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A large literature is concerned with measuring economic uncertainty and quantifying its impact on real decisions, such as investment, hiring, and R&D, and ultimately
economic growth (Bloom, 2009; Jurado
et al., 2015). The COVID-19 pandemic
underscores the importance of timely measures of uncertainty and expected growth
across horizons.
Asset prices, such as dividend futures
(van Binsbergen et al., 2013; Gormsen and
Koijen, 2020) and index options (Gao and
Martin, 2020), provide particularly useful
measures as they are forward looking and
available at high frequencies. Dividend futures are claims on the dividends of the aggregate stock market in a particular year.
As dividend futures are differentiated by
maturity, just like nominal and real bonds,
we can use these prices to obtain growth
expectations by maturity.
We extend this literature by using new
data on the prices of options on indexlevel dividends, from which we can compute
implied dividend volatility. These implied
volatilities differ from the VIX which measures uncertainty about stock prices, not
only uncertainty about dividends.
We construct a term structure of implied dividend volatilities that characterizes
how uncertainty varies across horizons. We
study how this term structure developed
over the COVID-19 crisis, documenting a
substantial increase in the volatility of nearfuture dividends that lingers even as the
volatility of the overall market portfolio has

started to fall.
In addition to introducing this market,
we also provide new theoretical results that
show how these data can be used to derive lower bounds on expected dividend returns and on expected growth rates, by maturity, by exploiting the insights of Martin (2017). This provides an alternative to
methods used in the literature using vector autoregressions or survey expectations,
and sharpens alternative bounds in the literature.
I.

Pricing and Riskiness of Dividends

The present-value identity implies that
the value of the aggregate stock market, St ,
satisfies
(1)

St =

∞
X

Et [Dt+τ Mt:t+τ ] ,

τ =1

dividend
where Dt denotes the aggregate
Qτ
paid at time t, Mt:t+τ = s=1 Mt+s , and
Mt denotes the stochastic discount factor. The price of the τ -period dividend
claim is Pt (τ ) = Et [Dt+τ Mt:t+τ ]; the reτ
= Dt+τ /Pt (τ );
turn on this claim is Rt:t+τ
and the dividend futures price is Ft (τ ) =
Pt (τ )/Et [Mt:t+τ ].
A.

Data

We use data on dividend futures for the
S&P 500 index in the US (SPX) and for the
Euro Stoxx 50 index in Europe (SX5E). We
source these data from Bloomberg. We also
use data from the Center for Research in Security Prices on two ETFs; one ETF tracks
long-term Treasuries (with ticker TLT) and
the other ETF tracks the investment-grade
corporate bond market in the US (with
ticker LQD).
We use data on Euro Stoxx 50 dividend
options trading on the Eurex Exchange.
These are European options on index div-
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idends. The ten nearest successive annual contracts of the December cycle are
available for trading at any point in time.
The Eurex Exchange records the daily settlement prices on the options and computes the ATM implied volatilities using a
Black (76) model. We source these volatilities from Bloomberg. We note that liquidity in the dividend options market is limited, in particular before the pandemic. We
view the current paper mostly as a proof of
concept of what can be learned from these
markets as they develop.
For dividend options, the maturity coincides with the year in which the dividends
are paid. We therefore simultaneously vary
the timing of the dividend and the maturity of the option. We use the December
2021, December 2022, and December 2023
contracts in our analysis. 1 For the Euro
Stoxx 50, we choose the 12-month and 24month implied volatilities (VSTOXX) from
Bloomberg. We linearly interpolate the series to match the December 2021 maturity.
All volatilities are annualized. We sample
our data weekly and use data from January
2020 until October 2020.
B.

Empirical results

We study how prices and implied volatilities of both indexes and dividends changed
during the COVID-19 crisis. Figure A.2
in the Online Appendix shows that stock
markets in Europe and the US fell by 2030%, while short-term dividends fell even
more for both indexes. During the same
period, Treasuries rallied and investmentgrade corporate bonds fell by about 10%.
Financial markets recovered since then,
with the US stock market and the
investment-grade corporate bond market
recovering fully and the European stock
market recovering about half of its losses.
However, short-term dividends have not experienced the same recovery. Prices are still
down by almost 20% in the US and more
than 30% in Europe, suggesting that the
1 While the December 2020 contract is also available,
its implied volatility mechanically dwindles during our
sample as more dividends are announced.

MONTH YEAR

market prices substantial economic losses in
the near term.
The left panel of Figure I.B shows the
implied dividend volatility of the 2021 option and the implied volatility of the aggregate stock market. In the right panel, we
plot the term structure of implied dividend
volatilities for the 2020, 2021, and 2022 contracts, alongside the implied volatility of
the market, in January, March, and October of 2020.
Implied volatilities before the COVID-19
crisis increase with maturity, and are particularly low for the 2021 contract. The
level of volatility is comparable to the historical annual dividend volatility.
During the crisis, the implied dividend
volatility increases sharply and, in case of
the 2021 contract, rises above the implied
volatility of the market. This increase suggests that short-term dividend growth is
strongly heteroskedastic. The volatility of
the short-term dividends remains high at
the end of our sample, with the volatility of
the short-term claims approximately at the
same level as the market.
As such, the relative increase in volatility
during the crisis is stronger for short-term
dividends than for the market, and the increase is more persistent. A key takeaway
from this section is that investors price
the pandemic via lower dividend prices
and high uncertainty about short-term cash
flows. While the market indexes have
largely recovered, the pandemic is reflected
in the pricing of near-future cash flows.
Implied dividend volatility represents a
new target moment that quantitatively realistic models should confront. In any
model in which dividend growth and the
SDF are conditionally lognormal,
implied
p
τ
=
dividend volatility satisfies var∗t Rt:t+τ
√ 2
f
Rt:t+τ eσt − 1 ≈ σt , where σt is the
(true) volatility of log dividend growth,
log Dt+τ /Dt , and var∗t denotes variance under the risk-neutral measure. Our results show that log dividend growth exhibits substantially more heteroskedasticity
than is present in models such as Campbell
and Cochrane (1999) or Bansal and Yaron
(2004).
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Figure 1. Volatility dynamics during the COVID-19 crisis. The years in the right panel correspond to
the maturities of the implied dividend volatilities.

II.

Expected Returns and Growth

The price of a dividend claim reflects a
combination of the expected return on the
claim and the expected dividend. We will
derive a lower bound on the expected return, and hence on the expected dividend.
A.

Methodology

We start from the following identity,
which holds for any gross returns Rt:t+τ and
τ
Rt:t+τ
:
f
τ
]−Rt:t+τ
=
Et [Rt:t+τ

τ
cov∗t (Rt:t+τ
, Rt:t+τ )

f
Rt:t+τ
τ
− covt (Mt:t+τ Rt:t+τ , Rt:t+τ
).

We use asterisks to denote risk-neutral mof
for the gross riskments and write Rt:t+τ
free rate between t and t + τ . This relationship, a generalization of the identity in
Martin (2017), was derived and applied to
currency returns by Kremens and Martin

τ
as the
(2019). Here, we will define Rt:t+τ
spot-return on the τ -period dividend claim,
τ
= PDtt+τ
.
Rt:t+τ
(τ )

We will exploit the identity by choosing
Rt:t+τ so that the first (risk-neutral) covariance term on the right-hand side can be inferred from observable asset prices, while
the sign of the second covariance term can
be controlled.
τ
If we set Rt:t+τ = Rt:t+τ
, for example,
then the first term can be inferred from
dividend option prices, which pin down the
risk-neutral variance of the dividend return.
The second term is harder to deal with. In
models that imply constant price-dividend
ratios, such as Barro (2006), the dividend
τ
is proportional to the return
return Rt:t+τ
on the market itself. Then we will have
τ
) ≤ 0 whenever the
covt (Mt:t+τ Rt:t+τ , Rt:t+τ
NCC of Martin (2017) holds. But other
models generate the opposite sign: in the
long-run risk model of Bansal and Yaron
(2004), short-term dividends are uncorrelated with the SDF so that the covari-
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Figure 2. A lower bound on expected excess returns on the short-term dividend claim (left panel)
and on the expected dividend in 2021, scaled by the 2019 dividend (right panel). The different lines
correspond to conditional correlations between market returns and short-term dividend returns.

ance is positive, while in the Campbell and
Cochrane (1999) model, the covariance is
negative only in bad states of the world.
(See Online Appendix.)
We therefore follow Kremens and MarM
equal
tin (2019) by setting Rt:t+τ = Rt:t+τ
to the return on the aggregate stock market. We also assume that returns, dividends, and the SDF are jointly lognormal. 2
This implies that
f
τ
]−Rt:t+τ
=
Et [Rt:t+τ

τ
M
ρt σt∗ (Rt:t+τ
)σt∗ (Rt:t+τ
)

f
Rt:t+τ
M
τ
− covt (Mt:t+τ Rt:t+τ
, Rt:t+τ
),

2 We require this assumption as derivatives whose
prices would directly reveal the risk-neutral covariance
between the market return and dividend growth are not
widely traded. By contrast, Kremens and Martin (2019)
were able to exploit the fact that index quanto contracts,
which reveal the corresponding risk-neutral covariance
between the market return and currency appreciation,
are traded. Although the assumption of lognormality is
likely violated, as discussed by Martin (2017), our hope
is that this violation has limited impact on our results.
We leave it for future research to derive bounds under
more general distributional assumptions.

where σt∗ denotes risk-neutral volatility
τ
M
, Rt:t+τ
). Under our
and ρt = corrt (Rt:t+τ
lognormality assumption, true and riskneutral correlation are equal to one another,
as we show in the Online Appendix.
The second covariance term is nonpositive under assumptions very similar to
those of Martin (2017). As a simple benchmark, if one adopts the perspective of an investor with log utility who chooses to invest
M
fully in the market, then Mt:t+τ = 1/Rt:t+τ
and the covariance term is zero. More generally, suppose that Mt:t+τ is of the form
βu0 (Wt+τ )/u0 (Wt ) where wealth is invested
M
in the market,3 Wt+τ = Wt Rt:t+τ
, and risk
00
0
aversion −W u (W )/u (W )—which need
not be constant—is at least one at
all levels of wealth.
Then we have
M
τ
covt (Mt:t+τ Rt:t+τ
, Rt:t+τ
) ≤ 0 if the dividend and market returns are non-negatively
3 This assumption is stronger than we need. In the
appendix, we generalize further to show conditions under which the covariance is negative in the presence of
state variables, non-market wealth, and non-lognormal
random variables.
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