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Implied Dividend Volatility and Expected Growth'

By NIELS J. GORMSEN, RALPH S.J. KOIJEN, AND IAN W.R. MARTIN

A large literature is concerned with measuring
economic uncertainty and quantifying its impact
on real decisions such as investment, hiring,
R&D, and ultimately economic growth (Bloom
2009; Jurado, Ludvigson, and Ng 2015). The
COVID-19 pandemic underscores the impor-
tance 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 forth-
coming), 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 differ-
entiated 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 index-level dividends,
from which we can compute implied dividend
volatility. These implied volatilities differ from
the Cboe Volatility Index, which measures not
only uncertainty about dividends but also uncer-
tainty about stock prices.

We construct a term structure of implied div-
idend volatilities that characterizes how uncer-
tainty varies across horizons. We study how this
term structure developed over the COVID-19
crisis, documenting a substantial increase in the
volatility of near-future dividends that lingers
even as the volatility of the overall market port-
folio has started to fall.
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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 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 it
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, S, satisfies

(1) St = ZIEI[DI+TMt:t+T]’

where D, denotes the aggregate dividend paid
at time 7, M,;,, = [[i=1M,,, and M, denotes
the stochastic discount factor. The price of the
m-period  dividend claim is P(T) =
E|D;.-M, |, the return on this claim
is Ri., = D.,/P(7), and the dividend
futures price is F,(7) = Py(7)/E[Mp|.

A. Data

We use data on dividend futures for the S&P
500 index in the United States and 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 exchange traded funds (ETFs); one ETF
tracks long-term Treasuries (with ticker TLT),
and the other ETF tracks the investment-grade
corporate bond market in the United States (with
ticker LQD).

We use data on SXSE dividend options trad-
ing on the Eurex Exchange. These are European
options on index dividends. 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 at-the-money implied volatilities using a
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Black (76) model. We source these volatilities
from Bloomberg. We note that liquidity in the
dividend options market is limited, in particu-
lar 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."
For the SX5E, we choose the 12-month and
24-month implied volatilities 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 United States fell by 20-30 percent,
while short-term dividends fell even more for
both indexes. During the same period, Treasuries
rallied and investment-grade corporate bonds
fell by about 10 percent.

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 percent in the United
States and more than 30 percent in Europe, sug-
gesting that the market prices substantial eco-
nomic losses in the near term.

The top panel of shows the implied
dividend volatility of the 2021 option and the
implied volatility of the aggregate stock mar-
ket. In the lower panel, we plot the term struc-
ture 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.

"'While the December 2020 contract is also available, its
implied volatility mechanically dwindles during our sample
as more dividends are announced.
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FIGURE 1. VOLATILITY DYNAMICS DURING THE COVID-19
CRISIS

Note: The years in the bottom panel correspond to the matur-
ities of the implied dividend volatilities.

Implied volatilities before the COVID-19 cri-
sis increase with maturity and are particularly
low for the 2021 contract. The level of volatility
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is comparable to the historical annual dividend
volatility.

During the crisis, the implied dividend volatil-
ity increases sharply and, in the 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 volatil-
ity 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 div-
idends 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 real-
istic models should confront. In any model
in which dividend growth and the stochas-
tic discount factor (SDF) are condition-
ally lognormal, implied dividend volatility
satisfies \/var; R, = Rl V e —1 ~ o,
where o, is the (true) volatility of log dividend
growth, logD,,,/D,, and var; denotes variance
under the risk-neutral measure. Our results show
that log dividend growth exhibits substantially
more heteroskedasticity than is present in mod-
els such as Campbell and Cochrane (1999) or
Bansal and Yaron (2004).

II. Expected Returns and Growth

The price of a dividend claim reflects a com-
bination 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 R,.,, , and R}, -

COV: (R;r:l-!—ﬂ Rt:H—‘r)
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We use asterisks to denote risk-neutral moments
and write R{:HT for the gross risk-free rate
between ¢ and ¢+ 7. This relationship, a gen-
eralization of the identity in Martin (2017),
was derived and applied to currency returns
by Kremens and Martin (2019). Here, we will
define R/, , as the spot return on the 7-period
dividend claim, R7,,,; = D, ./P(7).

We will exploit the identity by choosing R;., ,
so that the first (risk-neutral) covariance term on
the right-hand side can be inferred from observ-
able asset prices, while the sign of the second
covariance term can be controlled.

If we set R,.,,. = R}, , 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 return R},  is proportional
to the return on the market itself. Then we will
have cov, (M, -R;..ir Rl.i-) <0 whenever the
negative correlation condition 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 uncor-
related with the SDF so that the covariance 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 Martin
(2019) by setting R,,..= RM. equal to the
return on the aggregate stock market. We also
assume that returns, dividends, and the SDF are
jointly lognormal.” This implies that

F(Risr) of (RY,
Et[R;:H-r] _R]tc:t+7 _ PZU;( z.z+7‘) Jt( l.z+7)

RJ;:I-H—

M T
- Covt(Mt:t+TRt:t+T’Rt:t+7’)’

2We 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 corre-
sponding risk-neutral covariance between the market return
and currency appreciation, are traded. Although the assump-
tion 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.
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where o denotes risk-neutral volatility
and p, = corrt(RZ,+T,R%+T). Under our lognor-
mality assumption, true and risk-neutral correla-
tion 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 fully in the market,
thenM,, . = 1/R¥_ _andthecovariance termis
zero. More generally, suppose that M, .is of the
form Bu'(W,;) /u'(W,) where wealth is invested
in the market,’ W, = W,RM .+ and risk aver-
sion —Wu"(W)/u'(W)—which need not be
constant—is at least one at all levels of wealth.
Then we have cov,(M,,.,R¥, .R},,,) < Oif the
dividend and market returns are nonnegatively
correlated. From now on, we will assume that
this condition holds.

We then have a lower bound on expected
dividends:

P (RT,) o (RIL)

R,

E[D.,] > P,(7) +R}

B. Empirical Results

We approximate R’ ~ 1 during our sample.
As estimating a correlation model is beyond the
scope of this paper, we will present results for
two values of p, that we consider plausible during
times of stress, p; = 50 percent or 75 percent.

We plot the lower bound for expected
excess returns in annualized terms in panel
A of Figure 2. The expected excess return
peaks at 4.5 percent if p, = 50 percent and
at 6.7 percent if p, = 75 percent, indicating
substantial expected excess returns on dividend
claims.

In panel B of Figure 2, we use these estimates
to compute a lower bound on the expected
dividend in December 2021. To simplify the

3This assumption is stronger than we need. In the online
Appendix, we generalize further to show conditions under
which the covariance is negative in the presence of state
variables, nonmarket wealth, and nonlognormal random
variables.

4 As the volatilities of all dividend claims and the market
move significantly during the crisis, so do the lower bounds
on the expected excess returns. We refer to Gormsen (forth-
coming) for estimates of variation in expected excess returns
across maturities.
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FIGURE 2. A LOWER BOUND ON EXPECTED EXCESS RETURNS
ON THE SHORT-TERM DIVIDEND CLAIM (PANEL A) AND ON
THE EXPECTED DIVIDEND IN 2021, SCALED BY THE 2019
DIVIDEND (PANEL B)

Note: The different lines correspond to conditional cor-
relations between market returns and short-term dividend
returns.
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interpretation, we scale this expectation by the
December 2019 dividend. This bound sharpens
the lower bound in Gormsen and Koijen (2020),
which corresponds to p, = 0.

We draw two conclusions. First, most of the
variation in dividend futures is due to growth
expectations. This underscores the usefulness
of dividend futures for forecasting economic
growth. Second, while the market recovered
in the second part of 2020, near-term growth
expectations improved only slightly and indeed
deteriorated toward the year’s end. Coupled with
the high level of implied dividend volatilities,
the short-term economic outlook is uncertain
and not expected to recover in the near term in
Europe.

REFERENCES

Bansal, Ravi, and Amir Yaron. 2004. “Risks for
the Long Run: A Potential Resolution of Asset
Pricing Puzzles.” Journal of Finance 59 (4):
1481-15009.

Barro, Robert J. 2006. “Rare Disasters and Asset
Markets in the Twentieth Century.” Quarterly
Journal of Economics 121 (3): 823-66.

Bloom, Nicholas. 2009. “The Impact of Uncer-
tainty Shocks.” Econometrica 77 (3): 623-85.

IMPLIED DIVIDEND VOLATILITY AND EXPECTED GROWTH

365

Campbell, John Y., and John H. Cochrane. 1999.
“By Force of Habit: A Consumption-Based
Explanation of Aggregate Stock Market
Behavior.” Journal of Political Economy 107
(2): 205-51.

Gao, Can, and Ian Martin. Forthcoming. “Volatil-
ity, Valuation Ratios, and Bubbles: An Empiri-
cal Measure of Market Sentiment.” Journal of
Finance.

Gormsen, Niels Joachim. Forthcoming. “Time
Variation of the Equity Term Structure.” Jour-
nal of Finance.

Gormsen, Niels Joachim, and Ralph S.J. Koijen.
2020. “Coronavirus: Impact on Stock Prices
and Growth Expectations.” Review of Asset
Pricing Studies 10 (4): 574-97.

» Jurado, Kyle, Sydney C. Ludvigson, and Serena
Ng. 2015. “Measuring Uncertainty.” American
Economic Review 105 (3): 1177-1216.

» Kremens, Lukas, and Ian Martin. 2019. “The
Quanto Theory of Exchange Rates.” American
Economic Review 109 (3): 810-43.

Martin, Ian. 2017. “What Is the Expected Return
on the Market?” Quarterly Journal of Econom-
ics 132 (1): 367-433.

van Binsbergen, Jules, Wouter Hueskes, Ralph
Koijen, and Evert Vrugt. 2013. “Equity
Yields.” Journal of Financial Economics 110
(3): 503-19.


http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.20180019&citationId=p_9
http://pubs.aeaweb.org/action/showLinks?system=10.1257%2Faer.20131193&citationId=p_8

	Implied Dividend Volatility and Expected Growth
	I. Pricing and Riskiness of Dividends
	A. Data
	B. Empirical Results

	II. Expected Returns and Growth
	A. Methodology
	B. Empirical Results

	REFERENCES


