance tends to find that households’ perceived equity risk premium is
low when the P/E ratio is low.

Figure 9, Panel A, graphs the 1-year Martin measure and the 10-year asset manager equity
premia, with one graph for each asset manager that contributes at least five data points for this
investment horizon. The equity risk premium estimates of various asset managers are highly
correlated with the Martin (2017) lower bound of the equity risk premium that is computed from

option prices. In terms of levels, there are substantial cross-asset manager differences in perceived
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equity premium levels. We construct an overall asset manager equity premium series (for the

10-year horizon) by taking out asset manager fixed effects. We estimate the following relation
Epv}wo,t =a+ E?ﬂﬂtD(date =1)+ E%ﬂ(st(manager = M) + Uy (30)

where m denotes manager and calculate the predicted value, excluding manager fixed effects, for
each date t, o+ XL 8, D(date = t). Figure 9, Panel B, graphs the resulting asset manager 10-year
equity premium series along with the 1-year Martin measure. The correlation is high at 0.72.'?
The high correlation lends credence to the Martin measure and also suggests that asset manager
equity premium perceptions are consistent with actual asset prices. In Section VI.D, we will exploit
the fact that the asset manager equity premia are available for a longer maturity than the Martin

series to assess the effect of equity premium news past year 2 for our stock return decomposition

for 2020.

VI. Near-term dividends, expected returns, and the return

decomposition residual

Turning to the remaining components in the decomposition, we next consider the role of news about
dividends out to year 10, of expected returns, and of the decomposition residual for understanding
the realized stock market return. We lay out general principles and then provide the results for

the application to 2020.

A. Near-term dividends

The relationship between dividend futures and dividend strip prices was discussed in Section I1.E
with:

1 jﬁ%m)” =R Eﬁf,i*”]- 1)

A change in a discounted dividend futures price therefore reflects either a change in expected

dividends or a change in the cumulative discount rate. Since we have data on futures prices and

discount rates, we can rearrange to isolate and estimate expected dividends. Rearrange equation

12Regressing the 10-year asset manager series on the 1-year Martin measure results in a regression coefficient of 0.41 with
a t-statistic of 9.58.
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(31) in terms of expected dividends
EDiy = Rin P (32)
and extract a lower bound on expected dividends

E,Dyyy > By, P™ (33)

where Rt,n = Rf n ﬁvarf R, is the lower bound of the cumulative discount rate computed
from the observed risk—!free rate and the observed Martin (2017) lower bound of the equity risk
premium."® We implement equation (33) using real discount rates ]A%t,n in order to estimate real
dividends, assuming the lower bound is tight and that the risk premium on each dividend strip is
the same as that of the market.'’

Figure 10 shows the constant maturity expected dividend 1-3, 5 and 8 years ahead over the
course of 2020. The left figure shows nominal expected dividends and the right hand side shows
real expected dividends. The year-1 expected real dividend fell by 33% from January 2nd to its
lowest point on April 3. It ended the year down 7% relative to the start of the year expectation.
The moves in 2/3 year dividends were similar but longer term dividends are less dramatic, with the
year 8 expected real dividend fairly stable in the early part of the year, followed by a subsequent
decline. This pattern is quite similar to the modest and gradual decline in the stock price driven
by earnings news documented based on analyst forecasts in Landier and Thesmar (2020).

As the first 10 years of dividends account for less than 20% of total stock value, and since only
the first few expected divididends fell dramatically in March 2020, near-term dividend fluctuations

can account for little of the crash and recovery in the market. We show this in the left middle

panel of Figure 5.

13The Martin measure has a maximum maturity of two years. To estimate cumulative discount rates at maturities of 3
years and above, we use actual Martin estimates to two years and then assume forward risk premium beyond this maturity
are equal to the time series average of the one year risk premium.

1 Gormsen et al. (2021) take a different approach to calculate the risk premium for each dividend strip. They express the

expected return on dividend strip n as Rt,n = Rfj nt R%covf (Rt,n, Rﬁ’;) ) To estimate the risk-neutral covariance of the
‘t,n

n-period return on n-period dividend strip with the n—périod return on the market they estimate the risk-neutral standard
deviation of the dividend strip return (which is available based on short-dated EuroStoxx dividend future options) and
consider alternative assumptions for the correlation of the dividend strip return with the market return. They implement
this on EuroStoxx data but dividend future options are not available for the US so we cannot use their approach for the US.
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B.  Ezpected returns

An exact expected return calculation requires daily estimates of expected returns. However, the
one-day equity risk premium is not observed. We therefore approximate the daily expected return
by using the one-month expected return on each day (using our 1-month Martin risk premium
plus the one-month T-bill yield) and converting this to a per day number. This approach, while
not exact, captures time-variation in the daily expected returns within the year.'”

The middle right panel of Figure 5 shows the cumulative expected return on the market. Over
the year, the nominal expected return contributed +6.2% to the overall return. Nearly all of this
is expected excess returns, with only 0.25% generated from the risk-free rate. The slope of the
expected return increases in March and April, as the spike in short-dated risk premia (documented

in Figure 7) increased expected returns significantly.

C. The decomposition residual

The bottom left panel of Figure 5 reports the combined effect of our observables described in
the above sections. The residual (or unexplained) component of the stock market return is then
presented in the bottom right panel. The residual captures the effect of dividend expectations
past year 10 and any changes to risk premia past year 2 and real riskless rates past year 30. We
therefore call it long-term news. The long-term news component is large in the crisis, contributing
about 40 percentage points to the crash and a roughly equal amount to the recovery.

Figure 11 pulls all the results described above together. To summarize our key results, the
decline in real riskless rates generate a plus 20.9 percent return component for the stock market
for 2020 as a whole. It is central for understanding the market’s impressive performance for the
year. A spike in equity risk premia out to two years accounts for minus 14.3 percentage points of
the realized return of minus 26 percent up to March 18, and for -4 percentage points of realized
returns over the full year. Near-term dividends play a minor role, which is not surprising since
most of the stock market value comes from later dividends. The expected real return contributed
6 percent to the year’s rise. The residual term was very important in the March/April crash and

recovery, but not important for the year overall.

5The expected return is nominal since we are decomposing the nominal equity return for the year.
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D.  What drove the residual in 20207
D.1.  Movements in the risk premium past year 2

Figure 12, top, illustrates the time series for the equity premium for year 1 and the forward equity
premium for year 2 (both annualized). The forward equity premium for year 2 moves up in March,
though much less than the equity premium for year 1. Both remain substantially higher at the
end of 2020 compared to their values at the start of 2020.

Given that there is some increase in the risk premium even for year 2, it is likely that risk
premia increase to some extent even past this horizon. The asset manager expectations dataset
of Dahlquist and Ibert (2021) provides us with longer-dated equity risk premium estimates. We
use the 10-year asset manager equity premium series to assess the importance of equity premium
movements past year 2. We assume that asset managers agree with the Martin-series in year 1 and
2 and calculate the forward equity premium for year 3 to 10 using this assumption and the 10-year
asset manager equity premium series (for simplicity, we assume equal forward equity premia in
each of years 3 through 10).

We focus this exercise on quarter-end values because 2/3 of the asset manager data are as of
the end of the quarter, making data for other dates less reliable.'® Figure 13, bottom, shows the
10-year asset manager equity premium, the year 3-10 asset manager forward equity premium, and
the equity premia for years 1 and 2 based on the Martin approach. The year 3-10 asset manager
forward equity premium is a bit below the 10-year asset manager equity premium (due to the high
equity premium for year 1). It spikes substantially (by about 1.7 percentage points) over the first
quarter of 2020 but ends the year only 0.2 percentage points higher than at the start of 2020.

Figure 13 shows our return decomposition in quarterly data accounting for equity premium
changes out to year 10. This results in substantially larger (more negative) risk premium news
in 2020Q1 (top right) and therefore substantially less residual news (bottom right). At the end
of March, the cumulative effect of the risk premium news is -18.0% (compared to -6.0% in the
baseline estimation). Risk premium news for year 1 to 10 can thus account for almost all of the
decline in the stock market in 2020Q1 which amounts to -21.0%. The residual remains negative
at the end of 2020Q1 because the real yield curve news is substantially positive for 2020Q1. A

negative but modest residual up to the end of 2020Q1 is consistent with the prior cash-flow focused

6 This is partly due to Dahlquist and Ibert (2021)’s (entirely reasonable) assumption that data are end of the prior month
when the asset manager only states a year and month and not an exact date.
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literature documenting some but modest cash flow news up to this point.
It is important to recognize that our extension to account for risk premium news out to year
10 does not allow us to assess whether it is likely that there is risk premium news past year 10.

The asset manager dataset has little data past year 10.

D.2.  Yield curve news beyond 40 years

Figure 14 seeks to determine whether changes to real rates past year 40 are likely to be a large
component of the residual. We graph the real (annualized) 10-year forward rates for each of the
next 3 decades (and 4th decade when using real rates based on interest rate swap data in the
first panel). The real forward rate for the 3rd and 4th decade from now fall over the year, though
less than the real forward rates for the first decades. Given the decline in the longest observable
real rates, it is possible that real rates changed somewhat even past year 40. Indeed, in the UK,
inflation-indexed bonds are traded with 50-year maturity and we find that the real forward rate
for years 31-50 falls about 40 bps for the year.

To understand how much real yield curve news past year 40 could have affected the stock

market over 2020, define

- n a.ft—‘rk
long-term real yield curve news = — [ o w'™ }
2 L BRuy,

k=41
Suppose all forward real rates past year 40 moved by the same amount as the forward real rate

for year 40. Then

af t4-40 -

— 32 w(n)}
Ey R0 = [ T

long-term real yield curve news =
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where the long-term weighting factor is'’

oo

Z [Z;’;kwgn)] = — <w§41) + 2w§42) + 3w§43) + >
k=41

o (G
S (ﬁ) (_G_L>2

and the ratio of the long-run gross dividend growth rate to the long-run gross expected return,

L

%, is defined in equation (14).

Using time series averages for the inputs over the year 2020, wglo) = 0.017, g—f = 0.98, and
E,R; 40 = 1.022. This implies long-term real yield curve news of 9f; 40 X —22.27. A drop in real
rates of 40 bps for all maturities longer than 40 years would thus increase the stock price by about
9%. This would be countered by any negative stock market effect of increases in the risk premium

at very long horizons as well (which could be one plausible reason for lower real rates via higher

precautionary savings).

VII. Applications to the financial crisis and longer sample

In this section, we present our decomposition over the Global Financial Crisis. We also present
results over the full time series of available discount rate data (from July 2004). As we do not have
dividend futures available from Bloomberg prior to 2017, for these periods we use one and two
year year dividend strip weights implied by option prices (van Binsbergen, Brandt, and Koijen

(2012)) and then use equation (16) to extrapolate weights beyond two years.'®

"The last equality follows from the following property of geometric sums:

ilmk =
Pt (1-=x)

18Dividend strip values can be estimated from put-call parity for European call options:
(n) _ r
Pt —pt,nfct,n‘l‘st*Xe tyn
where p;,, and c¢,, are the price of a put option and a call option respectively. Both have strike X and maturity t + n.
van Binsbergen, Brandt, and Koijen (2012) match calls and puts traded in the same minute using intra-day data whereas

we have end of day prices via OptionMetrics. This adds noise to our estimates, which we smooth with a centered 15 day
moving average. The r-squared between our estimated wy,1 and the van Binsbergen, Brandt, and Koijen (2012) online data
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Figure 15 (top) shows our decomposition implemented during the Global Financial Crisis,
focusing on the second half of 2008 and on 2009. Similar to the COVID crisis, short dated risk-
premium estimates spiked at the height of the crisis in October/November 2008. These were a key
driver in the market crash, with increases in risk premium for 1yr and 2yr maturities contributing
-20% to the stock market return. Also as with the COVID crisis, the financial crisis risk premium
spike mean-reverted over the following months, having little remaining impact on the cumulative
stock return by the end of 2009.

In terms of real yield curve news, real rates (measured from interest rate swaps and inflation
swaps) decreased in late 2008 and early 2009, providing an offsetting effect relative to the increase
in risk premiums.

The residual in the financial crisis had an important role to play in both the market crash in
fall 2008 and the additional market decline in the first few months of 2009. Interestingly, there
is no negative real yield curve news or equity risk premium news in the first few months of 2009
(out to the maturities we can measure), suggesting that negative cash flow news may have been
the main driver of the market decline during this time.

Figure 15 (bottom) shows our decomposition implemented over our full sample of available
data. The uncompounded return on the SP500 index (including dividends) over the period July
2004 to December 2020 was +189%, of which +58% was the expected return on the market, +17%
was real yield curve news, -4% was equity risk premium news and the residual news was 120%.""
While we have shown short-dated risk-premium news to be important in crisis periods, with sharp
spikes in expected excess returns, risk premia have historically been quickly mean-reverting. This
means the long-run impact is of risk premium news has been very small. The real yield curve
news was particularly important in the final few years over our sample. In the full sample, there
is a large role to play for the residual, which incorporates all cashflow news as well as long-term

discount rate news.

in the overlapping sample (1996-2009) is 97%.

9For a given market return, absolute price changes in the index are larger when the index is at a higher price level relative
to when the index is at a lower price level. Plotting compounded returns therefore makes news in recent time-periods (higher
index level) seem disproportionately large relative to news in earlier time periods (lower index level).
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VIII. Conclusion

The paper contributes to answering a core question in asset pricing: what is the role of discount
rate news versus cash flow news. We focus on decomposing daily stock returns (summing up com-
ponents to understand longer periods) and contribute two main ideas. First, by taking derivatives
with respect to expected returns and expected dividends in the present value formula for the stock
price, a simple decomposition of the realized return for a given period can be derived. This allows
a decomposition into real yield curve news, equity risk premium news and dividend news. Second,
to implement the decomposition, a lot can be observed about the real yield curve and the equity
risk premium in modern financial markets. We illustrate our approach with an application to the
US stock market during the COVID crisis in 2020. Movements in the equity risk premium had a
substantial role in the market crash and rebound in March and April, while a fall in real risk-free
yields far out the yield curve was a key driver of the stock market ending the year with strong

positive returns.
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IX. Figures
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Figure 1. Cumulative return on the S&P500 index, 2020.

This figure shows the cumulative return of the S&P500 index in 2020. It includes price level
changes and dividend income. As of March 23rd 2020, the cumulative return year-to-date
was negative 33.9%. As of June 2nd 2020, the market had recovered all losses and the
cumulative return had turned positive again. The stock market rally continued through the
second half of the year and the cumulative return over the full calendar year of 2020 was
positive 22.1%.
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Figure 2. Dividend weights and stock price elasticities.

This figure shows dividend strips weights and how these weights translate into the stock price
elasticity with respect to expected dividends and expected returns of various maturities. The

p left panel shows the dividend strip weight, w, ’, for the dividend payment in n years.
The weight is the dividend strip’s present value as a fraction of the overall stock market
valuation. The top right panel shows the cumulative sum of dividend strip weights to
maturity n. The bottom left panel shows the stock price elasticity with respect to expected
dividend in period t + k as defined in Result 2:

oP — opP,/ P _ ®
Y (OEDyyr) | By Dy !

and the bottom right panel shows the stock price elasticity with respect to expected return
in period t + k as defined in Result 1:

R t/41 (n) (n—1)
= = — E wy =—[1- g w .
¢t,k (9 Et Rt k) / Et Rt B — t ( t )

n=1

Weights are computed from traded dividend futures prices, which are available to a maturity
of 10 years (the shaded region of the figures). From this maturity, dividend weights are
estimated using dividend futures prices to year 10 and assuming a Gordon growth model
beyond year 10 (see Result 4). All panels use dividend futures prices as of January 2nd
2020.
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Figure 3. Stock price elasticities using the Campbell-Shiller log-linearization.

This figure shows the stock price elasticity with respect to expected dividends and expected
returns using the Campbell-Shiller log-linearization approximation. The left panel shows
the stock price elasticity with respect to the expected dividend with maturity k, which from

Result 2¢7 is:
D,CS _ (1 k—1

, —p)p

and the right hand panel shows the stock price elasticity with respect to the expected return
in k periods, which from Result 1¢% is:

R,CS -

ROS _ _ P
In each panel, we plot the elasticity with two different choices of the dividend yield, D/P,
from which to compute the Campbell-Shiller log-linearization parameter p = 1+11)7/P' For the

first elasticity, we use the long-run average of the dividend yield (D/P = 3.9%, p = 0.962).
For the second elasticity, we use the dividend yield at the start of our main sample on
January 2nd 2020 (D/P = 1.5%, p = 0.985).
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Figure 4. Real risk-free rate and the underlying components.

The top figure shows, for the year 2020, the 10-year and 30-year real interest rates based
on (nominal) interest rate swaps and inflation swap rates. The bottom figures show the
underlying series separately.
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Real yield curve news Equity risk premium news
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Figure 5. S&P500 return decomposition using observables, 2020

This figure shows the cumulative return of the S&P500 index in 2020, along with the return
contribution from yield curve news, equity risk premium news, cashflow news and the re-
alisation of the expected return. All components are extracted from observables in the top
4 panels. The effect of real rate news is estimated from changes in the real risk-free rates
(available up to a maturity of 40 years using swaps). The effect of equity risk premium news
is estimated from changes in the Martin (2017) lower bound of equity risk premia (available
up to a maturity of 2 years using equity option prices). The effect of dividend news is
estimated from changes in the price of dividend futures (available up to a maturity of 10
years). The expected return is estimated on a daily basis as the sum of the risk-free rate
and equity premium. The sum of the first four panels is the total observable news (shown
in the bottom left panel) and the residual (bottom right panel) is the return unexplained
by the the observable news.
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Figure 6. Yield curve news, robustness to different real yield measures

This figure shows that the yield curve news result is robust to different measures of the real
yields. The left panel shows the 30 year real yield over 2020 with the real yield calculated
using (a) interest rate swaps and inflation swaps, (b) nominal Treasury yields and inflation
swaps, and (c) inflation indexed Treasuries (TIPS) yields. The right panel shows the yield
curve news using the full yield curve of (a) and (b) out to 30 years. We do not have a full
yield curve for (c).
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Figure 7. Equity risk premia by maturity (annualized).

This figure shows the annualized Martin (2017) lower bound of the equity risk premium
during 2020. It plots the time series of constant maturity risk premium estimates with
maturities 5, 10 and 20 days (top figure), 1, 2 and 6 months (middle figure) and 1, 2 and 3
years (bottom figure).
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Cumulative equity premium (day 0 to this day)
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Figure 8. Cumulative equity risk premium.

This figure shows the unanualised Martin (2017) lower bound of the equity risk premium
estimates plotted against holding period (expressed in days). It shows the cumulative risk
premium curve on three separate dates in 2020: January 2nd (the start of the sample),
March 18th (the height of the crisis) and December 30th (the end of the sample).
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Figure 10. Constant maturity expected dividends

This figures shows dividend expectations extracted from dividend futures. FEach figure
shows the time-series of constant maturity expected dividends 1-3, 5 and 8 years ahead.
The left and right figures show nominal and real expected dividends respectively. Dividends
futures prices are adjusted for observable discount rate data to compute an estimation of
the expected dividend.
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Figure 11. Stock market return from observables and long-term news.

This figure shows the cumulative return of the stock market return along with the implied
return from our observables: news about real risk-free rates (1y-40yr), equity risk premium
(Lyr-2yr), expected dividends (1yr-10yr), and the realisation of the expected return, as well
as the residual stock return that is not explained by our observed variables. We call this
long-term news.
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Figure 12. Longer-term equity risk premium estimates.

This figure shows longer-term equity risk premium estimates. The top panel shows one year
and one year forward equity risk premiums based from the Martin measure and at a daily
frequency. The bottom panel, on a quarterly frequency, shows these variables as well as the
10 year risk premium obtained from manager expectations and the forward risk premium
implied through years 3 to 10. The forward risk premium are calculated such that the
short-dated Martin measure estimates and the 10-year manager expectations are consistent.
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Real yield curve news Equity risk premium news
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Figure 13. Stock decomposition with longer-term equity risk premium estimates

This figure shows how incorporating longer-term equity risk premium estimates impacts on
the decomposition of the cumulative return of the S&P500 index in 2020. The top left shows
the return contribution from yield curve news, with the top right panel showing the original
equity risk premium news and also the risk premium news using longer-term risk premium
maturities as well. The total observable news is shown in the bottom left panel and the
residual is shown bottom right panel.

48



Real forward rates (annualized)
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Figure 14. Observed forward real yields

This figure shows real forward rates over 10 year periods as observed from swaps, Treasuries
and swaps, and TIPS respectively.
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Global Financial Crisis
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Figure 15. Return decomposition using observables (alternative sample periods)

This figure shows the SP500 return decomposition with observables over other sample peri-
ods. The top figure shows the decomposition for the Global Financial Crisis. The bottom
figure shows the return decomposition for the full time series of available discount rate data
(from July 2004). Over theses periods full dividend futures data is unavailable and therefore
the figures don’t include a dividends news component. The residual captures all cashflow
news as well as long-term discount rate news. Long-term discount rate news includes move-
ments in rates with maturity greater than 2 years for the risk premium component and 40
years for yield curve component.
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X. Tables

Realized Return

1 month 2 month 3 month 6 month 1 year

Equity Risk Premium 1.26 1.33 1.33 1.79** 1.09
(1.01) (1.04) (1.27) (0.88) (0.88)
Constant 0.01 -0.00 -0.00 -0.02 0.01
(0.04) (0.04) (0.05) (0.04) (0.04)
R? (percent) 0.96 1.68 2.05 4.64 1.92
Observations 6,254 6,235 6,216 6,151 6,026

Table I. Risk premium estimate as a predictor variable.
This table reports the parameter estimate from the following time series regression:
ﬁ (Rr — Rypt) = a+bx ﬁRLftvar: Ry together with Newey-West standard errors with
lag selection based on the number of overlapping observations. Columns refer to separate
estimations with T'— ¢ = 1, 2, 3, 6 and 12 months respectively. The sample period is

1996-2020.
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XI. Appendix 1. Proofs

A.  Proof of Result 1

The value of the dividend strip paying D;,, at t +n is

Et [Dt—i-n]

P(n) —
¢ 1+ Ry

(A.1)

Using the two assumptions for result 1, it follows that the n-period cumulative discount rate
at time ¢ is

1+ Ry, = By H (1 + Rﬁkkﬂ ) (A.2)

k=1

I
z:

B (14 REY) (A.3)

B
Il

1

b MVE, (14 Ry . (A.4)

I
=

B
Il

1

The effect of an instantaneous change to the expected market stock return for year ¢t + &k on
the value of the dividend strip paying D;., at t + n can therefore be expressed as

n (n) 3
oP" [ ~mmmg B in =k (A5)
OE,Ry 1y, 0, otherwise.

With the overall stock market value P, =) 7 Pt(n) it therefore follows that

OP/P, oPm /P, & 1 P -
A N - A6
OER; Z OF Ry 1, ; E, 1+ Rii] P, 1+ Rt+k Zk (4.6)

(n)
using the definition wt(n) = PtTt.

B.  Proof of Result 2

Taking the first derivative of the stock price to an expected dividend we have

or, 1
OF Dy, 14+ Ry g
1 k
_ P
EDyyy,

(k)
and with the definition wt(k) = P},
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C. Proof of Result 5

With log-linearization around the current D/P ratio (D;/P;), and constant expected dividend
growth (G) and expected returns (R), p becomes

1 1 G

= - R-G — p
1+D/P 1+T R

p

Furthermore, with constant expected dividend growth (G) and expected stock return (R)

(n) _ P _ Ei[Din] [Bin G ey (n—1)

Wy = [W = pwy = pnilwlgl)

B Py R
Then

wt(l) + pwlgl) + pth(l) +...=1= wgl) =1-p
and

n n— 1 n—
wi” = p" ) = p" (1 - p)

Therefore,

n k k - — _
Swf = w w4 = [P P ] (L) =) L+ P ] (L= p) =
n=~k

Result 1 therefore simplifies to
¢§k =—pt!

while Result 2 becomes

D. Proof of Result 6
E, (MpRr) = 1 implies that

1
In (Et (MTRT)) = Et (111 MT + In RT) + 5% (ln MT + In RT)

1 1 1
= (MR,t —Tpe— 5012\“ - 50’?%’15) + 5 (0314 + TRy + 2cov, (In Ry, In My))

= ppt— g+ covy (In Ry, In Mp) =0

and thus
prt— 1 = —covy (In Ry, In Mr) . (A.7)

E; (MpRr) = 1 furthermore implies that

COV¢ (MTRT, RT) = Et (MTR%) —F (RT>
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Consider each term on the right hand side separately.

1
W E, (MrR;) = E,(nMp+2InRyp) + 3Vi (In My + 2In Ry)

1 1 1
= T 5‘7%4,1& +2 (MR,t - 5012%,t) + B (‘7]2\4,t + 40R,t —4 (MR,t - Tf,t))

2
= T+ 0y

1
In Et (RT) = Et (ln RT) + 5‘/,5 (hl RT>

= HURgy
Combining these two expressions

covy (Mr Ry, Ry) = et ORe — el (A.8)
The derivative with respect to a state variable s; is

aCOUt (MTRT RT) 2 (97”ft (%Rt 8uR t
) _ Tf,t"'_o'R,t ) 2 s __ pHMRt s
aSt ¢ aSt + ORT aSt © 8$t

If the NCC holds, cov, (MrRr, Rr) < 0 and thus eIt < etrt, Therefore, it is sufficient for

dcove(Mp Ry, R P p) P _ ) . .
deove(MrRrRr) < () that 2Lt 4 95y 278t < 9BRt Rawrite this sufficient condition as follows
0st 0st Rt 755, 0st

Olir _ Orge\ 1 _ Oopy S dopy
aSt aSt ORt &St - &S‘t

Consider now the change in the conditional Sharpe ratio (for log returns):

i MRt —Tie | _ 1 OpR,t _ ory. o — ( —rp) OoR
aSt ORt 012%7]5 8St 88t Rt HRt 1 8St
_ (Opre  Orga\ 1 (pre—7re) OoRg
aSt aSt ORt U%%,t 3$t
- Opry  Orpe\ 1 Oogy
- 08y 0s; ) Ry dsy

where the last line follows from (1) the fact that (“R;Q;T“) > 1 under the NCC and (2) the

Rt
assumption that ag—:;’t > 0. Thus, it is sufficient for %ﬁfﬁﬁﬂ < 0 that the change in the
conditional Sharpe ratio is at least as large as the change in the conditional standard deviation

i HRt — Tft > 3UR¢
83,5 B 88,5 ’

ORt
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E.  Proof of Result 7
We can exploit (A.7) to get

prt— 1 = —covy (In Ry, In Mry)
= ~yeovy (In Ry, In (Cr/CY)) .

This implies (29),

pre—75e covy(In Ry, In (Cp/Cy))
—_— =7 2 OR,t
ORt ORt
= Bl oRy

where 3¢ is the (potentially time-varying) beta of In (Cy/C;) with respect to In Ry. The rest of
Result 7 follows directly from (29).

XII. Appendix 2. Practical issues in implementing the Martin lower
bound

For 2020, we use option price data from CBOE to construct a time series of the Martin (2017)
lower bound of the equity risk premium. The data includes the trading prices for every traded
SP500 Index Option on each day (with intra-day data available), as well as each option’s best bid
and ask price, strike price, expiry date. The data also reports the underlying SP500 index price
at the time of trade. We clean the initial data in several ways. First we delete all trades with a
highest bid or ask of zero. Second, we delete trades where the trade price is greater (lower) than
the highest ask (bid). Third, we delete all trades where the underlying index price is missing.
Finally, from this selection of cleaned trades, we select the latest traded option for each date,
expiry date, strike, option type (call/put) combination.

For each date, expiry date, strike combination in the dataset we then estimate the equity risk
premium by discretizing the right-hand side of Martin (2017)’s lower bound given by

1 2 Fr o
——var; Ry =—5 / put, r (K) dK +/ call, r (K)dK | .
Rﬁt St [ 0 Fyr ]
The forward price F; 7 is the unique solution K of the equation call;7 (K) = put;r (K). We
estimate the forward price by first interpolating trade prices across strikes for both calls and puts
at each date and expiry date combination, and second identifying the intersection of these two
interpolated series. We do not use the interpolated prices in discretization of the above equation.
Once equity risk premium estimates have been estimated for each date expiry date combination,
we clean the data again. First, we only keep equity risk premium estimates where the number of
strikes used in the estimation is greater than 15. Second, we delete estimates when the minimum
call or put price is over 40% of the maximum trade price for that date and expiry date combination.
These cleaning procedures delete estimates where the discretization is too coarse and where a large
tail of options are missing, both of which cause biased estimates.
Finally, we generate constant maturity equity risk premiums by interpolating between those
estimated at available expiry dates on any given date.”’ We also extrapolate to extend maturity.

20As an alternative to interpolation, we have also estimated the equity risk premium yield curve at each date using cubic
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However, to avoid over extrapolation, we limit this extrapolation to a maximum of 150 days greater
than the longest maturity option available at that date.

spline methods. The results are very similar.
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