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Introduction

Discounting future cash flows is at the heart of investment decisions. But, how do discount rates
vary with cash flow maturity? For risky cash flows, like dividends, recent evidence indicates the
term structure of discount rates decreases beyond the first few years (Giglio, Maggiori, and Stroebel
(2015); Binsbergen and Koijen (2017); Weber (2017)). The relatively low discount rates of long-term
dividends contrast with the fact that interest rates tend to increase in bond duration and with leading
asset pricing models as they predict a flat or upward sloping dividend term structure (Binsbergen,
Brandt, and Koijen (2012)). The opposite term structure behavior of bonds and dividends is a
paradox and the fact that prominent models fail to capture such a fundamental property of financial
markets is unsettling.

As Campbell (2018) points out, “A recent literature has asked how to reconcile a downward-sloping
risky term structure with asset pricing theory...[but]...it is not easy (p. 291).” This paper sheds light
on this issue by studying the risk differences between short- and long-term bonds and dividend
claims. In particular, I empirically demonstrate that reinvestment risk is a potential explanation for
the downward sloping dividend term structure at long maturities and the upward sloping bond term
structure.

I define reinvestment risk as exposure to declines in market reinvestment rates. I model this risk
in the context of the Intertemporal Capital Asset Pricing Model (ICAPM) of Campbell (1993). The
model features market returns as well as interest rate and equity premium shocks as risk factors.
While negative market returns decrease current wealth, negative interest rate and equity premium
shocks reduce bond and equity reinvestment rates respectively. In the ICAPM, declines in current
wealth and in reinvestment rates decrease lifetime utility, and hence are relevant sources of risk.

The new insight is that the dividend and bond term structures have opposite slopes because
long-term dividend claims hedge reinvestment risk while long-term bonds are exposed to such risk.
Intuitively, decreases in reinvestment rates are associated with increases in dividend present values
through lower discount rates. This hedge is valuable and more relevant for longer-term claims given
their higher sensitivity to discount rate variation. Therefore, investors have higher demand for
longer-term dividend claims, which translates into lower risk premia for these assets. In the case
of bonds, prices decrease when equity reinvestment rates decline because nominal interest rates are

negatively correlated with the equity premium (Fama and Schwert (1977); Campbell (1987); Ferson



(1989); Shanken (1990); Brennan (1997)). Consequently, bonds are exposed to equity reinvestment
risk despite hedging against interest rate declines. Given their higher duration, longer-term bonds
are more exposed to equity reinvestment risk, and thus command higher risk premia.

I empirically test this reinvestment risk mechanism. For the bond term structure, I use returns on
six portfolios containing bonds with maturities up to 1, 2, 3, 4, 5, and 10 years (the data is available
since 1952). In the case of the dividend term structure, the biggest challenge is that dividend claims
only start trading in the 21st century, and thus tests of risk-based mechanisms are likely to be
contaminated by the great recession. I overcome this challenge by developing a novel methodology to
estimate risk exposures on dividend claims and applying it to aggregate U.S. dividends accruing in one
to ten years. While the previous paragraph holds expected dividends fixed to simplify the intuition,
my tests fully incorporate cash flow shocks. I calculate dividend returns (and risk exposures) based on
dividend present values, which I obtain by discounting expected dividends by expected equity returns
every month from 1952 to 2015. I rely on predictive regressions over alternative horizons to estimate
expectations for dividends and equity returns, and all predictive variables used are commonly applied
in the asset pricing literature.

The first major empirical finding is that longer-term dividend claims have lower risk premia within
the ICAPM despite their higher market risk, and this result is a consequence of their ability to hedge
reinvestment risk (Figures la and 1c). Specifically, I find that market betas increase in dividend
maturity, while equity premium betas strongly decrease. The market beta evidence reveals that
the dividend term structure is upward sloping under the CAPM and is consistent with the previous
literature (Ang and Liu (2004); Brennan and Xia (2006); Binsbergen, Brandt, and Koijen (2012)).
In contrast, the equity premium beta pattern represents a novel empirical result and is consistent
with long-term dividend claims hedging reinvestment risk. To obtain risk premia, I combine betas
with risk prices implied by the ICAPM of Campbell (1993) when relative risk aversion is calibrated
to match the equity premium and the bond term structure. The ICAPM-based risk premia are lower
for longer-term dividend claims, which indicates that the reinvestment risk channel dominates the
market risk effect and produces a downward sloping dividend term structure.

The second main result is that longer-term bonds are more exposed to reinvestment risk, resulting
in an upward sloping bond term structure (Figures 1b and 1c). In particular, long term bonds hedge
against interest rate declines, but are also highly exposed to equity premium shocks. The later

effect dominates so that the bond term structure of reinvestment risk is upward sloping. Market risk
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Figure 1

The Dividend and Bond Term Structures

The graphs report betas and risk premia for dividend claims and bond portfolios. Panels (a) and (b) focus on
betas relative to the three ICAPM risk factors (market return, interest rate, and equity premium shocks) while
panels (c) and (d) concentrate on risk premia. All betas are in market beta units (i.e., covariance normalized
by market variance) and all risk premia are constructed by combining betas with risk prices. Risk prices for
panel (c) are based on the ICAPM with a passive investor (Campbell (1993)) and a relative risk aversion (=6.3)
calibrated to match the equity premium and the bond term structure. Risk prices for panel (d) are based on
the ICAPM with a strategic investor (see Campbell, Chan, and Viceira (2003)). All necessary parameters
are estimated over my main sample period (1952 to 2016). Empirical details are available in subsections 3.1

and 4.1.
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also increases in bond maturity, but the upward sloping bond term structure is mostly driven by
reinvestment risk as the standard CAPM cannot produce a realistic bond-term structure.

The reinvestment risk explanation for the dividend and bond term structures is consistent with
economic theory and several stylized empirical facts. For instance, I formalize the calibration of
relative risk aversion as a Generalized Method of Moments (GMM) estimation and find an implied
relative risk aversion of 6.3, which is comparable to recent estimates (Campbell et al. (2017)) and
below the upper bound Mehra and Prescott (1985) argue to be reasonable for asset pricing models.
Moreover, 1 expand the estimation to other testing assets and find that the ICAPM quantitatively
captures the term structures of Treasury and corporate bonds and reasonably fits the equity, value,
and credit premiums (all simultaneously).

My approach of studying the dividend term structure based on dividend present values builds on
the traditional methodology of decomposing stock return variation into cash flow and discount rate
news (Campbell and Shiller (1989); Campbell (1991); Chen, Da, and Zhao (2013)). My innovation
is to rewrite Campbell and Shiller (1989)’s valuation identity in a way that allows me to decompose
equity returns into their underlying dividend returns over long sample periods. This alternative way
to estimate dividend returns is an important contribution because it allows future research to test
alternative models and explore new properties of the dividend term structure. Empirical testing has
been limited because data on derivative contracts used to calculate dividend returns are not available
for a sufficiently long sample period.

However, dividend returns obtained from present values are not traded asset returns. Conse-
quently, the dividend term structure documented in Figures 1a and 1c is based on the contribution
of each dividend to the equity premium as opposed to the more common method of averaging ex-
cess returns over time. In Section 1, I provide a detailed explanation of this point and prove that
the proposed methodology provides a valid decomposition of the equity premium into its underlying
dividend risk premia.

I complement Figures la and 1c with a test based on a short-term dividend strategy that uses a
proprietary database of quoted prices of dividend futures provided to me by Goldman Sachs. I find
that a portfolio of short-term dividend futures has lower market 5, higher equity premium j3, and
higher ICAPM-implied risk premium than a long-duration portfolio of dividend futures. All of these
results are consistent with the ones obtained using dividend returns based on present values.

The results in Figures 1a and 1c are striking in that they suggest reinvestment risk produces both



a downward sloping dividend term structure and an upward sloping bond term structure. However,
they are likely to overstate the effect of reinvestment risk and consequently the slope of the dividend
term structure. The reason is that the ICAPM of Campbell (1993) considers a passive investor
who does not change her portfolio allocation in response to changes in reinvestment rates (i.e., the
investor is not strategic). If the marginal investor is strategic, then she can endogenously decrease
her exposure to reinvestment risk, which makes it less of a concern.

To explore this issue, I consider a fully structural ICAPM in which the marginal investor responds
optimally to changes in reinvestment rates (see Campbell, Chan, and Viceira (2003)). I derive
expressions for the risk exposures and risk premia of dividend claims within this framework and study
the dividend term structure by applying the derived expressions to the data. This approach allows me
to study the ICAPM pricing of dividend claims with arbitrary maturities (it is not based on dividend
present values). This benefit, of course, comes at the expense of requiring more economic/econometric
assumptions than the previous tests. The results are, however, interesting and empirically credible.

Figure 1d displays the dividend term structure of risk premia for the ICAPM with a strategic
investor. For the first few maturities, the market risk effect dominates, inducing an upward sloping
dividend term structure. However, the reinvestment risk effect dominates for dividend claims with
longer maturities so that long-term dividend claims have relatively low risk premia. Overall, the
ICAPM produces a hump-shaped dividend term structure with particularly low discount rates for
very long-term dividends. These results are striking in that they match the otherwise puzzling
pattern uncovered in the literature. For instance, Binsbergen and Koijen (2017) report (for S&P
500 dividend claims) average returns that increase over the first few years, but decrease over the
long-term as dividend claims with maturities from three to five years outperform the S&P 500, which
is a long-duration portfolio of dividend claims.

The term structures in Figure 1 are robust to extensive variation in my empirical design. For
instance, results are qualitatively similar when the sample goes as far back as 1928 or when it ex-
cludes the great depression/recession. Moreover, results are robust to excluding any of the predictive
variables used to estimate expected returns and dividend growth. I also study robustness to several
measurement, econometric, and economic decisions and find that more than 300 specifications yield
results that are qualitatively similar to the ones obtained in my main analysis.

The reinvestment risk channel I propose to explain the dividend and bond term structures has

direct implications to the long-run risks framework (Bansal and Yaron (2004); Bansal, Kiku, and



Yaron (2012)). I show (through simulations) that the typical calibration of the long-run risks model
does not account for the dividend term structure because it fails to produce the downward sloping
term structure of reinvestment risk uncovered in my empirical analysis. However, the long-run risks
framework correctly prices reinvestment risk and the relationship between this framework and the
ICAPM implies that there must exist an alternative specification for the consumption growth process
that captures both the bond and dividend term structures. Such specification might not reflect the
consumption growth of a representative consumer (see Malloy, Moskowitz, and Vissing-Jgrgensen
(2009)), but it can still retain the main aspects of the model.

In summary, this paper has two key implications. The first is that investors should discount
longer-term equity cash flows at lower rates if they price reinvestment risk as typical agents in
intertemporal asset pricing theory do. The second is that reinvestment risk provides an empirically
credible explanation for the coexistence of a downward sloping dividend term structure at long
maturities and an upward sloping bond term structure in financial markets.

Research on how discount rates vary with cash flow maturity can be traced back to a literature
focused on the importance of the discount rate term structure to the valuation of projects and firms
(Gordon (1962); Brennan (1973); Bogue and Roll (1974); Fama (1977); Myers and Turnbull (1977)).
My paper contributes to this early work by providing evidence suggesting that long-term equity cash
flows are good hedges for reinvestment risk, and thus should require relatively low discount rates in
present value applications.

Several studies find that long-term risky cash flows (in particular dividend claims) have relatively
low discount rates so that the term structure of risky cash flows is downward sloping at long maturities

1

(see Binsbergen and Koijen (2017) for a review of this literature).” This result represents a puzzle

!This literature builds on Brennan (1998)’s insight that variation in divided prices provides an important signal
for changes in the fundamental value of cash flows. Binsbergen, Brandt, and Koijen (2012) use option prices and the
put-call parity to show that claims on S&P500 short-term dividends have higher average returns than the index itself,
which is a long duration portfolio of dividend claims. Binsbergen and Koijen (2017) studies dividend futures contracts
and find similar results while Binsbergen et al. (2013) emphasizes that, despite being downward sloping on average, the
dividend term structure is pro-cyclical from 2002 to 2012. Cejnek and Randl (2017) and Li and Wang (2017) further
explore the predictability power of dividend prices and Cejnek and Randl (2016) relate the dividend term structure
to an options-based downside risk factor. Manley and Mueller-Glissmann (2008) and Wilkens and Wimschulte (2010)
provide valuable institutional details about the market for dividend derivatives. Some papers argue that the dividend
term structure is no longer downward sloping when we consider microstructure noise (Boguth et al. (2012)), dividend
taxation (Schulz (2016)), or dealer funding costs (Song (2016)). However, these criticisms only apply to the evidence
based on option prices (not to dividend futures contracts), and thus cannot explain the low discount rates on long-term
dividend claims. I provide further details about all three points and some counterarguments to them in Appendix B.3.
Evidence of relatively low discount rates for long-term cash flows is also found in real estate prices (Giglio, Maggiori,
and Stroebel (2015); Giglio et al. (2015)) and in portfolios sorted on equity cash flow duration (Dechow, Sloan, and
Soliman (2004); Weber (2017)).



because it contradicts the flat or upward sloping dividend term structure implied by some of the most
prominent asset pricing models.” My contribution to this literature is to empirically demonstrate
the plausibility of reinvestment risk as a simple explanation for the downward sloping dividend term
structure and the upward sloping bond term structure. My paper is unique within this literature
in that it focuses on an empirical test of a theoretical mechanism as opposed to providing evidence
within a simulated economy.

The reinvestment risk channel is substantially different from the three classes of models that have
been proposed to capture the dividend term structure. The first class assumes an exogenous stochastic
discount factor and uses it to price dividends (and sometimes bonds) through non-arbitrage pricing
restrictions (Lettau and Wachter (2007, 2011); Ang and Ulrich (2012); Kragt, de Jong, and Driessen
(2016)). The second class modifies preferences (Andries, Eisenbach, and Schmalz (2015); Eisenbach
and Schmalz (2016)) or beliefs (Croce, Lettau, and Ludvigson (2014)) in order to consider investors
who worry more about short-term risks. The third class modifies the economic growth process

3 The mechanism in my paper differs

in a way that induces shorter-term dividends to be riskier.
substantially from these as reinvestment risk pricing does not require investors to worry more about
the short-term, and the term structure of reinvestment risk is driven by discount rate movements,
not cash flow risk. In simple words, it is not about the risk that short-term dividends have, but
rather about the hedge benefit they do not have.

The results in this paper contribute to the well established ICAPM and bond term structure
literatures by demonstrating that a simple ICAPM specification simultaneously produces a downward
sloping dividend term structure and an upward sloping bond term structure.* One paper that is close

to mine in these literatures is Brennan and Xia (2006). They calibrate a version of Merton (1973)’s

ICAPM based on Treasury bond yields and inflation data and use it to study the valuation of

2Standard models generating a flat or upward sloping dividend term structure include (i) the Sharpe (1964) and
Lintner (1965) CAPM; (ii) the habit formation model in Campbell and Cochrane (1999); (iii) the long-run risk model
in Bansal and Yaron (2004) and Bansal, Kiku, and Yaron (2012) and (iv) the disaster risk framework in Barro (2006),
Gabaix (2012) and Wachter (2013).

3Mechanisms include stationary leverage policy (Belo, Collin-Dufresne, and Goldstein (2015)), variation in risk
prices added to a latent time-varying leverage in dividend growth (Doh and Wu (2016)), dividends that are cointegrated
with consumption (Marfe (2015)) or that recover after disasters (Hasler and Marfe (2016)), older vintages of capital
that are more exposed to productivity shocks (Ai et al. (2017)), and labor rigidity in the form of sticky wages (Favilukis
and Lin (2016)) or income insurance (Marfe (2017)).

“The bond term structure literature is summarized by Piazzesi (2010) and Duffee (2013). The ICAPM was first
proposed by Merton (1973) and a closely related discrete version was developed by Campbell (1993), which is the
framework I rely on in this paper. Given the long history of the ICAPM, many papers empirically tests and/or further
develop the model. Some examples are Campbell (1996), Ferson and Harvey (1999), Campbell, Chan, and Viceira
(2003), Brennan, Wang, and Xia (2004), Campbell and Vuolteenaho (2004), Petkova (2006), Campbell, Polk, and
Vuolteenaho (2009), Bali and Engle (2010) and Campbell et al. (2017).



cash flows with different horizons. My paper differs from theirs in many aspects, with one being
particularly important. While they estimate a negative risk price for interest rate shocks, I find that
relative risk aversion above one restricts risk prices on equity premium and interest rate shocks to be
positive. Consequently, my paper captures the logic of reinvestment risk and fundamentally differs
from theirs in terms of how investors discount cash flows with different horizons.

The documented evidence also relates to studies on the risk and return characteristics of portfolios
with different cash flow duration (Dechow, Sloan, and Soliman (2004); Lettau and Wachter (2007,
2011); Hansen, Heaton, and Li (2008); Da (2009); Weber (2017)). This literature is connected to
the value premium (Fama and French (1992, 1993, 1996)) and finds that longer-duration stocks have
lower expected returns. One natural question is whether the differences between short- and long-
duration portfolios are driven by the dividend term structure. My results provide guidance to answer
this question because they imply that term structure differences in duration sorted portfolios are, at
least in part, driven by heterogeneity in reinvestment risk exposure.

The rest of the paper is organized as follows. Section 1 provides a theoretical motivation for the
methods I use to study the dividend term structure. Section 2 details the ICAPM mechanism that
induces reinvestment risk to be priced. In turn, Sections 3 and 4 report results based on the ICAPM
with a passive and strategic investor respectively. Section 5 explores the relationship between the
reinvestment risk channel I study and the long-run risks framework. Finally, Section 6 concludes by
discussing some implications of my results and avenues for future research. The Appendix contains

derivations and empirical /econometric details as well as supplementary empirical results.

1 The Equity Premium Term Structure Decomposition

This section motivates my empirical approach to study the dividend term structure. The punchline is
that the equity premium can be decomposed into its underlying dividend risk premia. Moreover, this
decomposition can be performed using either dividend prices (calculated by discounting dividends
using the Stochastic Discount Factor) or dividend present values (calculated by discounting dividends
using equity discount rates). The method based on dividend prices is often used in the literature
(and in my Section 4), while the present value approach is novel and the focus of Section 3. The
main advantage of this method is that it allows me to study the dividend term structure over a long

sample period without a fully structural model.



For the rest of this paper, flow variables are stated in real terms (unless otherwise noted) and

technical derivations can be found in Appendix A.

1.1 Two Alternative Equity Premium Decompositions

This subsection outlines two alternative equity premium decompositions, which I label “the price
method” and “the present value method”. The present value method is novel and allows me to study
the dividend term structure without imposing strong economic restrictions. In contrast, the price
method requires stronger assumptions to be empirically analyzed, but is more comparable to the
literature and allows for a more in depth economic understanding of the dividend term structure.

To understand the price method, note that, in the absence of arbitrage opportunities, there exists
a Stochastic Discount Factor (SDF), M;, such that the value of an equity index, P;, is given by the
discounted value of its dividends {Dyyp}pe;:

Pt = Z Et [Dt+h . Mtﬁﬁ,h] = Z Pt(h) (1)
h=1 h=1

where the second equality defines the price of a dividend accruing in h years (also called h-year
dividend strip).
Manipulating equation 1, we have that returns on the equity index, R, , are equivalent to returns

on a portfolio of dividend strips (with weights wgh) = Pt(h) /Py):

Re,t = Z w§ﬁ)1 : Rg;?t (2)
h=1

and this equation allows us to decompose the equity premium into a term structure of dividend risk
premia.

An alternative equity premium decomposition can be derived based on the valuation identity
explored in Campbell and Shiller (1988, 1989). Start from the definition of a gross equity index

return and isolate price to get Py = (Pi41 + Dyy1)/Ret+1, which can be iterated forward to yield:

-1
o) h o)

P, = Z E¢ | Dign - H Ret+ = Z PVt(h) (3)
h=1 j=1 h=1

The present value of a dividend accruing in h years, PV represents its contribution to the
current equity price. I refer to these as dividend PVs to differentiate them from the dividend strip

terminology reserved for P"). While P is obtained by discounting dividends using the SDF,



PV discounts using equity discount rates. Appendix A.2 explains the similarities and distinctions
between P and PV(M) | but it is clear from equations 1 and 3 that the two ob jects provide alternative
decompositions of equity prices.

Manipulating equation 1, we can be derive the analogue of equation 2 for dividend PV returns.
However, it is empirically easier to work with a log-linear version of this equation, which I detail in

the next subsection.

1.2 Dividend Present Values and the Log-Linear Valuation Identity

This subsection derives a log-linear identity linking the equity premium to the term structure of
dividend risk premia.

Assuming log returns and dividend growth are conditionally homoskedastic and normally dis-
tributed, equation 3 implies that dividend PVs depend only on current dividends, expected dividend

growth and expected equity returns (ignoring constants):

h
n(PV™) = n(De) + By | Adpyj — et (4)
j=1
where Ad is the log dividend growth and 7. is the log equity return.
I combine dividend PV returns (R;Z?t = PVt(h_l)/ PVt(_h%) with equation 4 along with a log-linear

stock return approximation (Campbell and Shiller (1989); Campbell (1991)) to show that (log) stock

returns can also be viewed as returns on a portfolio of dividend claims:

req —Bealred ~ > wy- (r},’;)t - Et—l[rg;?t]) (5)
h=1

(h)

where 7y, are dividend PV log returns, w; = ph1

— pl* are weights that decrease in horizon and
satisfy > 52, wy, = 1, and p is Campbell and Shiller (1989)’s log-linearization constant.’

Finally, letting the log SDF be given by m = log (M), we have that equation 5 implies:

Bex =Y wn - B (6)
h=1

Ei[Re 41 — Rfp1] ~ Z w, - ﬂ,(,’{ﬁ?t At (7)
h=1

In my empirical analysis, I use p = exp(pd)/[exp(pd) + 1], which is approximately 0.97 in my main sample. Figure
A.1 reports the dividend PV return weights, w, = p"~* — p”, for p = 0.97.
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where Ry is the gross risk free rate, Bg;?t = Covt(réﬁ?t 41— T+t —mig1)/Varg(meyr) captures the

respective dividend claim risk exposure, and B;Z?t - A+ represents its risk premium.

Equations 6 and 7 provide a way to study the dividend term structure. Equation 6 shows that the
exposure of the equity index to the log SDF is a weighted average of its dividend Ss. This equation
is valid with other risk factors (whether priced or not), and thus can be applied without imposing
economic assumptions. Similarly, equation 7 demonstrates that the equity premium is a weighted
average of its dividend risk premia. Since risk premia depend on dividend risk exposures and on risk
prices, this equation can be used to study the dividend term structure, but it requires an explicit
model for the SDF (Section 2 details the SDF used in my empirical analysis).

Note that dividend PV returns are mnot traded asset returns, and thus

ERW, | — Rpgpa] # B0 - A In fact, E[R()

> poir1) = Et[Retr1] holds for all h by construc-

tion. This result means that average excess returns on dividend PVs are irrelevant for studying the
h)

dividend term structure. Instead, Bz(w,t .

A+ is the object of interest since it represents the respective

dividend’s contribution to the equity premium.

1.3 Sources of Variation in Dividend PV Returns

To study the dividend term structure, it is necessary to understand dividend Bs, which depend on
the sources of variation in dividend PV returns. This subsection demonstrates that dividend PV
returns depend on shocks to dividend growth as well as on news about future (i) dividend growth;
(i) equity premium; and (iii) interest rates.

To detail the sources of variation in dividend PV returns, I decompose the dividend PVs in

equation 4 as (ignoring constants):

h h h
ln(PVt(h)) = lTL(Dt) -+ Et Z Adt+j - Et Z Tet+j — Tft+j - Et Z Tftts (8)
j=1 J=1 j=1
9§h> 6p§h> Z.Tgh)

and combine this equation with the definition of dividend PV returns to obtain:
’I“I()Z?t — Etfl[rz()Z?t] = Adt — Et,1 [Adt]
+ (Qt(hil) - Et—l[gt(hil)]) - <€P§h71) - Et_l[epﬁhfl)]) - (irt(hil) - Et—l[iTghfl)D

or in more compact notation (with ~ representing shocks to contemporaneous variables and N news
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about future information):

_ NB=D

h—
ep,t - N( b (9)

iyt

A = Sa N

Equation 9 shows that all dividend claims are exposed to an identical dividend growth shock (A~d),
but they are subject to different news about future (i) dividend growth (Ng(h)); (ii) equity premium
(Ngf)); and (iii) interest rates (Ni(rh )). For instance, the annual return on a 1l-year dividend claim
is only subject to dividend growth shocks. In contrast, the annual return on a 10-year dividend
claim is exposed not only to dividend growth shocks, but also to news about the remaining nine
years dividend growth, equity premium, and interest rate. As a consequence, the heterogeneity in
dividend PV returns with different maturities originates from the risk heterogeneity in these three
components.

A key advantage of studying the dividend term structure using dividend PV returns is that they
can be constructed based on proxies for dividend growth, equity premium, and interest rate news.
This is substantially different from dividend strip returns, which require either observations of P("
in financial markets or a fully specified SDF to recover P,

Section 3 studies the dividend term structure based on dividend PV returns and provides empirical
results that rely on little economic structure. The key intuition that long-term dividend claims are
good hedges for reinvestment risk is clear from this analysis. There are, however, important nuances
in the dividend term structure. For instance, the term structure seems upward sloping over the short
term in the U.S. despite being downward sloping over the long-horizon (see Binsbergen and Koijen
(2017)). Section 4 presents results based on P constructed from a fully structural ICAPM and
shows that these aspects are also captured by the model.

The next section details the ICAPM structure I rely on throughout the rest of this paper to

capture the reinvestment risk logic.

2 An ICAPM with Reinvestment Risk

In this section, I show that a passive investor with Epstein-Zin preferences dislikes reinvestment
risk and prices it accordingly. I provide only the key steps, but the model is an ICAPM, with all
derivations detailed in Campbell (1993) and an important empirical test performed by Campbell
and Vuolteenaho (2004). The model here is also the starting point for the fully structural ICAPM

framework in Section 4, which features a strategic investor who responds optimally to changes in
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reinvestment rates.

2.1 The SDF from the Perspective of a Passive Investor

An investor with Epstein-Zin recursive preferences (Epstein and Zin (1989); Weil (1989)) who has
his wealth invested in the market portfolio (i.e., is a passive investor) has a log SDF, m = In (M),

with shocks given by:

where I represents a shock to a generic variable z, Ac is the log consumption growth, 7, is the log
return on the market portfolio, and § = (1 — rra) /(1 — 1/ies), with rra representing relative risk
aversion and ies representing intertemporal elasticity of substitution.

Letting W represent the wealth and C' the consumption of the relevant investor, the log return on
the market portfolio can be written as ry, ; = —In (Wi—1 — Ci—1) /Ci—1) + Acy — In (Cy/W;). Hence,
we have Ac; = Tt + In (Cy/Wy) and can write my as:

6

1es

my = — Tra-Tmyt —

In (Cy/W;) (10)

Assuming log returns and the log SDF are (conditionally joint) homoskedastic and normally
distributed and using the pricing equation for the market portfolio, E;—1 [M; - Rp,¢] = 1, and a
log-linear approximation to the budget constraint, Wy = R, + - (Wi—1 — Ci—_1), it is possible to write
shocks to the log consumption-wealth ratio as:

In (%) ~ (1 —ies)- (B —Fi_y) [i Pl rm7t+h]

h=1

(1—ies) - Ngry (11)

where N, represents news to expected returns or reinvestment rates (discount rate news in the
terminology used in Campbell (1993) and Campbell and Vuolteenaho (2004)).

Equation 11 says that the consumption-wealth ratio responds to reinvestment rates with the exact
behavior depending on whether the income or the substitution effect dominates.® Equation 11 can be
substituted into equation 10 to capture the reinvestment risk logic. If we assume the market portfolio

is the equity market portfolio, then we have Ng, = N, + N;; and:

SIf jes < 1, the income effect dominates and an increase in reinvestment rates induces the investor to save less
(consume more as a fraction of wealth). Conversely, the substitution effect dominates if ses > 1 and an increase in
reinvestment rates induces the investor to save more (consume less as a fraction of wealth).
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my = — rra-Tpe — (rra—1) Nepy — (rra —1) - Ny (12)

where
o0 o0

Nept = (B~ Er1) | 3 "~ (reusn —rpeen)|  and  Niy = (B — Ei_y) [2 ph-rmh}
h=1 h=1

Equation 12 indicates that both market risk (through 7,) and reinvestment risk (through N, and
N;,) are priced. Moreover, it specifies the respective risk prices as functions of a single parameter
(relative risk aversion). Intuitively, while negative market returns decrease current wealth, negative
interest rate (N;,) and equity premium (N¢,) news reduce reinvestment rates on the market portfolio.
In the ICAPM, declines in current wealth and in reinvestment rates both decrease lifetime utility.
Therefore, 7p,, Nep, and Nj, are relevant sources of risk with all three having positive risk price (as
long as rra > 1).

The rra > 1 condition for reinvestment risk to have a positive risk price is a consequence of
two offsetting effects. An asset that performs well when reinvestment rates increase is desirable
because it allows the investor to profit from the higher reinvestment rate, but undesirable because it
increases the investor’s exposure to reinvestment risk. When rra > 1, the later effect dominates and
reinvestment risk has a positive risk price.

This ICAPM demonstrates why reinvestment risk is priced from the perspective of a long-term
investor who holds the market portfolio. However, as in Campbell and Vuolteenaho (2004), the
model is silent on why the investor would not change her portfolio allocation in response to changes
in expected returns. Thus, the results in Section 3, which rely on this model, are better understood
as providing a microeconomic foundation for why a passive long-term investor would not perceive
short-term dividend claims or long-term bonds as anomalous investment opportunities despite their
relatively high risk premia.

Section 4 imposes further economic assumptions to study the term structure based on dividend
strip prices, P®. In doing so, it considers an ICAPM in which the marginal investor responds

optimally to changes in reinvestment rates. I defer the details to Section 4.

2.2 From ICAPM to Risk Premia

From Equation 12, we have:
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1 _ _ _ _
Er; —rf + 5 (0]2» - O']%) =rra-Cov(Fjs —Tre,Tpt) + (rra—1)-Cov (Fj¢ — Tft, Nept + Nirt)
or, in B-pricing notation:
Lo o
Er; —rf + 3 (O'j — O'f) =Bim - -An + BjepAep + Bjir - Nir (13)

where 05 = Var (7;;) is the respective return variance, E [r; — r¢] + 3 ( 2 - a?) ~ E[R; — Ry| rep-
resents risk premia, A\, = 02, - rra and Aep = Aip = o2, - (rra — 1) are average risk prices, and
Bjx = Cov (rjr —rs4,m) /02, captures risk quantities.”

Under the ICAPM, the risk premium of any given asset depends on compensation for exposing
investors to market risk (3jm - Am) and reinvestment risk, with the later operating through equity
premium risk (Bjep - Aep) and interest rate risk (5jir - Air).

The focus of this paper is on the dividend and bond term structures. In the next section, I first
examine the risk term structures of dividend claims and bond portfolios by estimating the term

structure of gs relative to all three ICAPM risk factors and then calibrate rra to study the dividend

and bond term structures through equation 13.

3 ICAPM Term Structures: Passive Investor

In this section, I study the dividend and bond term structures from the perspective of a passive long-
term investor such as the one featured in the ICAPM of the previous section. The model imposes
theoretical constraints on risk factors and risk prices, but is not fully structural in the sense that
the marginal investor is not allowed to respond to shifts in reinvestment rates. Section 4 provides
results using a fully structural ICAPM. The main advantage of relying on a passive investor is that
this allows me to study the dividend term structure without imposing strong economic/econometric
assumptions to derive empirical results. The key disadvantage of imposing less structure is that
I cannot derive dividend strip prices using this framework and rely instead on the present value

approach (described in Section 1) to study the dividend term structure. Subsection 3.6 complements

"When reporting average risk premium for any given asset j, I use the expression E [r; —rf] + % (AJ2 - &?-) as

opposed to E[R; — Ry] (even though I tend to use the later notation for simplicity). Since s are estimated using log
returns, I consider the risk premia based on log returns to be more directly linked to the ICAPM implied risk premia
(right hand side of equation 13). However, the two risk premia expressions are identical in the ICAPM (because of the
conditional Normality assumption) and tend to be relatively close to each other in the data.
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the present value approach by studying the ICAPM pricing implications to a short-term dividend

strategy based on dividend futures, which are directly traded in financial markets.

3.1 Empirical Design

This subsection details the empirical design used for the results in Section 3. It explains how I
estimate the risk exposures of dividends and bonds and briefly describes the sample construction and
variables used in my empirical analysis. In the interest of clarity, I defer to Appendix D.1 most of the
discussion on the results from various robustness tests. In short, the term structure results obtained
using my primary empirical approach are robust to extensive variation to the empirical design (I

report key summary results from 345 specifications).

a) Estimating Dividend and Bond Risk Exposures

To properly measure risk exposures of dividend claims, it is important to reasonably capture shocks
to the expectation of dividend growth (Ad), equity excess returns (r. — ry) and interest rates (ry).
I also need unexpected returns for bond portfolios (and other assets). I take the simplest approach

of using annual predictive regressions to capture all necessary shocks:®

Adppn =02 + €, ¥ h=1,2,..,10 (14a)
Tetth — Tfi+h = bgz)/zt + €£Z?t+h vV h=1,2,..,10 (14b)
rran =00z + P, Y h=1,2,..,10 (14¢)
Tit4l — T4l = b;-Zt + €t+1 (144d)

where z; is a k x 1 vector of predictive variables (with a constant as its first element) and r; is the
return on portfolio j.

It is possible to use this system to write all ICAPM risk factors and dividend PV unexpected
returns as scaled changed in the state variables: Allzt — Az)zt_l, with Ag and A; representing (vector)

functions of the parameters in the system (all expression are derived in Appendix C.1). This result

8The system in 14a to 14d implicitly assumes bf,h) = bé’,? = bgf) = 0 for all h higher than ten. This has no direct
effect on the relative comparison between the first ten year dividend claims explored in my empirical analysis, but it can
affect the risk factors used. This restriction imposes, for example, that information known as of December 2000 does
not help predicting excess returns from December of 2010 to December of 2011. This is a reasonable approach if real
dividend growth, excess returns, and real interest rates are stationary since the predictive coefficients of a stationary
time series have to converge to zero as h increases. In Appendix D.1, I find consistent results after exploring two
alternative approaches: (i) allow for predictability up to 15 years and (ii) use a vector autoregressive system after 10
years to account for predictability even at very long horizons.
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suggests that all covariances (and hence f3s) of dividend claims relative to risk factors can be recovered
using the parameters in equations 14a, 14b, and 14c coupled with the variance-covariance matrix
VCov ([z¢ 2-1]). This is in fact the case, and Appendix C.1 also details all expressions linking
covariances to the relevant parameters. For the risk exposures of bond portfolios (and other assets),
we have Cov (T4 — ¢4, Nept) = Cov (€4, Nept), with analogous expressions for other risk factors.
Therefore, all relevant risk exposures can be recovered from the system in 14a to 14d.

I estimate the system in two steps. The first step uses Generalized Method of Moments (GMM)
with Ordinary Least Squares (OLS) orthogonality conditions while imposing consistency of uncon-
ditional averages across equations. The second step adjusts the GMM estimates to account for the
small sample bias in predictive regressions with persistent predictors (see Stambaugh (1999) for the
bias and Amihud and Hurvich (2004) for the correction).

For flow variables, such as returns and dividend growth, I use monthly observations of annual
flows to estimate the system, which means that my observations overlap for eleven months.” The
use of GMM allows me to estimate asymptotic standard errors accounting for the overlapping obser-
vations as well as for the cross dependence among equations. Standard errors of dividend PV risk
exposures and other parameters derived from the system are obtained through the delta method.
Appendix C provides a more detailed explanation about the system implications, GMM estimation,
bias correction, and standard errors.

When reporting results for dividend claims, I calculate returns with average maturity of A years
to be more comparable to the dividend strips reported in the literature. For instance, my reported

1-year dividend claim is an average of 7D and 72

Dot pv.t SO that annual returns have an average duration
k) k)

of one year.

My approach of relying only on predictive regressions to derive implications for the risk term struc-
ture of dividend claims is analogous to the “local projection method” for impulse response functions
advocated by Jorda (2005). The main advantage relative to the standard approach of using a Vector
Autoregressive System (VAR) is that the local projection method is much more robust to misspec-
ification. Another important advantage in the context of my analysis is that predictive regressions

allow me to directly match both short- and long-run dynamics of returns and dividend growth, while

9The rationale for this approach is based on two considerations. First, I estimate predictive regressions up to ten
years, and thus annual variables reduce the number of predictive regressions from 120 to 10 while keeping monthly
observations to retain part of the power of monthly frequency estimation. Second, annual dividend growth does not
suffer from the seasonality issues that are important at monthly or quarterly frequencies.
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the VAR captures short-term dynamics and infer the long-term ones based on the structure assumed.
Since the goal is to infer term structure patterns, properly capturing the differences between short-
and long-term dynamics is crucial. The disadvantage of using predictive regressions is that this
approach limits the dividend maturities I am able to study.

Section 5 explores the dividend term structure within a fully structural ICAPM that relies on a
VAR structure, so the results there are complementary to the ones in this section. The key result
that long-term dividend claims have low discount rates because they hedge reinvestment risk is valid
under both analyses. However, Section 5 considers the SDF of an investor who strategically responds
to shifts in reinvestment rates and so there are important economic (and quantitative) differences

between the two analyses, which I detail in Section 5.

b) Sample Construction

Here, I provide only a brief description of the sample period and variables used in my empirical
analysis, but a more detailed description of the measurement and data sources for all variables is
provided in Appendix B.

My main sample goes from 1/1952 to 12/2016. The starting date is restricted by the availability
of the bond portfolios used to study the bond term structure (starting in 1952 also makes my results
directly comparable to papers in the bond term structure literature).'” Nevertheless, my robustness
analysis also reports qualitatively similar results when dividend PV returns and risk factors are
obtained based on alternative sample periods, including a sample that starts in 1/1928.

For the bond term structure, I use returns on six CRSP portfolios containing bonds with maturities
up to 1, 2, 3, 4, 5, and 10 years. The same portfolios are used by Binsbergen and Koijen (2017) to
study the bond term structure.

For the dividend term structure (and risk factors), I estimate the system in equations 14a to
l4c. The estimation requires measuring interest rates (ry), market returns (r,, = r.), and dividend
growth (Ad). The annual interest rate over a given year is equal to the one year Treasury log yield
as of the beginning of the period. Market returns and dividend growth are based on a value-weighted
portfolio containing all common stocks available in the CRSP dataset and their measurement accounts

for delistings. Dividend growth and all returns are deflated using the CPI index.

0The availability of bond portfolios coincides with the Fed-Treasury Accord of 1951 that restored independence
to the Fed, affecting monetary policy and, consequently, dramatically changing the time-series behavior of nominal
interest rates.
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The econometric system also relies on seven predictive variables embedded into z; (all measured
in natural log units): dividend growth (Ad), dividend yield (dy), equity payout yield (epoy), one
year Treasury yield (ty), term spread (T'S), credit spread (CS) and value spread (V.S).'* All of
these variables have been explored in the literature as important predictors of dividend growth,
equity returns, and/or interest rates.'> My robustness analysis (Appendix D.1) excludes predictive
variables one at a time to demonstrate the robustness of the term structure patterns uncovered to

the predictive variables used.

3.2 Correlations among Risk Factors, Predictive Variables, and Returns

This subsection focuses on Table 1, which reports correlations among shocks to risk factors (7, Nep,
and N;,.), predictive variables (Ad, dy, epoy, ty, T'S, C'S, and VS), and returns on bond portfolios
and dividend claims (réh) and r}%)). The correlation matrix is estimated based on my main sample
(1952-2016) and is split into three panels to simplify exposition. These correlations are important
because they are intrinsically connected to the risk term structures of dividends and bonds. Shocks
to risk factors and dividend PV returns are based on equations A7a to A8e, with empirical estimates
of the link between dividend PV returns and z; reported in Table A.1.'3

Panel A reports correlations between shocks to risk factors and predictive variables and its most

important observation is that the correlation between equity premium news and shocks to the one year

Treasury yield is -0.58. This negative correlation between the equity premium and nominal interest

"Djvidend yield is the log of aggregate dividends over a normalized index price. Equity payout yield is the log of (one
plus) aggregate net equity payout over market equity and only relies on CRSP data. The term spread is the difference
between the 10-year and 1-year log Treasury yields. The credit spread is the difference between Moody’s corporate
BAA and AAA log yields. The value spread is the difference between the log book-to-market ratios of the value and
growth portfolios in Fama and French (1993, 1996) HML factor. The value spread monthly observations are adjusted to
account for within year movements in market equity (see the Internet Appendix of Campbell and Vuolteenaho (2004)).
My use of the HML portfolios (as opposed to focusing on small stocks as in Campbell and Vuolteenaho (2004)) assures
the value spread behavior is not dominated by small stocks, but results are robust to using the small value spread (see
Appendix D.1).

12 A1l predictive variables are designed to capture either cash flow growth or yields in financial markets. Chen and
Zhao (2009) use lagged dividend growth as a dividend growth predictor. Several papers use the dividend yield as a
predictor for both dividend growth and stock returns, with theoretical justification provided by the valuation identity
(Campbell and Shiller (1989)). Modifications to this valuation identity can be used to motivate many additional
valuation ratios as predictors for all three relevant variables. I follow Boudoukh et al. (2007) and Larrain and Yogo
(2008) and use the equity payout yield since it does not suffer from structural breaks that dividend yield does (see
Lettau and Nieuwerburgh (2007) and Boudoukh et al. (2007) for evidence). The treasury yield (Fama and Schwert
(1977); Fama (1981)), the term spread (Campbell (1987); Fama and French (1989)), and the credit spread (Keim and
Stambaugh (1986)) are classical interest rate and equity return predictors. Finally, Campbell and Vuolteenaho (2004),
Campbell, Polk, and Vuolteenaho (2009), and Campbell et al. (2017) rely on the value spread as an important predictor
of stock returns.

13Shocks to predictive variables, z, are not included in my econometric system (are not required in my methodology
to construct risk factors or dividend PV returns). I report statistics related to z: shocks in Tables 1 and A.1. For that,
I use the residuals from a regression of z; onto z¢_.
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rates is well documented in the literature (Fama and Schwert (1977); Campbell (1987); Ferson (1989);
Shanken (1990); Brennan (1997)) and is ultimately responsible for the fact that bonds are exposed to
reinvestment risk despite dividend claims hedging such risk. Different theoretical mechanisms have
been proposed for the negative correlation between interest rates and the equity premium and they
typically operate through expected inflation (Fama (1981); Geske and Roll (1983); Stulz (1986)), but
the empirical fact is more important than its theoretical foundation for the purpose of this paper.

Panel B reports correlations between returns on bond portfolios and dividend PVs. The key
observation is that the term-structure dimension is an important driver of the return correlation
structure of dividend claims and bond portfolios. For instance, the 5- and 10-year dividend PV
returns have a 55% correlation, but the 1- and 10-year dividend PV returns have a correlation of
only 22%. Similarly, the portfolio composed by bonds with maturity up to 10 years has a 94% return
correlation with the one composed by up to 5-year bonds and a return correlation of only 16% with
the one composed by up to 1-year bonds.

Finally, Panel C reports correlations between returns and shocks to predictive variables and risk
factors. The main result is that the correlations between returns and risk factors are largely respon-
sible for the beta patterns described in the introduction and further explored in the next subsection.
In particular, returns on longer-term dividend claims have higher correlation with market returns,
but lower correlation with equity premium and interest rate news. Similarly, returns on longer-term
bonds have higher correlation with market returns and more negative correlation with interest rate
news. The one exception is that the correlations between bond portfolio returns and equity premium
news follow a u-shape, which means that bond volatilities are crucial for longer-term bonds to have
higher exposure to equity-premium news.

This subsection is useful in understanding how bond portfolios and dividend strips correlate with
risk factors. However, what ultimately determines risk premium is the exposure to market and
reinvestment risk (i.e., 8s) and such exposures also depend on volatilities. The volatilities of risk
factors, o(rp) = 15%, o(Nep) = 20%, and o(N;) = 5%, indicate that reinvestment risk is an
important source of risk and operate mostly through equity premium shocks. Next subsection studies

risk exposures more directly by focusing on Ss.
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Table 1
Correlations: Returns and Shocks to Predictive Variables and Risk Factors

The table reports correlations among shocks to risk factors, predictive variables, and returns on bonds and
dividend claims. r,, represents equity market returns and N, and NV;. capture equity premium and interest
rate news. The predictive variables are the log dividend growth (Ad), dividend yield (dy), equity payout yield
(epoy), one year Treasury yield (ty), term spread (T'S), credit spread (C'S), and value spread (V'5). 7’1(,2) (rl()h))
represents the h-year dividend PV (bond portfolio) returns. The correlation matrix is estimated based on my
main sample (1952-2016) and is split into three panels to simplify exposition. Panel A reports correlations
between shocks to predictive variables and risk factors while Panel B focuses on correlations between returns
and Panel C on correlations between returns and shocks to predictive variables and risk factors. Details about
the construction of risk factors, predictive variables, and returns can be found in subsection 3.1.

PANEL A: Shocks to Predictive Variables and Risk Factors PANEL B: Bond and Dividend Strip Returns
T Nep Ny | Ad dy epoy ty TS CS VS rl(,l) r£5) rl(,lo) 1'1(7}1) 1';?}) rgf’)
Tm 1 1'1(,1) 1
N, | 044 1 P o022 1
N;. | 034 -007 1 9016 097 1
Ad | 015 013 037 1 r() 1002 005 000 1
dy -0.94 0.48 0.47 0.20 1 T;(S)) -0.06  0.12 0.11 0.87 1
epoy | 050 0.62 -0.04 023 057 1 710|020 002 008 022 0.5 1
ty -0.12  -0.58 0.8 0.05 0.13 -0.06 1
TS -0.02  0.65 -0.22 -0.10 -0.02 0.13 -0.79 1
cSs -0.48 0.9 -0.10 -0.07 0.45 0.36 -0.23 0.25 1
Vs 0.13 -0.26 -0.26 -0.11 -0.17 -0.04 -0.13 0.07 0.22 1

PANEL C: Returns and Shocks to Predictive Variables and Risk Factors

I I T T S s I I I I - e R C R

Tm | -019 0.06 0.09 010 0.09 015 | 0.33 047 052 054 064 075 081 089 0.95 0.98
Nep | 028 054 051 049 049 040 | 041 030 029 027 017 0.05 -0.08 -027 -045 -0.54

N; |-0.04 -054 -0.61 -0.63 -0.64 -0.67| 0.21 0.16 008 0.04 -0.06 -0.21 -0.30 -0.31 -0.29 -0.31

Ad |-0.06 -0.07 -0.08 -0.06 -0.06 -0.02| 0.57 0.57 051 052 055 043 031 024 0.16 0.10
dy 0.16 -0.08 -0.12 -0.13 -0.11 -0.15|-0.13 -0.26 -0.33 -0.35 -0.44 -0.59 -0.69 -0.79 -0.88 -0.93
epoy | 0.13 0.05 0.04 0.05 0.05 0.01 032 020 014 015 0.09 0.01 -0.14 -0.37 -0.52 -0.56
ty -0.20 -0.94 -0.96 -0.94 -093 -0.89 |-0.20 -0.17 -0.22 -0.24 -0.23 -0.20 -0.19 -0.14 -0.05  -0.02
TS | 024 072 066 060 057 045 | 039 033 0.34 032 028 020 013 002 -009 -0.13
CS | 022 022 021 020 023 019 |-0.09 -0.19 -0.12 -0.05 -0.09 -0.14 -0.10 -0.13 -0.28 -0.45

VS |-003 011 012 011 0.11 0.13 | -0.10 -0.12 -0.07 0.04 0.10 0.1 017 022 0.21 0.16
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3.3 The Dividend and Bond Risk Term Structures

This subsection explores how (s vary with dividend and bond maturity. The most important mes-
sage is that exposure to equity premium shocks can potentially generate opposite risk premia term
structures for bonds and dividends while market and interest rate exposures cannot.

Figure 2 displays the risk term structures of dividends and bonds based on the three ICAPM
risk factors considered (market returns, equity premium news, and interest rate news). All s are in
market  units (i.e., covariance normalized by market variance), and hence are directly comparable.
I perform statistical tests for Hy : B(h) = BBase With filled black dots indicating significance at 10%
level, blue crosses at 5% level, and red stars at 1% level. The base assets are the respective low
risk-premium assets (10-year dividend claim and the 1-year bond portfolio).

Market fs increase in dividend and bond maturity (Figures 2a and 2b). In particular, the 10-
year dividend claim has more than two times the market 5 of the 1-year dividend claim, with the
increasing market 5 pattern being statistically significant for several dividend claims and indicating
that the CAPM generates a counterfactual upward sloping dividend term structure. In the case of
bonds, market (s increase in maturity, but not by much (8 (10) _ g(1) — 0.051). Considering that the
typical risk price in the CAPM is below 10%, the CAPM generates a bond term structure that is too
flat relative to what is observed in the data (spread between 10- and 1-year bond portfolios is below
0.5% under the CAPM while in the data it is close to 1.5%).

In stark contrast, the equity premium (s decrease in dividend maturity despite increasing in bond
maturity, with long-term dividend claims hedging equity premium shocks and long-term bonds being
exposed to such shocks (Figures 2c and 2d). The risk differences across dividend maturities are
sizable, with a ( difference between the 1- and 10-year dividend claims that is close to 1.3 market
B units (and statistically significant at 5% level). The differences are also large for bonds, with a
B spread between the 1- and 10-year bond portfolios higher than 0.15 market 8 units, much larger
than the respective market § spread (0.051).

Finally, interest rate 8s tend to decrease in dividend and bond maturity. However, the differences
are smaller than the ones observed for equity premium (s and are statistically insignificant.

Overall, the largest risk exposure differences are observed when considering equity premium shocks.
Moreover, the term structure of equity premium s goes in the right direction in explaining both the

downward sloping dividend term structure and the upward sloping bond term structure.

22



(a) Market  (Dividend Claims) (b) Market 5 (Bond Portfolios)

15 0.12
1.3 1
0.08 |
1.1 1
9] a /
0.7 0l —
0.5
-0.04 -
0.3
0.1 -0.08
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

(c) Equity Premium § (Dividend Claims) (d) Equity Premium § (Bond Portfolios)

0.6 0.2 4
0.4 4
0.16
0.2 4
0 0.12 4

o "2 pBg.c. at 10%

-0.2 0.08 + B(h) # Bgase at 5%
* Bh)¢BBase at1%
0.4
0.04 1
-06
08/ 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
(e) Interest Rate § (Dividend Claims) (f) Interest Rate 8 (Bond Portfolios)
08 0.08 |
0.6 1
0.04 |
0.4 1
0.2 1 0
O\@\e\g\
0 — ~0.04 |
-02
~0.08 |
0.4
06 - 012
1 2 3 4 5 6 7 8 9 10 i 2 3 4 5 6 7 8 9 10
Dividend Maturity (Years) Bond Maturity (Years)

Figure 2
The Dividend and Bond Risk Term Structures

The graphs report s relative to unexpected market returns (7, ), equity premium news (N, ), and interest rate
news (N;,) based on the system in equations 14a to 14d estimated over my main sample period (1952-2016).
All Bs are transformed to market 3 units (i.e., covariance normalized by market variance) and the ranges in the
y axes are the same for different Ss within the same asset class so that 8s are directly comparable. I perform
statistical tests for Hy : S = Bpase with the legend detailing the significance levels. The base assets are the
respective low risk-premium assets (10-year dividend claim and 1-year bond portfolio). Empirical details can
be found in subsection 3.1.
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It is natural to wonder what drives the equity premium S pattern. Note that if dividend growth
and interest rates were unpredictable, we would have In (PVt(h)) = In(Dy) — h-Tepoyn, with
the last term being the average expected equity return from ¢ to ¢t + h. In this case, a permanent
decrease in the equity premium would coincide with an increase in dividend present values due to
their inverse relation with expected returns, producing a hedge against reinvestment rate declines.
The multiplication by h amplifies this hedge effect for longer-term dividends, which generates the
downward sloping term structure of equity premium Ss observed in the previous section, with long-
term dividend claims having large negative equity premium fSs.

In reality, there are other important effects. For instance, decreases in expected returns are not
permanent. Since expected returns are stationary, the decrease in 7 4,44, is stronger for lower h (a
mean reversion effect), which counteracts the duration mechanism of the previous paragraph. More-
over, expected dividend growth and interest rates also vary and correlate with the equity premium.

Figure 3a demonstrates that the duration mechanism is the dominant effect empirically. Each
line represents the term structure of equity premium Ss when only one source of heterogeneity in
dividend strip returns (in equation 9) is considered. Specifically, the blue dotted line keeps only
dividend growth news (Ng(h)), the red solid line uses only equity premium news (Ne(g )), and the black
dashed line considers only interest rate news (Ni(rh)).

The downward sloping term structure of equity premium fSs is entirely driven by the duration
effect from equity premium news. Interest rate news have a neutral effect and dividend growth news
create an increasing pattern in equity premium fs, effectively dampening the duration mechanism
discussed.

It is interesting to see from Figure 3b that the market risk term structure is also mostly driven by
equity premium shocks. This indicates that variation in discount rates is fundamentally important
in understanding risk exposures in financial markets.

In summary, this section demonstrates that reinvestment risk (mostly through equity premium
shocks) is a relevant source of risk and can potentially generate opposite term structure slopes for
dividends and bonds. However, whether this is the case depends on the risk prices associated with
the three risk factors considered. Next section relies on the ICAPM of Section 2 to calibrate risk

prices and explores the implications of reinvestment risk to the dividend and bond term structures.
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Decomposing the Dividend Term Structures of Equity Premium and Market s

The graphs report components of equity premium and market 8s based on the system in equations 14a to 14c
estimated over my main sample period (1952-2016). All 8s are in market § units (i.e., covariance normalized
by market variance). Each line keeps only one source of heterogeneity in dividend PV returns (equation 9).

Specifically, the blue dotted line keeps only dividend growth news (Ngsh))7 the red solid line uses only equity

premium news (Ngf )), and the black dashed line maintains only interest rate news (NZ-(:L )). Empirical details
can be found in subsection 3.1.

3.4 The Risk Premia Term Structures of Dividends and Bonds

In this subsection, I use the S-pricing equation 13 to study the dividend and bond term structures
relying only on a reasonable level of relative risk aversion. The main finding is that the ICAPM
simultaneously generates a downward sloping dividend term structure and an upward sloping bond

term structure due to reinvestment risk being priced.

a) General Relative Risk Aversion

Given a level of relative risk aversion (rra), we can use the S-pricing equation 13 to obtain dividend
and bond term structures within the ICAPM. However, there is a more general way to understand
the ICAPM implications to the dividend and bond term structures. Using equation 13 and the
dividend risk premium approximation, [£ [7",(,,;) —r f} + % (agv’h — UJ%) ~E {Rgf,) - R f} , We can write
the dividend term premium as a linear function of the relative risk aversion (and similarly for the

bond term premium):
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Dividend and Bond Term Premia as a Functions of Relative Risk Aversion

The graphs report the dividend and bond term premia (E [R(lo) — R(l)]) as linear functions of relative risk
aversion (rra) based on the term premium S-pricing equation 15. The intercepts and slopes are based on the
Bs estimated over my main sample period (1952-2016) and studied in subsection 3.3. Empirical details can be
found in subsection 3.1.

E [RZ%O) - RZ%)} = — (ABep + ABir) - U?n + (ABm + ABep + ABir) - 031 srra (15)

/

Intercept Slope

where AB,, ABep, and AfS;,. represent the respective 3 differences between the 10- and 1-year dividend
claims.

Figure 4 displays this linear function for both dividend claims and bond portfolios using parameter
estimates for the intercepts and slopes based on the §s estimated in subsection 3.3.

Two key messages originate from Figure 4. First, as relative risk aversion increases, the slope of
the dividend term structure (dividend term premium) decreases and the slope of the bond term
structure (bond term premium) increases. Second, even moderately high relative risk aversion
(rra > 5) implies a large economic difference between short- and long-term dividend risk premia

(E [RSJO) - ﬁ)} > 5%) and a reasonable bond term premium (E [Rl()m) — Rél)} > 1%).

26



(a) Risk Premia (Dividend Claims)

(b) Risk Premia (Bond Portfolios)

12% - 2% |
11% -
10% - 1.5% -
9%
8% 1% -
705 | ¢« ERI™ # E[Rpace at 10%
+ ER]™ # E[R]gase at 5%
6% - 0.5% - * E[RI™ # E[R]pae at 1%
5% |
4% - 0%
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
(c) CAPM « (Dividend Claims) (d) CAPM « (Bond Portfolios)
10% - 2% |
8%
1.5% -
6% 1
4% 1% -
i or(h);tO(Base at 10%
2% + a(h);tO(Base at 5%
0.5% | * oM # agaee at 1%
0%
-2% - K 0% -
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Dividend Maturity (Years) Bond Maturity (Years)
Figure 5

The Dividend and Bond Term Structures of Risk Premia and CAPM as

The graphs report the (ICAPM-implied) dividend and bond term structures of risk premia and CAPM pricing
errors (as). All risk premia are based on equation 13 with risk aversion calibrated to rra = 6.3 and fBs
estimated from the system in equations 14a to 14d (studied in subsection 3.3). Empirical details can be found

in subsection 3.1.
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b) Calibrated Relative Risk Aversion

While the results in Figure 4 are general enough to not depend on a specific level of rra, we can get
a full picture of the dividend and bond term structures by calibrating rra to a reasonable level. I
use the value rra = 6.3, which seems arbitrary, but is actually the outcome of a GMM estimation
designed to fit (as well as possible) the equity premium and the bond term structure. All details
of the GMM estimation as well as an analysis of the ICAPM fit to equity and bond portfolios is
provided in the next subsection. It is worth mentioning that 6.3 is a reasonable value because (i) it
is comparable to the 7.2 value estimated in Campbell et al. (2017) (using an ICAPM related to the
one in this paper) and (ii) is below the rra = 10 upper bound Mehra and Prescott (1985) argue to
be reasonable for asset pricing models.

Figures 5a and 5b display the dividend and bond term structures obtained with rra = 6.3. The
dividend term structure is strongly downward sloping, with the spread between the 1- and 10-year
dividend claims being higher than 7%. In contrast, the bond term structure is upward sloping, with
a 1.75% spread between the risk premiums of the shortest- and longest-term bond portfolios (close
to the 1.4% average return differential between the two portfolios).

Despite the strong economic significance of the dividend and bond term structure slopes, there is
substantial uncertainty in estimating risk factors and dividend PV returns. Consequently, statistical
differences between risk premia are only confirmed when taking all shocks as given (analogous to
the approach used in Campbell and Vuolteenaho (2004)). I start by considering all uncertainty
associated with estimating risk-premia and find that standard errors are large even relative to the
economically sizable premia, and thus most risk premia differences are not statistically significant.
To understand the economic implication of this result, I then recalculate standard errors taking as
given the estimates for risk factors and unexpected returns on dividend claims and bond portfolios.
I perform statistical tests for Hy : E [R(lo)] = E [Rpase) with the base assets being the respective low
risk-premium assets (10-year dividend claim and 1-year bond portfolio). The results (in Figures 5a
and 5b) demonstrate that there are strong statistical differences between the risk premia of short-
and long-term dividend claims and bond portfolios after we take shocks as given.

Figures 5¢ and 5d show similar results for CAPM pricing errors (as). For dividend claims, market
Bs go in the wrong direction in explaining the dividend term structure, and thus the term structure of

CAPM as is even more pronounced than the one based on risk premia. In the case of bonds, market
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Bs go in the right direction, but their slope is small so that there is still substantial differences in
CAPM as across the shortest- and longest-term bond portfolios (close to 1.5% « differential).
Many empirical decisions can affect the results in subsections 3.3 and 3.4. As such, Appendix D.1
provides an extensive robustness analysis to demonstrate that the key results remain the same under
alternative empirical choices (I report key summary results from 345 specifications). The overall
robust conclusion is that an ICAPM in which reinvestment risk is priced produces both a downward

sloping dividend term structure and an upward sloping bond term structure.

3.5 Estimating Relative Risk Aversion

The results in the previous subsection are striking. They imply that a standard ICAPM simulta-
neously produces a downward sloping dividend term structure and an upward sloping bond term
structure when risk aversion is calibrated to rra = 6.3. The rra calibration process is actually based
on a GMM estimation, which I detail in this subsection. I also provide a brief analysis of the ICAPM
fit to equity and bond portfolios. The main result is that the ICAPM not only matches the dividend

and bond term structures, but also reasonably captures the equity, value, and credit premiums.

a) Estimation Procedure

Estimating ICAPM risk prices requires a set of testing assets. I use excess returns (relative to the
risk-free asset) on equity and bond portfolios: the market portfolio, the three (size controlled) book-
to-market sorted portfolios in Fama and French (1993) (i.e., HML portfolios), the Barclays’ mid-term
and long-term AAA, AA, A, and BAA corporate bond portfolios and the six CRSP Treasury bond
portfolios with maturities up to 1, 2, 3, 4, 5 and 10 years (the same ones used for the bond term
structure in previous subsections). Data sources and further details are provided in Appendix B.

I estimate the ICAPM by augmenting the system in equations 14a to 14d with the S-pricing equa-
tion 13 for the testing assets. I also add moment equations for the covariances between testing assets
and risk factors to assure that standard errors jointly account for estimation uncertainty from all pa-
rameters. After adding equation 13 to the GMM procedure, the system becomes over-identified (more
moment conditions than parameters). I estimate parameters based on their respective (just identi-

fied) moment equations, except for the risk prices, which are estimated by solving A= argmin (o’ «)
A

with o = E [r; — 7] + % (&]2 — &?) -\ Bj. The entire estimation procedure is specified in terms
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of a unified GMM and details are provided in Appendix C."

Risk prices, A = [An,  Aep Air], are always estimated based on equation 13 and the ICAPM
of Campbell (1993) implies A = o2, - [rra (rra —1) (rra —1)], which leaves only one parameter
(rra) to fully determine all ICAPM risk prices. I keep this as my main specification as it is used
in all other sections. However, measurement error and misspecifications can potentially break the
validity of the risk price restrictions. As such, I also estimate an “Unconstrained ICAPM” in which
the restrictions on \; and Ay are relaxed and only A\ > 0 and A, > 0 are imposed (this model has

three parameters: rra, i, and A¢p).

b) Estimation Results

Table 2 reports relative risk aversion (rra) and risk prices for the market (\,,), equity premium (),
and interest rate () risk factors estimated over my main sample period (1952-2016). Columns (1a)
and (1b) estimate a CAPM while other columns report results from the two alternative ICAPM

specifications. I focus my discussion on the ICAPM in columns (2a) and (2b), which imposes the

2

- - (rra — 1). However, columns (3a)

crra and Ay = Ay = o2

risk price restrictions, A, = o m

and (3b) also present results in which risk prices are not restricted (the Unconstrained ICAPM).
In parenthesis and square brackets, I report t-statistics and p-values accounting for all estimation
uncertainty while in curly brackets I report these statistics conditioning on observed shocks (as in
Campbell and Vuolteenaho (2004)).

The table shows that the estimated rra for the ICAPM is 6.3 (the calibrated value) when I match
the equity premium and the bond term structure and 8.0 when I also add corporate bond portfolios
as well as HML portfolios. Therefore, the rra = 6.3 calibrated is conservative in the sense that term
structure results would be even more pronounced with rra = 8.0 (see Figure 4).

The ICAPM-specific risk prices (Ae¢p and A;.) are economically important, especially Acp. In
particular, A¢p is 12.2% (16.0%) when I match the equity premium and Treasury bond portfolios (all

testing assets), which implies a 12.2% (16.0%) annual risk premium for an asset with 8., = 1 (which

1Since the data on corporate bond portfolios start in 1973, the estimator is technically the “long GMM estimator”
described in Lynch and Wachter (2013), which allows for samples of unequal length. It is identical to regular GMM,
except that each moment equation uses all data available to its estimation and the standard errors are adjusted
accordingly. This is not the most efficient estimator described in Lynch and Wachter (2013), but is the simplest one
and it suffices for the purpose of this paper. Even though the testing assets are observed over samples of unequal length,
I still use an identity weighting matrix. This approach partially compensates for the lower estimation uncertainty in
bond moment conditions relative to stocks. In the robustness analysis (Appendix D.1), I demonstrate that dividend
and bond term structure patterns are similar when using other weighting matrices to estimate rra.
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Table 2
ICAPM Risk Prices

The table reports relative risk aversion (rra) and risk prices for the market (\;,), equity premium (\.,), and
interest rate (\;.) risk factors estimated over my main sample period (1952-2016). Columns (1a) and (1b)
estimate a CAPM while other columns focus on the two alternative ICAPM specifications. The ICAPM in
Columns (2a) and (2b) report results based on the model in Section 2, which imposes the risk price restrictions,
Am =02, -rra and Aep = Nip = 02, - (rra—1). In contrast, columns (3a) and (3b) present results for the
Unconstrained ICAPM, which only imposes A, = 031 “rra, Aep > 0 and A; > 0. The testing assets are excess
returns (relative to the risk-free asset) on equity and bond portfolios: the market portfolio, the three (size
controlled) book-to-market sorted portfolios in Fama and French (1993) (i.e., HML portfolios), the Barclays’
mid-term and long-term AAA, AA, A, and BAA corporate bond portfolios, and the six CRSP Treasury bond
portfolios with maturities up to 1, 2, 3, 4, 5, and 10 years. The (t-statistics) are provided below risk price
estimates and [p-values] for Walt tests with null \,, = Ap = Xi = 0 and A, = A = 0 are reported at
the bottom of the table. T also provide {t-statistics} and {p-values} for the same tests, but conditioning on
observations of shocks and risk factors. Details about the construction of risk factors and model estimation
can be found in subsections 3.1 and 3.5.

Equity Premium + Treasury Bonds All Testing Assets
CAPM ICAPM  Unrest. ICAPM | CAPM ICAPM  Unrest. ICAPM
(1a) (2a) (3a) (1b) (2b) (3b)
2.9 6.3 4.7 3.7 8.0 8.8
rra (2.76) (1.68) (1.58) (2.97) (1.40) (1.67)
{2.76} {2.70} {2.43} {2.97} {2.78} {3.58}
6.7% 14.5% 10.7% 8.4% 18.3% 20.2%
Am (3.84) (1.58) (1.61) (4.49) (1.33) (1.63)
{3.85} {3.10} {2.41} {4.50} {3.39} {3.62}
12.2% 6.2% 16.0% 17.0%
Aep (1.35) (1.05) (1.18) (1.74)
{2.59} {1.34} {2.94} {2.94}
12.2% 2.1% 16.0% 25.2%
Air (1.35) (0.09) (1.18) (0.70)
{2.59} {0.13} {2.04} {1.14}
Ho: A =Aep=Xir =0 [0.0%] [0.0%)] [0.0%] [0.0%] [0.0%)] [5.4%]
{0.0%} {0.0%} {0.0%} {0.0%} {0.0%} {0.0%}
Ho: Aep=Xir =0 [17.8%)] [98.8%) [23.9%)] [5.6%]
{0.9%} {89.6%} {0.3%} {0.0%}
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Figure 6

Predicted vs Realized Risk Premia for Testing Assets

The graphs display predicted (based on the right hand side of equation 13) and realized (based on the left
hand side of equation 13) risk premia for the testing assets. The testing assets are excess returns on equity and
bond portfolios: the market portfolio, the three (size controlled) book-to-market sorted portfolios in Fama and
French (1993) (i.e., HML portfolios), the Barclays’ mid-term and long-term AAA, AA, A, and BAA corporate
bond portfolios and the six CRSP Treasury bond portfolios with maturities up to 1, 2, 3, 4, 5 and 10 years.
RP=1-% a3/ S(E[R; — Rf] — E[R; — Ry])? captures the fraction of average return variability explained by
the respective model and wR? =1 — Y (aj — Qclass)?/ Z(E [Rj — Rf] — Eciass [Rj — Ry])? captures the same
quantity, but for average return variability within each asset class (equities, corporate bonds, and Treasury
bonds). All quantities are estimated from their respective available observations within my main sample period
(1952-2016). Empirical details can be found in subsections 3.1 and 3.5.

is less than the S, difference between the 1- and 10-year dividend claims).

Nevertheless, ICAPM-specific risk prices only display strong statistical significance when we take
shocks as given (curly brackets). In this case, all prices are strongly significant and the hypothesis
that the ICAPM does not add to the CAPM (\¢, = A\j = 0) can be rejected. This indicates that the
relatively weak statistical results for ICAPM risk prices when all uncertainty is taken into account
is not due to a weak relationship between s and average returns, but instead due to the fact that
there is substantial uncertainty in estimating N, and N;;.

The general conclusion is that the ICAPM risk factors (as estimated) matter economically and
statistically when pricing equity and bond portfolios. However, the estimated N, and N;. are noisy
proxies for the true equity premium and interest rate news and this source of estimation uncertainty

has a non-trivial impact on the statistical power of ICAPM tests.
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¢) Pricing Errors

The ICAPM not only matches the dividend and bond term structures, but also reasonably captures
the equity, value, and credit premia.

Figure 6 displays predicted (based on the right hand side of equation 13) and realized (based on
the left hand side of equation 13) risk premia for the testing assets over my main sample period
(1952-2016). A perfect model has all points aligned in the 45 degree line (ignoring sampling error).

From Figure 6a, the CAPM correctly predicts that the risk premia increase from Treasury bonds
to corporate bonds and then to equities. As a result, it captures a reasonable fraction of the risk
premia variation across asset classes (R? = 76%). However, its performance substantially deteriorates
within each asset class. It does not capture the Treasury bond term structure, fails to match the
risk premium level on corporate bonds, and completely misses the value premium. As a result, its
within asset class explanatory power is even negative (wR? = —3%), indicating that the average risk
premium for each asset class better predicts realized risk premia than the CAPM.

The ICAPM substantially improves upon the CAPM despite also having only one parameter to
capture cross-sectional variation in risk premia (Figure 6b). The R? increases dramatically (from 76%
to 94%) and most of the improvement originates from better capturing within asset class variation
(wR? increases from -3% to 77%).

Despite the substantial improvement, the ICAPM produces a bond term structure that is slightly
stronger than in the data and a value premium that is slightly weaker than in the data. Increasing
the ICAPM flexibility by dropping the risk price restrictions improves the model performance by
better capturing the bond term structure and value premium (Figure 6¢), but the improvement is
marginal (R? goes from 94% to 97% and wR? from 77% to 85%) since the original fit was already
good.

Figure A.2 decomposes risk premia for the testing assets into the effect of each ICAPM risk factor
to shed light on the mechanism behind the good fit to equity and bond portfolios. However, since this
paper’s main objective is not to demonstrate the ICAPM ability to capture multiple asset pricing
effects, but rather to explore its implications for the bond and dividend term structures, I do not
further study the ICAPM pricing ability. Campbell et al. (2017) provide extensive evidence that the

ICAPM can price equity portfolios sorted on several dimensions.
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3.6 ICAPM Pricing of a Short-Term Dividend Strategy

All previous subsections focus on dividend PV returns. In this subsection, I show that the ICAPM
also reasonable captures the average return of a short-term dividend strategy designed to capture the
spread between S&P 500 dividend strips and the index itself while simultaneously hedging interest
rate changes. The mechanism is the same as in previous subsections: the S&P 500 is a better hedge

for equity premium shocks than short-term dividend claims.

a) The Short-Term Dividend Strategy

The short-term dividend strategy in this subsection is based on dividend futures. A S&P 500 dividend
future is a standardized contract where, at maturity, the buyer pays the futures price, which is
determined today, and the seller pays the S&P 500 dollar amount of dividends during a certain
calendar year. For instance, the 2015 S&P 500 dividend futures contract was quoted at $41.65 in
December 1st, 2014. On the third Friday of December 2015, the buyer of the futures contract would
pay $41.65, and the seller would pay the cash dividend amount on the S&P 500 index that was
paid out between the third Friday in December of 2014 and the third Friday in December of 2015.
The contract is settled based on the sum of all dividends paid throughout the year, and there is no
reinvestment of the dividends.'”

Binsbergen and Koijen (2017) demonstrate that (up to a first order approximation):

9]
h h
RspSOO,t - Rb,t ~ wéfi_l : Rglf?t (16)
h=1

where Rgps500 is the gross return on the S&P 500, Ry is the gross return on a bond portfolio with
duration that matches the S&P 500, R((i?) is the net return on a h-year dividend futures contract,
and wgf) are portfolio weights.

Similar to Binsbergen and Koijen (2017), I construct the excess return series (representing a
short-term dividend strategy) zR(s*=mkt) — Rgl;t) - [R8p500 _ Rl()lo)], with R((ijsf) having a duration of
approximately 1.5 years. This is a long-short strategy that (i) longs a short-term dividend future (a

position that buys the short-term dividend claim and forgoes the short-term bond return) and (ii)

shorts a long-duration portfolio of dividend futures (a position that buys the S&P 500 index and

5Manley and Mueller-Glissmann (2008); Wilkens and Wimschulte (2010) provide valuable institutional details about
the market for dividend derivatives and Binsbergen et al. (2013); Cejnek and Randl (2016, 2017); Binsbergen and Koijen
(2017) explore different aspects of the dividend term structure using dividend futures data.
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forgoes the long-term bond return). This strategy provides exposure to short-term dividend strips
while attempting to hedge shocks to equity markets and changes in the term structure of interest

rates.

Equation 16 implies we can understand zR(5t—™mkt)

)

as providing information on the term-structure
of dividend futures as long as we treat Rl()m as a proxy for Rp. This is a conservative assumption
since the S&P 500 duration is likely higher than ten years (so that R is likely to provide higher risk
premium than Rélo)).

To construct 2R~k T obtain Rgp500 from Datastream, Rl()m) from CRSP (same measurement
as in previous subsections), and Réjfg from three data sources. First, I use a database of daily quoted
prices for S&P 500 dividend futures (from 02-Jan-2006 to 14-Oct-2016) provided to me by Goldman
Sachs, who is an important player in the dividend futures market. This is a proprietary database,
which Goldman Sachs uses firm-wide both as a pricing source and to mark the internal trading books
to the market. Second, I use Datastream to update the dividend futures database until 31-Dec-2016
(dividend futures are now exchange traded, so the recent data is available in Datastream). Finally, to
obtain a longer sample period, I use the data from Binsbergen, Brandt, and Koijen (2012) to create
Ré;tz from February-1996 to December-2005. This data relies on S&P 500 option contracts and the
put-call parity to recover S&P 500 dividend strip prices. The Réjctt) from this period is not exactly a
portfolio of dividend futures, but instead a long-short portfolio with similar exposures as a portfolio
of dividend futures and an average duration close to 1.5 years. I still refer to Rg;tz as a dividend
futures position.

From these three data sources, I calculate overlapping annual returns on the short-term divi-
dend futures position, Rgl;?, to match the ICAPM risk factors. As the ICAPM pricing equation
13 is based on log excess returns, the final return series for the short-term dividend strategy is
given by zr(3*=mk) = In (Ry + xR(=mk)) —in (Ry). Since xrlESt*mkt) is based on annual returns

observed monthly, it goes from January 1997 to December 2016. Further details on the construction

of xR~k are provided in Appendix B.3.

b) ICAPM pricing for the Short-Term Dividend Strategy

Table 3 summarizes the risk and risk premium properties of the short-term dividend strategy. All
statistics use monthly observations of annual returns and risk factors over the period from January

1997 to December 2016, with risk factors constructed using my main sample period (1952-2016).
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Table 3
ICAPM Pricing of Short-Term Dividend Strategy (1997-2016)

The table reports risk exposures and risk premium properties of r(5*="%%) 3 short-term dividend strategy
(in the spirit of Binsbergen and Koijen (2017)) that (i) longs a short-term dividend future (a position that
buys the short-term dividend claim and forgo the short-term bond return) and (ii) shorts a long-duration
portfolio of dividend futures (a position that buys the S&P 500 index and forgo the long-term bond return).
All statistics use monthly observations of annual returns and risk factors over the period from January 1997 to
December 2016, with risk factors constructed using my main sample period (1952-2016). I report Ss relative
to unexpected market returns (3,,), equity premium news (3.p), and interest rate news (3;,.); the realized risk
premium estimated based on gross returns (E[R]) as well as on log returns (E[r] + §), the ICAPM-implied

risk premium (8'\), and the ICAPM pricing error (o = E [r] g — B'A). All Bs are transformed to market 3
units (i.e., covariance normalized by market variance) and risk premia and pricing errors are calculated under
both rra = 6.3 and rra = 8.0, which are the values reported in Table 2. The (t-statistics) are reported below
each statistic and account for all estimation uncertainty and {t-statistics} take shocks as given. Details about

the construction of risk factors and model estimation can be found in subsections 3.1 and 3.5.

Risk Exposures Realized Premium | ICAPM(rra = 6.3) | ICAPM(rra = 8.0)
Bm  Bep B |E[R] E[]+% | B o B'A o
xrGt=mk) | 107 147 2001 3.0% 2.3%  2.4% -0.1% 3.9% -1.7%
(tstat) (-6.25) (1.41) (-0.08) (0.55)  (0.50) (-0.01) (-0.18)
{tsar} | {-6.68} {2.51} {-0.11} {-0.02} {-0.18}

The B columns indicate that the key risk patterns reported in subsection 3.3 hold for the short-
term dividend strategy. In particular, the short-term dividend futures position has a lower market 5
and higher equity premium / than the long-duration portfolio of dividend futures (the Rgps00 — Rl()lo)
position), with the equity premium [ spread being more pronounced. Both /3 spreads are statistically
significant (when we take shocks as given) and the spread magnitudes are economically important.
The spread in interest rate (s is lower in magnitude and very weak statistically, and so it is not a
key determinant of the risk term structure of dividend futures.

The E[R] and E[r] + § columns indicate that the short-term dividend futures position pays a
premium relative to the long-duration portfolio of dividend futures, which is consistent with the
literature (see Binsbergen, Brandt, and Koijen (2012); Binsbergen and Koijen (2017)). This short-
term dividend premium is not statistically significant for the U.S. market (as in the original papers),
but it is economically important. Binsbergen and Koijen (2017) show that the premium is statistically
significant when data from other countries (in Europe and Japan) are pooled together with data
on U.S. dividend futures. I focus on the U.S. because I construct ICAPM risk factors to capture

reinvestment risk in the U.S. market.
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Combining the risk exposures with ICAPM risk prices, I calculate the ICAPM-implied risk pre-
mium for the short-term dividend strategy and found results consistent with the evidence previously
reported (in subsection 3.4). In particular, the short-term dividend futures position has a higher risk
premium than the long-duration portfolio of dividend futures. This is true whether I use the rra = 6.3
calibration in column (3a) of Table 2 or the rra = 8.0 calibration in columns (3b). Moreover, pricing
errors (as) are relatively small and zero from a statistical perspective.

The main conclusion is that, while not perfect, the ICAPM with a passive investor (detailed in
Section 2) captures the essence of the dividend term structure reported in Binsbergen, Brandt, and
Koijen (2012); Binsbergen and Koijen (2017). This result complements the empirical findings in
the previous subsections, which are based on dividend PV returns. Despite the two approaches to
estimate ICAPM risk exposures being different, they both lead to similar conclusions: long-term

dividend claims have relatively low risk premia because they are good hedges for reinvestment risk.

4 ICAPM Term Structures: Strategic Investor

The ICAPM results from Section 3 are striking in that they suggest an ICAPM produces both a
downward sloping dividend term structure and an upward sloping bond term structure. However,
the ICAPM used considers a passive investor and is silent on why the investor would not change her
portfolio allocation in response to changes in expected returns. Moreover, the results are based on a
present value decomposition of the equity premium as opposed to the common approach of studying
dividend strip returns (subsection 3.6 is the exception as it relies on dividend futures data). This
section addresses these issues. It considers a fully structural ICAPM in which the marginal investor
responds optimally to changes in reinvestment rates. Moreover, I study the dividend term structure

based on dividend strip 8s and risk premia derived from the model.

4.1 The ICAPM with a Strategic Investor

This subsection details the SDF of an investor who responds optimally to changes in reinvestment

rates (i.e., a strategic investor) and derives risk premia expressions for dividend strips and bond

16Djvidend futures data can also be used to demonstrate that dividend PV returns correlate in expected ways with
returns obtained directly from financial markets. Figure A.3 makes this point by demonstrating that (i) short-term
dividend PV excess returns correlate strongly with returns on the short-term dividend futures position while long-term
dividend PV excess returns do not; and (ii) the opposite pattern is true for the correlation between dividend PV excess
returns and excess returns on the S&P 500 itself (which is a long-duration dividend strip portfolio).
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portfolios. For that, I rely on the ICAPM framework in Campbell, Chan, and Viceira (2003) (which
is a multivariate extension of Campbell and Viceira (1999)). I also explain the calibration of the model
to the data. I omit proofs and technical derivations as they can be found in the internet Appendix of
Campbell, Chan, and Viceira (2003). The exceptions are the novel analytical expressions for dividend

strip s and risk premia (I provide derivations for these expressions in Appendix A.3).

a) The SDF from the Perspective of a Strategic Investor

Analogously to Section 2, the log SDF of a strategic investor with Epstein-Zin recursive preferences

is given by (ignoring constants):

0
mg = — TTa-Tpp — %-ln (Cy/ W) (17)

where 7, = In(R,) are log returns on the investor’s wealth portfolio (not necessarily the aggregate
wealth portfolio), with R,; = Ry, + 7;,1(1%,5 — Ry;) depending on +v; (the endogenous portfolio
weights).

An investor who responds to changes in reinvestment rates endogenously creates time-varying risk
in the SDF as the risk level of her wealth portfolio varies as a function of her allocation to different
assets. Consequently, the log-linear approximation to the consumption-wealth ratio given in equation

10 is no longer valid. In this case, we instead have the following log-linear approximation:

- (C . > 1ies >
In (Wi) ~ (1 —ies)(Ey —Ei_q) hZ:l ol Tpith| + 50 (Et —E¢—1) hZ:l Pl Vargn—1 (megn + 7pitn)
= (1—ies) - Nangt + — - Ny (18)

0
We can get log SDF shocks from equation 17 and substitute the new consumption-wealth ratio

approximation to get (see Bansal et al. (2014); Campbell et al. (2017)):
my = — rra-Tpy — (rra—1) - Ngry + Ny (19)

Equation 19 provides an expression for the SDF of a strategic investor that allows us to think about
reinvestment risk. Unfortunately, the risk factors depend on the endogenous portfolio allocation, ;.
As such, I cannot link the risk factors to r. and ry without taking a stand on ;.

I make structural assumptions such that v and cw; = In (Cy/W;) can be directly solved for as

functions of a set of state variables. This is the approach in Campbell, Chan, and Viceira (2003).
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I assume the strategic investor can allocate capital to the (nominal) risk-free rate to receive the
(unknown and stochastic) real log return ry,. She also has access to a set of risky assets with
excess log returns denoted by zr;. Moreover, z; represents a vector with other variables that capture
variation in expected returns.

I define s; = [rgs ar; 2] to be the state vector which summarizes the current information set

and I assume s; evolves according to a first-order vector autoregression:
St41 = Po + Pr-sp + U (20)

where u; ‘& N (0,%).

Log returns on the investor’s wealth portfolio can be approximated as:

’ 1 ’ .
Tp,t-i—l =~ Tf,t —+ ’)/t.’L'T't+1 -+ 5 . f}/t . [dZCLg (EacT) — E.I’r‘ . ")/t] (21)

The given structure implies the following (approximate) consumption and portfolio allocation

policies for an investor with Epstein-Zin recursive preferences:
Yt = FO + I';- St (22)
cwy =Cqy + Cll -8 + S;CQSt (23)

with policy parameters implicitly depending on rra, ies, p, and the VAR parameters (except that
does not depend on ies given p).

Using these policy functions, we can recover the log SDF by substituting equations 20 to 23 into
equation 17.

I solve for the policy parameters (I's and C's) following the procedure outlined in Campbell, Chan,
and Viceira (2003). The idea is to start from a guess of p and solve for all I's and C's recursively
until p is consistent with the policy parameters (the steps that lead to the policy parameters for a
given value of p are available in Campbell, Chan, and Viceira (2003)’s internet Appendix). After
solving for I's and Cs, I recover 7, Ng,, and Ny to explore the reinvestment risk implications to the

dividend and bond term structures.
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b) Risk Premia on Dividend Strips and Bond Portfolios

The ICAPM-based risk premium of any asset j is given by:

1 0
E¢ [xrj 1] + 5 (O’it — U?,t) =rra-Covg (X141, Tpi+1) + s Covy (x7j 141, cwWey1) (24a)

=rra- Covg (X741, pt+1)
—+ (rra — 1) - Cov (a?Tj,t+17 NIET,tJrl)
+ Covy (x7j 441, Nv+1) (246)

Assuming E; [x7;,41] evolves as in the VAR (equation 20), we can use the policy rules previously
derived to solve for the risk premium of asset j (whether the asset is included in r}, or not). I use
this approach to study the bond term structure based on the bond portfolios in Section 3.

For dividend strips, I assume Ad; is part of s;, define pdgh) = ln(Pt(h) /D¢), and use the recursive
relation pdih) diil by Adip — Tg;,)t 41 (with boundary condition pdl(to) = 0) together with the

policy functions (cw; and 7;) to solve for dividend risk and risk premia as linear functions of the state

variables (details in Appendix A.3):!7

Vary (rds t+1) = (25a)
c = )
ovt (xrds t+1vrp,t+1) = Tip St (25Db)
Cov (mr cw ) = o (25
t ds,t+1’ t+1 0 cw T cwst C)
1 h
By [orf | + 5 - (0n—0F) = mih +mlhs (25d)

I explore the unconditional term structures (by taking unconditional averages of the expressions
provided) as well as time variation in the dividend term structure, which is difficult to do without a

fully structural framework such as the one in this section.

c) Model Calibration

To calibrate the model to the data, I need to define which variables proxy for ry;, xr, and z;. To be
consistent with the previous section, I use the same r;; and a z; with the same predictive variables:

dividend growth (Ad), dividend yield (dy), equity payout yield (epoy), one year Treasury yield (ty),

17As in Section 3, empirical results are based on equal weighted portfolios of consecutive maturities. Since I focus
on annual returns, this procedure assures the average duration of a portfolio indexed by h is equal to h years.
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term spread (7T'S), credit spread (C'S), and value spread (V'.S). Analogously to the previous section, I
impose VAR restrictions such that only z; predicts future information. For xr;, I assume the strategic
investor has access to the risk-free asset as well as the equity market index (zr. = r. —7¢) and the

st=1t)) from subsection 3.6. The inclusion of (=) assures the

short-term dividend strategy (:m“(
ICAPM results are consistent with the pricing of the short-term dividend strategy. However, the
dividend term structure is similar when the investor only has access to 7 and r, (compare Figure 7
to panel (j) in Figure A.7).

I calibrate the VAR to capture the annual dynamics of z; and the long-term predictability in
rr and zr.. The calibration details are provided in Appendix C.4, but the idea is to make sure the
volatility of long-term discount rates (which determines N, volatility) matches the volatility observed
in the data. Focusing on the short-term dynamics of r; and xr. substantially understates long-term
discount rate volatility, which has non-trivial consequences for the importance of reinvestment risk
relative to market risk (see Appendix D.2). This result is largely consistent with Giglio and Kelly
(2017), who find that VAR term structure models calibrated to match the price dynamics of short
maturity claims produce too little volatility for long maturity claims. In my case, calibration to the
dynamics of short-term discount rates produces too little volatility for long-term discount rates.

In terms of preference parameters, I calibrate the intertemporal elasticity of substitution to
ies = 0.5 and follow Campbell, Chan, and Viceira (2003) in setting the time discount factor to
0 = 0.92 at the annual frequency. I then consider a grid for rra from 2 to 15 (with 0.2 intervals) and
evaluate the fit to the six bond portfolios in Section 3 (in terms to mean squared pricing errors). I
study the dividend term structure with rra = 10.2 as this value gives the best fit to the bond term

structure.'®

4.2 Unconditional Term Structures

This subsection explores the unconditional dividend term structure in the ICAPM with a strategic
investor. It also discusses the ICAPM fit to bond portfolios to assure the model captures both the
dividend and bond term structures.

Panel (a) of Figure 7 displays dividend risk premia originated from three sources of risk: market

!8Campbell, Chan, and Viceira (2003) argues that ies has only second order effects on the SDF within the ICAPM.
Consistent with this claim, ies = 1.5 produces a similar (but with slightly smaller slope) dividend term structure
(compare Figure 7 to panel (g) in Figure A.7). I also evaluate the dividend term structure with rra = 6.3, which is
the value used in most of Section 3. Again, I find similar qualitative results for the dividend term structure, but with
a somewhat smaller slope (compare Figure 7 to panel (h) in Figure A.7).
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Figure 7
Dividend Term Structures in the ICAPM with a Strategic Investor

The graphs report the dividend term structures of (i) risk premia, (ii) CAPM as, and (iii) Sharpe ratios within
the ICAPM with an investor who responds to changes in reinvestment rates (i.e., a strategic investor). The
Risk premia term structure can be decomposed into the effect of market risk (r,), reinvestment risk (NVg,),
and volatility risk (Ny) and panel (a) provides such decomposition (based on equation 24b). All results are
obtained based on my main sample period (1952-2016) and details for the ICAPM and calibration can be
found in subsection 4.1.
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risk from variation in the investor’s portfolio returns (r,), reinvestment risk from variation in long-
run expected returns (Ng,), and volatility risk from changes in the long-run volatility of r, and cw
(Ny)."

First, as in the previous section, longer-term dividend strips have higher market risk and are
better hedges for reinvestment risk, with the second effect dominating the first. Second, longer-
term dividend strips are more exposed to volatility shocks. This effect happens because variation in
expected returns are linked to risk variation in this ICAPM framework (since there is no variation
in risk aversion). Consequently, volatility increases coincide with higher discount rates, which lowers
dividend strip prices and exposes them to volatility shocks. Duration amplifies this effect, making
longer-term dividend strips more exposed to volatility shocks.?’

Panel (b) combines the risk premia from the three risk sources to produce the dividend term
structure of risk premia. For the first few maturities, the market and volatility risk effects dominate,
inducing an upward sloping dividend term structure (E[Réi)] = 6.1% and E[Réi)] = 11.6%). However,
the reinvestment risk effect dominates for dividend strips with longer maturities so that long-term
dividend strips have very low risk premia (they are roughly 3% at maturities close to 100 years).
Overall, the ICAPM produces a hump-shaped dividend term structure with particularly low discount
rates for very long-term dividends.

The dividend risk premia produced by the ICAPM are striking in that they match the otherwise
puzzling pattern uncovered in the literature. For instance, Binsbergen and Koijen (2017) reports (for
S&P 500 dividend strips) average returns that increase over the first few years, but decrease over the
long-term as the dividend strips with maturities from three to five years outperform the S&P 500,
which is a long-duration portfolio of dividend strips.

However, the dividend term structure seems much less steep than the one produced by the ICAPM
in Section 3. The reason is simple. If the marginal investor can respond to shifts in reinvestment rates

by changing her portfolio allocation (as opposed to being a passive), then reinvestment risk becomes

Y Note that Ny can be written as:

1 - 0
Ny =3 (E¢ —Ei—1) [Z P Varen—a ( (rra—1) rpe4n + es 'th+h):|

h=1

20This effect is present because volatility changes are induced by shifts in portfolio allocation, which are directly
connected to changes in discount rates. It is unclear whether a model with exogenous volatility shocks would produce
the same term structure of volatility risk. The reason is that volatility shocks tend to be less persistent than discount
rate shocks. As such, it is possible that short-term cash flows are more affected by transitory volatility shocks. Exploring
the term structure of volatility risk is an interesting avenue for future work. The framework developed by Bansal et al.
(2014) and Campbell et al. (2017) seems a natural starting point for that.
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less of a concern. Of course, it remains economically important and still overturn the market risk
effect, but only over long maturities so that the term structure is hump-shaped and much less steep
than in Section 3. Nevertheless, the reinvestment risk mechanism is the same in both sections and
this is an important point because the two sections rely on quite different opportunity sets for the
ICAPM long-term investor.

Panels (c¢) and (d) demonstrate that similar hump-shaped term structures are observed for CAPM
as and Sharpe ratios. In the case of CAPM as, the term structure differences are even more pro-
nounced, with the 4-year dividend strip displaying o = 9.5% while the 100-year dividend strip has
a = —6.0%. For Sharpe ratios, the differences are also large, with short-term dividend strips having
Sharpe ratios between 0.75 and 0.95 while very long-term dividend strips have Sharpe ratios below
0.3. Both term structures (Sharpe ratios and CAPM as) are consistent with the patterns reported
in Binsbergen and Koijen (2017) (they do not report CAPM as, but these can be inferred from the
reported average returns and CAPM fs).

Figure A.5 displays ICAPM-predicted risk premia against realized risk premia for the same testings
assets used in subsection 3.5. The ICAPM almost perfectly matches the equity premium and bond
term structure and also reasonably captures risk premia on corporate bond portfolios. However,
it produces a value premium that is weaker than in the data (roughly half the value premium is
explained by the ICAPM) with all HML portfolios having ICAPM-predicted risk premia lower than
in the data. This indicates that the reinvestment risk channel (at least as tested here) is only a
partial explanation for the value premium if the marginal investor responds to shifts in reinvestment
rates by changing her portfolio allocation.

Overall, the ICAPM with a strategic investor produces the same reinvestment risk mechanism of
the previous section. That is, long-term dividend claims have relatively low discount rates because
they are good hedges for reinvestment risk. At the same time, the model nicely captures the upward

sloping bond term structure. The next subsection explores time variation in dividend risk premia.

4.3 Time Variation in the Dividend Term Structure

In this subsection, I explore ICAPM-implied time variation in the dividend term structure. I argue
that the buy and hold dividend term structure slope decreases during recessions and increases in
expansions (which is consistent with Binsbergen et al. (2013)) and that this pattern is driven by

variation in the relative risk of short- and long-term holding periods as opposed to the relative risk

44



(a) Term Spread in Buy and Hold E[r] for Dividend Claims
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Figure 8
Expected Return Term Spreads

The graphs report time variation in the term spread (100-year minus 5-year) of (i) buy and hold expected

returns on dividend strips (E, [ffli?tolt +100) —E¢ [fé‘?’t% +5)); (ii) buy and hold expected returns on the equity mar-

ket (E¢[Fe,t—t+100) — Et[Fet—t45]); and (iil) 1-year expected returns on dividend strips (E[Rfils?fll] 7E[R((ii),t+l])'

The term structure points (5 and 100 years) were selected to match the highest and lowest points in the
unconditional dividend term structure. Shaded regions represent recessionary periods (as defined by the Na-
tional Bureau of Economic Research - NBER). Blue circles (red squares) represent local peaks (troughs) of
the respective time series (details about the algorithm used to identify peaks/troughs are available upon re-
quest). All results are obtained based on my main sample period (1952-2016) and details for the ICAPM and
calibration can be found in subsection 4.1.
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of short- and long-term dividends, which is a novel result.
Panel (a) of Figure 8 displays (from January 1953 to December 2016) the term spread in buy

and hold E[r| of dividend strips. I consider the spread between (ICAPM-implied) 100-year expected

_(100)

Tds,t—t+100 Analogous spreads are

returns, E| |, relative to five-year expected returns, E[féi)t s

constructed for the equity market (E[7e¢—t+100] — E[Fe,t—t+5]) in panel (b) and for 1-year expected

returns on dividend strips (E[fgls?f_gl] — E[fé‘?t 41

]) in panel (¢). The term structure points were
selected to match the highest and lowest points in the unconditional dividend term structure. The
gray shaded area identifies recessionary periods, the blue circles represent local peaks, and the red
squares refer to local troughs.

The buy and hold dividend term spread (Panel (a)) tends to decrease during recessions and increase
in expansions (i.e., it is procyclical), reaching its local peaks close to the beginning of recessions and
local troughs close to recession ends (a pattern consistent with Binsbergen et al. (2013)). While this
spread is based both on cash flow maturity and holding period, the spread in panel (b) is entirely
driven by holding period and the spread in panel (c) is only based on cash flow maturity. Having all
three spreads allows me to ask whether the variation in the buy and hold dividend term spread is
driven by holding period or cash flow maturity.

Panel (b) demonstrates that the term spread in buy and hold E[r] for the aggregate equity market
is also procyclical, with variation that is remarkably similar to the one in panel (a). In contrast,
the term spread in (one-year holding period) dividend strip expected returns (Panel (c)) increases
in recessions and decreases in expansions (if anything, it is countercylical). Therefore, the buy and
hold dividend term spread is entirely driven by variation in the relative risk of short- and long-term
holding periods (as in panel (b)) as opposed to the relative risk of short- and long-term dividends (as
in panel (c)).

The mechanism is quite simple. The equity premium increases in recessions and is expected
to revert to its mean over the long-term. Consequently, the equity term spread decreases over
recessionary periods. The opposite happens during expansions. The term spread in buy and hold
expected returns of dividend strips follows the same pattern because the level of dividend risk premia
strongly correlates with the equity premium.

In summary, variation in the buy and hold dividend term structure slope is entirely driven by
time variation in level of risk premia as opposed to time variation in the term structure slope of risk

premia.

46



5 Implications to the Long-Run Risks Framework

The results from the previous two sections suggest that reinvestment risk, as captured by the ICAPM,
produces both a downward sloping dividend term structure at long maturities and an upward sloping
bond term structure. However, the results are somewhat puzzling since the ICAPM structure is very
similar to the one in the long-run risks model (Bansal and Yaron (2004); Bansal, Kiku, and Yaron
(2012)), which produces an upward sloping dividend term structure (see Binsbergen, Brandt, and
Koijen (2012)).

This section clarifies the differences between the two models and explores the implications of
reinvestment risk to the long-run risks model. I show (through simulations) that the typical cali-
bration of the long-run risks model does not account for the dividend term structure because it fails
to produce the downward sloping term structure of reinvestment risk uncovered in Sections 3 and
4. However, the long-run risks framework correctly prices reinvestment risk and the relationship
between this framework and the ICAPM implies that there must exist an alternative specification
for the consumption growth process that captures both the bond and dividend term structures. Such
specification might not reflect the consumption growth of a representative consumer (see Malloy,
Moskowitz, and Vissing-Jgrgensen (2009)), but it can still retain the main aspects of the model. As
such, I view the long-run risks framework as potentially consistent with the dividend and bond term
structures.

Both the ICAPM of Sections 3 and 4 and the long-run risks model rely on an investor with
Epstein-Zin recursive preferences. However, the two models differ in the type of assumptions they
make about the economy. The long-run risks model takes a stand on who the marginal investor is
and on the dynamics of her consumption process. From those assumptions and the structure of an
endowment economy, the model derives an SDF, which provides direct implications to asset prices.
In contrast, the ICAPM takes a stand on the assets available to the marginal investor (not on who she
is) and the dynamics of those assets (variation in investment opportunities). From those assumptions
and the structure of a portfolio decision problem, the model derives an SDF, which also provides
asset pricing implications. Despite the differences, these models are two sides of the same coin. In
particular, for any given ICAPM, there exists a long-run risks model that produces the exact same

results (see Campbell et al. (2017) for a detailed explanation of this point).?! Therefore, it is worth

21The consumption process dynamics in the long-run risks model that recover the ICAPM results can be very different
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trying to understand why the typical calibration of the long-run risks model does not account for the
dividend term structure despite the fact that the ICAPM does.

Table 4 explores this issue. Panel A provides results based on a simulation of the long-run risks
model using the calibration in Bansal and Yaron (2004) while Panel B focuses on the calibration in
Bansal, Kiku, and Yaron (2012). In both cases, I rely on the solution method outlined in Binsbergen,
Brandt, and Koijen (2012) except that I solve for the price-consumption ratio (and recover the wealth-
consumption ratio) analytically as in Bansal, Kiku, and Yaron (2012).?2 I simulate 101,000 years
of monthly data, burn the first 1,000 years to assure the simulation is not influenced by the initial
conditions, and report results based on the following 100,000 years. All statistics are calculated from
monthly data and risk-premia information is multiplied by twelve so that the magnitudes are roughly
comparable to the previous sections. My discussion focuses on Panel A and later details how the
basic results differ for the calibration in Panel B.

The first row in Panel A clearly demonstrates that risk premia increases in dividend maturity in
the long-run risks model. Since the model is based on an Epstein-Zin investor, we can decompose the
dividend risk premia into the components associated with the three risk factors I explore in Section 4:
market risk (7,), reinvestment risk (Ng,.), and volatility risk (Ny).?* T do so in the subsequent three
rows. Market and volatility risks have small upward sloping term structure effects. As in the previous
sections, reinvestment risk has a strong term structure effect. However, unlike the previous sections,
reinvestment risk induces an upward sloping dividend term structure. Instead of providing a hedge
against reinvestment risk shocks, dividend strips are exposed to reinvestment risk, with longer-term
claims more exposed to this risk given their higher duration.

To understand how the long-run risks model produces reinvestment risk betas that increase in
dividend maturity, the next four rows explore the properties of discount rate and cash flow news in

the model. Row Cor(Ng,, Nléﬁ)) shows that when reinvestment rates decline, Ng, < 0, so do dividend

from the typical dynamics researchers have in mind when referring to long-run risks. Nevertheless, such dynamics exist.
Here, I am generically referring to the long-run risks model as any model with a fully specified consumption process
which is assumed to originate from the optimal consumption decisions of an Epstein-Zin agent.

221 find results similar to the ones in this section after solving the long-run risks model using a non-linear algorithm
to approximate the wealth-consumption ratio as a function of the two state variables. As such, my results are not
induced by the analytical log-linear solution I use.

ZNote that, for any given asset, the sum of the risk premium components from the risk factors is not equal to
the average risk premium over the simulation. The difference comes from the fact that the components are based on
unconditional covariances while the model-implied pricing equation is based on the unconditional expectation of the
conditional covariance, which requires solving for the conditional convariances as functions of the state variables. I focus
on unconditional covariances as it is much simpler and is typically what researchers use to evaluate models empirically.
However, any difference in the two approaches is minor and the basic intuition for why the long-run risks model fail
should remain the same.
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Table 4
Reinvestment Risk in the Long-run Risks Model

The table reports (long run risks) model-implied statistics for dividend strips and the equity portfolio. Panel
A provides results based on a simulation of the long-run risks model using the calibration in Bansal
and Yaron (2004) while Panel B focuses on the calibration in Bansal, Kiku, and Yaron (2012). In
both cases, I rely on the solution method outlined in Binsbergen, Brandt, and Koijen (2012) except
that I solve for the price-consumption ratio (and recover the wealth-consumption ratio) analytically
as in Bansal, Kiku, and Yaron (2012). I simulate 101,000 years of monthly data, burn the first
1,000 years to assure the simulation is not influenced by the initial conditions, and report results
based on the following 100,000 years. All statistics are calculated from monthly data and risk-premia
information is multiplied by twelve so that the magnitudes are roughly comparable to the previous
sections.

PANEL A: Calibration in Bansal and Yaron (2004)

Maturity (in Years) = 1 3 5 7 9 10 20 30 40 50  Market

E[RY) — Ry] | 1.3% 34% 47% 54% 59% 61% 6.7% 6.8% 6.8% 6.8%  5.3%
rra - Cov(F™,7,,) | 0.5% 12% 1.6% 19% 21% 21% 24% 24% 24% 24%  1.9%
(rra —1) - Cov(+™, Ng,) | 0.9% 21% 2.9% 34% 3.6% 3.7% 4.0% 4.0% 4.0% 4.0%  3.2%

—1-Cov(F™, Ny) | 0.0% 0.0% 0.0% 01% 01% 02% 03% 03% 03% 03%  02%

Cor(Ny,N™) | -012 002 016 028 038 042 060 063 064 064 045
Cor(Ng,, N™Y | 097 1.00 1.00 098 096 095 086 084 08 083 094
Cor(Ne,, N) | 099 099 099 099 099 099 099 099 099 099  0.99
o(N®)/o(NGY) | 36 42 43 42 41 41 36 35 35 34 3.8

Cor(F®, Ny | 022 049 060 062 061 060 049 045 044 044  0.54

PANEL B: Calibration in Bansal, Kiku, and Yaron (2012)

Maturity (in Years) = 1 3 5 7 9 10 20 30 40 50  Market

E[RY) — Ry] | 25% 35% 42% 48% 52% 54% 7.0% 83% 9.5% 105%  6.1%
rra - Cov(FW,7,,) | 2.0% 24% 2.7% 2.8% 3.0% 3.1% 3.7% 4.1% 4.6% 50%  3.2%
(rra — 1) - Cov (™, Ng,) | 04% 1.0% 12% 1.3% 1.3% 1.3% 09% 04% 0.0% -0.3%  0.9%

—1-Cov(F™,Ny) | 0.0% 01% 03% 0.6% 09% 1.0% 25% 3.8% 50% 6.0%  1.5%

Cor(Ny,N{™) | 003 011 02 041 054 059 087 094 096 097 0.69
Cor(Ng,, NNy | 077 08 092 097 1.00 1.00 093 085 081 0.78 0.92
Cor(Ng,, NM) | 0.79 079 079 079 079 079 079 079 079 079 0.79

h
o(N®)/o(NS?) | 31 36 35 34 31 30 19 13 10 09 2.1

Cor(F®, Ny | 010 024 020 030 027 025 002 -014 -025 -033  0.07
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(h)

discount rates, NE}; , inducing higher dividend strip prices. This is the mechanism responsible for gen-
erating a downward sloping term structure of reinvestment risk in the ICAPM. Row Cor(Ng,, N;h))
shows that dividend growth shocks counteract the discount rate channel because lower reinvestment
rates are strongly associated with lower expected dividend growth (0.99 correlation for all maturities),
inducing a price decrease when reinvestment rates decline. Row O’(Ng(h)) / J(NHS:};)) shows that divi-
dend growth news are substantially more volatile than discount rate news in the model, which means
that the dividend growth channel dominates so that dividend strip prices decrease when reinvestment
rates decline: dividend strips are exposed to reinvestment risk. This dividend growth mechanism is
so strong that dividend strip prices (and equity prices) tend to decrease when dividend discount rates

(n) p(h)

decline (see row Cov(ry,’, N”)), which is highly counterfactual.?!

The reason for the strong correlation between reinvestment rates and dividend growth news is

ies—1
rra—1

straightforward. The long-run risks model implies N, = ies - Ng, — - Ny (see equation 12 in
Bansal et al. (2014)). As long as volatility shocks are small relative to consumption growth shocks,
Cor(Ngy, Neg) is high. This is the case in Bansal and Yaron (2004)’s calibration of the model, which
produces Cor(Ng,, Neg) = 0.99. Since expected dividend growth and expected consumption growth
are perfectly correlated and driven by a univariate process, we also have Cor(Ng, Ng(h)) = 0.99 for
any maturity h.

The calibration in Bansal, Kiku, and Yaron (2012) (Panel B) implies stronger long-run volatility
shocks (because of the higher autocorrelation in the volatility process), which alleviates some of
the issues in Bansal and Yaron (2004)’s calibration. For instance, Cor(Ngy, Nes) = 0.79 in this
calibration (in contrast to the 0.99 values of the previous calibration). Nevertheless, the strong
positive correlation between discount rate and cash flow news coupled with the much higher volatility
of cash flow news continues to induce a counterfactual term structure of reinvestment risk (increasing
for the first ten years and decreases after that), which still shuts down the strong reinvestment risk
mechanism outlined in the previous sections.

Another issue with the model is that, in both calibrations, volatility shocks represent the only
source of variation in expected returns. As such, they are (strongly) positively correlated with

dividend discount rates (see row COU(Nv,N]}E:};))). This channel induces an upward sloping term

24The literature studying the relative importance of discount rate and cash flow news to equity returns is extensive
and generally finds a negative correlation between equity returns and discount rate news (e.g., Campbell (1991);
Campbell and Ammer (1993); Chen, Da, and Zhao (2013)). In my empirical analysis, I find Cor(7e, Nep+ Nir) = —0.52,
which is largely consistent with the literature, but inconsistent with the implications from the long-run risks model.
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structure of volatility risk (the price of longer-term dividend strips decrease by more when volatility
increases). In Bansal, Kiku, and Yaron (2012)’s calibration, this channel is very strong because
volatility shocks are highly persistent, inducing large variability in Ny . Since there is no reinvestment
risk channel counteracting this effect, the model produces a strongly upward sloping dividend term
structure.

It is important to point out that the results produced by the long-run risks model would be
counterfactual even if the dividend term structure were upward sloping. The reason is that the term
structure of reinvestment risk is strongly downward sloping in the data, which is not the case in
either calibration of the long-run risks model. Hence, the mechanism the model uses to generate an
upward sloping dividend term structure is counterfactual.

Table 4 makes it clear that the typical calibration of the long-run risks model fails to capture the
dividend term structure due to the model-implied properties of cash flow and discount rate news.
However, this does not mean the framework is wrong. The results in Section 4 coupled with the
close relation between the ICAPM and the long-run risks model necessarily imply that there exists
an alternative specification for the consumption growth process that captures both the bond and
dividend term structures.

In any calibration of the long-run risks model, the price of reinvestment risk is consistent with
the ICAPM. The issue is only on risk quantities. Two adjustments to the model might go a long
way in capturing the dividend term structure. First, weakening the link between expected dividend
growth and expected consumption growth and increasing the volatility of discount rates (relative
to cash flow growth) should help the model to produce an empirically credible term structure of
reinvestment risk. Second, weakening the link between volatility and discount rate shocks through
the introduction of time-varying risk premia (see Melino and Yang (2003)) or slightly decreasing the
persistence of volatility shocks would help to make sure the reinvestment risk channel dominates the
volatility channel, as it happens in the ICAPM. Exploring these possibilities is an interesting avenue

for future research, but it is outside the scope of this paper.

6 Conclusion

In this paper, I empirically study the dividend and bond term structures from the perspective of

intertemporal asset pricing theory, which features investors who care not only about their current

o1



wealth, but also about their wealth reinvestment rate. The key new finding is that reinvestment risk
provides a simple explanation for the downward sloping dividend term structure (at long maturities)
recently documented in the literature while simultaneously producing an upward sloping bond term
structure, consistent with historical data. The underlying reason is that long-term dividend claims
hedge reinvestment risk while long-term bonds are exposed to such risk.

The findings in this paper have important implications beyond providing an empirically credible
explanation for the dividend and bond term structures. First, the results suggest that equity cash
flows accruing further in the future should require lower discount rates in present value applications
because they hedge reinvestment risk. As such, this paper uncovers a relative advantage of longer-
term investments projects with higher cash flow duration. This result is consequential because
many real and financial investment opportunities differ dramatically in the timing of their expected
cash flows. Hence, ignoring term structure differences in discount rates can lead to severe capital
misallocation.

Second, the higher intertemporal hedging value of longer-term dividend claims over several decades
indicates that the dividend term structure recently documented in the literature is likely to be an
equilibrium outcome as opposed to an anomaly in the recent years. This result is important because
the dividend term structure has been used as an out-of-sample test for asset pricing models, which
could be misleading if the term structure facts were specific to the short period of data available on
dividend contracts (Cochrane (2017)).

Third, my results demonstrate that longer-term dividend claims have intertemporal characteristics
that make them more attractive to long-term investors. In particular, their prices tend to go up when
investors’ portfolios are expected to perform poorly in the future. Thus, portfolio managers interested
in boosting returns by investing in short-term dividend strategies (such as the new dividend-focused
ETFs) should consider how affected their investors are by decreases in reinvestment rates. This
consideration is particularly important for pension funds since a significant fraction of retirees’ wealth
is invested for the long-run, which means that declines in reinvestment rates induce a substantial
reduction in lifetime utility.

However, this paper also raises important new questions. First, are the premia for short-duration
stocks (Dechow, Sloan, and Soliman (2004); Lettau and Wachter (2007, 2011); Hansen, Heaton,
and Li (2008); Da (2009); Weber (2017)) and the low discount rates of long-term real estate assets

(Giglio, Maggiori, and Stroebel (2015); Giglio et al. (2015)) consistent with the reinvestment risk

02



explanation for the dividend term structure? Second, can we use the methodology provided in
this paper to empirically test alternative models and explore new properties of the dividend term
structure? Third, how should firms incorporate reinvestment risk when making capital budgeting
decisions? These are examples of potential avenues for future research related to the term structure

of discount rates.
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APPENDIX

Appendix A Technical Derivations

A.1 Present Value Term Structure Decomposition

This subsection derives the term structure decompositions of equity returns, risk, and risk premium

in equations 5, 6, and 7:

o
Tet ™ Z wy, - f;g?t (5)
h=1
Bet =3 wy- B, (6)
h=1
i [Ress1 — Rpapa] ~ > w- /81(72?1& At (7)
h=1

I start from a log-linear approximation to unexpected stock returns (Campbell and Shiller (1989);
Campbell (1991)):

’Fe,t ~ Ath + Ng,t — Nep,t — Nir,t (Al)

where

o0
Nyt = (E; —Ei—q) [Z ph . AdHh] are real dividend growth news
h=1

o0
Nept = (Er —Eiq) [Z P (resin — T‘f,t+h)} are equity premium news
h=1

o
Nipt = (Et —E4—1) [Z ol Tf,t+h:| are real interest rate news
h=1

Comparing equations A.1 (derived in Campbell (1991)) and 5 (derived in Section 1.2), we have that
the Ad; component cancels out in equation 5. Thus, showing that
H H h
li h — 7 ] )
N DS BN D SN o
h=1 h=1 j=1
holds for a generic variable A is sufficient to prove equation 5.
Start by reorganizing the right hand side of this equation as:
H h H H
Z Why1 ZAj =4 (Z wh+1> + Az - (Z wh+1> +.t+ Ap - wha
h=1 j=1 h=1 h=2

Now, use wy, = p"~1 — p" and the formula for the finite sum of a geometric progression to get:
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thﬂ'z Z( Lt )‘Ah
j=1 h=1
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As H goes to infinity, the p — pH term vanishes since p < 1 and, thus, all we need to show is

that 2 hl_fzﬂ = p", which can be demonstrated by multiplying both sides of this equation by 1 — p.
Hence, we have our result and equation 5 holds.

Equation 6 follows directly from subtracting the real interest rate and taking covariance with re-
spect to —m on both sides of equation 5. To derive equation 7, start by noting that the approximation
E¢ [rj441]4+0.5- 032- ~ [ [R;4+1] — 1 and the non-arbitrage condition, E; [exp {mi11 + 7j41}] = 1, im-
ply E¢ [Rei+1 — Ryt41] = Bet - A Then, substituting equation 6 into this expression yields equation
7 and concludes all derivations.

To help visualize the equity return term structure decomposition, Figure A.1 (in Appendix E.2)

h—1

shows the weights, w, = p — pl, for h varying from 1 to 100 years when p = 0.97 (the value

estimated from my sample period and used in Section 3). The weights decrease exponentially as in

a weighted moving average process since wy = ph_l (1= p).

A.2 Relationship Between Dividend PV Returns and Dividend Strip Returns

This subsection derives the relationship between dividend PV returns and dividend strip returns (see
Section 1). The key result is that the only difference between the two types of dividend returns is that

shocks to future market excess returns have different impact on the two types of dividend returns.

() _ plh=1) ) pt).

Let Pt( ) represent the h-year dividend strip price. Defining its gross return as R, =

(0)

solving prices forward and imposing the boundary condition, P, = D;, we have:

h h h
In (Pt(h)) =In(Dy) +E, Z Adpyj| — By Z szz t—J&-)] - Tt+g Z Tt+j

J=1

h ] _hEt Tc(ls )—r,{:_
=In (D) +E; |3 Adyyj| - Ee [ Ak J

h
) f f
: (Te,tﬂ - rt-i—j) - E ZTH-J'
j=1

j=1 B [Te,tﬂ‘ - T’Zﬂ}

[ [ h
= In (D) +E |3 Adpyj| — Eo | 9 (G.h) - (rem - ricﬂ-) Z'rtﬂ
=1 | =1 =1
pe ), i

A2



The only distinction between Pt(h)and PV;(h) (i.e., equations 8 and A.2) is the equity premium
component. Equation A.2 can be combined with the definition of gross returns to yield unexpected

log real returns:

Floy = Ay + Ny = N — N (A3)
where N d(il,)ep,t = epg;?t — Et_l[epg;?t].

A comparison of equations A.3 and 9 shows that dividend PV returns and dividend strip returns are
very similar. The only distinction between then is that equity premium shocks are weighted differently
when calculating returns based on dividend prices. With a flat term structure (E; [rg;?t i 7{ il =
Ei[re i+ — r{ +;]); we have that returns based on present values are identical to the ones based on
prices. With a downward sloping term structure, the relative weights 1 (j,h) vary over time and
tend to decrease in h — j, but their weighted average across js converges to one as h goes to infinity.

This result indicates that, even when the term structure is not flat, the dividend PV returns and

dividend strip returns are connected.

A.3 Dividend Strip Prices in the ICAPM with a Strategic Investor

In this subsection, I derive equations 25a to 25d. Let ry; = 1;fzt and Ad = 1/Adzt (we can always
include Ad and assign and impose VAR coefficients to assign zero loadings to it if Ad is assumed to
have no predictive power).

Start by applying equation 24a to dividend strips:

1 0
Ey [Wc(zz,)m} + 3 (Ugs,h - 012‘) =rra- Cov (mré];,)t+17rp7t+1) + es Cov <l‘7’((1];7)t+1, th+1> (A4)

From the definition of a dividend strip gross return, Rg;)t 41 = Pt(ffl) / Pt(h), we have that log

excess returns are given by:

h h— h
xrés’)tﬂ = Adiy1 — T + pd§+11) — pdg ) (A.5)

(h—1) 1k

h— h
=Topa T Iag — 1,5+ 71'§,pd1 St+1 — pdg ) (A.6)

where the second equality follows from the conjecture (which I later verify) that

h—1 h—1 h—1)'
pa® D = ) nlt Vs,

The risk free variance is Var (rgs41) = UJ% = 1; 721, 5. From equation A.6, we have:
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h
Uﬁs,h = Var <T§ls7)t+1>
h—1)]’ -
= [1Ad + 7T§,pd1)] Y [1Ad + 7T§],1pd1)]

as well as
h h—1 ' 4
Covy <$7"((17,s,)t+177"p,t+1) = Couy ({1Ad — Ly + 7T§,pd )] St+1,Tft+1 T 'YtWtJrl)
’ h—
= []—xr%f + ]-7“f] by [1Ad - 17‘f + ﬂ—%,pdl)]

’ h— ’ _
= [11‘7‘1—‘0 + 1T'f] b)) |:1Ad — 17‘f —+ ﬂ-ipdl)] + [135,,1"1&5] by [1Ad — 1Tf -+ 7T§}:lpd1):|

= [P0+ 1og) B [1aa = Ly + 70" | + [1aa = 1oy + 750" | B0 T] s
h n)
ool

and
o (h) D P (h-1)]’ / ,
ovg (T g 4115 W1 ) = Couy Ad—Lpp+ Ty pd | 2415 Co+Cy-sp41+5,1C25141
. (h_l) ! / / / /
= Cou; lAd—lrf—{—Trl’pd :| Ut41, [Cl+(I)OC2+(I)OCQ:| Up4-1

+ Covy <[1Ad -1+ 7T§’fp;l1)] Ut 1, [s;<I>/102 + s;q)/lc/z} ut+1>

= |G+ (C2+ Ch)| 3 12— 1y + 70"
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. . . . 2 9 (h)
Substituting the linear expressions for 0% Ods o Covy (xrds’t_H, rp7t+1>, and Couvy (xrds,t_s_l, cwt+1)

into equation A.4 yields:

h 1 h h) 0 h h)
o ST E Y N U T,

h-1)] h— '
F-. ([ud n 7r§’pd1)} » [1Ad n 7r§’pd1)} _ 1szlrf>

N |

h h)
= Tome + MBSt

which concludes the derivation of equations 25a to 25d as long as the conjecture

pdgh_l) = wé};:ll) + WY;II) st is correct.
To verify the conjecture, note that equation A.5 implies:

] BB ]

h—1 h h—1 RY
= 7T((),pd ) 77((),IE))7" + (1Ad — L+ ﬂ-g,pd - ”5,1&) [P0 + @1 - 54

_ (b (h)
= 0 pd + T paSt

which verifies that as long as the conjecture is true for h — 1, it must be true for h.

Finally, note that the boundary condition is pdgo) = 0, which means that the conjecture is true

for h = 0. Therefore (from the result above) it must be true for all A > 0.
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Appendix B Measurement and Data Sources

B.1 Main Variables

This subsection details the measurement and data sources I rely on for main analyses (Sections 3

and 4)

a) Risk Free Rate (/)

The annual interest rate over a given year is equal to the one year Treasury log yield as of the
beginning of the period, which comes from Global Financial Data until 12/1951 and from the Center
of Research in Security Prices (CRSP) Fama-Bliss discount bond file after that. For the period before
December of 1940, the one year log yield is a linear interpolation of the respective yields at three
months and ten years due to lack of data availability.

The one-year Treasury yield (and not the one-month Treasury bill rate) represents the risk-free
rate in my analysis because I measure returns (and all flow variables) based on monthly observations
of overlapping annual periods. Hence, the annual return on a one-month Treasury bill is not known
as of the beginning of each period.

However, in my robustness analysis (subsection D.1), I also explore an alternative risk-free rate
proxy based on annual returns on a one-month Treasury bill. The data is from Kenneth French’s

data library.

b) Equity Market Returns (r.) and Dividend Growth (Ad)

Market returns and dividend growth are based on a value-weighted portfolio containing all common
stocks available in the CRSP dataset and their measurement accounts for delistings. I do not use
the CRSP value-weighted index because it includes all issues listed on NYSE, NASDAQ and AMEX
with, on average, 5.3% of the market capitalization in the index referring to non common stock issues
(see Sabbatucci (2015)). Moreover, accounting for delistings requires a “bottom-up” approach.

I start by adjusting returns for delistings. For each firm I can identify a delisting (delisting code
available and different from 100), I adjust the (ex- and cum-dividend) return for the month in which
the distribution of proceeds took place by assigning the delisting return to that month. If no delisting

return is available, I base the delisting return on Shumway (1997)’s findings and assign to the delisting
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month a -30% if the delisting was for cause (delisting code between 400 and 599) and 0% otherwise.
I assign a 0% return to all months between delisting and distribution when there is a temporal gap
between the two events. Despite being appropriate, accounting for delistings has almost no impact
as the return correlation between my final equity portfolio and the CRSP value-weighted index is
above 99.9%.

With ex- and cum-dividend returns accounting for delistings, I construct returns and dividends
based on a value-weighted equity portfolio. I start by selecting all common shares (share codes 10
and 11) listed on NYSE, NASDAQ or AMEX (exchange code 1, 2, and 3). Then, I calculate value-
weighted cum- and ex-dividend monthly returns. Based on the ex-dividend returns, I construct a
normalized time series of prices and use D" — (Revm _ Rer). P, for this portfolio to get a time
series of monthly dividends per share. Obtaining dividends from cum- and ex-dividend returns is a
standard procedure in the literature (see Koijen and Nieuwerburgh (2011) and references therein).

Finally, annual dividends (D;) are simply the sum of the monthly dividends over the respective
period. I sum the dividend as opposed to reinvesting them into the stock market to avoid introducing
properties of returns into dividend growth (see Chen (2009) and Binsbergen and Koijen (2010)).
In my main analysis, I construct a monthly series of annual dividend growth from Campbell and
Shiller (1989)’s log-linear stock return approximation: Ady = re; — (kK — p - dy; + dy¢—1) in which
dy; = In(Dy/P;) is the dividend yield. I measure dividend growth directly from Campbell and
Shiller (1989)’s approximation because many of the ICAPM implications I study (as well as my
dividend PV returns) rely on such approximation.

In my robustness analysis I measure annual dividend growth as Ad = In(D;/D;_12) and find
almost identical results. I also explore an alternative dividend measurement that accounts for M&A
activity (mergers and acquisitions) because Sabbatucci (2015) shows that M&A’s paid in cash have
an economically important effect both on dividend growth and on dividend yield.

The adjustment is simply to incorporate an extra step after the delisting adjustment, but before
aggregating the ex- and sum-dividend returns. For the same firms/months adjusted for delisting
returns, I check if the distribution was from an M&A paid with cash (distribution code between
3000 and 3400). If so, I subtract the distribution over lagged price from the ex-dividend return for
that firm, limiting the minimum ex-dividend return to -100%. This procedure assures the dividend

calculated from Dy = (R{"™ — RSY) - Pir—1 contains the M&A cash payment.

()

Accounting for M&A activity has a non-trivial influence on dividend growth and dividend payout
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measurement. For instance, I find a correlation of 61.5% between my dividend growth measure that
account for M&A activity and the one that does not. Similarly the correlation between dividend yields
using the two alternative dividend measurements is 93.2%. The dividend yield adjusted for M&A is
also less persistent as the annual autocorrelation is 0.85 in comparison to the 0.90 for the dividend
yield without M&A adjustment. All of these observations are consistent with Sabbatucci (2015),
who argues that dividends should include cash originated from M&A activity. Despite M&A activity
having a significant effect on the dividend growth measurement, my results are similar whether I

adjust for M&A or not.

c) Predictive Variables (z; = [Ad dy epoy ty TS CS VS))

Dividend growth (Ad) and dividend yield (dy) have the same measurement as previously detailed in
this subsection.

Equity payout yield (epoy) is the log of (one plus) aggregate net equity payout over market equity
and only relies on CRSP data: yepo = log (1 + NPO/ME). 1first create a time-series of (normalized)
market equity (M FE) following a procedure similar to what was previously detailed for prices. The
only difference is that accumulation is done using aggregate market equity growth as opposed to ex
dividend returns (this accounts for equity issuances and repurchases). I then construct a time-series
of monthly total dividends (T'D) the same way I do it for dividends per share, but using M E as the
basis. Finally, to get net payout (NPO), I use a procedure in the spirit of Larrain and Yogo (2008),
but at the aggregate level. Specifically, I define the aggregate number of shares as N = M E/P and
find monthly net payout using NPO, = TD; — (N; — Ny—1) - P;. Annual net payout is simply the
sum of the monthly NPQO’s over the respective period.

The term spread (7'S) is the difference between the ten years and the one year log Treasury yields
and the credit spread (CS) is the difference between Moody’s corporate BAA and AAA log yields.
All bond yields are obtained from Global Financial Data except for the one year Treasury yield
(ty), which follows the interest rate construction explained previously (comes from CRSP Fama-Bliss
discount bond file when available).

The value spread is the difference between the log book-to-market ratios of the value and growth
portfolios in Fama and French (1993, 1996) HML factor (obtained from Kenneth French’s data
library). The value spread monthly observations are adjusted to account for within year movements

in market equity (see the Internet Appendix of Campbell and Vuolteenaho (2004)). My use of the
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HML portfolios (as opposed to focusing on small stocks as in Campbell and Vuolteenaho (2004))
assures the value spread behavior is not dominated by small stocks, but results are robust to using

the small value spread (see subsection D.1).

B.2 Testing Assets (Including Bond Portfolios)

This section briefly describes the data sources for testing assets in subsection 3.5 and in the robustness
analysis (subsection D.1).

For all returns described here, monthly observations of annual log returns are constructed from
overlapping annual gross returns.

The equity market portfolio and risk-free rate follow the same construction as in the previous
subsection. The book-to-market portfolios are based on Fama and French (1993)’s 3-by-2 sorts
on size and book-to-market. Each book-to-market portfolio equal weights the respective two size
sorted portfolios, which assures that the high minus low book-to-market portfolio in my analysis is
exactly the HML value factor in Fama and French (1993) (data obtained from Kenneth French’s
data library). Data on Treasury bond portfolios (1952-2016) and corporate bond portfolios (1973-
2016) are obtained from CRSP and Datastream respectively. The same bond portfolios are used by
Binsbergen and Koijen (2017) to study the Treasury and corporate bond term structures.

Some specifications in the robustness analysis (subsection D.1) use alternative portfolios to capture
the bond term structure or the value premium. The bond replacement portfolios are also from the
CRSP database and represent seven zero-coupon nominal Treasury bond portfolios with maturities of
1,2, 5,7, 10, 20 and 30 years. The value premium replacement portfolios are five portfolios (quintiles)

sorted on book-to-market only with the data obtained from Kenneth French’s data library as well.

B.3 Short-Term Dividend Strategy

Excess returns on the short-term dividend strategy I study in subsection 3.6 are given by
xR(st—mkt) — Rgljf) — [RspSOO - Rl()w)]. Here, I provide further details on the construction of Ré;t).
As described in subsection 3.6, the data comes from three sources: (i) a database of daily quoted
prices for dividend futures (from 02-Jan-2006 to 14-Oct-2016) provided to me by Goldman Sachs; (ii)
Datastream (from 15-Oct-2016 to 31-Dec-2016); and (iii) the data explored in Binsbergen, Brandt,
and Koijen (2012) obtained directly from Ralph Koijen’s data library (from Jan-1996 to Dec-2005).

For the first two datasets, I have quoted prices for dividend futures of consecutive maturities, which
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allows me to directly calculate monthly returns on dividend futures. I follow Binsbergen and Koijen
(2017) and obtain returns on the one- and two-year dividend futures by linearly interpolating the
returns of the respective closest maturities (so each constant maturity dividend future is a portfolio
of dividend futures). I get Rgl;t) as an equal-weighted portfolio of the one- and two-year dividend
futures and calculate annual overlapping returns by compounding monthly returns.

For the last dataset, I have a time-series of monthly returns representing a portfolio of dividend
strips with duration ranging from 1.3 to 1.9 years.?> From these returns and the returns on the 2-year
bond portfolio of Section 3, I calculate annual overlapping returns on a long-short portfolio that buys
the short-term dividend portfolio and forgoes the returns on the short-term bond portfolio (similar
to a portfolio of dividend futures). This approach recognizes that no dividend future is available in
the early period and simply switches (over that period) to a strategy designed to create the same
type of exposure a portfolio of short-term dividend futures has.

Note that a fixed definition of Ré;t) is not a requirement to construct a short-term dividend
strategy. We can consider an investor who builds a short-term dividend strategy in which the exact
definition of the dividend position changes over time. That is how my short-term dividend strategy
should be interpreted.

However, three potential issues are worth mentioning. Because my early period relies on data
directly from Binsbergen, Brandt, and Koijen (2012), it is subject to the same criticisms as the

original paper. The literature has elaborated on three issues. I detail them below:

a) Taxes

Schulz (2016) argues that the differential tax treatment of dividends and capital gains implies that it
is important to adjust dividend strip returns by taxes and doing so has a significant effect on average
dividend strip returns. While the earlier part of my sample (until Dec-2005) is potentially subject
to this criticism, the later part is not as it is based on dividend futures, which are not subject to the

dividend taxation (all profits are taxed as capital gain). Moreover, Binsbergen and Koijen (2016)

Z5These monthly returns rely on non-arbitrage in the options market. Specifically, the put-call parity implies:

Pégﬁh) = put,, — cally + Stock Price — Strike Price - efh'yw
where Pég_)h) is the price of all dividends to be paid until the options expire (h years). This parity relation shows that
purchasing the short-term dividend is equivalent to buying a put option, writing a call option, buying the stocks in the
index, and borrowing cash. Binsbergen, Brandt, and Koijen (2012) construct dividend strip prices by matching each of
the components in this equation (for S&P 500 contracts) within the same minute of the last trading day of each month.
I rely on their dividend strategy 1 (as labeled in the original paper).
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demonstrate that differential tax rates of dividends versus capital gains estimated from ex-dividend
day returns (which Schulz (2016) relies on) are “suspect and imprecisely measured, peaking at over
100% in some periods.” The reason is that abnormal price changes around dividend payment dates
are not only due to taxes, something Schulz (2016) recognizes (see Binsbergen and Koijen (2016)
for a detailed description of other effects). In fact, a regression of Schultz’s differential tax series on
a direct estimate of differential tax series (as reported in Sialm (2009)) produces an R? below 1%.
Finally, if one relies on the tax rate differential in Sialm (2009), the adjustment is much weaker and

it remains true that S&P 500 dividend strips outperform the index significantly in economic terms.

b) Dealer Funding Costs

Song (2016) argues that funding costs to derivative dealers’ shareholders for carying and hedging
inventories can induce failures of the put-call parity when the non-arbitrage relation is evaluated
using standard proxies for interest rates (like the LIBOR rate used by Binsbergen, Brandt, and
Koijen (2012) to get dividend prices). He provides an estimated adjustment to the put-call parity
that takes into account this aspect and shows that dividend strip returns are substantially smaller
using this adjustment (from January 2013 to January 2016). As with taxes, this criticism only applies
to the earlier part of my sample, which uses dividend strip prices based on the put-call parity. While
the mechanism provided in the paper is interesting, it is unclear whether its effect is relevant for my
analysis.

There are two important issues to consider. First, the sample period in Song (2016) is economically
different from the relevant one in my analysis. Song (2016) assumes repo rates are the appropriate
measures of funding costs that include the extra cost for carying and hedging inventories faced by
derivative dealers’ shareholders. However, his empirical analysis goes from January 2013 to January
2016. Even if we take as given the claim that repo rates are the correct discount rates for options from
2013 to 2016, they may not be from 1996 to 2005 (period in which I rely on the put-call parity), before
the financial crisis. Moreover, the supply of credit through repurchase agreements was substantially
affected by the financial crisis (see Gorton and Metrick (2012)), which makes it unclear whether the
spread from 2013 to 2016 is representative of the spread from 1996 to 2005 (the results in Song (2016)
depend entirely on the spread between repo rates and LIBOR rates).

Second, the claim that repo rates are better measures of derivative dealers’ funding costs than

LIBOR rates does not seem appropriate. On theoretical grounds, the cash position in the put-call-
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parity formula is risk free, and, as such, the appropriate discount rate is the risk free government
bond yield.?® In empirical terms, investors can create a risk-free bond by buying a put option and
writing a covered call on a non-dividend paying security (as pointed out by Binsbergen and Koijen
(2016)). Given that options are exchange traded and therefore do not carry any bank-specific credit
risk, the interest rate from such position is risk-free and also not directly affected by credit supply. As
such, we can use it as a proxy for derivative dealers’ funding costs (they can actually fund positions
using this approach). Golez (2014) estimates implied interest rates in derivative markets from 1994
to 2008 by combining data on options and futures and finds that the interest rate used in U.S. option
markets generally lies on top of, or below (in particular during the financial crisis), the LIBOR rate
(see Figure 5 in the working paper version). Hence, if anything, the LIBOR rate is a conservative
measure of derivative dealers’ funding costs over the relevant sample period for my study (1996 to

2005).

¢) Market Microstructure Noise

Boguth et al. (2011) argue that market microstructure noise can explain the empirical properties
of dividend strips calculated using the put-call parity. In particular, they show that “negligible
pricing frictions in underlying asset markets can become greatly magnified when using no-arbitrage
arguments to price derivative claims”. This effect is particularly strong when the replicating portfolio
contains partially offsetting positions that induce an amplification mechanism relative to the original
market frictions. As with taxes and dealer funding costs, this argument only applies to my early
sample (when the put-call parity is used).

To deal with potential market micro structure noise, Boguth et al. (2011) suggest using more
robust measures of dividend strip returns. One of the suggestions is to use annual returns (as oppose
to monthly) as they show that microstructure frictions are proportionately much smaller for annual
returns. I follow their suggestion and use only annual returns for all statistics calculated (including
Bs and average returns). As such, I see my methodology as relatively immune to the significant

market micro structure effects explored in Boguth et al. (2011).

26Binsbergen, Brandt, and Koijen (2012) uses the LIBOR rate instead as it is conservative but Binsbergen and
Koijen (2016) point out that the use of LIBOR rates that include the bank credit risk premium as the relevant interest
rate in the option pricing literature is similar to the fallacy of using a company-wide (instead of a project-specific)
discount rate when computing the net present value of a project.
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Appendix C Econometric Details

C.1 Predictive System in Section 3

This subsection details how I construct the dividend risk and risk premia term structures based on

dividend PV returns. The relevant equations are 14a, 14b, and 14c:

Adppn =02 + €, ¥ h=1,2,..,10 (14a)
Fearh —Treen =00z 4 el ¥ h=1,2,..,10 (14b)
Presn =bo) 2+ e, ¥ h=1,2,..,10 (14c)

where z; is a k x 1 vector of predictive variables (with a constant as its first element).

Let Bg;) = Z?:l be?,) be the sum of the equity premium regression coefficients up to horizon h and
B, = EZ’;l ph . bg;) be the infinite discounted sum of them (with analogous quantities for interest
rates and dividend growth). Then, the ICAPM risk factors (with the market portfolios being the

equity index) can be written as:

(1) (1)

’Fm,t = Eep,t + eir,t (A7a)
_B .- (g _, pwY A
Nep,t = Bepzt P Bep p Bep Zt—1 ( 7b)
/ 1 '
Niry = Bz — p (Bir —p- pr) 2t-1 (ATc)

Similarly, equation 9 can be used to write dividend PV unexpected returns and its components

as:27

27To build intuition for these equations, consider N, g(,lt). I do not assume a Vector Autoregressive (VAR) structure,

but if I did (with I" representing the VAR parameters), we could simplify equation A8b so that Né’lt) would be a linear

combination of the VAR shocks (this is a general result):
Né’lt) =1aq- [F,zt - (F + 1% - F) Zt—l] =1aq- r. (Zt - F,Zt71) =1ad- r’ =

where 154 represents an indicator variable selecting Ad.
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N® — gwy,, <B§h+1) _ Bf,l)) 21

Tpu,t

(A8a)

(A8b)

(A8c)

(A8d)

(A8e)

Next, I derived these expressions and also detail a mispecification adjustment I apply to them.

The adjustment imposes equation 5 (which is equivalent to imposing the stock return approximation

identity of Campbell (1991)), but is additive and fixed across hs, and thus has no term structure

effect.

a) Getting Risk Factors

I derive equations A7b and A7c relating Ne(g), and Ni(:b) to the system parameters.

From the definition of Nj,, we have (derivation is analogous for Ngp):

Nipy = Ey —Ei

0
Z Ph “Tft+h

h=1

o0
h=1

o0
z:: W Zt_; Z h41 bh+1)

h=1

h
= th . b,f th b( Zt—1 — b’Ei) Zt—1
h=1

’

/ 1 1
= Bzt — ; (Bir - P Bi(r)) 2t—1

/ TV
Air,l A/

ir,0

which completes the derivation of equation A7c.
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b) Getting Dividend PV Returns

I derive equations A8b, A8c, and A8d relating Ng(h), Ne(g), and NZ-(Th) to the system parameters and
then substitute them (and equation A8a) on equation A8e to get dividend PV returns.

From the definition of Ng(h)7 we have (derivation is analogous for Ne(;,}; ), and NZ-(Th)):

h h
Ng(z) =E; ZAdH—j —Ei ZAde

j=1 j=1
h !’ h . /
= > = Y b
j=1 j=1
h N ht1 , ,
= b = b0 2y — b 2
j=1 j=1

_ Bg(;h)/zt _ (Béh+1) _ Bél)) 2

which completes the derivation of equation AS8b.

Then, defining BSY = B — B —

i » We can use equation AS8e to get the expression linking

dividend PV (unexpected) returns to the system parameters:

A= e B (B - B s

- (1Ad + BI(,Z’))Izt - (bgl) + Bt — B;,}))lzt_l

~~

g A
where 14 is an indicator variable selecting Ad; in z.

While this equation represents dividend strip unexpected returns, it is subject to specification
error. For instance, the system does not impose equation 5, which is the key equation relating
dividend PV returns to equity returns (this is equivalent to not imposing the log-linear approximation
in Campbell (1991)).

To minimize the impact of misspecification error, I take a slightly different approach. I calculate

dividend PV returns in excess of equity markets (as implied by U

put ) and later combine this with

actual equity returns. First, I get:

pu,t et — pv,1

f(h)* = A(h)*’Zt B A}(}};?;/Ztil} . Z wy, - ’F;()Z?t* (Ag)
h=1
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and then I calculate:

TS NON( FE S
74pv,t_ rpv,t —Teyt +7’th

= 7 (Fey — 724)
————

Adjustment

In words, I calculate dividend PV returns and add a (identical) misspecification adjustment to all
maturities so that equation 5 holds for fg;?t and 7. If there is no misspecification in the original

measure (i.e., equation 5 is satisfied for )

e ), then the adjustment is zero. If there is misspecification,

then there is an adjustment that that imposes 5. Since the misspecification adjustment is additive
and the same for all dividend PV returns, this approach has no impact on any term structure result I
present other than a parallel shift to make dividend strip returns comparable to the market returns.
For instance, the adjustment cancels out when looking at 8s or risk premia differences across two
dividend PV returns with different dividend maturities. This adjustment is not performed in Section

4 as the econometric structure I use in that section automatically imposes equation 5.

c) Getting Risk Exposures of Dividend Claims

As demonstrated above, dividend PV unexpected returns and risk factors can both be written as
linear combinations of z; and z;_1. From these linear combinations, getting variances and covariaces
is straightforward. For instance:

Cov (f(h)

pu,t)

Nir,t) = Cov (A(h)lzt — AW 21, A;r,12t — A;r,ozt_1>

DY, pv,0

= AW VCov (21, 20) Air + AWLV Cov (21, 21) Airg

pv,1

— AgZ?1VC’0v (2, 2t—1) Airo — A](DZ?OVCOU (2¢—1, 2) Air 1

Since (s are ratios of covariances and variances, they are also functions of the parameters of the
system in equations 14a to 14c and the variance-covariance matrixes VCov ([z:  2i—1]).

Even though all s reported in the text are normalized to market 5 units (covariance over market
variance), I still perform all statistical tests using the actual projection (s (i.e., covariance over the
respective risk factor variance). Since variances are positive, one is zero if and only if the other also

is, but projections have better statistical properties.
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C.2 GMM Estimation of the Predictive System of Section 3

The GMM estimation of the predictive system is explained in subsection 3.1. There are, however, a

few details that I only briefly mention in the main text. I elaborate on these details in this section.

a) Adjustment for Small Sample Bias

Predictive regressions as the ones in the given system suffer from small sample bias when the pre-
dictors are persistent (Stambaugh (1999)). The bias tends to be particularly severe when sum of
coefficients are used (which is equivalent to long-run cumulative regressions typically used in the
literature). While there is no obvious term structure direction in the bias, my estimation approach
corrects for it (results not correcting for the bias are similar and presented in Appendix D.1).

To address the small sample bias issue, I use the method in Amihud and Hurvich (2004). It consists
of first estimating the VAR system for z; with a bias-free method and then adding the estimated
residuals as control variables in the other predictive regressions. Amihud and Hurvich (2004) show
that this approach is a natural generalization of the “Stambaugh bias correction” (often applied in
the literature) to a setting with multiple predictors. To get a bias free estimate of the VAR system
for z;, I use the method in Pope (1990) and treat as independent observations only the total number
of year (as opposed to the number of months), which is a conservative adjustment for the fact that

I use overlapping annual observations when estimating the VAR.

b) Standard Errors

As pointed out in subsection 3.1, I use monthly frequency observations of annual variables to estimate
the system in equations 14a to 14d, which means that my observations overlap for eleven months. I
estimate standard errors accounting for that by designing a special approach to estimate the spectral
density matrix.

The estimation is done in two steps. First, all moment condition residuals are aligned normally

except for moment condition residuals associated with regressions in which h > 1 (i.e., residuals

of Elero- (1 2)], .., Elesrr10- (1 2)]). These residuals are aligned with other moment condition
residuals based on the calendar month of €19, ..., €410. For example, €1 /2010 - (1 z1 /2000) is aligned
with 61/2010 . (1 21/2001), ceey 61/2010 . (1 21/2009). Second, using the new alignment, I estimate the

spectral moment matrix relying on Newey and West (1987) and accounting for autocorrelation up to
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18 months.

In summary, this procedure allows for arbitrary correlation among any two moment condition
residuals observed over same calendar period and accounts for up to 6 months of autocorrelation in
moment condition residuals beyond the overlapping period.

It is worth pointing out that the asymptotic standard errors I obtain for the GMM are identical
to asymptotic standard errors for the bias corrected estimator. The reason is that the bias correction
converges to zero at the rate of the sample size, which means that the bias corrected estimator has

the same asymptotic distribution as the GMM estimator with no correction.

C.3 rra Estimation

After the system in equations 14a to 14d is augmented by the moment conditions in 13, it becomes
an overidentified system. As pointed out in subsection 3.5, I still estimate all parameters based on
their respective (just identified) moment equations, except for the risk prices, which are estimated by
solving \ = arg;nin (&) with o = E [r; — 7] + % (AJQ — &%) ~\ ﬁj with hats indicating sample
analogue quantities.

The given procedure is specified in terms of a unified GMM. Letting the full vector of moment
conditions be given by g (6) with 6 representing all ¢ parameters to be estimated, we have that any
GMM procedure can be stated as A g (é) =0 (i.e., g linear combinations of the moment conditions
are set to zero). My approach sorts the parameters in 6 such that risk prices are at the end of the
vector (0 = (6p \)) and specifies A to be block diagonal. The first diagonal block is an identity matrix
and refers to all moment conditions used to estimate the parameters in 6y. This block simply sets
each moment condition to zero.

The second diagonal block refers to the testing asset pricing errors, which represent the moment
conditions used to estimate risk prices. If we represent the GMM weighting matrix by €2, the second

diagonal block is given by 898(3) - and defines the linear combinations of pricing errors that need

to be set to zero to minimize the GMM objective function. In my main specification, I use an
identity matrix, but in the robustness analysis I also explore two alternative diagonal matrices (details
available in subsection D.1).

In some of the estimation steps, I have testing assets observed over different periods. For instance,
returns on corporate bond portfolios are not available before 1972. The estimation procedure remains

the same, but each moment condition is adjusted to depend only on the period in which it can be
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calculated. All details for the adjustment can be found in Lynch and Wachter (2013) since I am
using their so called “long estimator”.

To get standard errors, I estimate the spectral density matrix in two steps. In the first step, I
demean the moment equation residuals (as suggested by Hansen and Singleton (1982)), realign resid-
uals, and use Newey and West (1987) accounting for autocorrelation up to 18 months (as explained
in subsection C.2). Since the testing asset moment equations have different sample lengths, I get all
variance/covariance terms in the Newey and West (1987) approach using pairwise complete observa-
tions (as opposed to using the method in Lynch and Wachter (2013), which would not be valid given
the overlapping observations in my framework).

This estimation approach means that the spectral density matrix estimate might not be positive
definite depending on the specification. Since I need at least a positive semidefinite matrix to use
the delta method for other parameters, I take a second step. In this step, I apply a transformation
to the spectral density matrix that maintains the diagonal (i.e., standard errors) fixed and adjusts
the correlations to make the final covariance matrix positive semidefinite. The correlation matrix
transformation I use is explained in Rebonato and Jdckel (1999) and is only necessary in some
specifications when risk prices are estimated. Asymptotically, the second step is not performed
since the spectral density matrix estimator based on pairwise complete observations is consistent,

producing a positive semidefinite matrix.

C.4 VAR Calibration for the ICAPM with a Strategic Investor

The ICAPM with a strategic investor relies on the VAR structure in equation 20. I calibrate the
VAR to capture the annual dynamics of z; and the long-term predictability in ry and x7r.. in this
subsection, I explain this calibration procedure. To simplify the explanation, I treat all variables
as demeaned variables (so that all terms related to the VAR intercept drop from the expressions
provided). However, my analysis applies the calibration procedure directly to the raw data and
adjusts all expressions accordingly.

I start by running OLS regressions (with Amihud and Hurvich (2004) correction for Stambaugh
bias) for all variables in s; (except r; and xr.) onto z; (the predictive variables). After this calibration,
there are 14 terms in the VAR matrix, ®1, that are not specified (the predictive coefficients of r; and
xre onto z;). I calibrate these 14 coefficients to match long-term dynamics in expected returns.

From the VAR specification, we have 2230 Py [7fe4n] = ( Zio phl;]@@ st (similarly for
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xre). In contrast, the analysis in Section 3 relies on long-term predictive regressions and implies
h 1 PP [rfisn] = (Zh %0 pb; h)> = B;Tst (similarly for xr.) where bs and Bs are augmented
to have zero coefficients on s; variables not present in z;. I select the 14 coefficients by solving the

non-linear system:

h=10
(Z phlrﬂ)’f) = Bir (A.10)
h=1

h=10
(Z Phl;rq)}f) = Bep (A.11)
h=1

In words, I calibrate the VAR-implied predictability of r; and xr. to match the long-term pre-
dictability in the data. Subsection D.2 explores the same model when the VAR is calibrated to match
short-term predictability in r; and @re.

After calibrating the dynamics of ry and r¢, I get the implied Ad dynamics that assure Campbell
and Shiller (1989) approximation continue to hold in expectation (it holds ex-post by construction
since I measure Ad directly from the approximation). In specifications in which Ad is part of the
z+ vector, this affects the left hand side of the above non-linear system. In this case, I repeat the

procedure iteratively until convergence.

A.20



Appendix D Other Results

D.1 Robustness Analysis

a) Robustness of Key Results in Section 3

I ask whether the key dividend and bond term structure results presented in Section 3 are robust
to variation in the empirical choices I make. The main finding is that there is some variation in the
quantitative results based on important empirical choices, but the qualitative results are similar for
a large range of alternative empirical designs (I explore a total of 345 specifications).

The following list outlines some of the key empirical decisions and alternative options for them:

Sample Period: (i) Main (1952-2016), (ii) Long (1928-2016), (iii) Post Depression (1935-
2016), (iv) Postwar (1946-2016), (v) Compustat Period (1963-2016), (vi) No Great Reces-
sion/Depression (1935-2006);

e Model: (i) ICAPM in Section 2, (ii) ICAPM in Section 2, but no A restrictions, (iii) ICAPM

in Section 2 + misspecification adjustment, (iv) ICAPM in Section 2 + volatility news;*®
e Dividends: (i) Based on regular dividends, (ii) Incorporate cash-based M&A activity;*’

e Dividend Growth: (i) From Campbell and Shiller (1989) approximation, (ii) Ad; =
ln(Dt/Dt_l);

e Risk Free Rate: (i) Based on the one year Treasury yield, (ii) Treasury bill rate compounded

over 12 months;

*8Tn specification (iii), T address the criticism in Chen and Zhao (2009) that the ICAPM treats the residual informa-
tion as cash flow news. Formally, we can write #e = Ncf — Nep — Nyp. By pricing Nep and Ny, the ICAPM implicitly
assumes N¢f = e + Nep + Nipr, which is not priced (beyond its effect on 7) according to the ICAPM SDF. I relax this
assumption by defining Nyesia = Te + Nep + Nir — Ney (with Noy measured based on my predictive regressions using
an expression analogous to equation A7b) and using it to adjust the equity premium and interest rate risk factors. I
assume the mispecification error is split equally across the three Ns components so that Ne*p = N¢p — %Nresid and
N} = Ni — %Nmsid are the misspecification adjusted equity premium and interest rate risk factors. I then apply the
ICAPM normally.

In specification (iv), the structure of volatility shocks is similar to Campbell et al. (2017) except that I use long-run
predictive regressions to get shocks (approach similar to the one for N.,) and do not impose any restriction on the
volatility risk price other than being negative.

2°In the main analysis, I ignore the effect of M&A activity (mergers and acquisitions) on the dividend measurement.
However, Sabbatucci (2015) shows that M&A’s paid in cash have an economically important effect both on dividend
growth and on dividend yield. To address this issue, this robustness specification accounts for M&A activity when
measuring dividend growth. The measurement details can be found in subsection B.1.
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e Value Spread: (i) Based on HML portfolios, (ii) Small value spread in Campbell and
Vuolteenaho (2004);

e State Variables: (i) Ad, dy, epoy, ty, T'S, C'S, and VS, (ii) Excluding one state variable at

a time;"

o Testing Assets: (i) r. and rpp, (ii) re, 7 and gy, (iii) re, 7BM, Tep and rrp, (iv)
Tey, TBM, Tep and rpp, but replacing rpp, by seven CRSP zero-coupon nominal Treasury bond
portfolios with maturities of 1, 2, 5, 7, 10, 20 and 30 years, (iv) re, g, Tep and rpp, but

replacing gy by the book-to-market quintiles from Kenneth French’s data library;

e GMM Weighting Matrix: (i) Identity, (ii) Diagonal with T} (iii) Diagonal with Tj/a?;31

e Maximum h: (i) 10 years, (ii) 15 years;
e Predictability after maximum h: (i) None, (ii) Based on a Vector Autoregressive System;
e Correcting for Stambaugh Bias? (i) Yes, (ii) No.

The first alternative of each empirical decision defines the baseline specification, which is also studies
in the main text. I vary empirical decisions at most two at a time while maintaining the others fixed
at the baseline specification in order to keep the analysis manageable. This procedure gives a total of
345 specifications, which are then used to plot the cross-specification distribution for several statistics

related to the dividend and bond term premiums: the three ICAPM fs for T‘I(,})) —TI()}JO) and rélo) —rél),

the ICAPM-based risk premiums for 7“;(,1,) - r}(;}o) and rélo) - rl()l),and CAPM as for 7“;(;1)) - r,(,i,o).
Figure A.4 provides the results with all statistics relying on the risk price estimates from the
ICAPM. In the models in which the link between rra and As is imposed, I restrict rra to 0 < rra < 15.

This approach assures the results consider only ICAPM specifications that reasonably capture the

given testing assets and, at the same time, do not require unreasonable risk aversion.

39T do not drop dy from the model to be consistent with Section 4, which requires dy in the state variables to impose
Campbell and Shiller (1989) approximation. However, a previous analysis before the inclusion of 4 produced similar
results even though dy was not part of the state vector.

31The first alternative is a diagonal matrix with the number of years with available data for the respective testing
asset (7;) on each diagonal entry. With this weighting matrix, more attention is paid to testing assets with longer
time-series. The second alternative is a diagonal matrix with 1/ (032- / Tj) on each diagonal entry. This matrix effectively
weights each testing asset based on the estimation precision associated with its average excess return when we ignore
autocorrelation and heteroskedasticity, but treat all months observed within a year as not providing independent
information (i.e., it is conservative). This is in the spirit of efficient GMM as it considers the statistical reliability of
each testing asset.
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All results from Figure A.4 confirm (qualitatively) the findings presented in previous sections.
First, the one-year dividend claim (in relation to the 10-year dividend claim) has lower market S,
higher equity premium [, and lower interest rate 8 in all specifications. Similarly, the longest-term
bond portfolio (relative to the shortest-term bond portfolio) has higher market and equity premium
Bs and lower interest rate 8s in almost all specifications. Second, the ICAPM-based dividend term
premium is negative (1-year higher than 10-year) and the bond term premium is positive for the vast
majority of specifications. Finally, the term spread in CAPM as of dividend claims is very negative
for the vast majority of specifications.

One interesting result that cannot be seen from Figure A.4 is that, for some specifications, the
short end of the dividend term structure (one to five years) is upward sloping while longer-term
dividend claims (six to ten years) remain with much lower risk-premia. This finding echoes the

results in Section 4.

b) Robustness of Key Result in Section 4

The key result in Section 4 is the hump-shaped term structure of dividend strips, with very long-term
dividend strips having much lower risk-premia than mid-term contracts.

I focus on 12 robustness checks that address key empirical decisions that could affect the results.
I follow this approach both to keep the analysis manageable and to be able to provide a full picture
of the dividend term structure for each specification considered.

Figure A.7 displays robustness checks that: (i) exclude one state variable at a time from the
analysis (except dy as it is needed to impose Campbell and Shiller (1989) approximation); (ii) consider
lower rra or higher ies relative to the baseline specification; (iii) ignore Stambaugh bias correction;
(iv) keep only ¢ and r. in the opportunity set of the marginal investor; (v) measure dividend growth
directly (as opposed to measuring it from Campbell and Shiller (1989)’s log-linear approximation);
and (vi) change the measurement of the risk-free asset to the 3-month treasury bill.

The result is easy to summarize: the shape of the dividend term structure is highly robust to
alternative specifications. In particular, for all specifications considered, the term structure is upward
sloping over the first few years (typically one to five) and downward sloping for later years, with very

long-term dividend strips having relatively low risk premia.
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D.2 A VAR Calibrated to Match the Short-Term Predictability in r; and 7.

This subsection calibrates the VAR in Section 4 to match short-term dynamics in 7; and r. as
opposed to the calibration to long-term dynamics performed in my main analysis. I refer to these as
Short-term and Long-term VAR in this subsection.

Figure A.5 displays the dividend term structures using a short-term VAR (analogous to Figure
7). Panel (a) shows that longer-term dividend strips have higher market risk, but are also better
hedges for reinvestment risk. This is one of the key results in this paper. However, in contrast to the
results in previous sections, the market risk effect dominates the reinvestment risk effect, producing
an upward sloping dividend term structure of risk premia. The term structures of dividend strip
as and Sharpe ratios remain hum-shaped (but with less pronounced differences between short- and
long-term dividend strips).

Why would a calibration to short-term E[r] dynamics produce an economically different result?
The answer is simple: the short-term VAR produces too little volatility for long-term E[r].

Consider the long-run expected return 2}110:1 p"E[r]. The short-term VAR produces 45.1% of
the variability in this quantity relative to the long-run predictive regressions used in Section 3.
Since the long-run predictive regressions I rely on are unbiased, this indicates that a short-term
VAR substantially understates the variability in E[r]. This translates into an understatement of
the volatility of the ICAPM reinvestment risk factor. For instance, shocks to 3}, p"E[r] have a
volatility of 20.4% when the long-run regressions in Section 3 are used. In contrast, the same volatility
based on the short-term VAR is 9.8%. Even if we consider all shocks with horizon going to infinity
the total volatility is still only 13.1%.

The direct consequence is that the term structure of reinvest-
ment risk is  less  pronounced when  using a  short-term = VAR  because
Cov (r((]lit), NET) — Cov (rg;?t, NET) = ogy - Cor (14, Ngr) - [0ds, i — Ods p)- Since the risk price
for reinvestment risk is fixed (depends on rra), the impact of reinvestment risk on risk premia is
understated when relying on a short-term VAR. This effect is not present for market risk because
the market volatility is the same whether we use long-run predictive regressions or a short-term
VAR.

The long-term VAR approach is a (admittedly simple) solution to this problem as it restricts the

variability in Z}Lozl p"E[r] to be identical to the one produced by long-run predictive regressions. The
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economic result is that reinvestment risk becomes more important and its term structure dominates
the market risk term structure, producing a downward sloping dividend term structure.

Despite being particularly important in my analysis, the fact that VAR models calibrated to
short-term dynamics fail to capture long-term dynamics of relevant variables (such as expected re-
turns) is not a new result. Jorda (2005) proposes a local projection approach to study impulse
response functions in macroeconomic models precisely for this reason. Moreover, Bianchi and Ta-
moni (2016) argues that “...low-order autoregression models for short-term expected returns imply
long-term dynamics that have a (too) fast vanishing persistence when compared with the evidence
from long-horizon predictive regressions.” Of course, low persistence translate into low volatility of
long-term discount rates, which is the fundamental problem for my analysis.

The literature has also demonstrated that short-term VAR models fail to capture long-term dy-
namics of cash flow prices. In particular, Giglio and Kelly (2017) find that VAR term structure
models calibrated to match the price dynamics of short maturity claims produce too little volatil-
ity for long maturity claims. In my case, calibration to the dynamics of short-term discount rates
produces too little volatility for long-term discount rates.

Overall, the conclusion is that a short-term VAR produces a risk term structure for dividend strips
that is qualitatively similar to my main analysis, but a risk premia term structure that is qualitatively
different. Moreover, this is a consequence of understating the volatility of the ICAPM reinvestment
risk factor, which depends on long-term E[r| dynamics. Finally, the inability of a short-term VAR to

capture long-term discount rate dynamics is largely consistent with the literature.
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Appendix E Supplementary Tables and Figures

E.1 Supplementary Tables

Table A.1
Shocks to Risk Factors and Dividend PV Returns

Panel A reports the loadings of reinvestment risk factors (Nep, NV;-) and dividend PV unexpected returns in
excess of the equity market (fl(,’f,) —7¢) on z;. Multiplying the loadings by z; shocks would recover the respective
risk factors and unexpected excess returns (even though my methodology does not require measuring z; shocks).
The values reported are based on the estimation of the system in equations 14a to 14d over my main sample
(1952-2016). Each coefficient is normalized to be in standard deviation units. For instance, the coefficient of
Nep on Ad is multiplied by o,/0n,,. The state variables are the log dividend growth (Ad), dividend yield
(dy), equity payout yield (epoy), one year treasury yield (ty), term spread (T'S), credit spread (C'S), and value
spread (V'S). Details about the construction of risk factors and dividend PV returns can be found in Section
3.1. Equations 14a to 14c in the estimated system are predictive regressions. Panel B reports the cumulative
R?s from such predictive regressions (e.g., the 2-year R? for Ad is the R? from predicting the dividend growth
from t to t 4 2).

PANEL A: Normalized Loadings PANEL B: Cumulative Predictive R?

Ad dy epoy ty TS CS VS | (Horizon) Ad 7, —Ty 7T¢

r() —r. 024 040 036 031 063 -0.02 -0.07| (Lyear) 31%  17% 36%
r® —r, 028 037 035 035 066 -0.04 -0.11| (2years) 34%  28% 44%

r® —r, 025 032 032 030 061 007 -011| (3years) 36% 3% 48%
r —pr, 029 027 034 024 053 016 -0.02| (4years) 37%  39% 51%
r®® —pr, 038 023 037 024 052 018 0.03 | (5years) 35%  39% 53%
r® —pr, 027 011 049 022 043 025 0.00 | (6years) 35%  35% 56%
r(D —r, 020 004 036 011 024 050 0.00 | (7years) 30%  33% 59%
r® —pr, 020 008 -002 -0.02 -0.02 076 0.06 | (8years) 26%  33% 62%
r® —pr, 015 003 -038 -0.10 -0.36 0.83 0.15 | (9years) 30%  37% 64%

r00 . 007 -022 -049 -0.17 -058 0.29 0.19 | (10 years) 38%  37% 66%

Nep 007 0.08 035 -026 034 037 -0.36

N;. 036 059 -045 095 0.65 -0.11 -0.04
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E.2

Supplementary Figures
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Figure A.1
Dividend PV Return Weights in Equation 5 (p = 0.97)
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(a) Dividend Claims (1 to 10 years) (b) Treasury Bonds
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Figure A.2
Decomposing Risk Premia of Testing Assets Based on ICAPM Risk Factors

The graphs decompose the risk premia of dividend claims (from 1-year to 10-year), Treasury bond portfolios
(from shortest to longest duration), mid-term and long-term corporate bond portfolios as well as their term
spread (all from highest to lowest rating), and book-to-market sorted portfolios (from lowest to highest book-
to-market) into each asset compensation for its exposure to market risk (8jm - Am), equity premium risk
(Bjep - Aep), and interest rate risk (8 - Air). Results are based on equation 13 with risk aversion estimated
in column (2b) of Table 2 and s estimated from the system in equations A7a to 14d (studied in subsection
3.3). Empirical details can be found in subsections 3.1 and 3.5.
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(a) Correlation (a) Regression Slope
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Figure A.3
Relation Between Dividend PV Excess Returns and
Excess Returns on the S&P 500 Index and 1-Year Dividend Strip

The graphs report 1997-2016 correlations (and regression slopes) of dividend PV excess log returns relative
to excess log returns on the S&P 500 and a portfolio of short-term dividend futures (Rgl;t) in subsection 3.6).
The red solid (black dashed) line refers to the 1-year dividend future (S&P 500). All statistics are obtained
using dividend PV returns estimated over my main sample period (1952-2016). Empirical details about the
estimation of dividend PV returns are in subsection 3.1 while the information about Rfi]sf) is in subsections 3.6
and B.3.
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Figure A.4
Robustness: Term Premium Statistics in the ICAPM with a
The graphs report the cross-specification distribution for several statistics related

term premia: the three ICAPM fs, the ICAPM-based risk premia, and CAPM
varying empirical decisions at most two at a time while keeping the others fixed
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to the dividend and bond
as. Results are based on
at the baseline (composed

by the first alternative of each empirical decision in the list provided in Appendix D.1 (a)). This procedure
produces a total of 345 specifications, which are used towards the distributions plotted. All 8s are in market
B units (i.e., covariance normalized by market variance). All risk premia and CAPM as rely on the risk price

estimates for the respective specification. Empirical details about the statistics can

be found in subsection 3.1

and details about the robustness analysis (the specifications) are provided in Appendix D.1.
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Figure A.5
Dividend Term Structures in the ICAPM with a Strategic Investor
(VAR Calibrated to Match s; Short-Term Dynamics)

The graphs report the dividend term structures of (i) risk premia, (ii) CAPM as, and (iii) Sharpe ratios within
the ICAPM with an investor who responds to changes in reinvestment rates (i.e., a strategic investor). The
Risk premia term structure can be decomposed into the effect of market risk (r,), reinvestment risk (Ng,),
and volatility risk (Ny ) and panel (a) provides such decomposition (based on equation 24b). All results are
obtained based on my main sample period (1952-2016) and details for the ICAPM and calibration can be
found in subsection 4.1. The only difference relative to the original calibration is that the procedure for the
VAR calibration matches 1-year r; and r. dynamics (as opposed to long-term dynamics), and thus is based
on a simple OLS.
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Figure A.6
Predicted vs Realized Risk Premia for Testing Assets
(ICAPM with a Strategic Investor)

The graphs display predicted (based on the right hand side of equation 24a) and realized (based on the left
hand side of equation 24a) risk premia for the testing assets. The testing assets are excess returns on equity and
bond portfolios: the market portfolio, the three (size controlled) book-to-market sorted portfolios in Fama and
French (1993) (i.e., HML portfolios), the Barclays’ mid-term and long-term AAA, AA, A, and BAA corporate
bond portfolios and the six CRSP Treasury bond portfolios with maturities up to 1, 2, 3, 4, 5 and 10 years.
RP=1-% a3/ S(E [R; — Ry] — E[R; — Ry])? captures the fraction of average return variability explained by
the model and wR? =1 — Y (aj — Qclass)?/ (R [Rj — Ry] — Eass [R; — Ry])? captures the same quantity,
but for average return variability within each asset class (equities, corporate bonds, and Treasury bonds). All
quantities are estimated from their respective available observations within the main sample period (1952-2016).
The model used is the ICAPM with a strategic investor, with all necessary details described in subsection 4.1.
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Robustness: Dividend Risk Premia in the ICAPM with a Strategic Investor

The graphs report the dividend risk premia term structure within the ICAPM with an investor who responds
to changes in reinvestment rates (i.e., a strategic investor). Sixteen alternative specifications are considered
and they are described in Appendix D.1. Details for the ICAPM and calibration (under baseline specification)

can be found in subsection 4.1.
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