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Abstract
This paper empirically documents that expected growth volatility is a key driver of
the equity term structure dynamics. A general equilibrium model jointly explains four
important patterns: (i) a potentially negative unconditional equity term premium, (ii)
countercyclical equity term premia, (iii) procyclical equity yields, and (iv) premia to
value and growth claims respectively increasing and flat with the horizon. The eco-
nomic mechanism hinges on the interaction between heteroscedastic long-run growth—
which leads to countercyclical risk premia—and homoscedastic short-term shocks under
limited market participation—which produce sizable risk premia to short-term cash
flows. The equity slope dynamics hold irrespective of the sign of its unconditional

average.
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I Introduction

Over the last decade, there has been a significant interest in the term structure of equity,
which is a powerful tool to understand equity markets and their connection with economic
fundamentals. Pioneering this literature, van Binsbergen, Brandt, and Koijen (2012, hence-
forth BBK12) show that short-term claims to equity payouts have a higher risk premium
than long-term claims, which is at odds with leading asset pricing models. Whereas recent
contributions provide a number of potential explanations for this pattern, van Binsbergen,
Hueskes, Koijen, and Vrugt (2013) and Gormsen (2021) document rich conditional dynamics
of the equity term structure, which are still unexplained. These dynamics and their link with
economic fundamentals are important because they help understand which risks drive asset
price fluctuations. Moreover, the conditional equity term structure is informative about the
economic outlook and discount rates and, thus, has implications for real decisions.!

This paper documents that expected growth volatility is a key driver of the equity term
structure dynamics and proposes a general equilibrium model that explains the most impor-
tant properties of the equity term structure, including (i) a potentially negative unconditional
equity term premium, (ii) procyclical equity yields, (iii) countercyclical equity term premium,
(iv) premia to claims of value (respectively, growth) payouts that are increasing (flat) with
the horizon, and (v) a countercyclical value premium. Our model links the dynamics of
the equity term structure to the timing of risk of economic fundamentals and, specifically,
sheds light on the pivotal effect played by expected growth volatility. We provide supportive
empirical evidence of the model assumptions and predictions.

The model mechanism hinges on the interaction of two risk factors steering economic
fundamentals. The first one is permanent and is driven by time-varying expected growth. It

gives rise to a stochastic trend, and induces upward-sloping risk with the horizon. The second

IFor instance, Gormsen and Koijen (2020) investigate the impact of Covid-19 pandemic on economic
growth expectations. Breugem, Marfe, and Zucchi (2021) study the effect of heterogeneity in the pricing
and firm’s exposure to risks of various persistence on corporate policies and their horizon. Callen and Lyle
(2020) estimate the term structure of implied costs of equity capital at the firm level and link it to firm
characteristics and performance.
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Figure 1: Equity Slope Dynamics. This figure displays the model-implied dynamics
of the forward equity yields and the dividend strip risk premium. The short-term and the
long-term assets represent the average value of the above quantities respectively over the
first five years and the residual infinite-horizon. The state refers to the level of expected
growth volatility and, endogenously, to the price level.

one is transitory and produces stationary (short-term) fluctuations, then inducing downward-
sloping risk with the horizon. The upward-sloping risk component is heteroscedastic, whereas
the downward-sloping one is homoscedastic, as suggested by the data. In equilibrium, the
relative weight of these two risks determines the slope of equity compensation across the
horizon. To generate a counter-cyclical equity term premium, the weight of the two risk
factors needs to be time-varying, with most of the variation driven by the upward-sloping
risk factor. Thus, when expected growth volatility (henceforth, EGV) rises, prices decline
and become more volatile, short-term equity yields rise relative to long-term ones, and long-
term equity risk premia rise relative to short-term ones. Figure 1 summarizes the model
predictions about these dynamics. Thus, the model jointly explains the cyclical patterns of
the equity term structure in light of macroeconomic risk—endogenizing the findings of van
Binsbergen et al. (2013) and Gormsen (2021)—and finds support in our empirical analysis.

We also study the cross-sectional predictions of the model. Heterogeneous loadings on
EGV lead to a cross section of equities, whose valuation ratios and risk premia can either
decrease or increase with EGV. The model generates a positive and countercyclical value

premium (Guo, Savickas, Wang, and Yang, 2009). This result arises jointly with the higher



payout cyclicality of value firms relative to growth firms (Koijen, Lustig, and Van Nieuwer-
burgh, 2017) and risk premia to claims of value-payouts being steeper with the horizon than
those of growth-payouts (Hansen, Heaton, and Li, 2008; Giglio, Kelly, and Kozak, 2021,
henceforth GKK21).

Notably, the equilibrium dynamics of our model are robust to the unconditional properties
of the term structure of equity. Namely, two features of our model are noteworthy. First, the
model mechanism driving the cyclicality of equity yields and term premia holds irrespective
of the sign of their unconditional slope. Second, our model reconciles standard asset pricing
moments with sizable short-term risk premia independently of the sign of the unconditional
equity term premium—the main challenge posed by BBK12 to leading models. Thus, our
economic mechanism is not affected by the empirical concern posed by Bansal, Miller, Song,
and Yaron (2021) that short samples may lead to biased estimates of the unconditional
slope by not properly capturing the alternation of good and bad economic conditions and
the ensuing term premium.>

Our empirical analysis provides tight support to the model mechanism and its predictions.
We estimate a simple measure of EGV from survey forecasts of economic growth, which is
an observable and genuine measure of investors’ expectations. We document that EGV rises
during economic downturns, as in Bansal, Kiku, Shaliastovich, and Yaron (2014)—a stylized
pattern that we feed into our model.

Then, we document four stylized facts that arise as endogenous outcomes in our equilib-
rium model, supporting its economic mechanism. First, as predicted by the model, we pro-
vide evidence that the market price-dividend ratio decreases with EGV, whereas its volatility
increases with EGV. This result allows us to link macroeconomic fundamentals with the cycli-
cality of the equity term premium, estimated instead through the price-dividend ratio by

Gormsen (2021). Second, the slope of the equity yields is strongly negatively correlated with

2We also show that the model mechanism and predictions are robust to a heteroscedastic specification
of downward-sloping risk. Data suggests that a small fraction of transitory shocks’ conditional variance
comoves with our EGV. A model extension accomodates for such a pattern and still is able to explain the
dynamics of the equity term structure.



EGYV, consistently with the model and with the procyclical dynamics of the equity yields
slope documented by van Binsbergen et al. (2013). Third, EGV predicts the realized slope
of equity returns with a positive coefficient. Thus, EGV is a good candidate to drive the
countercyclical dynamics of the equity term premium, in accord with the model and with
the empirical findings of Gormsen (2021). Fourth, EGV predicts the value firms’ return and
the value-minus-growth return with a positive coefficient, whereas it does not predict the
growth firms’ return. Thus, EGV credibly drives the countercyclical dynamics of the value
premium, consistent with our model. Moreover, EGV strongly predicts the value firms’ re-
turn at long horizons, in accord with the model mechanism that produces upward-sloping
compensations to the claims of value payouts—as documented by GKK21. Therefore, we
empirically and theoretically connect the dynamics of both equity yields and equity term
premia to macroeconomic fundamentals.?

Given our focus on the term structure of equity, our assumptions aim at correctly describ-
ing the timing of fundamentals’ risk and how this transmits to the equilibrium state-price
density. Peculiarly, our economy assumes consumption and payouts cointegration and lim-
ited market participation (Greenwald, Lettau, and Ludvigson, 2014; Marfe, 2017). These
assumptions are empirically motivated and play a relevant role in shaping fundamentals’
risk across the horizon. Cointegration implies that payout risk is downward-sloping with the
horizon (Belo, Collin-Dufresne, and Goldstein, 2015; Marfe, 2016), whereas limited market
participation implies that market participants’ consumption is much more correlated with
payouts than aggregate consumption (Berk and Walden, 2013).* Thus, by affecting the tim-
ing of fundamentals’ risk, these assumptions can help understand the properties of the term

structure of equity in equilibrium. Indeed, we verify that our model calibration matches

3The results of the empirical analysis are robust to many alternative specifications of EGV. Moreover,
EGV subsumes alternative components of growth in explaining the slope of the equity term structure.

1Berk and Walden (2013) show that limited market participation arises endogenously because labor
markets provide risk-sharing to workers. Consistently, a major fraction of workers does not invest in the
financial markets and the consumption of market participants is more correlated with corporate payouts and
equity returns than aggregate consumption (Mankiw and Zeldes, 1991; Guvenen, Schulhofer-Wohl, Song,
and Yogo, 2017). However, market participants’ consumption is subject to aggregate consumption long-run
risk (Malloy, Moskowitz, and Vissing-Jgrgensen, 2009), in accord with cointegration.



both the downward-slope of payout risk as well as the predictability of payout growth by
the payout-to-consumption ratio across the horizons. Instead, many models disregard such
empirical patterns and strongly overestimate payout risk at long horizons—further amplified
under preferences for the early resolution of uncertainty. Moreover, we should avoid that the
model explains sizable short-term risk premia because of a misspecified state-price density
that weighs too much on short-term risk. Therefore, we exploit the state-price density de-
composition of Alvarez and Jermann (2005) and Hansen and Scheinkman (2009): We verify
that under our calibration, the fraction of state-price density volatility due to its perma-
nent component does not violate the high lower bound estimated by Alvarez and Jermann
(2005). This supports the way the timing of fundamentals’ risk gets priced in equilibrium.
Consistently, the model quantitatively endogenizes the decay rate of equity yields’ sensitiv-
ity to EGV across the horizon, which generates the conditional dynamics of the equity term
structure, that is the core of our analysis.

Several works study the term structure of equity in light of macroeconomic risk. Economic
channels that have been investigated are beliefs formation (Croce, Lettau, and Ludvigson,
2015), financial leverage (Belo et al., 2015), disaster recovery (Hasler and Marfe, 2016),
labor costs rigidity (Marfe, 2017), production with learning (Ai, Croce, Diercks, and Li,
2018), alternative preferences (Andries, Eisenbach, and Schmalz, 2019), irrational beliefs
(Cassella, Golez, Gulen, and Kelly, 2022), and reinvestment risk (Gongalves, 2021). We
complement this literature by providing a parsimonious equilibrium framework that explains
the rich conditional dynamics of equity slope. We share with Ai et al. (2018) the idea
that EGV drives the equity term structure: We complement their evidence by using survey
data and by documenting a robust link over a much longer sample (and more economic
cycles), by exploiting the GKK21 synthetic equity yields.> Moreover, while they investigate

a production economy with learning, we consider a more parsimonious framework and study

®Ulrich, Florig, and Seehuber (2022) make use of I/B/E/S survey data for firm dividend growth and build
a model-free measure of the short-term dividend risk premium on the sample 2004-2021, which moves with
economic conditions. Differently from our work they do not investigate the role of expected growth volatility.



limited market participation. While Ai et al. (2018) focus on the procyclical slope of equity
yields, we also explain the more recent evidence about the countercylical dynamics of the
equity term premium. Indeed, our paper then relates to Gormsen (2021), who proposes that
two priced factors are needed to capture the negative average slope and the countercyclical
variation of the equity term premium. Whereas his model is based on an exogenous state
price density, our paper both endogenizes these dynamics in a general equilibrium setting
and connects them to documented macroeconomic risk.

Our paper is also related to works about the cross-section of equity returns and the value
premium. Among others, Berk, Green, and Naik (1999), Gomes, Yaron, and Zhang (2003),
Carlson, Fisher, and Giammarino (2004), and Zhang (2005) propose equilibrium models
with heterogeneity either in growth options risk or in adjustment costs. We complement
this literature by explaining the pricing of value and growth payouts across the horizon
(GKK21)—further corroborating the model mechanism.5

The paper is organized as follows. The empirical analysis of Section II supports the
main model assumption and predictions. Sections III, IV, and V describe the model and

investigate its predictions. Section VI concludes. Proofs, further empirical tests, robustness

exercises, and model extensions are in Appendices A, B, C, and D, respectively.

II Empirical Evidence

In this section, we first provide empirical support for the main model assumption about EGV
and economic growth. Then, we generate a set of key stylized facts about the dynamics of

the equity term structure and EGV, which can be jointly rationalized within our model.

6We complement Marfe (2015) and Ai et al. (2018), who also study the term structure of equity and the
value premium through labor rigidity and investment, respectively. In a recent study, Hasler, Khapko, and
Marfe (2020) show that rational learning helps understand the unconditional term structures of value and
growth risk premia: we complement their approach and focus on dynamics.



Data. To build our baseline EGV measure, we obtain US mean growth forecasts from the
Survey of Professional Forecasters (SPF) by the Federal Reserve Bank of Philadelphia about
real gross domestic product (GDP). Survey data more genuinely capture market participants’
actual expectations about the economy’s fundamentals relative to inferring them from re-
alized variables, and provide important insights into asset price dynamics (e.g., Barberis,
Greenwood, Jin, and Shleifer, 2015; Greenwood and Shleifer, 2014). We lever on survey ex-
pectations to investigate the drivers of the equity term structure dynamics over the business
cycle. Building on SPF data, we also construct alternative EGV measures from personal
consumption expenditures (PCE), industrial production (IP), and corporate profits (CP)
growth forecast, as well as a measure exploiting cross-sectional dispersion of GDP growth
forecasts. The time series of SPF forecasts are the longest available, covering the period
1968-2019 at quarterly frequency, with the exception of PCE starting in 1981.

Information on actual macroeconomic conditions (e.g., realized growth rates, inflation,
recessions) is from Federal Reserve Economic Data (FRED) by the Federal Reserve Bank of
St. Louis. Information on aggregate stock market and equity term structure is from a variety
of sources. As stock market index, we either rely on the value-weighted index from Center for
Research in Security Prices (CRSP) or on the S&P 500 index from Robert Shiller’s webpage.
Monthly data on both indices are available throughout the period 1968-2019. We obtain
information about equity yields at monthly frequency over different investment horizons
from GKK21 and BBK12 for the period 1974-2019 and 1996-2009, respectively. Monthly
data on value and growth portfolio value-weighted returns over 1968-2019 are from Kenneth
French’s website. All returns and monetary variables are expressed in real terms. Monthly
observations are converted to quarterly frequency by summing them (for returns, which
are logarithmic) or by taking the average (for other variables) over the quarter. Detailed

information on data sources and main variables definitions is in Appendix Table C1.



Expected Growth Volatility (EGV). The main assumption of our model is that ex-
pected economic growth is heteroscedastic, so that its conditional volatility (EGV) is time-
varying and, in particular, higher when the economic outlook deteriorates. To substantiate
this assumption, we construct our baseline EGV measure by first filtering the conditional
mean out of GDP growth forecasts f;;+1 with an AR(1) model and, then, by computing a

moving average of the absolute residuals so obtained. We first estimate an AR(1) model:

Jrie1 =00+ 01 fio1 + vy (1)

Residuals from this regression, v;, are not serially correlated, but their absolute values are.

Thus, we build a simple measure of EGV (or conditional volatility):

1 n—1
Ott+1 = n Zi:(] v (2)

A moving average of four lags produces a good fit of residuals. The inferred time series of
conditional volatility 0,41 is our main EGV measure and explanatory variable.”
Importantly, EGV is negatively and significantly correlated with expected growth, at
-18% (p-value of 0.012). When investors have low expectations about future growth, fore-
casts are more volatile. This evidence supports the assumption of our general equilibrium
model that expected growth is decreasing in its conditional volatility. Another approach to
detect the negative relation between EGV and expected growth is to observe the relation
between EGV and economic variables that capture the economic outlook and are informative
about economic prospects (e.g., Colacito and Croce, 2011). The negative correlation between
EGV and expected growth suggests that EGV is a countercyclical measure of the state of the
economy. We confirm this intuition in Table 1 through contemporaneous regressions of EGV
on macroeconomic and financial measures, as we know from previous research that business
and financial cycles interact (e.g., Adrian, Boyarchenko, and Giannone, 2019). EGV exhibits

a positive and significant relation with an indicator for recessions as dated by the National

"Appendix Table C2 documents that the EGV specification of Eq. (2) provides a better fit than many
alternatives, including (G)ARCH models as well as EGV measures built from IP, CP, and PCE growth
forecasts instead of GDP ones. However, all these measures are highly correlated and we show below that
our results are robust with respect to the EGV specification.



Table 1: The Cyclicality of EGV

(1) (2) (3) (4) (5)

Constant 0.219%** 0.235%** -0.000 0.240*** 1.132%**

(9.74) (10.93) (-0.01) (12.99) (6.04)
NBER Recession 0.162***

(4.46)
Detrended Labor Share 1.583***

(3.45)
Default Spread 0.226***
(5.70)
NFCI 0.099***
(7.02)
In(P/D) -0.245%**
(-4.85)

Observations 205 205 205 196 205
Adj. R? 0.10 0.08 0.29 0.29 0.28

Note. This table reports estimates from contemporaneous regressions at quarterly fre-
quency of EGV (o) on selected measures of macroeconomic (an indicator for NBER re-
cessions and the detrended labor share) and financial conditions (the default spread, the
NFCI, and the logarithm of the price-dividend ratio of the CRSP value-weighted index)
over the period 1968-2019. Coefficient estimates are multiplied by 100 to favor readability.
The t-statistics are reported in parentheses and are based on Newey-West standard errors

with a number of lags equal to the integer part of T9?°, where T is the number of obser-
k) ckk skkk

vations. Significance at the 10%, 5%, and 1% levels is indicated by *, **, ***  respectively.
Detailed variable definitions are provided in Appendix Table C1.

Bureau of Economic Research (NBER), the detrended labor share, the Chicago Fed’s Na-
tional Financial Conditions Index (NFCI)—capturing the tightness of financial conditions on
capital markets—and the default spread. It also exhibits a negative and significant relation

with the logarithm of the price-dividend ratio of the CRSP value-weighted index.

EGYV and Expected Growth. We are now interested in linking our EGV measure to the
short- and long-run components of economic growth. In particular, consider the following

representation of growth rates:
Gi+1 = Apermanent,  ; + Atransitory, , (3)

where the process permanent, ; ~ I(1) is integrated and captures the long-run trend, and

the process transitory, , ~ I(0) is stationary and induces transitory fluctuations. Similarly,



growth rates can be written in terms of conditional expected growth and innovations:

Ger1 = Egiq1] + €g01 = friv1 + €g041- (4)

To make the decomposition in Eq. (4) operational, we use the SPF forecast €,,41 as a proxy
for conditional expected growth f;,1, thus finding as the difference between the actual
growth rate g; 1 and its forecast.

Building on the documented negative relation between EGV and expected growth, we

estimate a linear regression:

ft,t+1 =a-+ 80t,t+17
Jrri=a+bog+epy = A (5)
€rt — ft,t-‘rl - ft,t+1-

Parameter b is negative and significant. Then, actual growth rates can be rewritten as

gt+1 = ft,t+1 +ert+ €t (6)

This representation is useful to understand the link between EGV and the short- and long-

run components of economic growth. Indeed, in Appendix B we find that

Zt ft,t+1 ~ I(1) = Apermanent, ; = ft,t+1> (7)
Zt eft+ Zt €git1 ~ 1(0) = Atransitory,,; ~ es;+ €541 (8)

Notice that the process ), ft7t+1 in Eq. (7) is integrated by construction. By contrast, the
stationarity of the process Eq. (8) is less straightforward to determine. The term ), €5441
alone is integrated by construction, whereas the cumulated sum of ef; 4 €,,41 is stationary
(Appendix Table B1). The interpretation is that EGV alone captures the long-run com-
ponent of expected growth, whereas the residual ey, from Eq. (5) captures its short-run

component E,[Atransitory,,]:

I h
E[ge41] = frar1 = fioa + fts,tirf . (9)
NG ™
= fra1 =efe

EGV alone allows to identify the long-run component fgfffl of expected growth: any potential

missing term should be negligible, otherwise the process in Eq. (8) would not be stationary.

10



This interpretation is further supported by the fact that Atransitory,,, constructed as in
Eq. (8), is strongly correlated (95.7%) with changes in output gap—a well known proxy for
the stationary component of growth (e.g., Kamber, Morley, and Wong, 2018). Consistently,
we also document that transitory, , is procyclical (Appendix Figure B1 and Table B2).

After establishing that EGV is an important component of long-run expected growth,
we turn to conditional variation of the long- and short-run components of economic growth.
Based on Eq. (7)-(8), the conditional volatility of the long-run component Apermanent,
is captured by EGV. Consistently, we provide evidence pointing to quantitatively negligible
heteroscedasticity of the short-run component Atransitory,,; (Appendix Figure B2).

We specify the assumptions of the general equilibrium model in Section III starting
from the stylized facts presented so far. In summary, (i) economic growth is driven by a
heteroscedastic integrated component (i.e., permanent,, ;) and a homoscedastic stationary
component (i.e., transitory,,,) and (ii) the long-run component of expected growth (i.e.,

gf’;fl) is negatively related with the conditional variance of the integrated component (i.e.,
0t1+1), that is our EGV measure. We next document four empirical facts concerning the
relation between EGV and (i) prices and price volatility, (ii) the equity yield slope, (iii) the
equity term premium, and (iv) dividends and returns of value and growth firms. All these

patterns endogenously arise from our general equilibrium model.

EGV, Prices, and Price Volatility. Based on the evidence of Table 1, we examine
the relation between EGV and the logarithm of the price-dividend ratio in more depth.
Theoretical models predict that the price-dividend ratio is driven by the latent factors that

affect the distribution of aggregate cash flows. We consider the following regression:

ln(Pt/Dt) =+ 60'1}7154_1 + &

11
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Figure 2: EGV and the Price-Dividend Ratio. This figure shows the scatter plots
of either the log price-dividend ratio (left graph) or log price-dividend ratio volatility (right
graph) of the CRSP value-weighted stock market index (op/p) against the EGV estimated
from GDP growth forecasts (o) for the period 1968-2019.

In the left panel of Figure 2, we observe that EGV decreases with the logarithm of the
price-dividend ratio (correlation of -54%, statistically significant at the 1% level).® We then
study the correlation between EGV and the conditional volatility of the logarithm of the
price-dividend ratio, which we obtain following the same approach as in Eq. (2). In the right
panel of Figure 2, we estimate the regression:

In(P/D)
Ut,t—f—l =+ Bgt,t-i-l + &t

We observe a positive correlation of 45% between EGV and the conditional volatility of the
price-dividend ratio, significant at the 1% level. These results conform with the literature on

macroeconomic volatility and uncertainty (Bansal et al., 2014; Boguth and Kuehn, 2013).

EGYV and the Equity Yield Slope. The second empirical pattern regards the relation
between EGV and the slope of equity yields, which is defined as the difference between the
long- and the short-maturity equity yield at each point in time. van Binsbergen et al. (2013)
illustrate that such a slope is procyclical: Short-maturity equity yields are lower than long-

maturity ones during economic expansions, whereas they exceed long-maturity ones during

8This negative correlation can arise in a model where investors feature an elasticity of intertemporal
substitution above one—i.e., the substitution effect dominates the wealth effect (Bansal and Yaron, 2004).

12



Table 2: Equity Yield Slope and EGV

Panel A
Equity Yield Slope (GKK21)
(1) (2) (3) (4)

10Y-2Y 25Y-2Y 100Y-2Y MKT-2Y
Constant 0.042%*** 0.068*** 0.093*** 0.065%**

(4.84) (6.44) (7.68) (5.20)
o -10.062*** -15.556*** -20.303*** -21.809***

(-3.50) (-4.35) (-4.88) (-4.98)
Observations 180 180 180 180
Adj. R? 0.15 0.20 0.24 0.25
Panel B

Equity Yield Slope (BBK12)
(1) (2) (3) (4)
MKT-0.5Y MKT-1Y MKT-1.5Y MKT-2Y

Constant 0.141** 0.071** 0.045** 0.036**

(2.45) (2.34) (2.09) (2.12)
o -47.448%** -32.920*** -24.242%** -19.323***

(-3.16) (-4.14) (-4.09) (-4.19)
Observations 55 55 55 55
Adj. R? 0.06 0.11 0.13 0.14

Note. This table reports estimates from contemporaneous regressions at quarterly frequency
of the equity yield slope on EGV (o). Panel A uses measures of the equity yield slope based
on data by GKK21 for the period 1974-2019. Panel B uses measures of the equity yield slope
based on data by BBK12 for the period 1996-2009. The maturities of the long and short legs
considered to compute the equity yield slope are indicated at the top of each column. The
t-statistics are reported in parentheses and are based on Newey-West standard errors with
a number of lags equal to the integer part of T
Significance at the 10%, 5%, and 1% levels is indicated by *, **, *** respectively. Detailed

0.25

variable definitions are provided in Appendix Table C1.

recessions. Bansal et al. (2021), Gormsen (2021) and GKK21 document similar patterns.

We verify if the procyclical nature of the equity yield slope is—at least partially—channeled

through EGV, which we have shown to be countercyclical.

Because of the hard-to-observe nature of the equity yield slope, we measure it in several
ways. First, we use the model-implied equity yields made available by GKK21, which allow
us to compute the equity slope at various maturities up to 100 years (ey(t,long)) relative
to the two-year yield (ey(t,short)).
on BBK12 and described below, we also compute it using the dividend yield of the CRSP

value-weighted index as ey(t,long). By spanning the period 1974-2019, the equity yields

13

, where T is the number of observations.

For consistency with the second set of proxies based
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Figure 3: EGV and the Equity Yield Slope. The left of the figure shows the stan-
dardized time-series of the equity yield slope based (solid line) and the EGV (dashed line).
The right panel shows the scatter plot of the standardized equity yield slope against the
EGYV. The equity yield slope is computed as the difference between the dividend yield of the
CRSP value-weighted index and the model-implied two-year equity yield of GKK21 for the
period 1974-2019.
by GKK21 are informative about the slope dynamics across different economic conditions.
Second, we use data by BBK12, who extract information on short-maturity equity yields
from option prices on the S&P 500 index. We then proxy for the slope by taking the
difference between the S&P 500 dividend yield (ey(t,long)) and short-maturity equity yields
(ey(t,short)), whose maturity ranges between 0.5 and two years.’

Table 2 reports the estimates from the regressions of these measures of the equity yield

slope—based on data by GKK21 in Panel A, and by BBK12 in Panel B— on EGV:
ey(t,long) — ey(t, short) = a + Boy 1 + &4

We observe a negative correlation between EGV and the slope of equity yields. The slope
coefficients are negative and significant at the 1% confidence level across all the horizons.
The R? from the regressions lies in the 6-25% range, pointing to a substantial explanatory

ability of EGV as to the cyclical dynamics of the equity yield slope.'®

9For both sets of proxies for the equity yield slope, results are not sensitive to using the S&P 500 or the
CRSP value-weighted index dividend yield.

10To limit measurement error, we use spot equity yields (ey(t, 7)) rather than forward ones (fey(t, 7)) to
compute the slope. Because fey(t,7) = ey(t,7) — by(t,7), using forward yields would require subtracting
risk-free yields (by(t, 7)) of the appropriate maturity 7 from each leg of the slope. This would be problematic

14



Consistently, the left panel of Figure 3, which focuses on a slope measure based on
GKK21, documents a strong negative relation between EGV and the slope of equity yields.
We observe a sharp mirror effect: the slope strongly decreases when EGV increases. The
right panel of Figure 3 shows the corresponding scatter plot and linear fit. These results
confirm that EGV is a major driver of the procyclical dynamics of the equity yield slope.!!
This evidence corroborates and extends the results in Ai et al. (2018): while they consider
the equity yields in van Binsbergen et al. (2013) on the sample 2002-2010, we exploit the
more recent GKK21’s equity yields on the sample 1974-2020; moreover, we measure EGV
from survey data about economic growth, whereas they build productivity volatility with a

predictive approach.

EGV and the Equity Term Premium. Third, we study the relation between EGV
and the equity term premium—that is, the compensation of long-term equity claims over
the compensation of short-term equity claims. Gormsen (2021) finds that the equity term
premium is time-varying and countercyclical. Namely, long-term equity premia are more
sensitive to price levels than short-term equity premia. This implies that the equity term
premium increases in bad times and decreases in good times. We test if EGV helps explain
time-variation of the equity term premium in light of macroeconomic risk.

In the spirit of Gormsen (2021), we proxy for the equity term premium by taking the
difference between the CRSP value-weighted index return and the return on the two-year
dividend strip based on the corresponding equity yield by GKK21. Then, we compute the

one- to ten-year ahead cumulative equity term premium. Finally, we perform regressions of

in our case, because we also use the 100-year equity yield and the market dividend yield as the long maturity
leg, and it is not obvious to find information on risk-free rates for maturities above 30 years. Nonetheless,
using spot equity yields from GKK21, in untabulated tests we compute the equity yield slope with forward
yields for the 5-,; 10-, and 20-year horizons (i.e., the maturities for which an appropriate risk-free rate is
easily available). In each case, the correlation with the slope based on spot equity yields is above 99%.

1 Appendix Table C3 further investigates the relation between the equity yield slope and expected growth.
We estimate quantile regressions and document that the equity yield slope is informative about the tails of
expected growth with more explanatory power for the left tail (Panel A). A very similar pattern is produced
using EGV as explanatory variable (Panel B). These results corroborate the representation of Eq. (3)-(9),
which motivates the assumptions of our equilibrium model in Section III.
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Figure 4: EGV and the Equity Term Premium. The figure shows the slope point
estimates as well as 90% confidence intervals from predictive regressions of long-minus-short
equity returns (equity term premium) on EGV across the horizons from one quarter up
to ten years. In our measure of the equity term premium, the long leg is the CRSP value-
weighted index return and the short one is the return on the two-year dividend strip obtained
from model-implied yields by GKK21 for the period 1974-2019. The confidence intervals
are based on Newey-West standard errors with a number of lags equal to the integer part
of T9?% where T is the number of observations.

the future cumulative equity term premium on the current EGV. Figure 4 points to a strong
positive relation. The predictive slope for the current EGV is positive and statistically dif-
ferent from zero for predictive horizons beyond five years. This evidence suggests that EGV
is a credible channel through which the equity term structure incorporates macroeconomic
risk. Gormsen (2021) highlights the cyclicality of the equity term premium as measured by
its correlation with the price-dividend ratio. We go a step further and show that EGV is a
plausible link among the state of the economy, prices, and the term structure of equity. As
we show below, this pattern is endogenized in our general equilibrium framework.

In Appendix Table C4, we use two different approaches—besides the baseline one—to
measuring the equity term premium at the ten-year horizon. First, we resort to the GKK21
100-year strip return for the the long leg, keeping the two-year strip return as the short one.
Second, we use the BBK12 short-term option-based strip returns to measure the short leg of
the equity term premium (keeping the market return as the long one). In each case, we find

evidence supportive of a positive and economically important relation between the equity
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Figure 5: EGV and Value vs. Growth Firms. The figure shows the slope point
estimates as well as 90% confidence intervals from the predictive regressions of dividend
growth (left graphs) and returns (right graphs) for the value portfolio (top graphs), the
growth portfolio (middle graphs), and the value-minus-growth portfolio (bottom graphs) on
EGV across the horizons from one quarter up to ten years. The value (growth) portfolio
corresponds to the top (bottom) decile of stocks sorted on the book-to-market ratio for the
period 1968-2019. The confidence intervals are based on Newey-West standard errors with
a number of lags equal to the integer part of T92%, where T is the number of observations.

term premium and EGV, but the result is statistically insignificant at conventional levels

when using strip returns by GKK21 alone (p-value of 0.101).

EGYV and the Cross-Section of Returns. Fourth, we look at the relation between the
EGV and the dividend growth rates as well as the returns of value firms vs. growth firms

(Fama and French, 1992). In Figure 5, we estimate predictive regressions of cumulative
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dividend growth rates (left graphs) and returns (right graphs) from one quarter up to ten
years ahead from either value firms, growth firms, or the value-minus-growth portfolio on
EGV. We find a rather strong positive relation between EGV and both future dividend
growth and future returns for value firms. The relation is instead negative but almost
invariably insignificant for growth firms. EGV loads positively and in general significantly
on future dividend growth and returns of the value-minus-growth portfolio.

All in all, we uncover that the value premium is related to the dynamics of the equity
term structure through EGV. Value firms load more than growth firms on EGV. Since EGV
drives long-term compensation, our results are consistent with the steeper term structure of
value portfolios relative to growth portfolios estimated by GKK21. In turn, the value-minus-
growth return is positively predicted by EGV and inherits its countercyclical behavior, in

accord with the literature on the value premium (Guo et al., 2009).

The Cyclicality of the Term Structure of Equity. We now study the cyclical prop-
erties of the equity term structure dynamics in light of the recent findings in the literature
(van Binsbergen et al., 2013; Bansal et al., 2021; Gormsen, 2021). In Appendix Table C5,
we estimate univariate specifications of the equity yield slope and of the equity term pre-
mium on business-cycle proxies. Our estimates support the procyclicality of the equity yield
slope, both when looking at business- and at financial-cycle measures. The picture becomes
more nuanced for the equity term premium. It appears to correlate negatively with current
macroeconomic conditions, but results are statistically insignificant at conventional levels.
At the same time, the countercyclicality of the equity term premium stands out again when
looking at financial-cycle variables.

We further explore the equity term structure dynamics in Appendix Table C6 by looking
at the correlation of the equity yield slope and the equity term premium with EGV together
with other possible drivers of growth, expected growth, and growth volatility (all orthogo-

nalized with respect to EGV). Whereas only a few additional factors load significantly, our
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results point to EGV’s first-order ability to satisfactorily capture the cyclicality of the equity
yield slope and equity term premium. Thus, Appendix Table C6 highlights EGV as a key
macroeconomic driver of the equity term structure and further corroborates the specification
of Eq. (3)-(9), which we implement in the model of Section TIT.'?

It is worth drawing a comparison between these findings and those in the literature. On
the one hand, the EGV confirms the procyclical behavior of equity yields documented by
van Binsbergen et al. (2013) and Bansal et al. (2021) by means of dividend strip prices,
which are available only from the early 2000s. On the other hand, the lack of clear evidence
with regards to the correlation of the equity term premium with “pure” macroeconomic
variables, coupled with its positive (negative) correlation with EGV (price-dividend ratio),
corroborates the analysis of Gormsen (2021) and highlights the role of EGV. Overall, the
long time series of equity yields (1974:2019) from GKK21 points to the countercyclicality of

the equity term premium, which incorporates macroeconomic risk as measured by EGV.

Alternative EGV Specifications. In Appendix Table C8, we test the robustness of our
results to using nine alternative EGV measures. First, we look at four different AR(MA)(1,1)-
(G)ARCH(1,1) specifications of EGV of GDP. Second, we rely on a non-generated measure,
namely the cross-sectional dispersion of GDP growth forecasts. Third, we obtain the EGV of
GDP growth forecasts computed after filtering out a short-term business cycle component by
means of the (de-trended) labor share of the nonfinancial corporate sector. Finally, we build
the EGVs of PCE, IP, and CP growth forecasts by applying the approach of Eq. (1)-(2).
Like the baseline EGV, all these measures are strongly countercyclical as highlighted by
the negative and significant relation with the logarithm of the price-dividend ratio and the

positive and significant relation with its volatility (columns 1 and 2). Similarly, columns 3

12We also investigate the relation between the term structure of equity, EGV, and the conditional covari-
ance between innovations in expected growth (defined as the residuals ¢ from Eq. (1)) and the corresponding
forecast errors. A decomposition of such a covariance shows that it directly depends on the conditional stan-
dard deviation of ¥, which is akin to our main EGV measure. We want to verify if also the other components
of the covariance have explanatory power with respect to the term structure of equity. Appendix Table C7
shows that, generally, these components are neither statistically nor economically significant, reinforcing the
interpretation of EGV as a crucial driver of equity term structure dynamics over the business cycle.
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and 4 confirm that these alternative EGV measures capture the procyclicality of the equity
yield slope too. At the same time, the positive relation of the different EGV measures with
the equity term premium (column 5) remains economically and statistically significant. We
also qualitatively reproduce the result about future dividend growth rates and returns of
the value-minus-growth portfolio (columns 6 and 7). Although some of the alternative EGV
measures have insignificant predictive power with respect to value-minus-growth returns, the

sign and magnitude of the coefficients are largely unchanged.

Summary. Overall, the analysis of this section supports the idea that EGV is a ma-
jor driver of the term structure of equity. When investors experience a higher conditional
volatility of expected growth, (i) economic conditions deteriorate, (ii) prices decline, (iii) the
slope of equity yields drops, (iv) the equity term premium increases, and (v) the slope of
value claims becomes steeper relative to the slope of growth claims, leading to an increase in
the value premium. The next section illustrates a parsimonious general equilibrium model

that jointly endogenizes all these effects by building on the stylized evidence of Eq. (3)-(9).

III The Model

This section describes a general equilibrium model that captures the main properties of the

equity term structure in light of macroeconomic risk, as documented in Section II.

The Economy. A representative firm produces a cash-flow stream, C', which constitutes
the revenues from production distributed to workers and shareholders. Workers receive
wages, W, and shareholders receive payouts, D, such that C' = W + D. In the spirit of Berk

and Walden (2013), we assume limited market participation.'® That is, workers do not access

13Recent asset pricing models assuming limited market participation are Greenwald et al. (2014), Marfe
(2017), and Lettau, Ludvigson, and Ma (2019). Although unnecessary for the qualitative predictions of the
model about the equity term structure dynamics, the assumption of limited market participation helps gen-
erate sizable short-term risk premia. Moreover, it allows for tractability and comparability with endowment
economy asset pricing models. Section V.C illustrates the alternative case of full market participation.
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financial markets and consume their wages, whereas shareholders act as the representative
agent in the stock market and consume payouts. Shareholders feature recursive preferences
(Kreps and Porteus, 1979; Epstein and Zin, 1989; Weil, 1989; Duffie and Epstein, 1992):

0
1—~

A1y 1
U= (1= MG + 5B (U )] (10)
where C is a consumption process, [ is the time discount factor, v is the coefficient of risk

aversion, v is the elasticity of intertemporal substitution, and we define 6 = 11__1
W

Aggregate consumption dynamics depend on two components. The first is a permanent
shock driven by time-varying expected growth. It gives rise to a stochastic trend and in-
duces upward-sloping risk with the horizon—i.e., the variance of growth rates increases with
the horizon. The second component is a transitory (short-term) shock z;, which produces
stationary fluctuations and induces downward-sloping risk with the horizon. The two shocks
jointly allow for flexible term structures of risk. Consistent with the empirical evidence in
Section II, the permanent shock is heteroscedastic, with a conditional variance negatively

related with expected growth. Aggregate consumption dynamics follow:
dlogCy = (p+ T — x)dt + dz, (11)
where the permanent and the transitory components are governed by:
dry = N\ (T — 2y)dt + 05/20d By, (12)
dzy = — ANz dt + 0,dB, . (13)
Brownian shocks B, ; and B,; are independent, in line with the data (see Appendix B).'
Aggregate consumption, wages, and payouts are all subject to the permanent shock and,
thus, are cointegrated (Lettau and Ludvigson, 2005). Moreover, the rigidity of labor costs

(Menzio, 2005; Marfe, 2017) with respect to short-term fluctuations lead to income insurance

from shareholders to workers, which induces a leverage effect on payouts. We parsimoniously

4The simple and tractable dynamics of Eq. (11)-(13) well capture the stylized evidence documented in
Section IT (see also Appendix B) and closely correspond to Eq. (3)-(9).
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capture these effects by assuming that wages and payouts respectively satisfy:
Wy = w(z)Cy and Dy = (1 —w(z))Cy,
where the wage share w(z;) is a function of the transitory (short-term) shock z;:'°
w(z) =1 — deld=V=,

Leverage ¢ > 1 makes payouts (respectively, wages) more (less) exposed to short-term shocks

than the firm’s total cash flow. Consistently, payouts evolve as follows:
dlog Dy = (u+ & — xy)dt + ¢ dz. (14)

Although parsimonious, these dynamics account for many empirical stylized facts, such as:
(i) cointegration among consumption, wages, and payouts (Lettau and Ludvigson, 2005),
(ii) excess volatility of payouts over consumption at short horizons (Belo et al., 2015), (iii)
variance ratios of payout and wage growth rates lying respectively below and above those
of consumption (Marfe, 2017), (iv) countercyclical wage share (Rios-Rull and Santaeulalia-
Llopis, 2010), and (v) countercyclical expected growth volatility (see Section IT).

The shock x;—the key variable of the model—drives the conditional variance of growth:

oL (t,T) = 1 log M = Syo(T) + sy(7)xy Y ={C,D}
9 T ]Et[}/;:+7]2 s R 9 ) 9
where sy, (7) > 0 increases with the horizon 7. Both z; and z; drive expected growth:
1 E: Y, -
py (t,7) = —log M = myo(T) + My (T)ze + my . (7) 2, Y ={C, D},
T Et D/;]

where my (1) < 0,my.(7) < 0 decrease with the horizon 7. In turn, in line with the

empirical evidence, the following relations hold:
—1 < corr(o(t, 1), py(t, 7)) < 0, Y ={C, D},
0 < corr(pc(t,7), pup(t,7)) < 1.

In the following, we show that the shock z;—the model counterpart of EGV—is key to

rationalize the main empirical properties of the equity term structure in general equilibrium.

15The function w(z;) belongs to (0,1) with probability very close to one because § ~ 10% is small in the
data. A complementary channel for short-term levered payouts is sticky financial leverage (Belo et al., 2015).
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State-Price Density and Equity Returns. Recursive preferences lead to a non-affine
state-price density. To solve for prices and preserve tractability, we follow the methodology
of Eraker and Shaliastovich (2008), which is based on the Campbell and Shiller (1988)’s log-
linearization.'® The continuous time (continuously compounded) log-return on equity—the

claim on the shareholders’ consumption D;—follows
dlog R, = kodt + k1d(pdy) — (1 — ky)pddt + dlog Dy,
where pd; = log(P;/D;) and the endogenous constants kg and k; satisfy
ko= —log (1 — k)" E")  and Ky = ™%/ (14 EP)

The following Euler equation characterizes the equilibrium state-price density, M;:

M t+71
E, [exp (log ]\2* + / dlogRs)} = 1. (15)
t

t

In turn, the state-price density satisfies
0
dlog M; = 6log Bdt — Edlog D, — (1 —0)dlog R;. (16)

To solve for the return on equity and, in turn, the state-price density, we conjecture that pd;
is affine in the vector of state variables. Then, the Euler equation is used to solve for the

coefficients. In turn, the state-price density has dynamics:

= —Ttdt - Qm(xt)de,t — deBz,t- (17)
In this equation, the risk-free rate is affine in the shocks x; and z;, as follows:
Ty =T+ Tgle + T2,

where the coefficients r, and r, satisfy:

A, —1)(1 — k(1= N\, A2k20? —1)2 A
B TS Y YEIE W) N T P ')

-1 2y —1) (8
Moreover, the two equilibrium prices of risk are given by

Ar(y = 1/9) k1A (y —1/9)
1—1/¢ 1—1/y

16Campbell, Lo, and MacKinlay (1997), Bansal, Kiku, and Yaron (2012), and Hasler and Marfe (2016)
show the high accuracy of the return log-linearization, which we assume exact hereafter.

and €, =o0, +0.79,

k
Q:p(xt> = O-x\/x_t !
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where the price elasticities A, and A, are defined below. The equity price is given by

o M,
P = / E, { ]\?_T Dt+r} dT = Dyexp (AO + Az + Azzt) ) <18>
0 t

where

2(1-1/y) oA -1/y)
—hi-aytz 0 A= Aoy

with £ = /1 —k; (2(1 — A\y) + k1 (2(y — 1)o2 — (1 — A;)?)). Under plausible assumptions

A= —

about preferences (v > 1/¢,1 > 1), we have that the market prices of permanent and
transitory risk satisfy €2, < 0, €, < 0,4, <0, and —¢ < A, < 0. Thus, prices relative to
payouts decrease with both expected growth volatility and short-term shocks.

An application of It6’s Lemma provides the return variance:
op(z) =102 A2 + 02(¢p + A,)?,
and the equity premium:

RP(z;) = x02 (1 — 1%/1%) +o2(p+ A) <7¢+ 1%,4 k1> .

Under plausible preferences, the equity premium increases with expected growth volatility, as
in long-run risk models (Bansal and Yaron, 2004), and the return variance moves negatively

with prices, in accord with the volatility feedback (Campbell and Hentschel, 1992).

Term Structures of Equity and Bond. The price of the dividend strip with maturity

7 has exponential affine solution:

—DHT] = D;exp (aog(7) + ax(T)xs + (a.(T) — ¢)21) . (19)

The deterministic functions ay(7), a,(7), and a,(7) solve a system of ordinary differential
equations. Closed-forms for the price elasticities a,(7) and a,(7) are in Appendix A.
Using the dividend strip price, we can compute the term structure of the dividend strip

risk premium, RP pg(xs, 7), which is a function of only x; and the maturity 7:

RPps(xs,7) = m020,(T) <k1 1(_ 1_/21/@&)) + o2a,(7) (kl 1(_ 1/;/¢) + 7@25) . (20)

The dividend strip risk premium increases with expected growth volatility x;. For vy > ¢ > 1,
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the first and the second term of Eq. (20) respectively imply that the permanent shock (and,
thus, expected growth volatility) induces an upward-sloping effect and the short-term shocks
induce a downward-sloping effect on the term structure. When z; is large, the upward sloping
effect dominates and the price-payout ratio declines. When z; is small, the downward-sloping
effect dominates and the price-payout ratio rises. In turn, the equity term premium—that
is, the slope of the dividend strip risk premium—is countercyclical as in Gormsen (2021).
Similarly, we compute the term structure of the forward equity yields. The forward equity

yield with maturity 7 is the difference between the equity yield and the riskless bond yield:
f@y(t,T) = €y(t,7') - by(t77>7 (21)
where
1 1
ey(t,) = — —log(P(t,7)/Dy), and  by(t,7) = —= log B(t, 7).
T T

The price of the riskless bond with maturity 7 is given by

Mt+7'
M,

Bwﬂ:E{ ]zwmwﬂ+mmm+uﬂw. (22)

The deterministic functions by(7), b,(7), and b,(7) solve a system of ordinary differential

equations. Closed-forms for the price elasticities b, (7) and b,(7) are in Appendix A.

Cross-Sectional Equity Returns. We introduce a cross-section of payout streams, to
be interpreted as the payout of either firms or portfolios of stocks. Specifically, the cross-

sectional payout, Df, has dynamics:

dlog D} = dlog Dy + o(z — x,)dt + 0,dBy ;. (23)

The loading ¢ captures the heterogeneous additional exposure to x; in the cross-section.'”

Furthermore, the volatility parameter o, # 0 allows for idiosyncratic risk. Following Eraker

and Shaliastovich (2008), the log return on the stock paying out Dy evolves as

dlog Rf = kydt + k{d(pd{) — (1 — k¥)pd{dt + dlog DY,

ITFor the sake of simplicity and exposition, we do not assume other forms of heterogeneity.
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where k¢ and kf are endogenous constants. The price of this stock then can be written as

* M,
we | {TD] dr = Df exp (Af + AZw, + A2), (24)
0 t

where coefficients Af, A?

x)

and A? are derived in Appendix A. The price elasticity AY with
respect to z, is larger (smaller) in magnitude than the market price elasticity A, if ¢ is larger
(smaller) than zero. Thus, the larger the payout loading on expected growth volatility, the
more pro-cyclical the valuation ratio and, hence, the more counter-cyclical the risk premium.

Applying 1t6’s Lemma to Eq. (24), the corresponding risk premium is given by

k1A (y — 1/4) 2/ A k1A (v — 1/¢)
1 1/4 )”Z(A”@( I 14

The risk premium is increasing in the conditional volatility of expected growth.

RP?(x;) = 2,02 A ( + 7¢) . (25)

Consider the payout streams associated with two loadings ¢y > ¢¢. The valuation ratio
associated to the payout with the higher exposure to x; (i.e., py) is lower and more cyclical
than the valuation ratio associated to the payout with the lower exposure (i.e., pg). Thus,
for oy > ¢, we can interpret the former and the latter as the payout streams of value and

growth firms, respectively. Therefore, the model-implied value premium is given by
VP(.Tt) = RP@V (It) - RPwG($t> > 0.

Since the coefficient of x; in Eq. (25) is positive and increasing in ¢, then the value premium
is positive and counter-cyclical, in accord with the empirical evidence. In particular, z; is a
driver of the value premium consistently with the predictive regressions in Section II.

To better connect this prediction with the model predictions about the term structure of
equity, we look at the term structures of risk premia in the cross-section. The price of the

claim that pays out Dy, . at maturity 7 is given by

MtJr‘r
M,

PSOZ]Et|:

t,7

DziT} — DF exp (af(r) + af(r)as + (af(r) — B)) (26)

The deterministic functions af (7), a?(7), and a?(7) solve a system of ordinary differential
equations. Closed-forms for the price elasticities a?(7) and a?(7) are in Appendix A.

Applying [t6’s Lemma to this strip price, we compute the term structure of the strip risk
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premium, which depends on z; and the maturity:

RP§ (x4, 7) = 240508 (T) (kl 1<_ ;/;/¢)> + o2a?(7) (kl 1(_ 1/11/@ +’V¢) .

The strip risk premium increases with expected growth volatility. The larger the payout

loading ¢ on x;, the steeper the strip risk premium. In turn, the unconditional slope of the

strip risk premium is larger for value firms than growth firms, as in GKK21.

IV  Model Analysis

The next proposition summarizes the main model predictions, which are consistent with the
empirical analysis of Section II. We study the dynamics of several equilibrium outcomes as

a function of x;, which is the model counterpart of EGV.

Proposition. Under plausible parameters, the model predicts that:
1. The price-payout ratio decreases with EGV: Q ~ log Pt/Dt < 0.
2. The slope of the equity yields decreases with EGV: ey(t 7) < 0.

3. The slope of the dividend strip risk premium increases with EGV: 5 RPDS(xt, T) > 0.
4. The value premium increases with EGV: 2 (RP?V (z;) — RP¥¢ (a:t)) > 0.

In the following, we analyze these predictions in detail. We present the model calibration
and the predictions about standard moments and price dynamics. Then, we discuss the
term structure of equity and its dynamics, which is our main focus. We also explore the
predictions about cross-sectional returns and the value premium. Finally, we show that the
dynamics of equity slope hold irrespective of the sign of the unconditional average and the

degree of market participation.'®

IV.A Calibration and Standard Moments

Table 3 provides our baseline setting. Economic fundamentals are described by long-run

growth (u), expected growth volatility (Z, o,., and A, ), short-run shocks (o, and A,), and the

18We also illustrate a model extension with heteroscedastic transitory risk, which preserves our results.
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Table 3: Model Parameters

Fundamentals Symbol  Value
Long-run expected growth W 0.025
Expected growth volatility
shift z 0.08
scale Oy 0.04
TEVersion Az 0.15

Short-run shock

scale o, 0.025

reversion A 0.15
Payout leverage 0] 7.5
Preferences Symbol  Value
Time discount factor 153 0.96
Risk aversion ¥ 7.5
Elasticity of intertemporal substitution P 1.5

leverage effect on payouts (¢). Parameters are set to match a wide array of moments from
the time-series of fundamentals and financial returns. We assume standard values for the
time discount factor (f), risk aversion (), and elasticity of intertemporal substitution ().
Table 4 displays moments about consumption, payout, and financial returns from both
the data and the model. The model is simulated at monthly frequency, and each simulation
covers a time period comparable to the postwar experience. Simulated time-series are then
aggregated at yearly frequency and, for each moment, we report selected percentiles.
Notably, the model matches quite well standard moments considered in the literature.
Consumption and corporate payouts are cointegrated and, thus, their growth rates have
similar sample averages (about 2.5%) close to their empirical counterparts. Consumption
growth volatility is modest (about 3% vs. 1.8% in the data). The model captures the 1-
year excess volatility of payout growth (about 18% vs. 15% in the data),'? and the decline
in payout growth volatility at long horizons (20-year volatility is about 10.5% vs. 8.5% in

the data). Cointegration implies the stationarity of the payout-to-consumption ratio, whose

19Tn addition to corporate profits, Table 4 also reports an alternative measure of shareholders remuneration,
dividends plus net repurchases, featuring a larger volatility (Belo et al., 2015). These two measures can be
viewed as bounds, with respect to which the model performs well (see also Figure 6).
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Table 4: Standard Moments

Moment Data Model
2.5% 5% 50% 9%5% 97.5%

Avg. consumption growth 0.021 0.007 0.010 0.025 0.038 0.040
Std. consumption growth 0.018 0.024 0.025 0.030 0.036 0.037
Avg. payout growth 0.030 0.005 0.008 0.025 0.041 0.043
Std. payout growth

- Corporate profits 0.148

- Dividends plus net repurchases 0.266 0-152 0.157  0.182 0.208 0212
20-year std. payout growth

- Corporate profits 0.083

- Dividends plus net repurchases 0.118 0.019 - 0.028 0.105  0.2220.249
Std. log payout-consumption ratio 0.228 0.177 0.18 0.255 0.355 0.378
Corr. consumption and payout exp. growth 0.822 0.244 0316 0.663 0.849 0.874
Corr. payout exp. growth and exp. growth volatility -0.331 -0.748 -0.701 -0.383 0.068 0.155
Avg. risk-free rate 0.007 -0.022 -0.017 0.008 0.032 0.037
Std. risk-free rate 0.025 0.021 0.022 0.031 0.045 0.048
Avg. excess equity return 0.068 0.025 0.031 0.057 0.085 0.090
Std. excess equity return 0.175 0.116 0.120 0.139 0.159 0.163
Avg. Sharpe ratio 0.388 0.178 0.216 0.409 0.625 0.666
Avg. log price-dividend ratio 3.435 3.121  3.135  3.204 3.271 3.284
Std. log price-dividend ratio 0.443 0.061 0.065 0.090 0.125 0.134
Avg. excess high-minus-low return 0.035 0.001 0.007 0.035 0.065 0.072
Std. excess high-minus-low return 0.129 0.106 0.109 0.126 0.144 0.147

Note. This table reports moment statistics from both data and model simulations. Model-implied statistics
are moment quantiles from short-sample (75 years) simulations. The model is simulated at monthly frequency.
Statistics are yearly moments if not stated otherwise. Consumption and payout (corporate profits) data are from
the National Income and Product Accounts (NIPA). Returns are from K. French webpage. The price-dividend
ratio is from R. Shiller webpage. Dividends plus net repurchases are from Belo et al. (2015).

volatility is captured quite well by the model (about 25% vs. 23% in the data). The model
also captures the strongly positive correlation between expected growth of consumption and
payouts (about 66% vs. 82% in the data) and the moderately negative correlation bewteen
expected growth volatility and payout expected growth (about -38% vs. -33% in the data).

Consistent with the data, the risk-free rate implied by the model is low (about 0.8% vs.

0.7% in the data) and smooth (about 3% volatility vs. 2.5% in the data). Moreover, the
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model predicts a sizable equity premium that compares well with its empirical estimates
(about 6% vs. 7% in the data). The excess return volatility in the model is somewhat
smaller than in the actual data (about 14% vs. 17.5% in the data). However, the model
Sharpe ratio is quite in line with the data (about 41% vs. 39% in the data). The model
predicts a realistic value for the average log price-payout ratio (3.2 vs. 3.4 in the data) but its
volatility is smaller than in the data (9% vs. 44% in the data). The model also generates a
positive and sizable value premium that compares well with the historical average return on
the high-minus-low (HML) portfolio (3.5% in both the model and the data) and its volatility
(12.6% vs. 12.9% in the data).?® Overall, whereas our focus is the term structure of equity
and its dynamics, Table 4 suggests that the model performs well in describing the main
properties of financial markets—then proposing a potential solution to the challenge posed
by BBK12 to leading models in the literature.

The quantitative analysis of the model predictions, especially those regarding the term
structure of equity, crucially depends on the balance between long-term shocks and short-
term shocks. We devise three exercises to verify that this balance and its equilibrium impli-
cations are consistent with the data.

First, we compare the model term structure of payout volatility with that in the data.
The left panel of Figure 6 displays the model-implied term structure up to 20 years. Volatility
monotonically decreases from about 20% to 10%. The plot also shows the empirical volatil-
ity computed from either corporate profits or dividend plus net repurchases. The former
decreases from about 14.8% to 8.3%, and the latter decreases from about 26.6% to 11.8%.
Thus, the model volatility matches well the level and the timing of fundamental risk.

Second, we exploit cointegration and consider the model predictability of payout growth

by the logarithm of the payout-consumption ratio:
(log Dyyr —log Dy) /7 = a+ Blog Dy /Cy + &y, 7 € (0.25,10).

The middle panel of Figure 6 shows the median as well as the 2.5% and 97.5% percentiles

20We comment in Section IV.C about the setting of cross-sectional heterogeneity.
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Figure 6: Cointegration and the Timing of Payout Risk. The left graph displays
payout growth volatility as a function of the horizon in the model and in the data (corporate
profits and net dividends). The middle and the right graph show the predictive coefficient
from the regression of cumulative payout growth on the payout to consumption ratio across
the horizon in the model and in the data, respectively.
of the predictive slope at any horizon between 1-quarter and 10 years. Slopes are negative
and significant. This pattern arises because the model assumes that the ratio is positively
driven by the stationary short-run shock z; of consumption and payout. The right panel of
Figure 6 displays the same regression estimates from actual data. Slopes are negative, and
the Hansen-Hodrick 95% confidence interval documents that they are significant. The model
well matches the sign and magnitude across the horizons of payout growth predictability.
Third, we exploit the lower bound on the fraction of state-price density volatility due
to its permament component, introduced by Alvarez and Jermann (2005). The empirical
estimates of the bound are close to and bounded above by one. Following Hansen and
Scheinkman (2009), we compute the volatility ratio in our model and find values between
1.03 and 1.05 depending on the horizon. Thus, the bound is satisfied. The way our model
transmits permanent and transitory risks from fundamentals to the endogenous state-price
density is consistent with the empirical evidence: Sizable short-term compensations are not

due to overweighing short-term risk.

Overall, the model captures well the timing of fundamental risk and how it gets priced in
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Figure 7: Price Dynamics. The figure reports the model log price to payout ratio
(left graph) and its instantaneous volatility (right graph) as a function of EGV (x;). The
(standardized) unconditional density of EGV is superimposed.

equilibrium. Therefore, we believe that, although simple and parsimonious, our model rep-
resents a well-suited laboratory to understand the term structure of equity in equilibrium.?!

Finally, Figure 7 shows that prices decline when EGV (z;) increases, whereas their volatil-
ity rises. These model results (claim 1 of our Proposition) are consistent with the empirical
evidence in Figure 2. In the following, we study the dynamics of the equity slope and refer to

countercyclical behavior in terms of either a positive correlation with EGV or, equivalently,

a negative correlation with the price-payout ratio—endogenizing Gormsen (2021)’s findings.

IV.B The Term Structure of Equity

The equity term structure and its dynamics are the key focus of our paper. We analyze
the slope dynamics of equity yields and dividend strip risk premia (claims 2 and & of our
Proposition), which have attracted substantial attention among researchers (BBK12, van
Binsbergen et al. (2013), Gormsen (2021)). Our framework jointly rationalizes these empir-

ical patterns in light of documented macroeconomic risk.

2'In contrast, many models in the literature disregard cointegration and markedly overestimate long-
horizon payout risk. Such a bias becomes even more relevant in combination with the preferences for the early
resolution of uncertainty, which amplify the impact of long-horizon payout risk on asset prices. In Section
V.C, we also discuss the assumption of limited market participation and its qualitative and quantitative
impact on the model predictions.
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Before investigating in detail the model predictions about the dynamics of the equity
term structure and inspecting the model mechanism, we provide a quantitative assessment
that the model-implied equity yields react to EGV, across the entire term structure, in a
similar fashion to what we observe in actual data. Indeed, this is the key relation in this
research. To this end, we estimate the loadings of EGV on the GKK21’s equity yields across

the maturity 7, which ranges from one to 100 years:
ey(ta 7—) =ar + bTUt,t+1 + €1ty VT

Coefficients b, are positive and statistically significant at all maturities. In order to generate
an equity yield slope that decreases with EGV—a key stylized fact documented in Section
[I—we need that the loading b, decreases with the maturity 7. Actually, we observe that
the long-maturity loading is about one order of magnitude smaller than the short-maturity

loading.

CONDITIONAL EQUITY YIELDS AND EGV
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Figure 8: Conditional Equity Yields. The figure reports the slopes of univariate
regressions of the GKK21’s equity yield on EGV, standardized for the short-maturity level,
as a function of the maturity and their model-implied counterparts.

We also build the model counterpart of the loadings b,. Using Eq. (19), the loading for

maturity 7 is simply given by

1
pmodel — _Zq.(1) > 0, V.
T

We then compare the loadings estimated from the data and the model-implied ones in Figure
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8. The figure plots the loadings, standardized for the short-maturity level, as a function of
the maturity. In this way, we can compare the decay rate of the equity yields sensitivity to
EGYV across the entire term structure. We observe that both the loadings estimated from the
data and the model-implied ones provide a very similar shape, decreasing with the maturity.
In particular, both quantities converge to a long-maturity level that is about 10% of the
short-maturity one. Thus, the model captures well the heterogeneous response of the equity
yields to EGV across the maturity, leading to a meaningful measure of the conditional equity
yield slope—the core of our analysis.

Note that our calibration does not target any of the coefficients in Figure 8. The result
is instead an endogenous equilibrium outcome and a consequence of a realistic weighting
of short-term and long-term risks that we have set referring only to macroeconomic fun-
damentals, as documented in Figure 6 and Table 4. Armed with this result, we are going
to investigate in detail the model-implied dynamics of the equity term structure and their
underlying model mechanism.

In our model, permanent shocks induce upward-sloping risk, which inherits the time-
varying and countercyclical properties of EGV. Conversely, transitory (short-term) shocks
induce constant downward-sloping risk, because they are homoscedastic. As a result, the
equity term premium is positive in bad times (in which EGV is high) and negative in good
times (in which EGV is low)—i.e., the countercyclical dynamics of the equity term premium
depend on the heteroscedastic nature of the main source of risk affecting long-term payouts.

The upper panels of Figure 9 display the forward equity yields and the dividend strip
risk premia in expansions, recessions, and in the steady state. In the steady state (z; = ),
forward equity yields are about flat across the horizon. When economic conditions deteriorate
(EGV rises), short-term forward equity yields rise more than long-term ones. As a result, the
slope of forward equity yields becomes negative in recessions. Conversely, when economic
conditions improve (EGV falls), short-term forward equity yields decrease (and become

negative) more than long-term ones. Thus, the slope becomes positive during expansions.
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Figure 9: Equity Slope Dynamics. The upper panels of the figure report the model

forward equity yield (left) and the model dividend strip risk premium (right) as a function

of the horizon for several values of EGV (x;). The lower panels of the figure show the model

forward equity yield spread (left) and the model equity term premium (right) as a function

of EGV (z¢). The (standardized) unconditional density of EGV (z;) is superimposed.
Overall, the slope of forward equity yields is procyclical, as in van Binsbergen et al. (2013).

Consider now the dividend-strip risk premia. In the steady-state (z; = Z), the risk
premium is slightly downward-sloping (BBK12). When economic conditions deteriorate
(EGV rises), long-term risk premia rise more than short-term ones. In turn, the slope of
risk premia is positive during recessions. Conversely, when economic conditions improve
(EGV falls), long-term risk premia decrease more than short-term ones. Thus, the slope is
negative during booms. Overall, the equity term premium dynamics are countercyclical as

in Gormsen (2021). The slope dynamics of the forward equity yield and the dividend strip

premium can also be inspected through their infinite-horizon spreads:
lim fey(t,7) — hII(l] fey(t,7) and  lim RPpg(x,7) — lin% RPpg(xt, 7).
T— T—

T—00 T—00

The lower panels of Figure 9 report these spreads. The forward equity yield spread is

35



decreasing with EGV, positive in expansions, and negative in recessions. Conversely, the
spread of the dividend strip risk premium is increasing with EGV, negative in expansions
and positive in recessions. Thus, the forward equity yield and dividend strip risk premium

spreads move procyclically and countercyclically respectively and switch sign over time.
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Figure 10: Equity Yield Decomposition. The panels report the model equity yield
(upper, left), the model payout expected growth (upper, right), the model bond yield (lower,
left), and the model equity yield premium (lower, right) as a function of the horizon for
several values of EGV (zy).

To better inspect the model mechanism, we exploit that the equity yield is the difference
between the risk-free bond yield, by(¢,7), and expected payout growth, gp(¢,7), plus the
equity yield premium, 9(t, 7):

ey(t,7) =by(t,7) — gp(t,7) + I(t, 7).

Figure 10 reports the equity yield and its three components in expansions, recessions, and

the steady state. First, the premium component features countercyclical level and slope,
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because it represents a time-varying compensation for the exposure to EGV-—affecting long-
term payouts more heavily than short-term ones. Second, the bond is a hedge instrument
against equity risk and, thus, the risk-free bond yield is procyclical in level. In turn, the
slope of bond yields inherits the countercyclical dynamics of the risk premium slope. Third,
expected payout growth is procyclical in level and has countercyclical slope because of the
mean-reverting dynamics of both EGV and short-run shocks. As a result of these three forces,
the equity yield is countercyclical in level—because the joint effect of expected growth and
risk premium dominates the effect of the bond yield—but features procyclical slope—because

the effect of expected growth dominates the joint effect of the bond yield and risk premium.??

IV.C Cross-Sectional Returns and Value Premium

We now study the model predictions for the cross-section of equity returns. We set ¢ =
1, oc = —0.05, and idiosyncratic risk o, = 8%, see Eq. (23) and Table 4.

The upper left panel of Figure 11 shows valuation ratios for both value and growth firms.
The price of value firms is lower in level and more sensitive to EGV. The upper right panel of
the figure displays the premium of the high-minus-low portfolio—that is, the value premium.
The value premium is positive, sizable (about 3.5%), and countercyclical. These three results
are consistent with the empirical literature and with our results in Section II: EGV is a driver
of the value premium dynamics (claim 4 of our Proposition).

To better inspect the model mechanism, we consider the premium on the claim of value
and growth payouts across the horizons. The long-run impact of EGV on payouts suggests
that long-term claims to value-type payouts should feature a larger and more volatile pre-
mium than short-term claims. Instead, the lower loading of growth-type payouts to EGV

suggests that both long-term claims and short-term claims should command a similar risk

22The forward equity yield can be written either as the difference between the equity yield and the risk-free
bond yield or as the difference between the equity yield premium and expected payout growth: fey(t,7) =
ey(t,7) — by(t,7) = ¥(t,7) — gp(t, 7). In turn, the forward equity yield shows slightly sharper cyclicality of
both level and slope than the equity yield, because it does not account for the opposite bond yield cyclicality
of both level and slope. Consistently, Section II documents that forward equity yields and equity yields are
very similar and their relation with EGV is indistinguishable.
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Figure 11: Value and Growth Price Dynamics and Term Structures. The upper
panels of the figure report the model log price-payout ratio of value and growth firms (left),
the model value premium (right) as a function of EGV (z;). The lower panels of the figure
show the model dividend strip risk premium for value (left) and growth firms (right) as a
function of the horizon for several values of EGV ().

premium and feature little sensitivity to EGV. The lower panels of Figure 11 display such
heterogeneity in the dynamics of the premia to claims of value-type and growth-type payouts
across the horizons. This result is consistent with the long-run predictability of value returns
by EGV and the lack of predictability of growth returns, as documented in Section II.

The model mechanism of the value premium dynamics is interesting for three reasons.
First, GKK21 document that the risk premia to claims of value- and growth-type payouts
respectively increase and are flat or slighlty decrease with the horizon. Recently, Hasler et al.
(2020) show that rational learning helps understand these unconditional slopes but they
do not investigate dynamics. Our framework provides an alternative explanation for this

stylized fact and reconciles it with the countercyclical dynamics of both the value premium
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and equity term premium. Second, we share with Bansal, Dittmar, and Lundblad (2005)
the idea that the value premium arises from the excess loading of value firms on long-term
fundamental risk over growth firms. However, their approach leads to negligible short-
term risk premia, which are in contrast with the empirical evidence. Instead, our general
equilibrium explains sizable short-term risk premia, similar to the partial equilibrium model
of Lettau and Wachter (2007). Nevertheless, differently from their framework but consistent
with recent empirical findings, our model does not predict downward-sloping (resp., upward-
sloping) compensations to value (growth) firms. Third, the close connection between the
model predictions about cross-sections and term structures with their empirical counterparts

strongly corroborates the main model mechanism for the equity term premium dynamics.

V Robustness of the Model Mechanism

V.A Unconditional Equity Term Premium

BKK12 and Gormsen (2021) provide evidence that unconditional equity premia are downward-
sloping. However, Bansal et al. (2021) call into question this result on the grounds that small
samples can over-represent economic conditions in which the slope is negative (e.g., reces-
sions) and, thus, lead to a wrong assessment about the unconditional slope.

While we are agnostic about the resolution of this empirical issue, we verify whether our
economic mechanism is robust to the sign of the unconditional slope. In particular, we verify
whether: (i) the model dynamics of equity slope are affected by the sign of the unconditional
slope, and (ii) the model can reconcile standard asset pricing moments with the dynamics
of the equity term structure under either positive or negative unconditional term premium.

In our model, the equity slope dynamics are robust to the sign of the unconditional slope.
The dividend strip risk premium in Eq. (20) has two components: a permanent and het-
eroscedastic component driven by EGV (and commanding upward-sloping compensations)

and a transitory and homoscedastic component due to short-run shocks (and commanding
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Figure 12: Unconditional Equity Term Premium. The figure reports the dividend
strip risk premium as a function of the horizon for several values of EGV (z;) under our
alternative calibration. The shaded area denote the difference with respect to the baseline
calibration in the steady-state.

downward-sloping compensations). The unconditional slope depends on the relative strength
of the two components. However, the conditional slope moves with EGV and, so, features
countercyclical dynamics and can switch sign over time.

We therefore consider an alternative calibration where we increase the persistence of
EGV, z; and decrease the persistence of the short-run shock, z;. Namely, we change A,
from 0.15 to 0.10 and A, from 0.15 to 0.20. We keep all the other parameters unchanged.
Under this alternative calibration, standard asset pricing moments are still reasonable and
similar to those under our baseline calibration. Appendix Table C9 reports several moment
statistics from our model simulations. We observe a slightly higher equity premium and a
lower risk-free rate as a result of preferences for the early resolution of uncertainty. Impor-
tantly, the change in the relative strength of the two shocks affects the risk premium across
the horizon. Figure 12 shows the dividend strip risk premium at the average state under
both the alternative and the baseline calibrations. Under this alternative calibration, the
unconditional equity term premium shifts from negative to positive. Figure 12 also shows
the dividend strip risk premium in good and bad states. As under the baseline calibration

(see Figure 9) and in accord with the empirical evidence, compensations increase with the
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horizon in bad states and decrease with the horizon in good states. In turn, the equity term
premium has countercyclical dynamics as documented by Gormsen (2021).

Overall, the economic mechanism of our model is robust to the sign of the unconditional
equity term premium. Moreover, in accord with the empirical evidence, short-term assets
command a high compensation even if the unconditional term premium is positive, as shown
in Figure 12. Thus, our model addresses the challenge posed by the empirical findings in
BBK12 to leading models, such as Campbell and Cochrane (1999), Bansal and Yaron (2004),
and Wachter (2013)—which cannot explain sizable short-term risk premia, independently of

the sign of the unconditional slope.

V.B Heteroscedastic Transitory Risk

A key ingredient of the baseline model is that expected growth volatility drives long-term
premia. This is supported by our empirical analysis of Section II and implemented in the
model through the assumption of heteroscedasticity and homoscedasticity of x; and z;, re-
spectively. Although parsimonious, this assumption finds empirical support (see Appendix
B) and is particularly convenient to illustrate the main model mechanism.

At the same time, we acknowledge that a limited fraction of transitory risk actually
comoves with our EGV measure (see Appendix B). In this section, we show that including
such a pattern in the model does not alter the predictions about the equity term structure
and its dynamics. To this end, we simply replace the homoscedastic dynamics of z; in Eq.

(13) with a conditional variance that is affine in x:

dZt = _)\ztht + \/ 030 + ng T de,t' <27)

2

2. X E[zy] is a small fraction of the average

where, in accord with the data, the term o
conditional variance of z;. Appendix D provides the model derivation, which is still obtained
with the approach of Eraker and Shaliastovich (2008).

To illustrate the model predictions, we keep the parameters from the baseline calibration
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Figure 13: Main Model Predictions with Heteroscedastic Transitory Risk. The
upper left panel reports the model log price to payout ratio as a function of EGV (x;). The
(standardized) unconditional density of EGV is superimposed. The upper right panel, the
lower left panel, and the lower right panel report the volatility of payout growth rates, the
forward equity yields and the dividend strip risk premium respectively, as a function of the
horizon for several values of EGV ().
of Table 3, with the exception of ¢, which is replaced by the parameters 0., = 0.023 and
0., = 0.036. The model predicts a log price-payout ratio of 3.20, a risk-free rate of 0.9%,
an equity premium of 7.4%, and a return volatility of 14.2%. These numbers compare quite
well with both the data and the baseline model predictions. Figure 13 displays the log price-
payout ratio as a function of z;, the volatility of payout growth rates, the forward equity
yields, and the dividend strip risk premium as a function of the horizon for several values of
x;. Consistent with the data and with the predictions of the baseline model, payout volatility
markedly decreases with the horizon, the forward equity yields increase (decrease) with the

horizon in good (bad) states, and the dividend strip risk premium decreases (increases) with

the horizon in good (bad) states. Therefore, the model still leads to a procyclical equity yield
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slope and a countercyclical equity term premium. The state of the economy is measured by
either expected growth volatility—in accord with our empirical findings—or the equilibrium

price-payout ratio—endogenizing the findings of Gormsen (2021).

V.C Full Market Participation

While the baseline model assumes limited market participation, in this Section we discuss
the implications of alternatively assuming full market participation. Under full market par-
ticipation (FMP), the equilibrium can still be derived using a standard methodology (Eraker
and Shaliastovich, 2008). Appendix D provides the model derivation. The main difference
with respect to the baseline model is that the return on wealth, which enters the state-
price density, should be computed for a representative agent that consumes total resources
(C =W + D). Thus, the wealth of market participants W differs from equity and is instead

a claim on the stream C'

o ) fFMP
WtFMP = [, LCthT 7& P, = WtLMP>

FMP
o M,

where the state-price density satisfies
0
dlog M™P = log Bdt — Edlog Cy — (1 —0)dlog R,

and R.; is the return on wealth. Since total resources C' weigh on short-term risk less than
payouts D, the equilibrium state-price density implies a lower price of risk for short-run
shocks, relative to that for EGV, than under limited market participation (LMP):

QFMP _ Y + k(1 —
z 1—Fki(1=2N,)

0, < QLMP.

While the assumption about market participation affects the level of the term structure and
the unconditional equity term premium, the model dynamics are not affected. When EGV
rises, prices decline, equity yields drop, and the equity term premium increases.

Figure 14 displays the dynamics of the term structure of equity under full market par-

ticipation. We observe that the model predictions about the equity term structure dynam-
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Figure 14: Equity Slope Dynamics under Full Market Participation. The top
graphs of the figure report the model forward equity yield (left) and the model dividend
strip risk premium (right) as a function of the horizon for several values of EGV (z:). The
bottom graphs of the figure show the model forward equity yield spread (left) and the model
equity term premium (right) as a function of EGV (z;). The (standardized) unconditional
density of EGV (z;) is superimposed.
1cs—the core of our analysis—do not depend on the assumption about limited or full market
participation. Indeed, the model still predicts a procyclical equity yield slope and a coun-
tercyclical equity term premium. However, full market participation affects the quantitiave
model predictions. As discussed in Section IV, under limited market participation, the model
reconciles (i) the timing of fundamental risk, (ii) standard moments (e.g., equity premium
and risk-free rate puzzles), (iii) sizable short-term risk premia, and (iv) the dynamics of
the term structure of equity. Instead, under full market participation and the same param-
eter setting, the model continues to describe well the timing of fundamental risk and the

equity term structure cyclicality, but it does not predict sizable equity compensations at

any horizon. Alternative parameter settings under full market participation predict either
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a high equity premium or downward-sloping payout risk and sizable short-term compensa-
tions. These results suggest that the empirical observation of limited market participation

is an important ingredient to study the term structure of equity.??

VI Conclusion

A parsimonious general equilibrium framework provides a comprehensive understanding of
the recent empirical findings regarding the term structure of equity, its dynamics, its impli-
cations for the cross section of returns, and in particular its link with macroeconomic risk.
The economic mechanism relies on the interaction between two risks affecting economic fun-
damentals: permanent shocks driven by expected growth volatility—which induce upward-
sloping risk with the horizon—and transitory shocks capturing stationary fluctuations—
which induce downward-sloping risk. In equilibrium, the interaction and the relative mag-
nitude of these two risks determine the slope dynamics of equity compensations. Extensive
empirical evidence supports the model assumptions, economic mechanism, and predictions.

Our model jointly generates the observed features of the term structure of equity, in-
cluding a potentially negative unconditional slope of term premia, countercyclical variation
of term premia, and procyclical variation of equity yields. The model also explains premia
to value (respectively, growth) stocks, which are increasing (flat or slighlty decreasing) with
the horizon. At the same time, our model performs well in capturing standard asset pricing
moments under realistic assumptions about the economic environment (e.g., consumption

and payouts cointegration and limited market participation) and standard preferences.

23While endogenous participation goes beyond the scope of the paper, our analysis points to it as an
unexplored economic channel to reconcile equity risk premia across the horizons.

45



References

Adrian, T., N. Boyarchenko, and D. Giannone (2019). Vulnerable growth. American Eco-
nomic Review 109(4), 1263-89.

Ai, H., M. M. Croce, A. M. Diercks, and K. Li (2018). News shocks and the production-based
term structure of equity returns. Review of Financial Studies 31(7), 2423-2467.

Alvarez, F. and U. J. Jermann (2005). Using asset prices to measure the persistence of the
marginal utility of wealth. Econometrica 73(6), 1977-2016.

Andries, M., T. M. Eisenbach, and M. C. Schmalz (2019). Horizon-dependent risk aversion
and the timing and pricing of uncertainty. Working Paper.

Bansal, R., R. F. Dittmar, and C. T. Lundblad (2005, 08). Consumption, dividends, and
the cross section of equity returns. Journal of Finance 60(4), 1639-1672.

Bansal, R., D. Kiku, I. Shaliastovich, and A. Yaron (2014). Volatility, the macroeconomy,
and asset prices. Journal of Finance 69(6), 2471-2511.

Bansal, R., D. Kiku, and A. Yaron (2012). An empirical evaluation of the long-run risks
model for asset prices. Critical Finance Review 1, 183-221.

Bansal, R., S. Miller, D. Song, and A. Yaron (2021). The term structure of equity risk
premia. Journal of Financial Economics 142(3), 1209-1228.

Bansal, R. and A. Yaron (2004). Risks for the long run: A potential resolution of asset
pricing puzzles. Journal of Finance 59(4), 1481-1509.

Barberis, N.,; R. Greenwood, L. Jin, and A. Shleifer (2015). X-CAPM: An extrapolative
capital asset pricing model. Journal of Financial Economics 115(1), 1-24.

Belo, F., P. Collin-Dufresne, and R. S. Goldstein (2015). Dividend dynamics and the term
structure of dividend strips. Journal of Finance 70(3), 1115-1160.

Berk, J. B., R. C. Green, and V. Naik (1999, October). Optimal investment, growth options,
and security returns. Journal of Finance 54(5), 1553-1607.

Berk, J. B. and J. Walden (2013). Limited capital market participation and human capital
risk. Review of Asset Pricing Studies 3(1), 1-37.

Boguth, O. and L.-A. Kuehn (2013). Consumption volatility risk. Journal of Finance 68(6),
2589-2615.

Breugem, M., R. Marfe, and F. Zucchi (2021). Corporate policies and the term structure of
risk. Working paper.

Callen, J. and M. Lyle (2020). Time variation of the equity term structure. Review of
Accounting Studies 25, 342—404.

46



Campbell, J., A. Lo, and C. MacKinlay (1997). The Econometrics of Financial Markets.
Princeton University Press.

Campbell, J. Y. and J. H. Cochrane (1999). By force of habit: A consumption-based expla-
nation of aggregate stock market behavior. Journal of Political Economy 107, 205-251.

Campbell, J. Y. and L. Hentschel (1992, June). No news is good news: An asymmetric model
of changing volatility in stock returns. Journal of Financial Economics 31(3), 281-318.

Campbell, J. Y. and R. J. Shiller (1988). Stock prices, earnings, and expected dividends.
Journal of Finance 43(3), 661-676.

Carlson, M., A. Fisher, and R. Giammarino (2004). Corporate investment and asset price
dynamics: Implications for the cross-section of returns. Journal of Finance 59(6), 2577
2603.

Cassella, S., B. Golez, H. Gulen, and P. Kelly (2022, 06). Horizon Bias and the Term
Structure of Equity Returns. The Review of Financial Studies 36(3), 1253-1288.

Colacito, R. and M. M. Croce (2011). Risks for the long run and the real exchange rate.
Journal of Political Economy 119(1), 153-181.

Croce, M. M., M. Lettau, and S. C. Ludvigson (2015). Investor information, long-run risk,
and the term structure of equity. Review of Financial Studies 28(3), 706-742.

Dolado, J. J., T. Jenkinson, and S. Sosvilla-Rivero (1990). Cointegration and unit roots.
Journal of Economic Surveys 4(3), 249-273.

Duffie, D. and L. G. Epstein (1992). Stochastic differential utility. Econometrica 60(2),
353-94.

Duffie, D., J. Pan, and K. Singleton (2000, November). Transform analysis and asset pricing
for affine jump-diffusions. Econometrica 68(6), 1343-1376.

Eaton, G. W. and B. S. Paye (2017). Payout yields and stock return predictability: How
important is the measure of cash flow? Journal of Financial and Quantitative Analy-
sis 52(4), 1639-1666.

Epstein, L. G. and S. E. Zin (1989). Substitution, risk aversion, and the temporal behavior
of consumption and asset returns: A theoretical framework. Econometrica 57(4), 937-69.

Eraker, B. and I. Shaliastovich (2008). An equilibrium guide to designing affine pricing
models. Mathematical Finance 18(4), 519-543.

Fama, E. F. and K. R. French (1992). The cross-section of expected stock returns. Journal
of Finance 47(2), pp. 427-465.

Giglio, S., B. Kelly, and S. Kozak (2021). Equity term structures without dividend strips
data. Working Paper.

47



Gomes, J. F.; A. Yaron, and L. Zhang (2003). Asset prices and business cycles with costly
external finance. Review of Economic Dynamics 6(4), 767-788.

Gongalves, A. S. (2021). Reinvestment risk and the equity term structure. Journal of
Finance 76(5), 2153-2197.

Gormsen, N. J. (2021). Time variation of the equity term structure. Journal of Fi-
nance 76(4), 1959-1999.

Gormsen, N. J. and R. S. Koijen (2020). Coronavirus: Impact on stock prices and growth
expectations. Review of Asset Pricing Studies 10(4), 574-597.

Greenwald, D. L., M. Lettau, and S. C. Ludvigson (2014). Origins of stock market fluctua-
tions. Working paper.

Greenwood, R. and A. Shleifer (2014). Expectations of returns and expected returns. Review
of Financial Studies 27(3), 714-746.

Guo, H., R. Savickas, Z. Wang, and J. Yang (2009). Is the value premium a proxy for time-
varying investment opportunities? Some time-series evidence. Journal of Financial and
Quantitative Analysis 44 (1), 133—-154.

Guvenen, F.; S. Schulhofer-Wohl, J. Song, and M. Yogo (2017). Worker betas: Five facts
about systematic earnings risk. American Economic Review 107(5), 398-403.

Hansen, L. P., J. C. Heaton, and N. Li (2008, 04). Consumption Strikes Back? Measuring
Long-Run Risk. Journal of Political Economy 116(2), 260-302.

Hansen, L. P. and J. A. Scheinkman (2009, 01). Long-term risk: An operator approach.
Econometrica 77(1), 177-234.

Hasler, M., M. Khapko, and R. Marfe (2020). Rational learning and the term structures of
value and growth risk premia. Working paper.

Hasler, M. and R. Marfe (2016). Disaster recovery and the term structure of dividend strips.
Journal of Financial Economics 122(1), 116 — 134.

Kamber, G., J. Morley, and B. Wong (2018). Intuitive and reliable estimates of the output
gap from a beveridge-nelson filter. Review of Economics and Statistics 100(3), 550—566.

Koijen, R. S., H. Lustig, and S. Van Nieuwerburgh (2017). The cross-section and time series
of stock and bond returns. Journal of Monetary Economics 88, 50 — 69.

Kreps, D. M. and E. L. Porteus (1979). Temporal von Neumann-Morgenstern and induced
preferences. Journal of Economic Theory 20(1), 81-109.

Lettau, M. and S. C. Ludvigson (2005, June). Expected returns and expected dividend
growth. Journal of Financial Economics 76(3), 583-626.

48



Lettau, M., S. C. Ludvigson, and S. Ma (2019). Capital Share Risk in U.S. Asset Pricing.
Journal of Finance 74(4), 1753-1792.

Lettau, M. and J. A. Wachter (2007, 02). Why is long-horizon equity less risky? A duration-
based explanation of the value premium. Journal of Finance 62(1), 55-92.

Malloy, C. J., T. J. Moskowitz, and A. Vissing-Jergensen (2009). Long-run stockholder
consumption risk and asset returns. Journal of Finance 64 (6), 2427-2479.

Mankiw, N. and S. P. Zeldes (1991). The consumption of stockholders and nonstockholders.
Journal of Financial Economics 29(1), 97 — 112.

Marfe, R. (2015). Labor rigidity and the dynamics of the value premium. Working paper.

Marfe, R. (2016). Corporate fraction and the equilibrium term structure of equity risk.
Review of Finance 20(2), 855-905.

Marfe, R. (2017). Income insurance and the equilibrium term structure of equity. Journal
of Finance 72(5), 2073-2130.

Menzio, G. (2005). High-frequency wage rigidity. Working paper.

Rios-Rull, J.-V. and R. Santaeulalia-Llopis (2010). Redistributive shocks and productivity
shocks. Journal of Monetary Economics 57(8), 931-948.

Tauchen, G. (2011). Stochastic volatility in general equilibrium. Quarterly Journal of Fi-
nance 1(4), 707-731.

Ulrich, M., S. Florig, and R. Seehuber (2022). A Model-Free Term Structure of U.S. Dividend
Premiums. The Review of Financial Studies 36(3), 1289-1318.

van Binsbergen, J., M. Brandt, and R. Koijen (2012). On the timing and pricing of dividends.
American Economic Review 102(4), 1596-1618.

van Binsbergen, J., W. Hueskes, R. Koijen, and E. Vrugt (2013). Equity yields. Journal of
Financial Economics 110(3), 503 — 519.

Wachter, J. A. (2013). Can time-varying risk of rare disasters explain aggregate stock market
volatility? Journal of Finance 68(3), 987-1035.

Weil, P. (1989). The equity premium puzzle and the risk-free rate puzzle. Journal of
Monetary Economics 24(3), 401-421.

Zhang, L. (2005). The value premium. Journal of Finance 60(1), 67-103.

49



A Model Derivation and Proofs

Affine Notation

The vector X; = (ys, x4, 2, wy)" collects the two state variables of our model z; and z; as
well as accumulated expected growth vy, = ut + f(f (z — xs)ds and the specific component of

cross-sectional payouts w; = ¢ fot (Z — x5)ds + 0,B,;. The vector belongs to the affine class
and has dynamics:

dXt = M(Xt)dt + E(Xt)dBt,
,LL(Xt) :M + ICXt,

D(X)E(X)T =h+ Zie{y oz} H; X4,

with Brownian motions B; = (By+, Byt, Bst, Bw:)' and the following coefficients:

1+ T 0 -1 0 0
AT 10 =X, 0 0
M= 0 ’ K= 0 0 =X, 0]

T 0 —p 0 0
00 0 O 0000 0 0 0O
00 0 O 0000 0 02 00
h= 00 o2 0] Hy=H.=H, = 0000} He = 0 0 0O
00 0 o2 0000 0 0 0O

The following selection vectors allow to recover consumption, aggregate payouts, and cross-
sectional payouts:

ve =(1,0,1,0)07 = v X;=logCh,

vp =(1,0,0,0)7 = wvL X, =logDy,

v, = (1,0,6,1)7 = ol X; =logDf.

Moment Generating Function

The following conditional expectation allows to compute the moment generating function
for the logarithm of C| D, and D¥ at any future horizon 7:

Eqfexp(u’ Xy, )] = exp(bo(7) + b(7)TXy). (A1)

As shown in Duffie, Pan, and Singleton (2000), the functions by(7) and b(7) = (by(7), by (7),
b-(7),bw(7))" solve the following system of ODE’s:

() = MTB(r) + SB(r)hi(r).

V() =KTb(1) + %Z_)(T)TH[)(T).
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By setting the initial conditions by(0) = 0 and either b(0) = uve, b(0) = uvp, or b(0) = uv,,
Eq. (Al) computes the time-t conditional expectation of either Cyi,, Diy, or Df, . with
power u respectively. These expectations can be used to build the term structure of growth
rates volatility.

Equity and State-Price Density

We follow Eraker and Shaliastovich (2008) and the state-price density based on recursive
preferences of Epstein and Zin (1989) type. To do so, we use the Campbell and Shiller
(1988) approximation to log-linearize the return R; on the wealth of market participants
(that in our economy corresponds to the equity market and pays-out D;):

dlog Ry = kodt + kidpd; — (1 — kq)pddt + dlog Dy, (A2)

Where ky and k; are endogenous constants to be determined. We conjecture that the log
price-payout ratio (which is also the log wealth-consumption ratio of market participants) is
an affine function of X;: pd; = Ag + ATX,.

We use Eq. (A2) to rewrite the state-price density dynamics as follows:

dlog M; = 6log Bdt — %dlog Dy — (1 —0)dlog R,
= (OlogB — (0 —1)loghky + (0 — 1) (k1 — 1) AT (X; — pux)) dt — ATdX;, (A3)

where A = yup+ (1 — 0) k1A and px = (0,7,0,0)". Then, the Euler equation can be written
as:

My,
1 =E, [—]\ZF eJo legRt“} , V.

t

Since the term in the conditional expectation has to be a martingale, we apply Itd’s lemma
to compute its drift that we set equal to zero:

1

where x =0 ((1 — i) vp + k;lA). Since Eq. (A4) holds for all X; and we set the coefficients

on X; and the residual constant equal to zero. The endogenous coefficients ki, Ay and
A= (A, A A, A,)T are obtained by solving the following system:

1
0=KTx—0(1 —kl)A+§XTHX7
1
0=0(ogf+ko— (1 —Fk1)Ay) + MTx+ §XTth
1
Ologhky =0 (logB+ (1 — k1) ATux) + MTx + §XThX-

The solution coefficients should be inserted into (A3) to obtain the equilibrium state price
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density.?* The equity price is then given by P, = D, exp(A4g + ATX,), where A, = A, = 0.
Applying 1t6’s Lemma to (A3) yields:

dM,
M,

— (Blog B — (6 — 1) log ky + (6 — 1) (k1 — 1) AT (X, — pux) + p(X,)TA) dit

- %/\TZ(Xt)Adt — NTX(X,)dB;
= — (ro+ 77X, dt — NTS(X,)dB,, (AD)

where the coefficients 7y and 7 = (ry, 74,75, 7,)" are:

ro=—0log+ (0 —1)(loghky + (k1 — 1) ATux) + MTA — %)\Th)\,
1
T=(1-0)(ks—1)A+K"\— §ATH)\.

Therefore, the risk-free rate is given by r, = o+ 77X, and the vector of risk prices is given by
Q(Xe) = (Qy, 2y, Q,, Q)T = X(X;)TA, where it turns out that r, = r,, = 0 and Q, = Q,, = 0.
Consequently, the risk premium on equity is equal to RP(x;) = ((A + vp)T2(X}))Q(Xy),
which is an affine function of x; only.

Term Structures
Following Duffie et al. (2000), the risk-neutral dynamics of X, are given by:
dX, = (M +K°X,) dt + ¥(X,)dBg2,
ME =M — h),
Ke =K —H\,
dB2 =dB; + X(X,)T A dt.

Then, we can compute the discounted value of several payouts, such as Dy,,, DY, ., and the
unitary payout of a risk-less bond:

My, "
E, ]\Zr eXp(vTXHT)} =E° {exp(—/ Tepsds + 0T X r) | = explqo(T) + ¢(7)TXy),
0

t

where v € {vp, vy, (0,0,0,0)T}. The deterministic function g,(7) and ¢(7) = (gy(7), ¢(7),
q-(7), gw(7)) solve the following system of ODE’s:

h(7) = — 1o+ (M) () + Sa(r)Tha(r),

4(r) = =+ (K9)74(r) + 5a(r) Hy(r),

24Note that the above system of equations could yields multiple solutions. Tauchen (2011) proposes
to select the root which ensures the non-explosiveness of the system. Alternatively, one could select an
economically reasonable solution.
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with initial conditions ¢o(0) = 0 and ¢(0) = v.
Therefore, the strip price of the aggregate payout, the risk-less bond price, and the strip
price of the cross-sectional payout are given by

P, ; = exp(qo(7) + q(7)TX:), with v =wvp,
By ; = exp(qo(7) + q(7)"X;), with v =(0,0,0,0)T,
Pr = exp(qo(r) +q(7)7Xy), with v =uv,.

For the strip price of the aggregate payout in Eq. (19), the price elasticities to the permanent
and short-run shocks satisfy:

20,

VU3 — 40,0, coth <§\/\II% — 4\110\1’2> — \111’

cuﬂ=§+¢u—wwfhz

a, (1) =

where

VU KRy — 1)
1 T a1

—1
\Ifl = — kl(szxM )\xa

1—1/¢
\1’2:

v [

For the risk-less bond price in Eq. (22), the price elasticities to the permanent and short-run
shocks satisfy:

2P
by (1) = 0 :

V32 — 43,, coth (g\/qﬂ; - 4<I>0<I>2) — 3,

b.(T) —% (1—e7).

where &g = ¥y + 1, &; = ¥y, and &5 = U,. For the strip price of the cross-sectional payout
in Eq. (26), the price elasticities to the permanent and short-run shocks satisfy:

o 20
) /02 — 46,0, coth (g\/@f - 4@0@2) —e,
5(r) =5 + 01— 1)

where Qg = Vg — p, ©7 = Uy, and Oy = U,.
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Cross-Sectional Equity

The price of the stock paying out the stream D} can be computed either as the time integral
of the corresponding strip price over any maturity or via an exponential affine approximation.
Such exponential affine approximation is given by

P? = DY exp(Ay + (A%)TX,).

The coefficients Af, A = (A7, AZ, A?, A9)T, and the endogenous constant ki solve the
following system:

0=(0—-1)(ks —1)A+ (kY — 1)A? + KTy, + (1/2))(;]-])@,

0=0log— (0 —1)(logky + (k1 — 1)ATpx) — (logk{ + (k{ — 1)(A®)Tux) + MTx,
+ (1/2)xShxe,

0 =A§ + (A%) ux — log k{ +log(1 — k),

where y, = v, + k{ A? — A, It turns out that Ay = Af = 0. Therefore, the risk premium on
the cross-sectional stock is equal to RP¥(z¢) = ((A¥ + v,)"2(X;))(X,), which is an affine
function of x; only.

State-Price Density Decomposition

We follow Alvarez and Jermann (2005) and Hansen and Scheinkman (2009) and decom-
pose the equilibrium state-price density in its permanent (martingale) component and its
transitory component. The logarithm of the state-price density equals:

t 1 t
log M, — — / (re 5 (@2(22) + 92)ds - / 0 (2.)dBs.s — Q.B..,
0 0
with log My = 0.

Example 6.2 in Hansen and Scheinkman (2009) nests the above functional form. The
permanent (martingale) component M; of the state-price density is given by

— 1 t 1
log M; = — §(cxax — Qx)z/ reds — 5(0202 — )%
0

t
- (Czax - Qw)/ vV J;sde,s - (Czaz - Qz)Bz,t7
0

where

Ay + 0,0, — \/27”950% + (A + J;EQQC)2

2
0%

Cy )

Tz
C; = — T,

A

with €, = Q,(z;)//x;. This decomposition allows us to verify that the state-price density
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satisfies the bound introduced by Alvarez and Jermann (2005), as reported in Section IV.A.

Proposition Proof

Our results are valid under the parametric restriction o2 < 2, where

2 _ YAtk (2299 + () + ¥ — 2)A0 +2) — 2) (A6)

’ 2k1 (v — 1)2

In the steady-state, the equity premium equals 9.5% at the upper boundary o2 = G2 in
our baseline calibration. Since the equity premium is much lower in the data, the above
constraint is never binding in our analysis. Other parameter restrictions we impose are
O0<ki <l,0< A <1l,y>¢>1.

Lemma 1. ¥, < 0.

Proof. Note that Wy is strictly increasing in o2

o2 E2(ky(N\p — 1)+ 2 +1)2

> 0. (AT)

2 (i.e., to its highest value given our constraint) yields ¥y < 0.
Since Wy is strictly increasing in o2, this implies that for 02 < 32, ¥, is negative. O]

Furthermore, setting o2 = 5>

Lemma 2. ¥, < 0.
Proof. Note that ¥, is strictly increasing in o2
oV, . k(v —1)

i = > 0. (A8)

- (i.e., to its highest value given our constraint) yields ¥; = 0.
Since W, is strictly increasing in o2, this implies that for o2 < 72, ¥, is negative. O

Furthermore, setting o2 = 5>

Lemma 3. A, < 0.

Proof. Since A, = —% and v > 1, we simply need to verify that:

1— k(1= X)) +Z >0 (A9)

Since = is a square root term and non-negative and since 0 < k; < 1 and 0 < A, < 1, this
condition is satisfied. O
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Part 1: Valuation ratios decrease with EGV:
We compute the derivative term:

0 P A,
log — = —

— = Ay + A, A,z).
axt Dt Dt oXp ( 0 + T + Zt)

The above term is negative since A, is negative as shown in Lemma 3. O]

Part 2: The slope of equity yields decreases with EGV:

We compute the cross-derivative term:

o2 a4, (7) Daz (1) 20 (w cosech w? — cothw) (\/\If% — 4V U, + \Ifl>

_or

ey(t,7) = —5= — =—

2
0r0z T T 2 (xpl — cothwy/T2 — 4\110\1/2)
(A10)

To determine the sign of (A10), note that the denominator contains a squared (real) term,
ans is therefore positive. We therefore focus on determining the sign of the numerator. The
term w = 5\/\11% — 4V, is strictly positive since ¥y < 0, ¥; < 0, ¥y > 0, and 7 > 0,
Consequently, the trigonometric expressions satisfy wcosech w? — cothw < 0 and cothw > 1.
Additionally considering ¥y < 0 and the minus sign in front of the expression, it suffices to
show that the following term is positive:

/U2 — 4T 0y + ;.

Since ¥y < 0 and ¥y > 0, this condition is satisfied. O

Part 3: The slope of the dividend strip risk premium increases with EGV:

We compute the cross-derivative term:

82 Amklai <’y — i) o
8TaxRPDS($t, 7') = 1_ T ECLI(T). (All)
¥

Given 0 < ky < 1,y >4 > 1 and A, < 0, a sufficient condition for showing that (A11) is
negative is that da,(7)/07 is negative, where

U, (U2 — 40,0 hw)?
62%(7_) _ o (W7 oWs) (cosechw) 5
T (11:1 — cothwy/T2 — 4\1/()\1/2>

Considering that the expression contains two squared and hence positive terms, it suffices
to show that the following term is negative:

U (U] — 4T0W,) .
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Since, ¥y < 0 and ¥y > 0, this condition is satisfied. O

Part 4: The value premium increases with EGV:

The coefficients A? and A? are derived using Eraker and Shaliastovich (2008):

2(¢ —1)%p oA, (1 —1/)
72— T Y —
Ax =TI —|—F1\/F2 ) and AZ 1 k‘f(l /\z),

where T'g, T'y, and 'y are quantities that are a function of o, ki, ¥, k7, 7, 2, and A, are
independent of ¢ or x;. Specifically:

(v =Dk (= DY? —k{ (¢ = DYp(yp + k1 (Ae = D( = 1) = 1) + K E(y9 — 1)

o= (= L)k (7)202 (0 — )92 :
1
RGO e ye
L @R =18 (0 DY~ b= DD (20— 102~ (e = D) + K501 = %) £ &~ 1))
? (v — 1)k3y?
L 2RAE (9 = (W = DU O = 1) = 1) +5) = 2608 = 1) (= ¥ + )
(v — 1)k3? '

It is now sufficient to show the following cross-derivative of (25) is positive:
2 _ ® _ —(p) —1)2
9 Rp@(xt) — o2 (klAm (7 1/¢)) an 9 (kle (7 1/¢)> (¢ 1)

Opox v 1—1/v dp Ou 1—1/4 p, _ 2e(@-1)2 ’
2 T

Since for 62 > 0,7 > ¢ > 1,k; > 0, this condition is satisfied if:

A,
T, — 2ew=1?

Iy

< 0.

Since A, < 0 from Lemma (3), and since we assume our model is well-defined (no imaginary
quantities), the denominator is positive and hence the above condition is satisfied. O
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B Empirical Properties of the Transitory Component
of Economic Growth

Construction of the Transitory Process

The representation of Eq. (3)-(9) for the long- and short-run components of economic growth
naturally links to the model dynamics in Eq. (11)-(13). In this section, we compute and
analyze the properties of the process “transitory, ,”, which corresponds to z; in the model.

First, we recover the empirical counterpart to the shock o,dB,; in Eq. (13) by taking
the forecast error, defined as the difference between actual GDP growth and the SPF mean
forecast, i.e., €g¢r1 = gir1 — frar1 (see Eq. (3)). Second, we obtain a proxy for the drift
term of aggregate resources (corresponding to expected growth), namely E;[dlog C}] = (1 +
T — xy — \,z)dt. To this end, we filter the permanent component out of expected growth,
as measured by the SPF mean forecast, by implementing the regression in Eq. (5) where
ftt+1 1s regressed on oy 441. The residual ef; from such a specification captures the expected
transitory component of growth E;[dz)]| = —\,zdt. Following Eq. (8), we can then compute
the transitory shock to growth at time ¢ 4+ 1 by summing €,,1 and ey, thus proxying for
dz;. By the same token, we build our model-based proxy for the z; process as:

transitory,,, = Z Atransitory, = Z(egﬁﬂ +egs). (B1)
s<t+1 s<t

The above construction then derives the transitory component under the assumption
that our EGV measure drives the permanent component of expected growth (see Eq. (5)).
An immediate validity check boils down to comparing the transitory component against the
output gap —a well known proxy of the transitory component of economic growth. Appendix
Figure B1 shows that transitory shocks and changes in output gap strongly comove over the
entire sample 1968-2019 (with a correlation of 95.7%).

T T I T T
=== Atransitory
0.021 — Aoutput gap
0.00 |- i
—0.02 |

| | | | | |
1970 1980 1990 2000 2010 2020

Figure B1: Transitory Shocks and Output Gap. This figure plots the changes of the
transitory process from Eq. (B1) and the changes of output gap.

The Brownian shocks in Eq. (12)-(13) are independent. This assumption finds support in
the data. We build the empirical counterparts of the Brownian shocks dB,; and dB, ; as the
innovations to the processes 0y, and “transitory, ;”, respectively (for which we assume,
in accord with the model, a square-root and a linear autoregressive dynamics discretized at
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quarterly frequency). We find that the correlation between these innovations is not statis-
tically different from zero. The same result obtains when replacing “transitory, ,” by the
output gap. Below, we further analyze the properties of the transitory component.

Stationarity, Heteroscedasticity, and Cyclicality

In Appendix Table B1, we test for the stationarity of transitory,,,; by means of Augmented
Dickey-Fuller (ADF) tests. The objective is to verify if the unit root of economic growth
is indeed driven by the permanent component in Eq. (7) alone. Due to uncertainty as to
the specification of ADF tests, we define the underlying model in a less restrictive way by
including a drift term (Dolado, Jenkinson, and Sosvilla-Rivero, 1990). In column 1, we allow
for the presence of a lag in the specification, whereas in column 2 we select the optimal
number of lags by means of the Akaike information criterion. In each case, we are able
to reject the null hypothesis of the presence of a unit root in the transitory component of
economic growth. This is reassuring for our modeling assumptions, especially in the light of
the well-known low statistical power issues of ADF tests.

Table B1: Stationarity of the Transitory Process

(1) (2)

ADF lags 1 12
ADF stat -2.29 -2.64
p-value 0.01 0.00
Observations 205 205

Note. This table reports results from tests of stationarity of the transi-
tory process in Eq. (B1). ADF tests with a drift in the underlying model
are presented. The number of lags included in the ADF specification is
equal to one in column 1, whereas it is optimally selected according to
the Akaike information criterion in column 2.

The process in Eq. (13) assumes a constant volatility o, for z;, whereas the volatility
of x; in Eq. (12) is time-varying and defined as o,,/7;. In other words, we assume z
and x; to be homoscedastic and heteroscedastic, respectively. To test such assumptions, in
Appendix Figure B2 we plot the residuals against the fitted values from AR(1) models for
the transitory process—which proxies for z;—and EGV (¢)—which proxies for z;. In line
with the assumption of homoscedasticity of z;, the left graph displays no clear pattern, with
the residuals pretty evenly scattered over the plot. By contrast, the right graph for EGV
clearly shows that the dispersion of residuals increases with the fitted values, pointing to the
heteroscedasticity of x;.

To further investigate our assumption of homoscedasticity of z;, we compute the condi-
tional volatility of “transitory,,,” as the four-quarter moving average of |e, 11| and verify
its dependence on the permanent growth process as proxied by EGV by means of a linear
regression (untabulated). We find that EGV loads positively and significantly, pointing to
some degree of heteroscedasticity in “transitory,,,”, which is nonetheless of modest eco-
nomic magnitude. Whereas this result corroborates the homoscedastacity of z;, in Section
V.B we present a model extension allowing for this form of heteroscedasticity. The main
model mechanism is not affected and the model predictions remain essentially unchanged.
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Finally, in Appendix Table B2 we assess the cyclicality of “transitory,,,” by estimating
the same specifications seen for EGV in Table 1. As we would expect, “transitory,,,” appears
to be strongly procyclical irrespective of the business or financial cycle measure we consider.

AR(1) - transitory AR(1) -0
n | ] al |
= =
E : -- -a--: .-'. N ~9 St n?' o
3 B P enghth | 8 B I o TS |
SRR £ = 0
:g. N .-. |_- E [} ,-.-i
n —2| : n —2| ! g
—4 b \ \ - —4 = | | [
—2 0 2 4 -2 0 2 4
Std. Fitted Values Std. Fitted Values

Figure B2: Heteroscedasticity in the Transitory and Permanent Component
of Growth. This figure plots residuals against fitted values from AR(1) models for our
measure of the transitory process (Eq. (B1), left graph) and for EGV (o, right graph). All
variables are standardized.

Table B2: The Cyclicality of the Transitory Process

Transitory Process

(1) (2) (3) (4) (5)

Constant 0.193*** 0.187*** 0.244*** 0.194*** -0.445%**
(15.85) (16.12) (7.76) (19.53) (-7.45)
NBER Recession -0.063*
(-1.93)
Detrended Labor Share -0.629**
(-2.03)
Default Spread -0.056**
(-2.08)
NFCI -0.043***
(-5.80)
In(P/D) 0.174%%*
(11.40)
Observations 205 205 205 196 205
Adj. R? 0.06 0.05 0.06 0.26 0.54

Note. This table reports estimates from contemporaneous regressions at quarterly fre-
quency of the transitory process in Eq. (B1) on selected measures of macroeconomic (NBER
recessions and the detrended labor share) and financial conditions (the default spread, the
NFCI, and the logarithm of the price-dividend ratio of the CRSP value-weighted index)
over the period 1968-2019. The t-statistics are reported in parentheses and are based on
Newey-West standard errors with a number of lags equal to the integer part of 7025, where
T is the number of observations. Significance at the 10%, 5%, and 1% levels is indicated
by *, **, ***, respectively. Detailed variable definitions are provided in Appendix Table C1.
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Table C1: Definition of Main Variables

Variable Sources Definition

Realized and Expected Growth (Volatility)

g FRED Actual quarterly growth rates for real GDP, PCE, IP, and CP. For consistency with SPF mean growth forecest
about CP, the latter time series is adjusted for inventory valuation and capital consumption adjustments around
2006.

f SPF Quarterly mean growth forecasts for real GDP, PCE, IP, and CP.

o SPF EGYV of growth based on mean growth forecasts of real GDP, PCE, IP, and CP for the next quarter and on equations
(1)-(2).

o (AR(MA)(1,1)-(G)ARCH(1,1)) SPF EGV based on mean growth forecasts of real GDP, PCE, IP, and CP for the next quarter and on a AR(MA)(1,(1))-
(G)ARCH((1),1) model for conditional volatility.

TCond. SPF, FRED EGYV of GDP growth based on filtered forecasts of GDP, i.e., residuals from a regression of mean growth forecasts
of GDP for the next quarter on the (de-trended) labor share of the nonfinancial corporate sector. The econometric
approach is the same as in equations (1)-(2).

ODisp. SPF The difference between the 75th and the 25th percentile of real GDP growth forecasts for the next quarter.

Stock Market
In(P/D)

Equity Yield Slope (GKK21)

Equity Yield Slope (BBK12)

CRSP, Robert Shiller’s
‘Webpage

GKK21

BBK12

Natural logarithm of the quarterly price-dividend ratio of the CRSP value-weighted index or of the S&P 500 index.
The baseline analysis relies on the CRSP index, except when using data on equity yields from BBK12: because those
yields are extracted from options on the S&P 500 index, in that case we use information on the S&P 500 index. To
extract information on dividends on the CRSP index, we exploit differences between total and ex-dividend returns
as in Eaton and Paye (2017). As in Eaton and Paye (2017), we then compute dividends in a given month as the
moving average over the previous year to mitigate seasonal patterns. Available data both for the CRSP and the
S&P 500 index are monthly and are converted to quarterly frequency by taking the average of the ratio over the
previous three months in each quarter.

Difference between a long-maturity yield (ey(t,long)) and the two-year equity yield (ey(t,short)), where yields are
model-implied measures. The maturity of the long-maturity yield ranges between ten and 100 years. A measure
relying on the dividend yield of the CRSP value-weighted index as ey(¢,long) is also computed. Available data are
monthly and are converted to quarterly frequency by taking the average of the yields over the previous three months
in each quarter.

Difference between the S&P 500 dividend yield (ey(t,long)) and short-maturity equity yields (ey(t,short)), whose
maturity ranges between 0.5 and two years. Short-maturity equity yields are extracted from data on dividend prices

and current dividends by BBK12 by means of the formula ey(t, short) = —%ln (5%:

of dividends up to maturity n at time ¢, D¢ is the current annual dividend at time ¢, and n = 0.5, 1, 2 years. Note
that, differently from the standard formula to extract equity yields from dividend futures (e.g., Bansal et al., 2021),
Pp.t is obtained from option prices and needs to be divided by n. Indeed, P ; in BBK12 is the price of a claim on
all dividends paid up to maturity n (i.e., not on the single dividend paid at date n). Available data are monthly
and are converted to quarterly frequency by taking the average of the yields over the previous three months in each
quarter.

), where P, ; denotes the price

(Continued)
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Table C1: — Continued

Equity Term Premium

Value, Growth, Value — Growth

Other macrofinance variables
Inflation

NBER Recession

Detrended Labor Share
CFNAI

NFCI

Default Spread

CRSP, GKK20, FRED

Kenneth
‘Website

FRED

FRED

FRED
FRED
SPF

FRED

French’s

Difference between the CRSP value-weighted index logarithmic real return (long-maturity claim) and the logarithmic
real return on the two-year dividend strip based on the corresponding model-implied equity yield by GKK20. CRSP
index returns are monthly and are converted to quarterly frequency by summing them over the previous three
months in each quarter. The quarterly return on two-year dividend strip at time ¢ is computed as —1.75ey1.75,¢ +

2ey2.t—0.25 + In (ﬁ), where the 1.75-year equity yield is obtained by interpolating the one- and the two-year

yields. Finally, the one-quarter to ten-year ahead cumulative equity term premia are computed.

Real dividend growth rates and returns on the value (growth) returns correspond to the top (bottom) decile of
stocks sorted on the book-to-market ratio and their difference (value-growth), where portfolio construction follows
Fama and French (1992). Portfolio dividend growth rates and returns are monthly and are converted to quarterly
frequency by summing them over the previous three months in each quarter. Finally, the one to ten-year ahead
cumulative dividend growth rates and returns for each of the three portfolio strategies are computed. To extract
information on dividend growth rates on the top and bottom decile portfolio of stocks sorted on the book-to-market
ratio, we exploit differences between total and ex-dividend returns as in Eaton and Paye (2017). As in Eaton and
Paye (2017), we then compute dividends in a given month as the moving average over the previous year to mitigate
seasonal patterns. Available data both for the CRSP and the S&P 500 index are monthly and are converted to
quarterly frequency by taking the average of the ratio over the previous three months in each quarter.

Quarterly logarithmic inflation rate computed from the seasonally adjusted Consumer Price Index for All Urban
Consumers (CPI). The conversion of other variables in real terms is based on this CPI measure.

Indicator equal to one if at least one month in a given quarter is classified as a recession by the NBER. Each
observation corresponds to the first month of the quarter.

Resisuals from a regression of the labor share for employees of the nonfinancial corporate sector on a time trend.
The three-month moving average of the CFNALI as of the end of the first month of each quarter.

Chicago Fed’s NFCI at quarterly frequency.

The difference between the yield to maturity of Aaa- and Baa-rated corporate bonds. Available data are monthly
and are converted to quarterly frequency by taking the average of the spread over the previous three months in each
quarter.




Table C2: Goodness of Fit of Alternative EGV Specifications

RMSE Correlation with baseline

Specification (1) (2)
Panel A

o —Eq. (1)-(2) 0.0021 1.0000
o (AR(1)-ARCH(1)) 0.0029 0.6451
o (AR(1)-GARCH(1,1)) 0.0030 0.8904
o (ARMA(1,1)-ARCH(1)) 0.0030 0.6568
o (ARMA(1,1)-GARCH(1,1)) 0.0030 0.8841
Panel B

0cond. — Eq. (1)-(2) 0.0020 0.9966
ocond. (AR(1)-ARCH(1)) 0.0028 0.6463
0cond. (AR(1)-GARCH(1,1)) 0.0029 0.8788
0cond. (ARMA(1,1)-ARCH(1)) 0.0029 0.6590
0Cond. (ARMA(1,1)-GARCH(1,1)) 0.0030 0.8729
Panel C

opce — Eq. (1)-(2) 0.0015 0.6811
opce (AR(1)-ARCH(1)) 0.0022 0.4156
opce (AR(1)-GARCH(1,1)) 0.0023 0.6440
opce (ARMA(1,1)-ARCH(1)) 0.0021 0.4375
opce (ARMA(1,1)-GARCH(1,1)) 0.0023 0.6731
Panel D

o — Eq. (1)-(2) 0.0051 0.8905
orp (AR(1)-ARCH(1)) 0.0069 0.6170
o (AR(1)-GARCH(1,1)) 0.0068 0.8160
orp (ARMA(1,1)-ARCH(1)) 0.0071 0.6261
orp (ARMA(1,1)-GARCH(1,1)) 0.0068 0.8127
Panel E

ocp — Eq. (1)-(2) 0.0129 0.6910
ocp (AR(1)-ARCH(1)) 0.0185 0.4230
ocp (AR(1)-GARCH(1,1)) 0.0191 0.6760
ocp (ARMA(1,1)-ARCH(1)) 0.0180 0.4523
ocp (ARMA(1,1)-GARCH(1,1)) 0.0187 0.6672

Note. This table, in column 1, reports the root-mean-square error (RMSE)

RMSE = ((1/7) S (- oa41)°)

from several specifications at quarterly frequency of conditional and volatility
models as well as the correlation of the EGV measure they generate with the
baseline EGV measure (i.e., based on Eq. (1)-(2)) in column 2 for the period
1968-2019. In Panel A, the EGV measures are estimated from GDP growth
forecasts. In Panel B, the EGV measures are estimated after conditioning
growth forecasts on the (de-trended) labor share of the corporate sector. In
Panel C, D, and E, the EGV measures are estimated from PCE, IP, and CP
growth forecasts, respectively. Detailed variable definitions are provided in

Appendix Table C1.
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Table C3: Equity Yield Slope, EGV, and Expected Growth Tails

Panel A
nth quantile of g
(1) ) 3) (4) 5) (6)
5th 10th 25th 75th 90th 95th
Constant -0.004** -0.000 0.003*** 0.008*** 0.011*** 0.013***
(-2.46) (-0.18) (6.06) (13.83) (17.16) (18.38)
Equity Yield Slope 0.048** 0.050*** 0.029*** 0.002 -0.017** -0.023***
(MKT-2Y, GKK21) (2.15) (3.31) (5.72) (0.59) (-2.19) (-2.79)
Observations 180 180 180 180 180 180
Pseudo R? 0.23 0.22 0.11 0.00 0.05 0.09
Panel B
nth quantile of g
(1) ) 3) (4) 5) (6)
5th 10th 25th 75th 90th 95th
Constant 0.007*** 0.007*** 0.007*** 0.007*** 0.007*** 0.006***
(14.67) (16.45) (14.55) (16.61) (13.29) (7.25)
o -3.198*** -3.044*** -1.743*** 0.810*** 1.675%** 2.694***
(-10.65) (-10.35) (-4.08) (3.18) (3.35) (7.73)
Observations 205 205 205 205 205 205
Pseudo R? 0.47 0.39 0.15 0.07 0.15 0.16

Note. This table reports estimates from contemporaneous quantile regressions at quarterly
frequency of expected GDP growth (g) on either the equity yield slope in Panel A or EGV (o)
in Panel B. The dependent variable is the nth quantile of the mean GDP forecast from SPF
(g9),. The relevant quantile is indicated at the top of each column. Panel A uses the equity yield
slope computed as the difference between the dividend yield of the CRSP value-weighted index
and the model-implied two-year equity yield of GKK21 for the period 1974-2019. Panel B uses
our baseline EGV for the period 1968-2019. The t-statistics are reported in parentheses and
are based on robust standard errors. Significance at the 10%, 5%, and 1% levels is indicated

by *, **, *** respectively. Detailed variable definitions are provided in Appendix Table C1.

9 9
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Table C4: Alternative Equity Term Premium Measures and
EGV

10Y-Ahead Equity Term Premium
MKT-2Y (GKK21) 100Y-2Y (GKK21) MKT-ST (BBK12)

(1) (2) (3)

Constant 0.640* 0.120 -5.231%**
(1.87) (0.26) (-9.74)

o 416.383*** 273.158 1485.352***
(3.47) (1.65) (4.40)

Observations 137 137 11

Adj. R? 0.21 0.08 0.61

No. lags (Newey-West) 3 3 1

Note. This table reports estimates from regressions at quarterly fre-
quency of alternative measure of the equity term premium on EGV
(o). The equity term premium is the ten-year ahead cumulative
long-minus-short equity return. In column 1, the long leg is the
CRSP index return and the short one is the two-year dividend strip
return. In column 2, the long leg is the 100-year dividend strip re-
turn and the short one is the two-year dividend strip return. The
strip returns are obtained from data by GKK21 on model-implied
equity yields for the period 1974-2019. In column 3, the long leg is
the S&P 500 index return and the short one is the return on the
BBK12 long strategy in the short-term asset over the period 1996-
2009. The t-statistics are reported in parentheses and are based
on Newey-West standard errors with a number of lags equal to the
integer part of T°?° where T is the number of observations. Sig-
nificance at the 10%, 5%, and 1% levels is indicated by *, **, ***
respectively. Detailed variable definitions are provided in Appendix
Table C1.
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Table C5: The Cyclicality of the Equity Term Structure

Panel A
Equity Yield Slope (MKT-2Y, GKK21)
1) (2) 3) (4) (5)
Constant 0.026*** 0.017* 0.126*** 0.012 -0.524***
(2.65) (1.77) (7.29) (1.46) (-19.58)
NBER Recession -0.076***
(-2.73)
Detrended Labor Share -0.262
(-0.82)
Default Spread -0.100***
(-9.01)
NFCI -0.047***
(-8.12)
In(P/D) 0.148%**
(18.49)
Observations 180 180 180 180 180
Adj. R? 0.11 0.01 0.38 0.33 0.70
Panel B
Equity Yield Slope (MKT-2Y, BBK12)
1) (2) 3) 4) (5)
Constant 0.012 0.011 0.049* -0.016 0.562
(0.84) (0.85) (1.73) (-0.98) (1.22)
NBER Recession -0.090***
(-2.83)
Detrended Labor Sshare -1.339***
(-2.88)
Default Spread -0.052***
(-3.41)
NFCI -0.048%**
(-3.14)
In(P/D) -0.139
(-1.23)
Observations 55 55 55 55 55
Adj. R? 0.17 0.31 0.09 0.15 0.14
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Panel C

10Y-Ahead Equity Term Premium (MKT-2Y, GKK21)
(1) (2) (3) (4) (5)

Constant 1.567*** 1.852%** -0.308 1.689*** 12.767***

(6.21) (7.16) (-0.71) (8.21) (22.89)
NBER Recession 0.825

(1.44)
Detrended Labor Share -8.900

(-0.81)
Default Spread 1.819***
(6.48)
NFCI 0.813***
(7.72)
In(P/D) -3.090***
(-19.71)

Observations 137 137 137 137 137
Adj. R? 0.03 0.01 0.27 0.29 0.90

Note. This table reports estimates from regressions at quarterly frequency
of the equity yield slope and the equity term premium on several measures
proxying for the state of the economy. Such measures comprise an indicator
for NBER recessions, the detrended labor share, the default spread, the
NFCI, and the logarithm of the price-dividend ratio of the CRSP value-
weighted index. In Panel A, the dependent variable is a measure of the
equity yield slope based on data by GKK21 for the period 1974-2019. In
Panel B, the dependent variable is a measure of the equity yield slope based
on data by BBK12 for the period 1996-2009. In Panel C, the dependent
variable is the ten-year ahead equity term premium. The maturities of the
long and short legs considered to compute the equity yield slope and the
equity term premium are indicated in table headers. The t-statistics are
reported in parentheses and are based on Newey-West standard errors with
a number of lags equal to the integer part of T9?%, where T is the number of
observations. Significance at the 10%, 5%, and 1% levels is indicated by *,
e respectively. Detailed variable definitions are provided in Appendix
Table C1.
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Table C6: Equity Term Structure, EGV, and Other Factors

Panel A
Equity Yield Slope (MKT-2Y, GKK21)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Constant 0.065%** 0.064*** 0.065*** 0.072%** 0.072%** 0.072*** 0.064*** 0.065%** 0.064*** 0.065*** 0.065*** 0.066***
(5.20) (5.45) (5.05) (5.72) (5.56) (5.41) (5.36) (5.28) (5.12) (5.25) (5.23) (5.12)
o -21.809***  -21.067***  -21.589***  -22.507***  -22.507***  -22.507*** = -21.233***  -21.659***  -21.280***  -21.666*** = -21.922***  -22.326***
(-4.98) (-5.67) (-5.24) (-3.84) (-3.82) (-3.69) (-5.42) (-5.04) (-4.91) (-5.49) (-4.98) (-4.92)
flo 2.941**
(2.08)
og—fp Lo -3.478
(-1.04)
frce Lo 3.709
(1.36)
OPCE 1lo -20.352%**
(-3.50)
%gpcr—frce - O -0.914
(-0.15)
pr lo 1.200*
(1.81)
O1p lo -2.668
(-0.84)
Ogip—fip L 0 -4.301***
(-2.74)
fop Lo 0.425**
(2.03)
ocp Lo 0.442
(0.58)
Ogep—fop L O 0.395
(1.06)
Observations 180 180 180 154 154 154 180 180 180 180 180 180
Adj. R? 0.25 0.29 0.26 0.20 0.25 0.17 0.28 0.26 0.29 0.28 0.25 0.26
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Panel B

Equity Yield Slope (MKT-2Y, BKK12)

(1) (2) (3) 4) (5) (6) (7) (8) 9) (10) (11) (12)
Constant 0.036** 0.026 0.047*** 0.033* 0.034* 0.036* 0.026 0.037** 0.029* 0.032** 0.026 0.031*
(2.12) (1.53) (3.82) (1.95) (1.79) (1.77) (1.55) (2.06) (1.68) (2.07) (1.53) (1.75)
o -19.323***  -12.998***  -25.289***  -17.483***  -18.605***  -19.389***  -11.198***  -20.096***  -13.948***  -20.122***  -15.632***  -14.537**
(-4.19) (-3.93) (-7.59) (-4.00) (-3.68) (-3.97) (-2.92) (-2.73) (-2.72) (-4.93) (-3.09) (-2.16)
fLlo 7.617***
(2.89)
og—5lo -21.056***
(-3.56)
fpce Lo 3.383
(1.26)
opCcE L o 9.610
(0.41)
%gpcr—from L O -0.331
(-0.02)
fir Lo 4.851%**
(3.17)
gIp 1lo -1.730
(-0.17)
Ogp—fip L O -4.859***
(-2.73)
fcp lo 1.448***
(2.81)
ocp Lo 2.107***
(3.14)
Ogep—fop L O -0.414
(-0.94)
Observations 55 55 55 55 55 55 55 55 55 55 55 55
Adj. R? 0.14 0.26 0.29 0.14 0.13 0.12 0.32 0.12 0.18 0.32 0.20 0.13
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Panel C

10Y-Ahead Equity Term Premium (MKT-2Y, GKK21)

(1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12)
Constant 0.640* 0.649* 0.630* 0.284 0.149 0.229 0.640* 0.650** 0.634* 0.664* 0.640* 0.722**
(1.87) (1.92) (1.91) (0.72) (0.40) (0.56) (1.86) (2.01) (1.86) (1.97) (1.88) (2.06)
o 416.383***  412.407***  408.560***  498.512** 524.977** 508.823**  416.193***  403.665***  433.568***  407.713***  415.087***  380.093***
(3.47) (3.50) (4.05) (2.43) (2.58) (2.38) (3.46) (3.62) (3.50) (3.56) (3.53) (3.08)
flo -10.311
(-0.32)
og_j Lo 160.711%*
(2.47)
fPCE lo 2.728
(0.06)
opcr Lo 381.210%**
(2.74)
Ogpcr—frog - O 101.203
(0.94)
fir Lo -0.344
(-0.02)
op Lo 98.441
(1.47)
Ogip—fip L O 103.991**
(2.01)
fep Lo -5.458
(-1.14)
ocp Lo 1.944
(0.12)
Ogop—fop L0 -15.422
(-1.15)
Observations 137 137 137 110 110 110 137 137 137 137 137 137
Adj. R? 0.21 0.20 0.25 0.15 0.23 0.16 0.20 0.23 0.25 0.22 0.20 0.23

Note. This table reports estimates from regressions at quarterly frequency of the equity yield slope and the equity term premium on EGV
and other orthogonal measures of growth. In Panel A, the dependent variable is a measure of the equity yield slope based on data by
GKK21 for the period 1974-2019. In Panel B, the dependent variable is a measure of the equity yield slope based on data by BBK12 for the
period 1996-2009. In Panel C, the dependent variable is the ten-year ahead equity term premium. The maturities of the long and short legs
considered to compute the equity yield slope and the equity term premium are indicated in table headers. In each panel, column 1 regresses
the dependent variable on baseline EGV (o) alone. Each of columns 2-12 augments such a specification with a measure of growth orthogonal
to EGV. The considered measures—all orthogonalized with respect to baseline EGV—are the GDP growth forecast (f L o), the conditional
volatility of residual GDP growth (o4 L o), the EGV of PCE (fpcr L o), the PCE growth forecast (opcr L o), the conditional volatility
of residual PCE growth (0gpp—fpep L 0); EGV of IP (fip L o), the IP growth forecast (orp L o), the conditional volatility of residual IP
growth (ogp—fpp L o), the EGV of CP growth (fcp L o), the CP growth forecast (ocp L ), and the conditional volatility of residual CP
growth (0gop—fop L o). The t-statistics are reported in parentheses and are based on Newey-West standard errors with a number of lags
equal to the integer part of 7925 where T is the number of observations. Significance at the 10%, 5%, and 1% levels is indicated by *, **,
> respectively. Detailed variable definitions are provided in Appendix Table C1.



Table C7: Equity Term Structure, EGV, and the Covariance of Expected
Growth Innovations with Residual Growth

Equity Yield Slope 10Y-Ahead Equity Term Premium
MKT-2Y (GKK21) MKT-2Y (BBK12) MKT-2Y (GKK21)
(1) (2) (3) (4) (5) (6)
Constant 0.717*** 0.913*** 0.390 0.510** 0.520** 0.416*
(3.46) (5.37) (1.36) (2.56) (2.12) (1.84)
ORW -0.374*** -0.294 0.442%**
(-3.29) (-1.45) (3.51)
Covrw (v,9g — f) L orw -0.199* -0.508* 0.083
(-1.67) (-2.00) (0.65)
o -0.549*** -0.430*** 0.517***
(-5.60) (-3.34) (4.01)
Covrw(v,g—f) Lo -0.068 -0.380 0.050
(-0.68) (-1.58) (0.43)
Observations 180 180 55 55 137 137
Adj. R2 0.12 0.25 0.18 0.20 0.15 0.21

Note. This table reports estimates from regressions at quarterly frequency of the
equity yield slope and the equity term premium on EGV and other measures of
growth. In columns 1-2, the dependent variable is a measure of the equity yield slope
based on data by GKK21 for the period 1974-2019. In columns 3-4, the dependent
variable is a measure of the equity yield slope based on data by BBK12 for the period
1996-2009. In columns 5-6, the dependent variable is the ten-year ahead equity term
premium. The maturities of the long and short legs considered to compute the equity
yield slope and the equity term premium are indicated in the table header. Odd
columns regress the dependent variable on: (i) ogw, namely the standard deviation
of residuals v from an AR(1) model for GDP growth forecast as in Eq. (1), computed
over a rolling window of five observations, and (ii) Covgw (v,g — f) L ogw, namely
the covariance between v and residual GDP growth, computed over a rolling window
of five observations and orthogonalized with respect to ogwy . Even columns regress
the dependent variable on: (i) o, namely baseline EGV, and (ii) Covgw (v,9—f) L o,
namely the covariance between v and residual GDP growth, computed over a rolling
window of five observations and orthogonalized with respect to o. Both dependent
and explanatory variables are standardized to favor readibility. The t-statistics are
reported in parentheses and are based on Newey-West standard errors with a number
of lags equal to the integer part of T92% where T is the number of observations.
Significance at the 10%, 5%, and 1% levels is indicated by *, **, *** respectively.
Detailed variable definitions are provided in Appendix Table C1.
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Table C8: Alternative EGV Measures and Asset Prices

Price Dynamics Equity Yield Slope (MKT-2Y) Equity Term Premium (MKT-2Y) 10Y-Ahead Value-Growth Premium
(1) (2) 3) (4) 5) (©) (M)
In(P/D) TIn(P/D) BBK12 GKK21 10Y-Ahead (GKK21) Div. growth Return
o (AR(1)-ARCH(1)) -102.657***  4.274**  -24.293*** -29.603*** 325.252*** 108.009* 66.518
(-4.367) (2.315) (-4.247) (-3.59)5 (2.864) (1.667) (1.273)
o (AR(1)-GARCH(1,1)) -100.499***  3.860***  -17.450*** -14.730*** 380.074*** 138.191** 85.912**
(-5.984) (3.321) (-4.954) (-3.168) (3.898) (2.438) (2.098)
o (ARMA(1,1)-ARCH(1)) -89.392*** 3.855%*  -20.024*** -24.713%** 274.454*** 93.616* 55.768
(-4.687) (2.562) (-4.150) (-3.407) (2.841) (1.664) (1.192)
o (ARMA(1,1)-GARCH(1,1))  -98.950***  3.993***  -16.470*** -14.720%** 359.289*** 135.407** 84.247**
(-6.166) (3.589) (-4.678) (-3.060) (3.780) (2.482) (2.079)
ODisp. -112.004*** 1.713 -19.739*** -35.546*** 397.434%** 106.136** 105.808***
(-9.981) (1.292) (-7.245) (-4.616) (6.098) (2.289) (3.321)
OCond. -118.676%** 4777 -21.908*** -19.230*** 424.917*%** 120.845* 81.090
(-5.841) (3.302) (-4.877) (-3.976) (3.451) (1.736) (1.490)
OPCE -123.709***  4.736***  -26.527*** -20.684** 519.726*** -201.925** -145.289**
(-3.706) (3.015) (-4.661) (-2.257) (3.252) -2.527 -2.152
o1p -49.803*** 1.654** -8.084*** -9.677*** 158.241*** 38.170 31.709*
(-7.841) (2.212) (-6.428) (-2.952) (4.900) (1.515) (1.747)
ocp -14.153***  0.638*** -1.996** 0.880 40.832** 4.400 -1.332
(-3.211) (2.996) (-2.498) (0.875) (2.370) (0.411) (-0.156)

Note. This table reports slope estimates from regressions at quarterly frequency of several of asset pricing quantities on
alternatives measures of the EGV of GDP (and of other macroeconomic aggregates). The dependent variables are the logarithm
of the price-dividend ratio of the CRSP value-weighted index, its conditional volatility computed following Eq. (2), the equity
yield slope based either on GKK21 or BBK12 data, the ten-year ahead cumulative equity term premium based on GKK21 data,
and the ten-year ahead cumulative dividend growth and return on value (firms belonging to the top decide of the book-to-market
ratio), growth (firms belonging to the bottom decide of the book-to-market ratio) and value-minus-growth portfolios. The EGV
measures include AR(MA)(1,1)-(G)ARCH(1,1) specifications, the cross-sectional dispersion of GDP growth forecasts (opisp.) as
well EGV based on Eq. (1)-(2) applied to growth forecasts for: GDP after removing the cyclical component as captured by the
detrended labor share of the corporate sector (0cond.), PCE (opck), IP (o), and CP (ocp). The t-statistics are reported in
parentheses and are based on Newey-West standard errors with a number of lags equal to the integer part of 7025, where T is
the number of observations. Significance at the 10%, 5%, and 1% levels is indicated by *, **, *** respectively. Detailed variable
definitions are provided in Appendix Table C1.



Table C9: Alternative Calibration: Standard Moments

Moment Data Model
2.5% 5% 50% 95%  97.5%

Avg. consumption growth 0.021 -0.001 0.004 0.026 0.043 0.046
Std. consumption growth 0.018 0.025 0.026 0.031 0.040 0.042
Avg. payout growth 0.030 -0.002 0.003 0.026 0.044 0.047
Std. payout growth

- Corporate profits 0.148

- Dividends plus net repurchases 0.266 0-151 0156 0.I81 0.207 0.212
20-year std. payout growth

- Corporate profits 0.083

- Dividends plus net repurchases 0.118 0.019 0.028  0.101  0.216  0.240
Std. log payout-consumption ratio 0.228 0.163 0.172 0.230 0.309 0.327
Corr. consumption and payout exp. growth 0.822 0.246 0.3122 0.660 0.849 0.872
Corr. payout exp. growth and exp. growth volatility -0.331 -0.737  -0.697 -0.363 0.079 0.157
Avg. risk-free rate 0.007 -0.034 -0.028 0.001 0.028 0.033
Std. risk-free rate 0.025 0.026  0.027 0.038 0.053 0.057
Avg. excess equity return 0.068 0.042 0.047 0.074 0.100 0.106
Std. excess equity return 0.175 0.119 0.123 0.142 0.162 0.166
Avg. Sharpe ratio 0.388 0.292 0.326 0.519 0.725 0.772
Avg. log price-dividend ratio 3.435 2.884 2902 2994 3.073 3.087
Std. log price-dividend ratio 0.443 0.071  0.075 0.104 0.150 0.161
Avg. excess high-minus-low return 0.035 0.011  0.018 0.058 0.105 0.115
Std. excess high-minus-low return 0.129 0.112 0.116 0.135 0.156 0.160

Note. This table reports moment statistics from both data and model simulations. Model-implied statistics
are moment quantiles from short-sample (75 years) simulations. The model is simulated at monthly frequency.
Statistics are yearly moments if not stated otherwise. Consumption and payout (corporate profits) data are from
the National Income and Product Accounts (NIPA). Returns are from K. French webpage. The price-dividend
ratio is from R. Shiller webpage. Dividends plus net repurchases are from Belo et al. (2015).
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D Model Extensions

Heteroscedastic Transitory Risk: Model Derivation
Setup

In this model extension, we consider a less simplistic assumption about volatility in funda-
mentals. Whereas the baseline model assumes that the transitory shock z; is homoscedastic,
we here relax this assumption by assuming that z; is heteroscedastic. In particular, a small
fraction of the conditional variance of z; is driven by the conditional variance of the per-
manent shock z;, consistent with empirical evidence (see Appendix B). Specifically, in our
extended framework, the permanent and the transitory components follow:

dl’t = )\m(i’ — ZI}t)dt + O'I\/J/Ttde,“ (Dl)

dzy = — Az dt + \/030 + Uzz T dB, ;. (DQ)

The Brownian shocks B, ; and B, are assumed to be independent. Heteroscedasticity of z;
is governed by the loading o,, and setting o, to zero yields the baseline setup. Section V.B
shows that the model mechanism and equity term structure dynamics of the baseline model
are robust to the specification of Eq. (D1)-(D2), as long as 0., x E[z;] represents a modest
fraction of the average conditional variance of z;, in accord with the data.

Affine Notation

The vector X; = (yt, ¢, 2, wt)" collects the two state variables of our model z; and z; as
well as accumulated expected growth vy, = ut + fot (z — x5)ds and the component of cross-

sectional payouts wy = ¢ f(f(:i‘ — x5)ds + 0,B,:. The vector belongs to the affine class and
has dynamics:

dXt = [L(Xt)dt + E(Xt)dBt,
M(Xt) =M+ ICXt?

N(X)E(X)T =h+ Zie{y oz} H; Xy,

with Brownian motions B; = (By.+, Byt, Bst, Bw:)' and the following coefficients:

w+T 0 0 0 00 0 0
AT 0 0 0 100 0 O
M= 0 0 -A, 0}’ h= 00 o2 0]’
T 0 0 O 00 O a?p
0000 0 0 0 O
0000 0 02 0 0
Hy=H. = Hy = 000 O0}f” He = 0 0 o 0
0000 0 0 0 0

1)



The following selection vectors allow to recover consumption, aggregate payouts, and cross-
sectional payouts:

ve=(1,0,1,007 = v X;=1logC,
vp =(1,0,0,0)7 = v;X;=logDy,
v, = (1,0,0,1)T = vlX;=logDy.

Moment Generating Function

The following conditional expectation allows to compute the moment generating function
for the logarithm of C| D ,and D¥ at any horizon 7:

E¢[exp(u” Xey.r)] = exp(bo(7) + b(7)TXy). (D3)

Following Duffie et al. (2000), the functions by(7) and b(r) = (by(7),bs(7), b.(T), byw(T))T
solve the following system of ODE’s:

Folr) = MTB(r) + SH(r) i),

V(1) =KTb(1) + §b(7')THb(7').

By setting the initial conditions by(0) = 0 and either b(0) = uvc, b(0) = uvp, or b(0) = uv,,
Eq. (D3) computes the time-t conditional expectation of either Ciy,, Dyyr, or Dy, with
power u respectively. These expectations can be used to build the term structure of growth
rates volatility.

Equity and State-Price Density

We follow Eraker and Shaliastovich (2008) and the state-price density based on recursive
preferences of Epstein and Zin (1989) type. To do so, we use the Campbell and Shiller
(1988) approximation to log-linearize the return R, on the wealth of market participants
(that in our economy corresponds to the equity market and pays-out D,):

dlog R, = kodt + kydpd, — (1 — ky)pdydt + dlog D, (D4)

Where kg and k; are endogenous constants to be determined. We conjecture that the log
price-payout ratio (which is also the log wealth-consumption ratio of market participants)
is an affine function of X;: pd, = Ag + ATX;. We use Eq. (D4) to rewrite the state-price
density dynamics as follows:

0
dlog M; = 6log fdt — Edlog Dy — (1 —0)dlog R,
— (Blogf— (6 — )loghy + (6 — 1) (ky — 1) AT (X, — px)) dt — NdX,,  (D5)
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where A\ = yup + (1 —0) k1A and py = (0,%,0,0,0)". Then, the Euler equation can be
written as:

1=E, {—]\ﬁ” elo dlog R“’s} , vT.

t

Since the term in the conditional expectation has to be a martingale, we apply [t0’s lemma
to compute its drift that we set equal to zero:

1
0=0log B+ xT (M + KX;) +0ko—0(1 — k1) (Ao + ATX,) + §XE(Xt)TE(Xt)XTXt, (D6)

where y =6 ((1 — %) vp + k1A>. Since Eq. (D6) holds for all X; and we set the coefficients

on X; and the residual constant equal to zero. The endogenous coefficients ki, Ag and
A= (A,,A; A, A,)T are obtained by solving the following system:

0=K'x—0(1—Fk)A+ %XTHx,
0=0(ogf+ko— (1 —Fk1)Ay) + MTx+ %XThx,
Ologhky =0 (log 5+ (1 — k1) ATpux) + MTx + %XThx.
The solution coefficients should be inserted into Eq. (D5) to obtain the equilibrium state

price density.?® The equity price is then given by P, = D, exp(Ag+ ATX;), where A, = A,, =
0. Applying It6’s Lemma to Eq. (D5) yields:

dM,
M,

— (0log B — (6 — 1)log ky + (6 — 1) (ky — 1) AT (X, — px) + u(X,)TA) dt

1
+ SATE(X)Adt = XTE(X,)dB,
= — (7"(] + FTXt) dt — )\TE(Xt)dBt, (D?)

where the coefficients ro and 7 = (ry, ry, r,,7,)" are:

ro=—0logf+ (0 — 1) (loghks + (k1 — 1) ATux) + MTA — %/\Th)\,

Fe (1= 0) (b — 1) A+ KTA— %)\TH)\.
Therefore, the risk-free rate is given by r, = rq+ 77X, and the vector of risk prices is given by
QX)) = (Qy, 2, Q,, Q)T = X(X)TA, where it turns out that v, = r,, = 0 and Q, = Q,, = 0.

Consequently, the risk premium on equity is equal to RP(z;) = ((A 4+ vp)T3(X;))Q(X,),
which is an affine function of z; only.

2°Note that the above system of equations could yields multiple solutions. Tauchen (2011) proposes
to select the root which ensures the non-explosiveness of the system. Alternatively, one could select an
economically reasonable solution.
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Term Structures

Following Duffie et al. (2000), the risk-neutral dynamics of X, are given by:

dX; = (M +K9X,) dt + X(X,)dBg2,
M =M — h),

Ke =K — H\,
dB2 =dB, + S(X,)TAdt.

Then, we can compute the discounted value of several payouts, such as Dy, D{, . and the
unitary payout of a risk-less bond:

My, "
E | eXP(vTXm)} - {eXp(— / Pipsds + 0 X4 | = exp(go(7) + (7)7Xy),
0

t

where v € {vp, vy, (0,0,0,0)T}. The deterministic function g,(7) and ¢(7) = (g,(7), ¢ (1),
q:(7), gw(7)) solve the following system of ODEs:

@ (1) = — 1o+ (M) Tq(r) + %q(T)Th q(71),
¢(r) = 7+ (K9)Tar) + 3a(r)" Ha(r),

with initial conditions ¢o(0) = 0 and ¢(0) = v.
Therefore, the risk-less bond price, the strip price of the aggregate payout and the strip
price of the cross-sectional payout are given by

Bt,r = eXP(%(T) + Q(T)TXt>7 with v = (07 0,0, 0)T7
P, =exp(qo(T) + q(7)"Xy), with v =up,
P, = exp(qo(1) +q(7)7Xy), with v =v,.

Cross-Sectional Equity

The price of the stock paying out the stream D} can be computed either as the time integral
of the corresponding strip price over any maturity or via an exponential affine approximation.
Such exponential affine approximation is given by

P? = Df exp(Af + (A®)TX,),

where the coefficients Ay, A% = (A7, AZ, A?, A9)T, and the endogenous constant k{ solve
the following system:
0=(0—1)(k1 — A+ (k] — 1)A” + KTx, + (1/2)xLH x,,
0=0logf — (0 — 1)(logkr + (k1 — 1) ATpx) — (log kf' + (kY — 1)(A?)Tpux) + MTx,
+ (1/2)xThxe,
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0 = A + (A9) iy — log k7 + log(1 — k),

where x, = v, + k{ A¥ — A. Tt turns out that A? = A¥, = 0. Therefore, the risk premium on
the cross-sectional stock is equal to RP¥(x¢) = ((A¥ + v,)"2(X;))Q(X;), which is an affine
function of x; only.

Full Market Participation: Model Derivation
Setup

In this model extension, we consider the case of full market participation. Whereas the
baseline model assumes that only shareholders participate on the equity market, here we
assume that both workers and shareholders participate. In particular, we make the standard
assumption that a representative agent with recursive preferences of Epstein and Zin (1989)
type exsists and in equilibrium consumes total resources (C'= W + D).

Affine Notation

The vector X; = (yt, 1, 2, wt)" collects the two state variables of our model z; and z; as
well as accumulated expected growth vy, = ut + f; (T — x5)ds and the component of cross-

sectional payouts w; = ¢ fg(f — 25)ds + 0,B,;. The vector belongs to the affine class and
has dynamics:

dXt = M(Xt)dt + E(Xt)dBt,
,LL(Xt) = M + ICXt,

N(X)E(X)T=h+ Zie{y oz} H; X4,

with Brownian motions B; = (By+, Byt, Bst, Bw:)' and the following coefficients:

w+T 0 0 0 00 0 O
AT 0 0 O 00 0 O
M= 0 0 -, 0 00 o2 O ’
pT 0 —p 0 0 00 0 a
0000 0 0 0O
0000 0 02 00
Hy=H.=Hy= 00 0O0])" He = 0 0 0O
0000 0 0 0O

The following selection vectors allow to recover consumption, aggregate payouts, and cross-
sectional payouts:

ve=(1,0,1,007 = v X;=logC,
vp =(1,0,0,0)7 = wvLX;=logDy,
=(1,0,9,)T = vlX;=logDy.
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Moment Generating Function

The following conditional expectation allows to compute the moment generating function
for the logarithm of C, D jand D¥ at any horizon 7:

Eyfexp(u’ X;.,)] = exp(Bo(r) + B(r)TX). (D8)
Following Duffie et al. (2000), the functions bo(7) and b() = (by(7),bs(7), b2(T), byw(T))T
solve the following system of ODE’s:

bo(T) = MTb(1) + %b(T)Thb(T),

_ 1. _
V(1) =KTb(1) + §b(T)THb(T).

By setting the initial conditions by(0) = 0 and either b(0) = uvc, b(0) = uvp, or b(0) = uv,,
Eq. (D8) computes the time-t conditional expectation of either Cyy,, Dyyr, or Dy, with
power u respectively. These expectations can be used to build the term structure of growth
rates volatility.

Equity and State-Price Density

We follow Eraker and Shaliastovich (2008) and the state-price density based on recursive
preferences of Epstein and Zin (1989) type. To do so, we use the Campbell and Shiller
(1988) approximation to log-linearize the return R.; on the wealth of market participants
(that in this economy pays-out C):

dlog R.; = kodt + kidwe, — (1 — ky)wedt + dlog Cy, (D9)

Where ky and k; are endogenous constants to be determined. We conjecture that the log
wealth-consumption ratio of the economy is an affine function of X;: we; = Ag + ATX;. We
use Eq. (D9) to rewrite the state-price density dynamics as follows:

0
dlog M; = 6log Bdt — Edlog Cy — (1 —0)dlog R.,

= (Olog8— (0 —1)loghky + (0 —1) (k1 — 1) AT(X; — ux))dt — NdX;,  (D10)

where A = yve + (1 —60) k1A and pux = (0,7,0,0,0)". Then, the Euler equation can be
written as:
]_ frg Et %6‘[8— lech,t+5 , VT
t

Since the term in the conditional expectation has to be a martingale, we apply Itd’s lemma
to compute its drift that we set equal to zero:

1
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where y = 6 ((1 — i) ve + k1A>. Since Eq. (D11) holds for all X; and we set the coefficients

on X; and the residual constant equal to zero. The endogenous coefficients ki, Ay and
A= (A,,A; A, A,)T are obtained by solving the following system:

1
0=KTx —0(1—k)A+ xTHx,
1
0=0(ogpB+ko— (1 —Fk1)Ag) + MTx + §XThX,

1
Olog ki =0 (log § + (1 — k1) ATux) + MTx + SxThx.

The solution coefficients should be inserted into Eq. (D10) to obtain the equilibrium state
price density.?® The wealth is then given by W, = C,exp(Ag + ATX;), where A, = A, = 0.
Applying 1t6’s Lemma to Eq. (D10) yields:

dM;
M,

= (flog 8 — (6 — 1) log ks + (6 — 1) (k1 — 1) AT (X¢ — pux) + pu(X)TA) di
1
+ SATR(X) Mt — ATE(X,)dB,
= — (TO ‘I‘ fTXt) dt — )\TE(Xt)dBt, (D12)

where the coefficients 1y and 7 = (ry, 74,75, 7,)" are:

1
ro=—0log B+ (6 — 1) (loghks + (k1 — 1) ATux) + MTA — éz\Th/\,
1

Therefore, the risk-free rate is given by r; = ro+77X; and the vector of risk prices is given by
Q(Xe) = (Qy, 2y, s, Q)T = X(X;)TA, where it turns out that r, = r,, = 0 and 2, = Q,, = 0.

Term Structures

Following Duffie et al. (2000), the risk-neutral dynamics of X, are given by:
dX, = (M2 +K9X,) dt + S(X,)dB2,
ME =M — h,

Ke =K —H,
dBE =dB; + X(X;) A dt.

26Note that the above system of equations could yields multiple solutions. Tauchen (2011) proposes
to select the root which ensures the non-explosiveness of the system. Alternatively, one could select an
economically reasonable solution.
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Then, we can compute the discounted value of several payouts, such as D, D{, . and the
unitary payout of a risk-less bond:

M, v
E, ]\? exp(vTXtJrT)} = {exp(— / Tirsds + 0T X )| = exp(qo(T) + q(7)7Xy),
¢ 0

where v € {vp, vy, (0,0,0,0)T}. The deterministic function g,(7) and ¢(7) = (g,(7), ¢ (1),
q:(T), qu(7)) solve the following system of ODEs:

h(7) = o+ (M)Ta(r) + 5a(r)Tha(r),
q(r) =7+ (K°%) q(r) + %Q(T)THQ(T),

with initial conditions ¢o(0) = 0 and ¢(0) = v.
Therefore, the risk-less bond price, the strip price of the aggregate payout and the strip
price of the cross-sectional payout are given by

B = exp(qo(7) + q(7)"X:), with v =(0,0,0,0)T,
P, = exp(qo(T) + ¢(7)TXy), with v =wvp,
PP = exp(qo(7) + q(7)Xy), with v =w,.

t,r T

Aggregate Equity

The price P, of the stock paying out the aggregate payout D; can be computed either as the
time integral of the corresponding strip price over any maturity or via an exponential affine
approximation. Such exponential affine approximation is given by

Pt = Dt eXp(Agl + (Am)TXt>,

where the coefficients A, A™ = (A}, AT}, AT, A71)T, and the endogenous constant k* solve
the following system:

0=00—-1)(k — DA+ (k" = DA™ + KX + (1/2)x] H X,

0=0log 8 — (0 — 1)(log ks + (ki — 1) ATpux) — (log k" + (K" — 1)(A™)Tpix) + MTn
+ (1/2)x7,hXm,

0=AF" + (A™)Tux — log k" + log(1 — k7"),

where x, = vp + k"A™ — A. Tt turns out that A7 = A7} = 0. Therefore, the risk premium
on aggregate equity is equal to RP™(z;) = ((A™ + vp)"™2(X;))Q(X}), which is an affine
function of x; only.

Cross-Sectional Equity

The price of the stock paying out the stream D} can be computed either as the time integral
of the corresponding strip price over any maturity or via an exponential affine approximation.
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Such exponential affine approximation is given by
Ff = Df exp(Aj + (A7)TXy),

where the coefficients Ay, A¥ = (A7, A2, A2, AZ)T, and the endogenous constant kY solve

the following system:

0= (6 — 1)(k — DA+ (K — 1A + KTy, + (1/2)xLH
0=0log 3 — (0 — 1)(logky + (k1 — 1)ATux) — (log kY + (kf — 1)(A%)Tux) + MTx,
+ (1/2)xLhxe,
0 = A + (A%)Tpux — log kf + log(1 — k7).
where X, = v, +k{ A? — A. It turns out that A7 = A = 0. Therefore, the risk premium on

the cross-sectional stock is equal to RP¥(z¢) = ((A® + v,)"2(X;))2(X:), which is an affine
function of x; only.
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