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Abstract

This paper proposes a habit formation model that captures the ability of
the yield spread to predict excess returns on bonds as documented in empirical
studies. The model, a generalization of Campbell and Cochrane (1999), also
captures the predictability of stock returns by the price-dividend ratio, a high
equity premium, excess volatility, positive excess returns on bonds, and an
upward sloping average yield curve. The model is shown te imply a joint
process for interest rates and consumption. When this process is estimated
from the data, a new empirical fact emerges: Controlling for contemporaneous
consumption growth, long lags of consumption predict the interest rate. Thus
the success of the model 13 based on a more realistic process for consumption
and the interest rate, rather than additional degrees of freedom in the utility
function.
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Introduction

While it has long been known that risk premia on stocks and bonds are time-varying,
an explanation for this fact remains elusive. Campbell and Cochrane (1999) propose
a consumption-based model in which agents have time-varying risk aversion driven by
habit formation. The model of Campbell and Cochrane successfully captures time-
variation in equity risk premia (e.g. Campbell and Shiller {1988), Fama and French
{1989)). At the same time, the model reconciles the high equity premium with a low
riskfree rate.

Campbell and Cochrane (1999) assume that the riskfree rate is constant. Thus
their model captures only one piece of the puzzle, the predictability of excess stock
returns on the basis of the price-dividend ratio. Risk premia on bonds are also time-
varying: Campbell and Shiller (1991) and Fama and Bliss (1987} demonstrate that
high yield spreads predict high risk premia on long bonds, a violation of the so-
called expectations hypothesis. In fact, Fama and French (1989) argue that the same
underlying business-cycle fluctuations, as captured by the dividend-price ratio and
yield spread, produce variation in the risk premia on bonds and stocks.

This paper proposes a model that captures predictability in both stock and bond
returns driven by the price-dividend ratio and the yield spread. As in the data, the
price-dividend ratio predicts excess returns on both bonds and stocks with a negative
sign, while the yield spread predicts returns on both bonds and stocks with a positive
sign. The amount of predictability is realistic in both cases, with the R? on the
yield spread regressions lower than that of the dividend-price regressions. The model
also captures the high equity premium and the low riskfree rate, an upward sloping
yield curve, low volatility of interest rates, and bond premia that increase with the
maturity. Bonds have a low beta on the market, and lower expected returns than
stocks.

Rather than adding parameters to the utility function, the model generalizes the
model of Campbell and Cochrane (1999) to better capture features of the consumption
and interest rate data.The distinction is an important one; the results would be less
impressive if they occurred by adding degrees of freedom. The proposed model implies
a nonlinear joint process for consumption and interest rates. This nonlinear process
is shown to be well-approximated by a linear process that can be estimated directly




from the data. The first equation in the linear process is

rfﬂ /& constant + yE[Ac.q] — quﬁjACt_j T €pt1, (1)
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where ¢ is an autoregressive coefficient. Thus the model nests the traditional rela-
tionship between consumption and interest rates that has been estimated by Hansen
and Singleton (1983), and many others. The estimation itself reveals a new empiri-
cal fact. b turns out to be positive and significant, implying that past consumption
growth effects interest rates with a negative sign. This relationship turns out to be a
central ingredient in fitting stylized facts about the bond market. ‘

Besides the empirical literature on predictability, this paper draws on the theoret-
ical habit formation literature (e.g., Chapman, 1998, Constantinides, 1990, Dybvig,
1995, and Sundaresan, 1989). Constantinides (1990) and Sundaresan (1989) show
that habit formation models can be used to explain a high equity premium with low
values of risk aversion. Like these models, the model proposed here assumes the agent
evaluates today’s consumption relative to a reference point that increases with past
consumption. Following Campbell and Cochrane (1999), this paper departs from
earlier work by assuming that habit is external to the agent, namely that the agent
does not take into account future habit when deciding on today’s consumption.! Re-
cently, Dai (2000) proposes an extension of the Constantinides model that produces
time-varying risk premia on bonds. Dai’s approach differs from the one here in that
his focus is on the theoretical properties of the model rather than the predictions for
consumption and returns.?

An intriguing feature of the model in this paper is the link it produces between
asset returns and underlying macroeconomic variables. The dividend-price ratio cap-
tures past consumption growth, while the yield spread depends both on past consump-
tion growth and on the long-term consumption trend. Besides its success in matching
moments of the data, the model makes progress in linking return characteristics with
features of the macroeconomy.

This paper is organized into three sections. The first section describes the assump-

1 Abel (1990) also assumes external habit formation, but in his specification, agents care about
the ratio of consumption to habit, rather than the difference. As a result, risk aversion is constant
and risk premia do not vary through time

2Ferson and Constantinides (1991}, Heaton (1995) and Li(2000) also empirically investigate habit
formation models, but do not discuss the implications of habit formation for interest rates and returns
on bonds




tions on the utility function and the endowment process. The second section describes
the solution method, and characteristics of the solution. The solution method involves
reducing the problem to one in which there is a single state variable using techniques
borrowed from affine bond pricing literature. The third section describes the estima-
tion and results. The final section calibrates the model and describes statistics from
simulated data.

1 Aggregate Consumption and Habit

Consumption growth is assumed to follow the bivariate process from Campbell {1999).
Log consumption ¢; is given by:

Acy1 = zZ+uv (2)

Ze1 = (V=1)g+ P2 + uga, (3)

where u¢4 and vy are jointly normally distributed, Var(v1) = 02, Var(uy;) = o2,

and Corr(u¢y1,vi41) = p. Related processes are studied by Cecchetti, Lam and Mark

(1990) and Kandel and Stambaugh (1991). When ¢2 = 0, the process reduces to i.i.d.
consumption growth, which is assumed by Campbell and Cochrane (1999).

Identical agents maximize expected utility relative to a reference point X;:

= Ci— X))t -1
E 5t( .
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t=0
The reference point X, represents the agent’s habit. Define the surplus consumption
ralio
S — Ct - Xt
t = c,

Following Campbell and Cochrane (1999), X; is modeled implicitly by defining a
process for s; = InS;. This has a double advantage in that it prevents habit from
ever falling below consumption, and it provides a stationary state variable for the
model. s; is assumed to follow a first-order autoregressive process:

St41 — (]. — ¢)§ + ¢St + )\(St)’vﬂ—l- (5)

Note that changes in s; are perfectly correlated with innovations in consumption
growth. The conditional volatility of s; is time-varying: this turns out to be necessary
to produce low volatility in the riskfree rate.
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The agent’s habit is assumed to be external, i.e., the agent does not take into
account the effect that today’s consumption decisions have on X, in the future. For-
mally, X; can be considered as aggrepgate habit and the agent as evaluating con-
sumption relative to aggregate habit. Because all agents are identical, individual
consumption and habit and aggregate consumption and habit can be treated inter-
changeably.

What does the process (5) for s; imply about the evolution of habit z,? Ap-
pendix C shows ‘that near the steady state s = 5 and 2 = ¢

ze1 ~ In (1 5) + i—f—g +(1-8) Y ey (6)
J=0

Equation (6) shows that z; approximates an intuitive notion of habit. Namely, z, is
a slowly decaying, weighted average of past consumption. Similarly, in Appendix C,
it is shown that

S — S (%—1) (—Tg‘g‘f'j;Q&’ACt_J) .

This equation sheds light on the role that s; plays in the economy. While z, measures
future consumption growth, s, is a measure of past consumption growth. Because (as
shown below) S << 1, s, depends positively on recent past consumption growth. Thus
5y is essentially measures recessions (and booms): the higher consumption growth has
been in recent years, the further agents’ consumption is from habit and the better
they feel.

In terms of s;, the intertemporal marginal rate of substitution equals:

Ser1 Crp \ 77
AJH,]_ = 5 (ﬂ H—l) . (7)

St Ct
The IMRS has a conditional lognormal distribution. Therefore the riskfree rate equals

)’ )

= —lnd+ Yz + ’7(1 - ¢)(§ - 3:) - (1 + A(sf))z'

This riskfree rate has some familiar terms from the power utility case and others
that are less familiar. First, positive expected consumption growth lead investors
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to borrow from the future to smooth consumption. This is reflected in the term
¥z It is important to note that -y is simply a utility curvature parameter, not risk
aversion. Like the non-time separable utility functions of Epstein and Zin (1991), the
non-state-separable habit formation model drives a wedge between the willingness to
substitute intertemporally and aversion to risk. The second term, proportional to
§ — 8; 15 less familiar. This term implies that as surplus consumption falls relative to
its long-term mean, investors want to borrow more. This is due to the mean-reverting
nature of surplus consumption: investors borrow against future periods when habit
has had time to adjust and surplus consumption is higher. The last term represents
precautionary savings. A higher A(s;) implies that surplus consumption, and therefore
marginal utility, is more volatile. Investors increase saving, and r/ falls. The sign of
s; in the riskfree rate depends on which effect wins out.

As in the model of Campbell and Cochrane (1999}, three considerations determine
the parameterization of A(s;). First it is required that habit be predetermined at the
steady state:

dx

de

=0. (8)
5t—4§
Second, habit must be predetermined in a neighborhood of the steady-state, or equiv-

alently, that habit move nonnegatively with consumption everywhere:

d (dz
ds \ de
Finally, the riskfree rate is required to be linear in s,.* It is automatically linear in z,

because A is a function of s, alone. As shown in Section 3, this requirement implies a
joint system of consumption and interest rates that can be estimated from the data.

= 0. (9)

5¢=3

The last requirement imposes the condition that A(s;) be a quadratic function.
Conditions (8) and (9) then determine the two constants in the square root. The
resulting function equals

M) = { (1/8)/1—2(s; — 3} — 1, s < Spax (10)

O St 2 Smax

3Thus the model nests the single-factor model for interest rates considered in the working paper
Campbell and Cochrane {1995).




and

Smax = g +

(-8 (1)

g i
= T "

The constant smay is determined by A(smax) = 0. In the continuous-time limit, s,
would never venture above Smax. In discrete time it happens sufficiently rarely that
it does not affect the behavior of the model. Substituting into the equation for the
riskfree rate produces

2
il = —ln5+yzt—b(st—§)—(%)% (13)
= —ln(5+'yzt—b(st—§)—%(l—d)—%). (14)

It is straightforward to check that (8) and (9) are satisfied.

It follows from (10) that A(s:) is a decreasing function of s;, namely high values of
3; decreases the variance. Thus the precautionary savings term is decreasing in s;. As
shown in (13), the net effect of intertemporal substitution and precautionary savings
is summarized in the parameter 5. When & > 0, higher values of s; decrease the
riskiree rate, and intertemporal substitution dominates. When b < 0, precautionary
savings dominates.

Based on (10}, it is already possible to see how this model might be successful at
producing time-varying risk premia. It follows from the investor’s Euler equation

Et[Mt+lRt+1] =1. (15)
et Bu(y) (Mo
t\flp e Tl Mg
—— = —p (M4, —— 16
Gt( §+1) pf( i+1 t+1)Et(-z\’4—t+1) ( )
where R® denotes the return in excess of the riskfree asset. Therefore
E{Ryy,) PR _ 1)?
max = (e’ -1
o (Ryia) ( )
~ you(1 + Alst)). (17)

It follows from (10) that the maximum Sharpe ratio is decreasing in s;. Following
the interpretation of s; as a recession variable, investors demand a higher return
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for unit risk in recessions rather than in booms.? This feature allows the model to
match features of the aggregate stock market. In addition, the maximum Sharpe
ratio depends only on s;, while the riskfree rate depends on both s, and 2.

Equation (16) shows that risk premia on bonds also vary according to s,. However,
these equations alone do not shed light on the sign of the risk premia on bonds. This
depends on the underlying relationship between consumption and the interest rate,
which is to be determined by the data.

2 Model Solution

‘The underlying assets in this economy are claims to future consumption. The notation
P, is used to denote the price of the security that pays out aggregate consumption
n periods from now. P, is characterized by the equations

Pgt = Ct (18)
Pnt = Et[Mt+1Pn—1,t+l]a (19)
where (19) follows from the representative investor’s first order condition (15) and

the fact that P, by definition, pays no dividends. The total wealth of the economy
is the claim to all future consumption. Namely,

P,=> Py (20)
n=1

In what follows, P, is taken to be the aggregate stock market. It is also possible
to consider levered claims to consumption, namely, assets that pay out C% +n- 10 this
case, the equations are

Py = Cf (21)
Pnt = Et[M}HP —1,t+1] (22)

The advantage of the approach is when # = 0, F, denotes the price of a real bond,
while when 6 = 1, P, gives the value of equity.

1Chou, Engle and Kane (1992) and Harvey (1989) present evidence that the Sharpe ratio, as well
as the risk premium, varies through time.




For 8 = 0, equations (21) and (22) form the basis for calculation of bond prices in
discrete-time affine models (e.g. Backus, Foresi, and Telmer, 2000, Singleton, 1990,
Sun, 1992). Here, their use is expanded to price both bonds and equities in a non-
affine model.

2.1 Prices as Functions of the State Variables

-
Under habit formation M, = § (Sg—:lcé—f) . It turns out to be easier to solve for

the scaled-price measures because, unlike prices, they are stationary and are purely
functions of the state variables of the economy. For the habit formation model, prices
are determined by

F,

P Sic1\ 7 { Copr " P, 41

— = E, |5 = !

cg = B ( s, ) G, cf (24

Because M, is conditionally lognormal,
_ oy
o7 = 0G" T exp {(9 =z = g) = 71 = $)(8 — ) + [(6 — 1) = vA(s2)]* 5}

Py;/CY is loglinear in z. However, In (P,/Cf) is nonlinear in s, so expectation (24)
cannot be calculated in closed form when n > 1. Therefore prices must be solved
for numerically.

One possible approach to the calculating prices is the use of Monte Carlo simu-
lation to solve the expectation in (24). The expectation can be calculated directly
by simulating sample paths for § and C. This method works poorly for the habit
formation model, where there is a lower tail of bad events. Because the probabilities
of rare events are so important, Monte Carlo estimation converges very slowly. An-
other possible approach is to solve (24) through numerical integration on s, and z.
While more accurate, this method suffers from the “curse of dimensionality”. Each
step in the recursion requires a two-dimensional integration and interpolation on a
two-dimensional grid.

SWhen & = 0, the right hand side gives the price of a one-period bond which, by design, does not
depend on s;. However, when n = 2, the expression depends on s; in a non-linear way.




Fortunately, by combining the analytical methods of affine bond pricing with
numerical integration, the curse of dimensionality can be avoided and prices can be
computed with no more effort than that required in the model of Campbell and
Cochrane {1999). The idea is to express price-dividend ratios as the product of two
functions: one of 2z, and one of s;. The 2z, term can be determined in closed form
because the model is affine in z;. The s; term is determined by a one-dimensional
recursion.

Following the pattern in affine bond pricing, a form for the solution is first
“guessed”, and then verified by substituting back into the recursion. Based on the
formula for P,/C? a reasonable guess for the form of P /C? is the following:

Py
T2t — exp (A() (2 - g) + B() Fsu,m), (25)
t
Substituting into (24) and solving verifies that (25) is correct and that A and B take
the following forms:

Alm) = -9

B(n) = nhﬂf5+n(f9—’)f)9r+(ﬁ_ﬂ?(l—ﬁg)ﬂr2 _ (l_d)) '

The function F' is determined by the recursion
. 1 — wn—l S =
exXp {(9 -) [U—:PW + 1] Ut+1} (%) F(spy1,n — 1)j| ;
(

with boundary condition

F(St,n) = Et

F(s,0) =1 (27)
Details can be found in the Appendix.

While the formulas look complicated, they can be used to gain insight into the
economic behavior of the model. One-period returns on these zero-coupon assets are

given by 8
P10, Pu Ct+1)
S il it N pelkio] 2
Bt ( Cy /Cf) ( Ce (28)
Therefore, by (25),
B L Ce1\’ Flsipr,n— 1)
Rapry = exp{A(n = 1)(z+1 — 9) = A(n)(z — g) + B(n — 1) — B(n)} ( Cy ) F(sy,n)
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It is straightforward to show that
Erng1 — rgﬂ] = Ey[In F(8421,n — 1) — In F(sy, n)| + constant, (29)

Therefore risk premia on the zero-coupon assets are time-varying, and depend only on
s¢. Thus the model conveniently separates the sources of variation in prices: z; (the
long-run consumption trend) controls changes in the interest rate and in expected
consumption growth while s; (the business-cycle variable) controls changes in risk
premia as well as in interest rates. It is important to note that (29) applies to premia
on long-term bonds as well as on the market. Thus bond premia will vary due to the
same cyclical factor s,.

Yields on zero-coupon bonds can also be calculated up to the recursively defined
function F'(s;,n). Yields are defined as

Unt = —llnPnt-
n
From (25), it follows that
ym:—ln5+frg
L= e 1—¢'“ L=y 1
5 au > nl—gb(zt g) nlnF(st,n). (30)

A special case of the model occurs when p = 0, b = 0, and € is set equal to zero to
price bonds. The recursion (26) collapses and F(s;,n) = 1 for all n. This is because
the term multiplying F' in the expectation (26) no longer depends on n, when p equals
zero. Because the one-period (riskless} bond does not depend on s;, the term must
equal a constant independent of n. From the boundary condition (18), the constant
must equal 1. From (29}, excess returns on bonds equal zero. This is not surprising:
when p = 0 and b = 0, interest rates and consumption growth are conditicnally
uncorrelated. From (16), excess returns on bonds must equal zero because they are
riskless from the point of view of investors.

The p = 0, b = 0 case, while relatively uninteresting in itself, does lend insight
into the workings of the model. & = 0 and p = 0 represents a hairline case. For
b > 0, interest rates are negatively correlated with consumption, hence bond prices
are positively correlated with consumption. Therefore & > 0 implies bonds have
positive risk premia, while b < 0 implies negative risk premia. Similarly, when p < 0
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(> 0), interest rates are negative (positively)} correlated with consumption and bonds
have positive (negative) risk premia. Thus the sign of the risk premia on bonds
depends on the sign of b and p, and the relative strength of these two effects.

2.2 Power Utility: A Comparison

While the difficulties of modeling equity prices under the assumption of power utility
are well-known, the term-structure implications are less well understood. In order
to clarify which new results arise from the habit utility assumption and which could
be derived using power utility, this section derives formulas for prices under power
utility.® This is especially important in Section 4.5, which considers why bonds have
risk premia.

Under power utility, the intertemporal marginal rate of substitution is given by:

e Ciia -
=i (%) o

Thus the riskless rate must be

T{+1 =—Ind+42 — ~ol. (32)

From (16), the maximal Sharpe ratio in the economy is given by

maxEt(RfH) _ (6—7%3 _ 1)%
Ut(Rf+1)

~ Ao (33)

Equations (32) and (33) point to the failures of the power-utility model. In the
postwar quarterly data-set used in this paper, the Sharpe ratio is about 0.5. However,
the variance of consumption growth is very low - about 1% a year. Therefore, ¥ must
be about 50 for (33) to hold. This is the well-known equity premium puzzle of Mehra
and Prescott (1985). Supposing this number were plausible, (32) creates another set
of problems. In the data, the riskfree rate has a low mean. But if 4 is high, then é
must be greater than 1 to adjust for the consumption growth term. Moreover, given

®Bekaert and Grenadier (1999) and Campbell (1986) consider implications of power utility in
similar but not identical models.
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the values of o, considered in this paper, high values of 4 imply a riskfree rate that
is far more volatile than that implied by the data.

A similar method to that used in the previous section can be used to calculate
prices under power utility. It is shown in the Appendix that

g—? = exp {fl(n)(z; —g)+ B(n)} _ (34)
where |
i) = (8- “)11‘_‘2” (35)

s n—1 _ 2 n—1 _ s
@3 lagz(ll ) o S +na3} (36)
k=1

k=1

It follows from (34) that returns are lognormal. Taking the expectation and
rearranging yields

8-

—2-— [2(9 — 1)[30'“0'1:}_?_1!)_ +

1—
Note that the coefficient on z, is 4, the same as the coeflicient in the equation for the
riskfree rate. Therefore the risk premium,

In By[Ry 141] = Iné + Yz + (92 - 1)‘73} (37)

Et[’f‘"n,tﬂ - th_|_1] = constant.

It is not possible for the power utility model to produce predictability in excess returns
for any values of the parameters.”

Under power utility, the term structure is the discrete-time equivalent of Vasicek
(1977). The yield on zero-coupon bonds is given by

“ . A 1—1!)“
Ynt = —ln5+vg+%(1_¢)(zt—g)
~9 9 n— kN 2 n—1 k
i Ty 1_1[) POuTy 1_¢' 2
L2 —— ) 42
2 n;(l—w) T El—wﬂr“

"Campbell (1999) derives this result in an approximate log-linear framework.
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The term in brackets determines the shape of the expected yield curve. This term
arises from correcting for Jensen’s inequality. When p > 0, yields are decreasing in the
maturity 7.8 Even when p < 0, for the parameter values of interest, the middle term
is dominated by the first term. Thus the power utility model produces a downward
sloping expected yield curve.

3 Estimating the Model

The dependence of the interest rate on s; and z; is estimated directly from the data.
Section 3.1 shows that the model implies a joint process for eonsumption and inter-
est rates. Section 3.2 describes the data, and Section 3.3 estimates the equations
from 3.1 using instrumental variables, revealing a new empirical fact: interest rates
depend significantly on long lags of past consumption. In Section 3.4, the nonlin-
ear restrictions imposed on the coeflicients are taken into account using Generalized
Method of Moments estimation. The result provides confirmation of the results in
Section 3.3 and estimates for all model parameters.

3.1 Deriving a Joint Process for Interest Rates and Con-
sumption

As shown in Section 1, the riskfree rate between ¢ and £ + 1 equals

b
th+1 = —1n6+’)’zt—b(3t-—§)——%(1—@5—;)
= & +y(z—g) (s - 5).

Here, and in what follows, #/ is taken to be the unconditional mean of the riskfree
rate. Rearranging, it follows that

1 b
a=g+=(rha—7)+ = (- 9. (33)
v il

8The quantity (1 —+*)/(1 — ) is increasing in k. Therefore the average of this expression (and
the average of its square) where k ranges from 1 to » is increasing in n.
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Using equations (2) and (3), this equation can be used to derive a relation between
consumption growth, interest rates, and habit. It follows from (2) that

1
Acgp1 =g+ ; (’J"{+1 - ’Ff) + ~{(s: — 8) + veq, (39)

b
y
or equivalently

ri = = —yg + ¥Acey — b(st — 5) — Ve (40)

Equation (38) also implies an equation for the evolution of the riskfree rate. Using
the process for z;

Zr1— g =v(2 — g) + wn
from (3), it follows that

rhy =7 + (s —5) =9 [Tg—H — 7 + bl — 5)] + Yugta,
which implies

"'"{+2 = 7 4+ (T{_H - 'Ff) ~ b(Sp41 — ) + ¥b(3: — 8) + Yugy

~ 74 (T{H - ff) b — @)(st = 5) — bA(S)vesr + yuenn. (41)

The second line follows from (54).

Equations (39) and (40) nest equations long of interest in empirical asset pricing.
When b = 0, these equations reduce to the equations considered by Hansen and Sin-
gleton (1983). This, and many subsequent studies have failed to find a significant
relationship between consumption growth and interest rates. The habit formation
model of this paper is unique in suggesting a testable modification to the traditional
model. Equations (39) and (40) add surplus consumption as a right hand side vari-
able. Using an empirical proxy, these equations can be estimated using instrumental
variables, as is done in the following section.

The first step in the estimation is constructing an empirical proxy for surplus
consumption s;. Appendix C demonstrates that

st — 3~ A(3) (Z ¢ Aeyj — ﬁ) \
j=0
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near the steady state § = s. Define

B=b\s)=b (% - 1) . (42)

Equations (39) and (41) imply that

f}/

J=0

1 A, B =
ACt+1 = g+ ; (’f"tf+1 - T'f) + — (Z Q&’A(,‘tﬁj — ﬁ) + v (43)

Tg+2 ~ 7+ 1 (T{H - Ff) +

(v —¢)B (Z ¢ A — ﬁ) — By + s (44)
i=0

Equation (40) can be rewritten in the same way:

00
T{+1 — Ff = —vg +":/ACH.1 — B (Z QsjACt_j — ﬁ) — YUtt1- (45)

3=0

In practice, of course, only a finite number of lags of consumption can be used. In
the estimation below, the proxy is constructed for 40 lags (10 years) of consumption
growth.

Because these equations is used to specify the model, the accuracy of the approx-
imation must be checked. It is not necessary that the approximations be accurate
in every respect. All that is necessary is that the true and the approximate model
behave the same as far as estimating the equations above. This can be easily done by
rerunning the tests on data simulated from the true model. Performing this exercise
reveals that, for the purposes of the equations above, the approximation is extremely
accurate.

The strategy is to first estimate (43) and (44) without any restrictions on the
parameters. The analogue of (40) is also estimated as a robustness check. Finally,
the equations are estimated with the restrictions implied by the model using GMM,
leading to a full specification of the model.
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3.2 Data

Quarterly, post-war consumption and financial data are used to estimate the model.
Following standard practice, per-capita consumption of nondurables and services
(from Basic Economics) proxies for aggregate consumption. The financial data are
from CRSP. The return on the 90-day Treasury bill proxies for the riskfree rate and
the value-weighted return on the NYSE and AMEX proxies for the market return.
The price-dividend ratio is constructed by summing the current and last three quar-
ters of dividends and dividing by the current price. All variables are adjusted for
inflation.

As discussed above, a long-run weighted average of consumption growth, - ¢/Ac;_;,
proxies for habit. In order to capture the long-run nature of 5., > ¢/Ac;_; is esti-
mated out to 40 lags, or 10 years of previous consumption growth. This has the effect
of reducing the length of the sample by 10 years, so that 1957 is the starting year,
rather than 1947. The last column of Table 4 presents summary statistics for this
sample period.

An important summary statistic is the first-order autocorrelation of the price-
dividend ratio. This turns out to equal ¢, the persistence of the surplus consumption
ratio. In quarterly terms, this autocorrelation equals 0.969 (Table 4 reports annualized
values). The analysis that follows takes this parameter as given.

3.3 Unrestricted Estimation

First, (43) is estimated. The purpose of the unrestricted estimation is to directly
test the role of past consumption in the riskfree rate, and to shed light on the GMM
estimation below. In theory, the riskfree rate is known, but in the data, of course,
the ex post riskfree rate is uncertain. Therefore these equations must be estimated
using the instrumental variables approach of Hansen and Singleton (1983). Following
previous studies, the instruments are taken to be twice-lagged values of consumption
growth, the riskfree return, and the dividend-price ratio. These are valid instruments,
because, as time ¢ — 1 variables, they are uncorrelated with time ¢ 4+ 1 errors.

The results of the estimation are given in Panel A of Table 1. The coefficient
on the interest rate is similar in magnitude to that found in previous studies. More
importantly, it is not signficantly different from zero. However, the coefficient on the
long-run moving-average of consumption lags is significant at the 0.05 level. This
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surprising result supports the notion that the riskfree rate depends on past consump-
tion.

Panel B reports the results of interchanging the roles of consumption and interest
rates in (43). Under the orthogonality conditions, the estimates of this equation
and the other are asymptotically equivalent, but might differ in finite samples. The
coefficient on lagged consumption growth is signficant at the 0.01 level. Interestingly,
the coefficient on contemporaneous consumption growth is significant at the .1 level,
which differs from previous studies which fail to find significance. This equation shows
directly that long lags of consumption growth predict the interest rate.

Figure 1 plots the history of average past consumption growth (ngu P Acy;),
the log price-dividend ratio, and the fitted value of the interest rate from the first-
stage regression. The negative relationship betwen consumption and interest rates
as implied by {43) and (45) is apparent throughoui the sample period. Moreover,
past consumption has a surprising ability to explain both short term and long term
fluctuations in the real interest rate. Figure 1 also reveals that changes in average
past consumption growth mirror changes in the price-dividend ratio. This striking
fact provides direct support for the assumptions behind habit utility.

3.4 Generalized Method of Moment Estimation

In this section, the parameters of the model are estimated using the Generalized
Method of Moments. The reason to use this approach is that (43) and (44) are
overidentified: the coefficient on lagged consumption in the second equation is a
function of the rest of the parameters. Moreover, B is itself a nonlinear function
of the parameters. In addition, the approach allows standard errors to be obtained
for o,, oy, and p. The system to be estimated is (43) and (44) together with three
equations that determine o, oy, and p:

leﬁl

%H’Eg

G(ga7a ba Ff:ri}i":o-mgu:p) = _6’161 —03 . (46)
+ehey — (B?a2 + v2a2 — 2Bvypoy,0,)

r€iea — (—=Bo} + vpo,0y)

where T is the sample length (in this case, about 165), H is the T x 3 matrix of
instruments and €, and e, are the errors from (43) and (44). B is defined in terms of
the primitive parameters by (42) and (12).
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While (43) and (45) are asymptotically equivalent under the orthogonality condi-
tions, there is reason to believe that (43) has better finite-sample properties. This is
because consumption growth is only weakly predictable by the instruments compared
to the interest rate. As shown in Table 1, the R? for the first-stage regression is
much lower for consumption than for interest rates. Therefore, for the GMM analysis
below, interest rates are chosen as the right-hand-side variable. A consequence of
this choice is that b/v is estimated, rather than b alone. Because ~ is estimated with
noise, estimating b results in large standard errors. This is not a problem: from (14),
and (12}, either b or /v could be interpreted as the more primitive parameter.®

The results of the GMM estimation are reported in Table 2. The ratio b/ is found
to be statistically different from zero, confirming the earlier results. The persistence
coefficient v is found to be near 1, similar to previous studies wich fail to reject a unit
root for the interest rate. As before, v is not statistically different from zero. The
point estimate and the standard errors are nearly identical to those in the unrestricted
problem.

This estimation implies that the riskfree rate in the model should depend on
surplus consumption with a negative sign. FEconomically, this means that the in-
tertemporal substitution effect of habit dominates the precautionary savings effect.
When surplus consumption is low, investors borrow to allow consumption to catch
up to habit.

4 Model Evaluation

The model is solved numerically using the resuits of Section 2, and the estimation
in the previous section. Section 4.1 discusses parameter choices, Section 4.2 plots
the price-dividend ratio and the yield spread as a function of the variables s; and 2z,
and the remaining sections discuss the implications of the model for unconditional
moments and return predictability, using 100,000 quarters of simulated data.

¥An alternative would be to estimate (45) instead of (39), and suggested by Panel B in Table 1,
this results in highly significant estimate for & On the other hand, this method results in noisier
estimates of g and oy,.
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4.1 Parameter Choices

The starting point in calibrating the model are the estimates in Table 2. Simply
using the point estimates would be a mistake, however. For example, the curvature
parameter vy is measured with substantial noise. Moreover, v controls the level of
the Sharpe ratio in the model, and using the point estimate would result in a Sharpe
ratio that is unrealistically high. As in Campbell and Cochrane (1999), v is set in
order to match the Sharpe ratio in the 1957-1998 sample exactly. This implies a value
for v that is lower than, but well within one standard error of the point estimate.
Setting v in this manner has the additional advantage that it standardizes the effects
of considering a range of choices for the other parameters.

To determine the range of results implied by the model, several sets of parameter
values are considered. The quantitative behavior of bond prices in the model turns
out to be sensitive to the choice of b and of o,. Increasing p or 1 results in similar
effects as increasing o,,. To limit the number of variable combinations, only b and
o, are varied. Four sets of parameter values are examined. In the first, b/ and o,
equal their estimates from the data. In the second, b/ equals its estimate from the
data, and o, is reduced by 1 standard deviation. In the third, b/ is reduced by
one standard deviation, and o, is at its point estimate. Finally, both b/ and o, are
reduced by one standard deviation. The symmetric operation, namely adding one
standard deviation, has qualitatively similar effects.

The remaining parameters, g, 7/, v, o,, and p are set equal to their point esti-
mates. Then Spax, and S are derived from these “primitive parameters” using (11)
and (12). ¢ is derived by taking unconditional expectations in the equation for the
riskfree rate (14). Table 2 and Table 3 summarize the parameter choices.

4.2 The Price-Dividend Ratio and the Yield Spread

Figures 2 and 3 plot the price-dividend ratio and the vield spread as a function of s,
for zz = g, and z, = g £ 4;”-——210. These figures establish a simple, but important,

result: the price-dividend ratio is increasing in s;, while the yield spread is decreasing
in s;. A second result is that the price-dividend ratio depends almost exclusively
on s;, while the yield spread depends both on s; and 2z;. Fama and French (1989),

10 —\/fj? equals the unconditional standard deviation of 2.
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Ferson and Merrick (1987), and Lettau and Ludginvson {2000) discuss the relationship
between the price-dividend ratio and the business cycle. Taking the price-dividend
ratio to be a measure of the business cycle, Figure 2 implies that s; is a pro-cyclical
variable. Moreover, this interpretation and Figure 3 imply that the yield spread is
countercyclical.

The price-dividend ratio behaves almost identically for each of the four sets of
parameter values, while the yield spread changes dramatically. The yield spread
varies much more with z; than does the price-dividend ratio. The larger the standard
deviation g,, the greater the variation becomes. Varying b also has large effects. As
b falls, the yield spread shifts down for every value of s; and z;. Figure 3 also shows
that the model is capable of generating a downward-sloping yield curve.

To summarize, the price-dividend ratio is pro-cyclical, and depends almost entirely
on s; alone. The yield spread is countercyclical, and depends on both s;, the business
cycle variable, and z;, the long-run consumption trend. These basic facts help to
interpret the simulation results below.

4.3 Statistics for the Stock Market, the Riskfree Rate, and
Aggregate Consumption

Table 4 describes the first and second moments of the excess return on stocks, the
riskless return, and the price-dividend ratio for each value of p. The model provides
a remarkably good fit to the mean and standard deviation of stock returns. This is
not a mechanical feature of the model: v was chosen to match ratio of the mean to
the standard deviation, not the individual levels. Thus the model can fit the equity
premium puzzle of Mehra and Prescott (1985).

In addition, the model produces moments very close to the mean and the standard
deviation of the price-dividend ratio. In this sense, the model improves on Campbell
and Cochrane (1999), as their model matched the standard deviation, but not the
mean. It is surprising that this model, designed to provide a better fit to consumption
and interest rate data, actually results in a superior fit to stock market data. The high
volatility of the price-dividend ratio, as well as stock returns demonstrates that the
model fits the volatility puzzle described by Shiller (1981). Stock returns and price-
dividend ratios are highly volatile even though the dividend process is calibrated to
the extremely smooth postwar consumption data.
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Finally, the model matches the mean and provides a realistic standard deviation
for consumption and interest rates. Thus the model resolves the riskfree rate puzzle
of Weil (1989) in addition to the equity premium and volatility puzzles above. The
low mean of interest rates follows from the fact that the v required to fit the Sharpe
ratio is very low, unlike in the traditional power utility model.

Unlike the means of consumption growth and interest rates, the volatilities do
not appear as parameters to be estimated in the GMM equations. The volatility
of consumption is very similar, or somewhat higher, than that found in the data,
depending on the parameters chosen. The volatility of the riskfree rate is almost
always lower than that found in the data. It is a positive feature of the model that
the riskfree rate in the model is less volatile than the one in the data as the riskfree
rate in the data is measured with noise due to inflation. The low volatility of the
riskfree rate is due not only to the low estimate of v mentioned above, but to the
relatively low estimate of b, the coeflicient on surplus consumption. This coeflicient
is estimated to be significantly negative, but still quite low. Thus the model displays
a realistic level of interest rate volatility.

Overall, the aggregate market characteristics vary very little as the parameters
vary within the ranges specified by the estimation in the previous section. The success
of the model in fitting the stylized facts is derived from the underlying features of the
model, not a precise set of parameters.

4.4 Excess Bond Returns and Yields

The parameter values for this model were designed to match the time series behavior
of interest rates and consumption. It is therefore surprising that they should also
match the cross-sectional behavior bonds. Table 5 shows summary statistics for
~ excess returns on zero-coupon bonds, for each of the four sets of parameters, and
for maturities equal to 1, 3, 5 and 10 years. For all parameter values, bonds display
positive risk premia that increase slowly with maturity. This pattern results from the
estimated coefficent b, and the correlation p. If the estimation had implied b < 0, bond
premia would be negative. Alternatively, p might have been found to be negative.
This would have increased expected returns on bonds beyond realistic levels.

Instead, the time-series data find a happy medium for the cross-section. Excess
bond returns increase with the maturity, but not sufficiently fast to be inconsistent
with the data. The standard deviation, Sharpe ratio, and betas on bond returns also
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increases with the maturity. In all cases, however, they are lower than that for equities.
The beta on bonds is relatively low, even though the same factors influence both bond
returns and stock market returns. Because bonds load only slightly on s;, and equities
load only slightly on z, the two factors are enough to generate independent variation
between bonds and stocks.

The differences among the panels of Table 5 makes sense. When bonds load more
on s, (i.e. bis higher), interest rates are more negatively correlated with consumption,
_ bond returns are more highly correlated, and thus are more risky from the point of
view of investors. But the higher the risk premium, the more variations in s, affect
bond prices. Thus the standard deviation and beta are higher and rise faster with
the maturity. Raising o, has the opposite effect. A higher value of ¢, dampens
down the correlation between interest rates and consumption, not just because of the
added noise, but because the correlation p between interest rates and consumption
is positive (while b is negative). This lowers expected returns and betas on bonds.
Overall, the results for the lower value of & are more consistent with what is found
in the data (see, e.g. Campbell and Viceira, 1899), particularly for bonds with high
maturities.

The results for means and standard deviations of bond yields in Table 6 mirror
that for returns. The average yield curve is upward sloping for all parameter values.
The slope is similar across all three sets of parameter values, and is similar to that
found in the data. Moreover, for g, equal to its higher values, long yields are less
volatile than short yields, while for the lower g, the volatility of yields is mostly flat.

The results in this section apply to real bonds, while the evidence on bond returns
pertains to nominal bonds. This distinction is likely to be less important for the means
of bond returns than for the variances; variances of ex post nominal bond returns will
certainly be higher than those of real bond returns. This observation actually helps
the model: for &/ = .004, the variances of bond returns are below those in the data
at all maturities (see Campbell and Viceira (2000} for moments of nominal bond
returns). For /vy = .007, the variances are either the same or lower, depending on
the maturity of the bond.

4.5 Why do Bonds have Risk Premia?

The most surprising feature of the cross-sectional behavior of bonds is that bonds
have risk premia, and thus an upward-sloping yield curve, at all. These bonds are not
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subject to inflation risk, nor are they subject to default risk. Why, then, do bonds
have risk premia?

Examining simulation results for the power utility model sheds some light on this
question. Because s; does not enter the riskfree rate, p is set equal to -1 to give the
power utility model the best shot at producing bond premia and a downward sloping
interest rate. Risk aversion 4 = 4, and the rate of time preference, 4 = 0.99.11

As shown in Table 7, the risk premia on bonds under power utility are small and
decrease with the maturity, and the vield curve is essentially flat. Under power utility,
bonds are subject to interest-rate risk, generating a small risk premium. Thus the
power utility results fit with the intuition above. Even though interest rates vary
substantially, as shown by o (y;), long bonds are essentially riskless. Bond premia are
a feature unique to the habit formation model.

In fact, under the habit formation model, bonds subject to not only interest rate
risk, but also business-cycle risk as represented by s;. Provided there is some risk
premium produced by time variation in the interest rate, that risk premium will vary
with s; because of changes in investor’s risk aversion. This causes bond prices to vary
with s; as well. Thus, bonds have risk premia because are sensitive to interest rates,
and because their prices fall in bad times.

4.6 Forecasting Excess Returns on Bonds and Stocks

Table 8 shows that excess returns en stocks and bonds in the model are forecastable
in a pattern closely resembling that of the data. For all sets of parameter values,
the price-dividend ratio predicts stock returns with a negative sign. Thus the model

"This produces a mean riskfree rate that is much too high; requiring the power utility model to
match the mean riskfree rate implies that § > 1. Even if one was not bothered by é > 1, there would
be a technical problem. A necessary and sufficient condition for the convergence of

oo
Pmarket,t = E Pht
n=1

is that

. 1 2
1m5+(1—ﬁf)g+§(1—f,/)2 (ag+ 03+1_¢pauav) < 0. (47)

1
(1—9)?
Given the other parameter choices, it is not possible to choose 5 to satisfy this equation and match
the mean of the riskfree rate.
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replicates the result of Campbell and Shiller (1988), namely that high price-dividend
ratios predict low future stock returns. The magnitude of the R? match that found
in the data: at the 1-year horizon returns are barely predictable, while the R? rise to
high levels at the 4-year horizon.

In addition, the model generates the failure of the expectations hypothesis doc-
umented by Campbell and Shiller (1991) and Fama and Bliss (1987). The general
form of the expectations hypothesis states that the expected returns on long bonds
should equal a constant plus the riskfree rate. Campbell and Shiller and Fama and
Bliss find instead that high yield spreads forecast high excess bond returns. Table 8
shows that for all parameter values, the model also has this property. Bond returns
also display greater predictability, as measured by the R?, at long horizons. Table 8
also demonstrates a “cross-predictability” effect. The price-dividend ratio predicts
excess bond returns, while the yield spread predicts excess bond returns, similar to
that found by Fama and French (1989).

All four sets of parameter values display the same qualitative effects, but the
quantitative results vary. When o, equals its higher value, the yield spread has
substantially less ability to predict bond and stock returns. Going from the point
estimate to one standard deviation lower for o, almost doubles the R? in the regres-
sion. As illustrated in Figure 3 when o, is high, there is more variation in the yield
spread due to 2;. Because excess returns depend only on s, (as shown in Section 2)
this variation lowers the R?.

The predictability generated by this model fits the broader point made by Fama
and French (1989): that common business-cycle related variables underly excess re-
turns in stocks and bonds. In the case of the model, the common underlying variable
is the surplus consumption ratio s;. Price-dividend ratios are pro-cyclical (increasing
in s;), while yield spreads and risk premia are counter-cyclical (decreasing in s;). The
model displays these effects for any parameter values such that bonds have positive
risk premia. Moreover, for the parameter values in the range suggested by the data,
the effects are quantitatively large.

5 Conclusion

This paper demonstrates that stock market and bond market facts can be explained
simultaneously in a consumption-based general equilibrium model. In particular, the
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model accounts for the predictability in bond returns as documented by Campbell
and Shiller (1991) and Fama and Bliss (1987), as well as predictability in stock returns
and the equity premium. The term structure matches the upward sloping yield curve
from the data, downward sloping volatility, and positive and increasing risk premia
on bonds.

The model in this paper assumes the utility function from Campbell and Cochrane
(1999), but generalizes the endowment and interest rate processes. Rather than
fitting the additional parameters to match stylized facts, the parameters are estimated
directly from the data. Consnmption-based asset pricing models generally imply that
the interest rate depends only on expected future consumption growth. The habit
formation model in this paper is unique in implying that interest rates may depend
not only on future consumption growth, but on past consumption growth as well.
Surprisingly, the latter effect turns out to be significant in the data. Thus the model
is estimated from the time series alone, but succeeds in fitting the stylized facts about
the cross-section. The end result is a model for the term structure that depends on
factors with analogues in macroeconomics. Thus this paper unites not only stock and
bond pricing, but connects them both to underlying macroeconomic behavior.
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Appendix

A Solving for Prices under Habit Formation

From the investor’s Euler equation, it follows that prices obey the recursion

Py Fr 1441
—=F M : 48
Ctg ' l o Cf+l ( )
with boundary coundition
Pyt
=1, 49

Substituting for My, from (7) and for P,_1441/Cf,; from (25) implies

“};_7:; = B [‘5‘3?‘?{(9 — )z +ve) + Al — 1) (240 ~ g) + B(n— 1)} (Sgl)_ﬂrF(Smyn - 1)]
= dexp{(@ — )z + Aln— D)p(z, — g) + B(n — 1)}
x E, [exp {(60 — Vv + A(n — 1) tsggr } (S;:I) F(syp1,n — 1)j| . (50}

By conditioning on v;.; and using the law of iterated expectations, u;+; may be
integrated out of the expectation. From the properties of conditional distributions,
it follows that

Aln — Yugalve ~ N (?PA(-” ~1),05(1 = p*)Aln - 1)2) :

Therefore

Pnt

oF " dexp {(9 — )z A+ Aln — Dz — g) + 2(1 — p)A(n — 1) + B(n — 1)}

KE;

2
Ty
exp {(9 — Y)ueg1 + U—PA(” - 1)Ut+1}

Comparing (51) with (25) implies that
An) = (0—7)+vA(n-1)

2
Tu

B{n) = Inéd+(0—v)g+ 5

(1-p)An—-1)*+B(n—1)
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and
F(syn) =

E;

exp { | 2=+ 0 -] s } (22) 7 Foiein—)

Solving backwards as in the power utility case yields the expressions for A4, B,
and F' given in the text.

B Solving for Prices under Power Utility
Substituting for M, from (31), and for P,_;;.,/C? from (34) in equations (48) and
(18) implies ‘

2—? = E; [Sexp {(5 — ) (2 + ver) + Aln = 1) (201 — 9) + B(n — 1)}] S

Substituting in for z.; using (3), it follows that

Pt Sexp {(8— )+ Aln - i~ 9) + B — 1)}

Ci
Ee[exp {(6 - )vu1 + Aln — Duen }] . (53)

Integrating out the expectation and comparing the resulting formula with (34)
implies the following formulas for A and B:

Aln) = (0-9)+ AR -1)
B(n) = Bn-1)+Iné+ (9 —4)g

+ % [ﬁ(n —1)202 4+ 2A(n — 1)(8 — ¥)pouo, + (6 — f“y)gcrs] .

From the boundary condition (49) it follows that A(0) = B(0) = 0. Solving back-
wards,
11—y

1— 4

Ay =0-N0+y+ -+ ) =(0-9)

Substituting into the formula for B(n) above yields (36).
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C Approximation for Habit in terms of Past Consumption

Near the steady state, the transition equation for s, is approximately

St41 — § = qi)(St - E) + )\(E)(Act_l_lr— Zt) (54)
~ P(se— 3) + A3)(Acetr — g) (55)

The first line follows from setting s; =~ 3, the second from z; &~ ¢ in the variance term
in (5). Solving forward produces'?

s¢ =~ § = A(5) (Z Ay — iﬂf_g!)) : (56)
=0

The main purpose of these approximations, besides intuition, is to derive a convenient
way of matching parameters to the data. It is not necessary that the approximations
be accurate in every respect, just that the moments of the approximate model that
are used to match the data are close to those of the exact model. This can be easily
verified by rerunning the regressions using simulated data from the exact model.

A first-order approximation around s; = 5 implies

65

Tz e +In(l —€f) — (St_§)1-e§

st—sw(l—%) (2, — cr — h), (57)

where b = In(1 — S). It follows from (56} that

$t+1~h+1T+ (1-¢ ZG}]Ct—j.

12Without any approximations,

Imposing only s; = 5, we have

& —8§= A(E)Z‘ngt—j
i=0
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Figure 1: This figure plots the history of average past consumption growth

fio ¢?c;_;, the log price-dividend ratio, and the fitted value of the interest rate
from the first-stage regression described in Section 3.3. Variables are de-meaned and
standardized
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Panel A: b#y =0,007, S, = 017 Panel B: b/ =0.004, a,= 0.17
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Figure 2: The Price-Dividend Ratio as a Function of 5;. The price-dividend ra-
tio refers to the ratio of aggregate wealth to aggregate comsumption. 2z, = g +

o/ V1= (—=), zn=g (—),and 2, = g — ou/y/1 — ¥* (——).

34




Panel A: by =0.007, o, = 017 Panel B: by =0.004, o, = Q17
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Figure 3: The Yield Spread as a Function of S;. The yield spread refers to the yield on
the 10-year zero less that of the riskless asset. z; = g+0,/+/1 — 92 (—.—), 2z, = g (—),

and z, = g — 0, /+/1 — ¢¥? (——).
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Panel A: Interest Rates and Habit on RHS

Const.  7{,, S F Ay
Acty 0.005 0.234 0.092
(0.000) (0.157) (0.042)
R? oo 0.256 - 0.227

Panel B: Consumption and Habit on RHS

Const. Act+1 - E Q‘)jACt_j
rl, -0.008 1.583 -0.270
(0.004) (0.848) (0.070)

R? - 0.060 0.227

Table 1: Unrestricted instrumental variable estimates of (43) (Panel A) and (45)
(Panel B). Standard errors are in parentheses. R? is for the first-stage regression of
the RHS variables onto the instruments.

Parameter | Estimate S. E.
g 0.0051 0.0004

y 4.545 3.195

b/~ 0.0070  0.0030

7f 0.0049  0.0006

] 0.908 0.143

Oy 0.0051  0.0005

Ty 0.0017 0.0012

o) 0.310 0.124

Table 2: Generalized method of moments estimation of (43) and (44). The persistence
of i, ¢, is set equal to 0.969 (quarterly units).
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& = 0.007 2 = 0.004

Panel A: ;u 017 Panel B: ;u — 017
Utility curvature «y 1.650 1.400
Discount factor & 0.984 0.983
Habit coefficient & 0.012 0.006
Persistence ¢ 0.969 0.969
Steady-state surplus cons. S 0.042 0.037
Max. surplus cons. Syax 0.070 0.061

Panel C: % = 0.007 Panel D: % = 0.004

g, = 0.05 o, = 0.05
Utility curvature vy 1.600 1.400
Discount factor & (0.984 0.983
Habit coefficient b 0.011 0.006
Persistence ¢ 0.969 0.969
Steady-state surplus cons. S 0.042 0.037
Max. surplus cons. Spax 0.069 0.061

Table 3: Utility Parameters. The model is simulated at a quarterly frequency; pa-
rameters are in natural units. b refers to minus the coefficient on surplus consumption

in the riskfree rate (14).
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b b
5 = 0.007 b =10.004
Panel A : 7 7

ane so=017 el BC o1 Data

E(rm —rf) 4.92 4.33 4.91
a(r™ —rf) 16.28 14.22 16.34
Sharpe* 0.30 0.30 0.30
E(P/D) 22.44 25.20 27.91
o(P/D) 0.32 0.27 0.29
Corr(P/D)* : 0.97 0.97 0.97
E(rf) 2.00 1.94 1.97
o{rf) 1.52 1.17 1.49
U(ACH_l) 1.30 1.31 0.96

Panel C : % = 0.007 Panel D % = 0.004

o, =0.05 o, = 0.05 Data

E(r™ —¢f) 4.93 4.39 4.91
a(r™ —rf) 16.51 14.53 16.34
Sharpe* 0.30 0.30 0.30
E(P/D) 22.61 24.73 27.91
o(P/D) 0.31 0.28 0.29
Corr(P/D)* 0.97 0.97 0.97
E(rf} 1.96 1.99 1.97
a(rf) 1.05 0.65 1.49
E(Aci1)* 2.03 2.04 2.06
o(Aciyr) 1.05 1.05 0.96

Table 4: Summary Statistics. Means and standard deviations of returns and con-
sumption growth are in annualized percentages. The Sharpe ratio, in annual units, is
the ratio of the first row to the second. The first-order autocorrelation of the price-
dividend ratio is in quarterly units. (*) denotes a moment that the model is designed
to fit exactly.
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= (.004
w = 0.17

= 0.007

b
C
=017 Panel B: J

b
Panel A: 7
o

mat E(r—rf) o(r—rf) Sharpe Beta E(r—vf} o{r—rf) Sharpe Beta

4 0.15 1.53 0.10  0.03 0.04 1.26 0.03 0.01
12 0.70 4.34 0.16 0.14 0.28 3.38 0.08 0.07
20 1.44 6.49 0.22  0.27 0.69 4.69 0.15 0.15
40 3.55 12.40 0.29  0.68 2.20 8.17 0.27  0.45

= (.004

b
Panel D: 7
ane o, = 0.05

b — 0.007
-
Panel C: o = 0.05

mat E(r—rf) o(r—rf) Sharpe Beta E(r—rf) o(r—7vf) Sharpe Beta

4 0.26 0.82 0.32  0.04 0.14 0.52 0.26  0.02
12 1.04 3.04 0.34 0.16 (.58 1.86 0.31 0.10
20 1.89 3.49 034 031 1.13 3.36 0.34 0.20
40 4.01 12.44 032 073 2.77 8.24 0.34  0.53

Table 5: Excess Bond Returns. Summary statistics are reported for zero-coupon
bonds maturing in 1,4,12,20, and 40 quarters (0.25, 1,3,5,10 years). Means and stan-
dard deviations are in annualized percentages. The Sharpe ratio (annualized) is the
ratio of the first column to the second.
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2 =0.007 b = 0.004

Panel A: ;u — o017 Panel B: ;u — 017
mat Ey,) o{yn) E(y,)  olyn)
1 2.00 152 1.94 1.17
4 207 141 1.95 1.05
12 231 1.25 2.05 0.85
20 263 1.21 2.20 0.77
40 3.58 1.27 2.79 0.80

2 —0.007 5 = 0.004

Panel C: ;u — 0.05 Panet D: ;u — 0.05
mat E(y,) olyn) E(yn) U(yn)
1 1.96 1.05 1.99 0.65
4 2,09 106 2.06 0.65
12 246  1.11 2.27 0.68
20 2.87  1.17 2.51 0.73
40 392 1.29 3.94 0.88

Table 6: Bond Yields. Maturities are reported in quarters. Means and standard
deviations are in annualized percentages.
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Power Utility Bond Returns

mat E(r® —rf) o(r® —¢/) Sharpe Beta

4 0.20 3.75 0.05 0.38
12 0.23 9.76 0.02 0.99
20 0.13 12.55 0.01 1.28
40 -0.00 14.60 -0.00 148

Power Utility Bond Yields

mat  FE(y,) o (Yn)

1 11.64 3.40
4 11.7% 2.96
12 11.84 2.12
20 11.82 1.59
40 11.75 0.91

Table 7: The Term Structure Under Power Utility. The first panel reports summary
statistics for excess bond returns, The second panel reports summary statistics for
bond yields. All bonds are zero-coupon and mature at 1, 4, 12, 20, and 40 quarters.
Means and standard deviations are in annualized percentages. The Sharpe ratio
(annualized) is the ratio of the first column to the second
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b b
2 = (.007 2 =0.004
Panel A: 7 7
anel A o = 0.17 Panel B o = 0.17
o — oyt b — gt rm —f r® —rf
;B RZ ﬁ RZ .5 R2 }9 R2

log(P/D) 4 042 005 -059 009 048 006 065 0.1
| 8 -0.80 009 -1.10 0.16  -0.89 011  -1.22 0.19
16 -1.42 016  -1.97 027  -159 020 -2.18 0.31

Yn — Y1 4 020 001 0.26 0.02 0.21 0.01 0.28 0.02
& 037 0.02 0.49 0.03 0.39 0.02 0.53 0.04
16 0.65 0.03 0.85 0.05 069 0.04 0.94 0.06

2 = 0.007 5 = 0.004
LT P T
Panel C o = 0.05 anel D o = 0.05
Mo pf b — pf rm— rt —pf
ﬁ R2 ﬁ R2 6 RQ tB RQ

log(P/D) 4 043 005 060 010 048 006 -0.72 013
§ -0.80 009 -114 018  -090 011  -1.37 0.25
16 -142 016 202 031  -1.62 020 -2.45 042

Yn — % 4 031 0.03 0.45 0.05 0.37 0.04 0.58 0.09
8 058 0.05 0.84 0.10 0.70 0.07 1.09 0.16
16 1.03 0.08 1.50 017 1.27 0.13 1.97 0.27

Table 8: Forecasting Excess Returns on Bonds and Stocks. Bond and stock returns,
measured at horizons of 4, 8, and 16 quarters, are regressed on the price-dividend ratio
(first three columns) and the yield spread (second three columns). Each variable is
divided by its standard deviation. The yield spread and the excess bond return are
calculated using the 10-year bond.
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