1

The business cycle behavior of asset returns has recently attracted a great
deal of attention, both from financial economists and from macroeconomists.
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Abstract
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ness cycles in different versions of the one-sector stochastic growth
model. We show that a model with capital adjustment costs, habit
formation preferences and financial leverage predicts equity risk pre-
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In financial economics, several empirical studies have documented important
cyclical variations in various security returns and risk premia, but little is
known to date about the origins of these variations.! In macroeconomics, as-
set returns have long played an important role as leading economic indicators,
recent empirical studies emphasize these relationships.?

The dominant analytical framework for studying the relationships be-
tween asset returns and economic fluctuations is based on the endowment
model of Lucas (1978). This model is a clever theoretical abstraction, since
it permits the study of asset returns in a parsimonious intertemporal frame-
work. This framework nevertheless has its limitations. First, the model lacks
realism, in that dividends and consumption are equal to endowment, the later
being specified exogenously. Second, because payouts and consumption are
exogenous, an endowment model offers no explanation for what actually de-
termines these quantities. Studying the effects of economic shocks (produc-
tivity, fiscal or monetary) on asset returns requires a model where consump-
tion and production is determined endogenously. Third, endowment models
offer no predictions about how asset returns are related to different macro-
economic quantities. Understanding what the macroeconomic risk factors are
requires models that generate a rich set of predictions for the relationships
of asset returns with various macroeconomic quantities. To contribute to a
better understanding of the determinants of asset returns, this paper under-
takes a quantitative study of asset returns in economies where production
is explicitly modeled. In particular, we focus on whether different versions
of the one sector real business cycle model, driven by productivity shocks,
can explain historical return premia. Compared with endowment models,
dividend flows are derived from more realistic assumptions about the nature
of production and investment activity by firms, and by considering financial
leverage. In addition, the specification of production along standard neoclas-
sical lines permits the study of how consumption profiles respond to changes
in preferences.® Naturally, such general equilibrium production models can
never do better than models that specify consumption and payout processes

LA few examples of these studies are: Fama and French (1989), Fama (1990) and
Schwert (1989, 1990).

2Some of these studies are: Chen (1991), Estrella and Hardouvelis (1991) and Stock
and Watson (1989).

3Cochrane (1991, 1992a) presents another approach for intertemporal asset pricing. He
evaluates asset pricing relationships derived from producers’ first order conditions.



exogenously; the question of our study is therefore if one can obtain endoge-
nous processes that explain the stylized facts of asset returns.

Prior research based on endowment models has mainly focused on modi-
fications of the standard model that can solve Mehra and Prescott’s (1985)
“equity premium puzzle.” A large body of literature has devised several mod-
ifications of preferences and payout structure that solve the equity premium
puzzle.* However, extensions to models with nontrivial production sectors
were less successful along this line (e.g., Danthine, Donaldson and Mehra
(1992), Rouwenhorst (1991)). Indeed, Rouwenhorst (1991) finds that it is
more difficult to explain substantial risk premia because endogenous con-
sumption becomes even smoother as risk aversion is increased. The reason
behind this is that in the standard one-sector model agents can easily alter
their production plans to reduce fluctuations in consumption. This suggests
that the frictionless and instantaneous adjustment of the capital stock is a
major weakness in this framework. One way to overcome this is to introduce
capital adjustment costs. Capital adjustment costs have a long tradition
in the investment literature, they also provide a formal framework for the
popular “q” theory (q is defined as the value of the capital stock divided
by its replacement cost). It therefore seems natural to introduce capital
adjustment costs into this standard framework. In fact, without capital ad-
justment costs, as most current business cycle models are, these models are
plagued by a counterfactual constant q. Given its previous success in solving
the equity premium puzzle in models with trivial production sectors (e.g.
Abel (1990), Constantinides (1990)) our analysis also includes habit forma-
tion preferences, in addition to the standard time-separable specification. We
find that an otherwise standard model with capital adjustment costs, that
are consistent with realistic investment volatility and in the range of empir-
ically plausible values, and habit formation preferences can generate equity
premia of several percentage points. Moreover, our study demonstrates that
financial leverage does also help explain the historic excess returns of stocks
over long term bonds.

To study these points, the paper develops a framework for computing
asset returns and for thinking about the cyclical variation of asset returns

4An incomplete list of studies that propose solutions to the equity premium puzzle is
Benninga and Protopapadakis (1990), Abel (1990), Constantinides (1990), Rietz (1988)
and Mankiw (1986).



that is applicable to a broad range of macroeconomic theories. This is done
by combining results from two earlier lines of research in finance and macro-
economics. First, asset pricing formulae based on the conditional lognormal
distribution have long been used in finance. More recently, Campbell (1986)
uses such formulae to value securities with single-period payouts (simple se-
curities) in a general equilibrium context. A key virtue of these formulae is
that one can readily understand the determinants of risk premia in terms
of the covariation of a security’s payouts with a basic valuation. Second,
many dynamic rational expectations macroeconomic models have a loglinear
reduced form.> Combining these two theoretical frameworks delivers pricing
relations that highlight the macroeconomic determinants of asset returns.
However, lognormal formulae and loglinear models also imply that simple
securities (with a single-period payout) have risk premia which do not vary
with the stages of the business cycle. Yet, as the analysis below makes clear,
most standard securities, such as common stocks and coupon bonds, are
complex securities, i.e., they can be viewed as portfolios of simple securities.
Consequently, we are able to show that expected returns and risk premia of
complex securities vary as a function of macroeconomic factors.

The organization of the paper is as follows. Section 2 presents general
analytical results obtained in the loglinear asset pricing framework. Section 3
discusses consumption-based asset pricing, by comparing Campbell’s (1986)
model with time-separable preferences to a version of the Constantinides
(1990) model with non-time-separable preferences. Section 4 studies risk
premia of asset returns in a one-sector real business cycle model with different
preference specifications. Section 5 contains conclusions and directions for
future work.

2 Loglinear asset pricing, analytical results

The lognormal distribution has enjoyed considerable popularity in the in-
tertemporal asset pricing literature. Even though this distributional assump-
tion may be too restrictive, it is attractive because it permits an analytical
solution to the intertemporal efficiency condition. Such closed form solutions

Real business cycle models along the lines of King, Plosser and Rebelo (1988) have
the required loglinear reduced form; many other examples of models are discussed later in
the paper.



are desirable because they provide insights not possible with the alternative
approach of numerical approximation methods. Closed form solutions are
also easier and faster to use; and this allows one to solve models with sev-
eral state variables in much less time than with alternative methods that use
iterative procedures.

Notable, recent studies that use lognormality include Hansen and Sin-
gleton (1983) and Campbell (1986). The framework presented here extends
Campbell (1986) along two dimensions. First, we use a multivariate setting
where the asset’s payouts and its valuation are clearly distinct, as opposed
to endowment models where dividends are equal to endowment and the val-
uation is solely determined by endowment and risk preferences. Second, we
will introduce composite securities with multiple payouts. In addition to be-
ing more general, this last extension is shown to allow for time variation in
conditional excess returns and variances. Despite these extensions the in-
tuitive relationships between asset returns and business cycle are generally
preserved.®

2.1 Returns for assets with a single payout

Intertemporal asset pricing uses the fact that any claim to a potentially
random future payout D;,, can be valued by the present value relationship:

FEAr D
‘/;S[Dt—{—k] _ ﬁ t[ /t\—i-k t+k]’ (1)
t

where (3 is the pure time discount factor, and A;,; the marginal valuation of
the numeraire at ¢t + k.

The structure of our model economy is as follows. The logarithm of the
dividend payout d; = log(D;), and the logarithm of a valuation \; = log(A;)
are assumed to be linear combinations of the logarithm of the state vector
s¢. The state vector is assumed to follow a first order autoregressive process
with multivariate normal i.i.d. impulses:

)\t = l)\St
dt = ldst (2)
St = MStfl + €

6Parts of this section are based on some research notes of R. G. King and G. K.
Rouwenhorst.



where the square matrix M governs the dynamics of the system. We require
the system to be stationary or I(1) nonstationary. Thus, the characteristic
roots of M have modulus less than or equal to one. The factor loadings [,
and [y are row vectors. Given normality of the impulses, the dividend and its
valuation are conditionally lognormal. The linear homoskedastic nature of
the system implies that conditional second moments of d; and \; are constant,
a result that is used repeatedly below.

Expected returns

We will first consider the case of assets with a single payout, which we call
“strips”. This term refers to the actual practice in security firms of stripping
bonds by separating coupon and principal and selling them separately as
zero-coupon bonds. One reason for studying strips is that they are easier to
think about; more complex securities are constructed as bundles of strips.
For a k-period strip, we define the one period holding return as:

Vit [Desr]

Rt,t+1 [Dt—l—k] = m

(3)
In order to solve for the conditional expected return Ej(R;i1[Diik]) we
first take the expectation of Vi 1[D; k] at time t. Under the assumption of
lognormality, this gives:

Ey(Viga[Digi]) = B 'Erexp(E(disk + Ak — M) + %Vart+1(dt+k + Aik))
= B exp(Ei(dipr + Mgk — Aig1))
X exp(% VaI‘t(Et+1 (dt+k + )\t+k — )\t+1)) + %Val‘t+1 (Clt+k + >\t+k))
(4)
Combining this with the valuation of V;[D; x|, we get after some manipula-
tion that:

Et(Rt,t+1[Dt+k]) = Rt,t+1[1t+1]
X exp(— COVt()‘t—H? B Mitr — )\t+1)) (5)
X exp(— COVt()\t_H, Et+1dt+k>>'

Equation (5) shows that the conditional expected return of a claim to Dy 4
can usefully be divided into three components, which we discuss in turn
below.



Determinants of expected returns

Risk free rate: The first term in equation (5), Ry ¢41[lit1] = 1/Vi[lesa],
represents the return to holding a one-period bond until maturity, i.e., the
risk free rate. While this investment is riskless with respect to its expected
return, uncertainty nevertheless affects the level of this return. To see this,
rewrite the risk free rate as:

1
Rt,t+1[1t+1] = ﬁfl eXP(At — B — 5 vart()\Hl)). (6)

The first two components in the exponential function capture the standard
effect of the intertemporal marginal rate of substitution on equilibrium in-
terest rates. In particular, the less future payouts are valued with respect
to present payouts, FiA\;11 < A, the higher is the equilibrium interest rate.
The variance term in (6) stands for precautionary effects, in the sense that it
reflects how uncertainty affects the optimal decision and hence the equilib-
rium interest rate. Intuitively, the higher is uncertainty, the less agents need
to be compensated for postponing their consumption.”

Term and payout uncertainty premia: The second term of equa-
tion (5),
—covi (A1, Py Airk — A1), can be thought of as a holding or term pre-
mium for a k-period discount bond that depends on the term structure of
interest rates. Indeed, if one expects capital gains as a consequence of lower
interest rates (this is the case when F; 1Ak exceeds A1) to be contem-
poraneous with low valuation, then this unfavorable correlation has to be
compensated by a positive risk premium. Finally, the third element of (5),
— covi( A1, Pryidir), is again linked to a possible capital gain or loss at time
t+1. If capital gains (higher than average expected payouts at time t+k) are
negatively correlated with the valuation, then again a risk premium is needed
to compensate the investor for the undesirable cyclical property of this asset.
In our subsequent discussion we will call these two covariance terms respec-
tively the term premium, 7,(k), and the payout uncertainty premium, 7, (k).

"This is related to the precautionary savings effect discussed in the literature, for in-
stance Kimball (1990). In general, this result is linked to the assumption of convex mar-
ginal utility of consumption. If we assume that marginal utility is equal to the exponential
of a linear combination of the states, marginal utility becomes a convex function of the
log of the state itself.



The sum of these two is defined as the dividend premium, 7,(k). However,
it should be clear that without additional information about the stochastic
processes of dividends and marginal valuations nothing can be said about
the sign or the magnitude of these premia.

At this stage, it is useful to summarize some results that characterize ex-
pected returns for strips. First, since the risk free rate varies over the business
cycle, conditional expected returns also vary over the business cycle. Second,
excess returns on bond and dividend strips, Ey(R¢i1[Divk))/Ee(Reri1[li1])—
1, are constant. This follows directly from the fact that conditional second
moments in the state space system are constant. These two results together
make that the predictable components of bond and dividend strip returns
are all proportional to the risk free rate.

Conditional variance

The tractability of the lognormal distribution permits sharp insights into
the relationship between the volatility of asset returns and the properties
of business cycles. Computing the conditional variance of returns can be
accomplished using the standard formula for the variance of a lognormal
variable. That is, if log(Z) is N(u, o) then var(Z) = exp(2u + o?)(exp(c?) —
1). A more direct calculation uses the fact that the one-period return can be
decomposed into two parts in the following way:

Vi1 [Dy]

Rep1[Deri] = Et(Rt’t“[DHk])Et(VZ 1[Disr])
+1[Dit

(7)

The second part of the right hand side, the revision of the initial price fore-
cast, can be written as:

1
exp( L1 (derr A n—Air1) —Ee(des e+ Aepe— A1) — 3 vary(Eppr (desg+Mpw—Aet1)))-

(8)

It then follows directly that:

var(Ryei1[Dirr]) = Et(Rt,t+1[Dt+k])2 (exp(var:[Epy1(disk + Ak — Aeg1)]) — 1)
(9)

Equation (9) shows how the volatility of revisions of expectations in the

underlying system directly translates into conditional variability for returns.



2.2 Returns for assets with multiple payouts

Next, we consider an asset which represents a claim to an infinite sequence
of possibly random dividends:

VI{Dea ko] = - VilDeril: (10)

k=1

This definition corresponds to a common stock or, for constant payouts, to a
perpetual bond. Assets with a finite number of payouts, for instance coupon
bonds, can be analyzed in the same way. The one-period holding return can
be written as:

Viril{ Do} 1 -
VD] Z [ Dik) Reyp1 [ Dy (11)

Rioal{Disitioey] =

with wy[Dyyk] = Vi[Desr]/Vi[{ Disr } o] being the portfolio weight attached
to the date ¢ + k dividend strip return.

Expected returns: FEquation (11) says that holding a common stock
can be viewed as holding a portfolio of dividend strips. This representation is
useful because the portfolio weights are known at time ¢, and for a one-period-
ahead conditional expectation, they can be passed through the expectation
operator. Taking the conditional expectation we obtain that:

Ey(Rep1[{ Desk f o)) = Regaa[Le4a] i we[Dyyk] exp(na(k))  (12)

k=1

which shows that the expected return of a common stock is equal to the
risk free rate times a weighted sum of the exponentials of the dividend strip
premia 7,4(k). While the strip premia do not vary over the business cycle,
the cyclic variation in the weights leads to time-varying conditional excess
returns, so long as the premia structure over different time horizons is not
horizontal (i.e., ny(k) # nq for all k). Equation (12) also highlights the fact
that the size of the equity premium is directly related to the size of the
individual strip premia. Also, weights generally decrease as a function of
the time horizon, which means that a sizeable equity premium requires large
strip premia for dates in the near future.



Conditional variance: The conditional variance of the common stock
return is approximately equal to:

vary (R 1 [{Dik} o)) = var, <§: wt[Dt+k]Rt,t+1[Dt+k]le(k‘)€t+1> (13)

k=1

where le<l€)€t+1 18 equal to Et+1 (dt+k + )\t+k; — )\t+1) — Et(dt+k + )\t+k; — )\t+1)7
as shown in equation (8).® Since €1 is the only uncertain element inside the
brackets, we can easily rewrite the conditional variance as:

vary(Ree1[{Der o)) & R [Lee)? [(8)] > [w(t)]

€€

with w(t) =Y wi[Dysy) exp(na(k))le (k). (14)
k=1
This expression highlights two important points. First, shifts of the weights
have the potential to generate time variation in the conditional variance. Sec-
ond, the variance-covariance matrix of the impulses of the linear system,>",,
, is directly related to the conditional return volatility.

3 Applications of loglinear asset pricing

This section begins with a review of prior work based on the assumption
of lognormality, and discusses how it relates to our asset pricing framework.
Next, we develop a model which incorporates non-time-separable preferences.
Finally, we compare the size of premia for time-separable and habit formation
preferences in a loglinear endowment model.

3.1 Consumption based asset pricing

The standard approach to intertemporal asset pricing follows Lucas (1978)
by assuming an endowment economy. Campbell (1986) analyzes a version
of this framework with time-separable, isoelastic period utility of consump-
tion. He also assumes that the endowment is conditionally lognormal, and

8The approximation uses exp(x) ~ 1+z. For instance, if x is normal and has a standard
deviation of 0.1525 (approximately the standard deviation of yearly stock returns) then
this approximation would give 0.15.
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that its logarithm follows a univariate linear process with i.i.d. normal im-
pulses. His study focuses on the determinants of risk premia, and provides
a starting point for our work. In our notation this model structure amounts
to Ay = —7¢;, with 7 being the coefficient of relative risk aversion, with the
equilibrium condition that d; = ¢;. Equation (5) can then be written as:

Ey(Rip1[Divi]) = B 'exp(—7(c — Eicryr) — %2 vary(ciq1))
X exp(—72 covi(Cry1, Brp1Ciin — Cry1)) (15)
X exp(T covi(cei1, Fri1Civk))-

This relationship between strip premia and consumption dynamics is one of
the main results of Campbell’s paper. Equation (15) makes it clear that
term premia (the first covariance term) depend on the covariance between
consumption and expected consumption growth, whereas payout uncertainty
premia (the second covariance term) depend on the covariance between con-
sumption and the level of expected future consumption. It also shows that
risk aversion, 7, enters term premia by its squared value but affects the pay-
out premia only proportionally, a result that is further discussed below.

The advantage of simple closed-form solutions is of course even more
appreciable when models are to be estimated. For instance, Hansen and Sin-
gleton (1983) and Singleton (1990) combine time-separable, isoelastic period
utility of consumption with the assumption that consumption growth rates
and asset returns are jointly lognormally distributed; this implies constant
conditional variances and conditional means that are linear functions of past
realizations. To translate this framework into our notation, we can think
about asset returns as one-period dividend strips, appropriately scaled such
that V;[D;yx] = 1. Equation (5) for conditional expected mean returns then
becomes:

Ey(Riir1) = B lexp(t(c — Eycepn) — T—; var(c+1)) (16)
x exp(T covy(cry1,10g Ry ii1))-

Equation (16) shows that, given constant conditional covariances, the ratio of
any two asset returns (and therefore excess returns) are constant. Empirical
evidence clearly rejects this restriction. For instance, Singleton (1990) shows
that a successful model needs to be able to allow for considerable differences
in autocorrelation properties across different assets. However, as we showed
above, multiple-payout assets are potentially consistent with these findings.

11



3.2 Nonseparable preferences

More recently, nonseparable preferences have attracted considerable atten-
tion as a possible means of reconciling intertemporal asset pricing models
with empirical evidence. Contemporaneous non-separabilities can easily be
handled in our framework. For instance, when leisure enters the period util-
ity function along with consumption, the valuation A; is simply the marginal
utility of consumption which now also depends on leisure. Other nonsepara-
bilities such as nontraded goods or household production can be treated in
the same way.

Non-time-separable preferences are even more popular in the asset pricing
literature; these also seem a priori to be more challenging.’ Indeed, the prior
framework does not appear to be directly applicable because the marginal
valuation of time ¢ consumption expenditure is typically a random variable
at time t. For this reason, additional variance terms in the denominator
of an asset pricing formula could complicate the setup. Fortunately, the
loglinear-lognormal structure renders these considerations irrelevant.

To see this, define lifetime marginal utility of time t consumption expendi-
ture as H; ... This notation suggests that consumption expenditure at t has
effects not only at time t, but also at t+1, t+2,..., which is typically the case
for a habit formation specification. Assume, then, that hy s = log(Hy )
is equal to a distributed lead of the log of the state vector:

higrs = D In(5) 8t (17)
=0

For asset pricing we need to evaluate

Et(Ht,t+s) = Etexp(ht,t+s>

18
= exp(Eiht s + %Vart(h’t,t+s>> (18)

which is implied by the lognormality assumption. Given that an additional
variance term is also in the numerator of any pricing formula like equation (1),
and given that these variances are time-independent, these variance terms
cancel out, as we show in the appendix. Thus we can use A; = exp(Eihy )
as the valuation, and all the previously obtained results apply directly.

9Examples include: Abel (1990), Cochrane and Hansen (1992), Constantinides (1990),
Ferson and Constantinides (1991), Heaton (1993) and Sundaresen (1989).

12



Habit formation and the valuation

Various authors have documented the ability of habit formation preferences
to generate high premia (see footnote 9). We can easily replicate this argu-
ment in our framework, illustrating the relationship between habit formation,
valuation and strip premia. Taking a simple habit formation specification,
u(Cy — aCy_1), hy can be approximated locally by

ot . (1+a?8)T o afT .
I-—a)(1—0af) = (I-a)l-af) " (I-a)1-—0apf)

where ¢ is the log of consumption expenditure.'® Equation (19) reveals that
marginal utility of current consumption expenditure depends on past and
future expenditure as well as on current consumption expenditure. For an
endowment model we can define the state s; to be equal to [c, ¢; 1]', which
puts the problem into the form of equation (17).

There are quantitatively important implications of (19) for the relation-
ship between consumption and realized marginal utility A, and, hence, for
the links between consumption and the marginal valuation, A;.

(19)

Changes in consumption at all dates: If consumption changes by an
equal amount at all dates, then it follows that the elasticity 0h/Oc is simply
—71. That is, as argued by Ferson and Constantinides (1991), 7 is approxi-
mately equal to relative risk aversion with respect to atemporal wealth bets,
in which consumption at all future dates is a choice variable. In other words,
—7 is the long-run elasticity of marginal utility with respect to permanent
changes in consumption.

Changes in consumption just at date t: If consumption changes
just at date t, then for a habit formation parameter of @ = 0.6, a value
discussed later in the paper, and for g = 0.96, the elasticity is now

(9ht 1+ OéQﬁ

9o, (I-a)1-af)

~ —8T.

Equation (19) is obtained from the first order condition with respect to consump-
tion expenditure in an infinite horizon model under certainty: H; = Du(C; — aCy_1) —
afBDu(Cry1 — aCy). We then take a first-order Taylor series approximation of the log of
this expression, and use the fact that when u(C; — aCy_1) = (1 — 7)7H(Cs — aCy_ 1)t 7
then —D?u(.)(1 — a)C/Du(.) = 7.

13



One can think about this elasticity as short term risk aversion with respect to
temporary consumption changes. Thus, with respect to temporary changes
in current consumption, risk aversion is effectively 8 times larger than it is
with respect to wealth changes.

Changes in consumption at t and t4+1: Suppose that consumption
changes at time ¢ and t 4+ 1 are linked by dc; 1 = xdc,. Then the elasticity
of marginal utility with respect to consumption is

oh, oh, 1+ a?8 — zaf

9 Yoan  U—a)i-af)

For changes that are expected to be permanent (z = 1), it then follows that
the elasticity is Oh;/0c; =~ —4.57. Hence, by varying the extent to which
changes are perceived to be permanent, we can alter the extent of effective
risk aversion with respect to consumption changes from 87 (with z = 0)
to 4.57 (with z = 1). Intuitively, this result reflects the idea that with
consumption habits an agent is willing to pay more ceteris paribus to avoid
a risk that disturbs these habits.

Habit formation and strip premia

The strip pricing formula indicated that there are two determinants of the
equity premium which we reproduce here for convenience. First, there are
the holding or term premia:

Ut(k?) = - COVt(>\t+1, Et+1)\t+k - >\t+1)-
Second, there are the payout uncertainty premia:
Up(k) = —cov(Ars1, Et+1dt+k)-

For expository purpose it is useful to focus on the case in which (i) con-
sumption is a random walk and (ii) consumption and dividends are equal,

diyk = Cipk-

Risk premia with time-separable preferences: Since consumption
is a random walk there are no expected changes; this implies that term

14



premia are equal to zero. The random walk assumption also means the
payout premia are constant across horizons, since F; 1diix = Eii1cip =
ci+1. Further, the level of the payout premium is just 70?%, where o2 is the
variance of the consumption growth rate. If we use the Mehra and Prescott
(1985) value of o = .036, then the variance is 0 = .0013. Hence, the payout
premium is small even for large values of 7. For example, if 7 = 2 then
p =2 x .0013 = .0026, i.e., about one-quarter of a percent. Setting 7 = 20
still makes the equity premium only 2.6%.

Risk premia with habit formation: With nonseparable preferences
we have expected changes in marginal utility as suggested by the prior analy-
sis. Continuing to assume that consumption follows a random walk, we find
that (for k > 2)

O(Erp1 Mk — Ait1) - g 1+a?8—af
dcr (1— a)(l - Oéﬂ)

That is, say after a positive shock, marginal utility will be expected to in-
crease again after its initial decline at t + 1. Hence, we know that there will
be term premia, even though none were present with separable preferences.
The level of these premia is about

T 3.57.

ni(k) = —(—4.57)(3.57)0°.

Thus comparing the term premia with the payout premium above we find
that it is about 167 times as large, or about 8.3% for 7 = 2. Habit formation
is therefore capable of generating large term premia in this setting. The
payout premia are

np(k)

- COVt(>\t+1, Et+1dt+k) = - COVt()\t+1; Ct+1)
4.5170*%
1.2%

QN

Thus the increase in payout premia is about 1% when we shift to the habit
formation model.

Figure 1 shows how these considerations operate in a version of the Mehra
and Prescott (1985) exercise. Rather than assuming that consumption fol-
lows a random walk, consumption growth rates follow a first order autore-
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gressive process with parameter —.14.!' We begin by studying the impulse
response functions, which are in the right-hand plot in each row. Dividends
are the same in both cases, as they are just equal to consumption. However,
the difference in the response of marginal utility is dramatic. For the time-
separable case, the negative serial correlation in consumption growth, creates
predictable movements of consumption and hence the valuation. The decline
in valuation at shock-impact is followed by an increase back towards the ini-
tial level. This time path leads to a decrease in interest rates, and to positive
term premia. For habit formation, not only is this decrease in interest rates
much more pronounced, but the valuation at ¢t 4+ 1—when the capital gains
occur—is much lower. This gives term premia of over ten percent for habit
formation. The premia structures in the left-hand-side in figure 1 are higher
than in our previous example with random walk consumption due to the
temporary components in the consumption path. Temporary components
increase the expected future change after the initial shock, and therefore
amplify interest rate movements.

In summary, our comparison of habit formation and time-separable pref-
erences is consistent with the results obtained in the literature in similar
models: habit formation generates a much higher equity premium. In fact,
as we show, habit formation has the ability to drive a wedge between risk
aversion with respect to wealth and with respect to short term consumption
changes, and this generates large premia. However, these premia are mainly
term premia, put another way, interest rates become much more volatile.
Historical mean returns for long term bonds and stocks displayed in table 1
show a another picture: the equity premium is mainly a premium for payout
uncertainty and not for interest rate risk. This is to say that the basic habit
formation model is not entirely satisfactory in its way of solving the equity
premium puzzle. We return to the analysis of habit formation preferences
in the next section by investigating how these results change in production
economies where consumption and dividends are determined endogenously.

HMehra and Prescott specify a two-state, discrete Markov process with autocorrelation
of —.14.
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4 Asset returns in production economies, quan-
titative predictions

At this point, we depart from our assumption that the loglinear system for
dividends and its valuation is given exogenously. To do so, we link our
formulae for asset pricing to the loglinear structures obtained as approximate
solutions to stochastic equilibrium models. King, Plosser and Rebelo (1988)
present an approximation method for infinite horizon problems that gives the
solution in exactly the loglinear form required by our asset pricing framework.

This section explores the quantitative predictions for asset returns of a
one-sector, real production model driven by exogenous shocks to produc-
tivity. As in the prior section, we also consider different specifications of
investors’ preferences. However, it is important to note that the present
framework is not limited to the study of this class of real business cycle
models. For example, these methods could be used to study asset pric-
ing in models with additional features such as oligopolistic pricing (Rotem-
berg and Woodford (1992)), time-to-built investment technology (Kydland
and Prescott (1982)), nontraded goods (Stockman and Tesar (1990)), house-
hold production (Greenwood, Rogerson and Wright (1993)), liquidity effects
(Christiano and Eichenbaum (1991)), sticky prices (King (1991)) and sto-
chastic fiscal policy (Baxter and King (1993)). Baxter and Jermann (1993)
applied this framework to a model with incomplete asset markets.

4.1 The model

Consider the standard stochastic neoclassical growth model with a large
number of infinitely-lived firms and investors/households. There is a single
consumption-investment good that is produced with a constant-returns-to-
scale production technology which is subject to random shocks in productiv-

ity.
Firms

In each period, a representative firm has to decide how much labor to hire
and how much capital to invest. Managers maximize the value of the firm to
its owners, which is equal to the present discounted value of all current and
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future expected cash flows:
o) ﬁkAt+k
Ey Z A—(At+kF(Kt+k, Xk Nirk) = WipeNepw — Ligr) (20)
k=0 t

where A is the stochastic productivity level, K is the capital stock, W is the
wage rate, N is the quantity of labor input, X is the deterministic trend in
labor augmenting technical change which grows at the rate v = X;,1/X; and
I is investment expenditure. The firm’s capital stock obeys an intertemporal
accumulation equation with adjustment costs:

Kiyi=1-80K;+¢ (%) K, (21)

where ¢ is the depreciation rate and ¢(.) a positive, concave function. The
concave function captures the idea that changing the capital stock rapidly
is more costly than changing it slowly. This specification also allows the
shadow price of installed capital to diverge from the price of an additional
unit of capital, i.e., it permits variation in Tobin’s q.'?

The firm does not issue new shares, but finances its capital stock through
retained earnings and discount bonds. Each period, the firm issues j-period
discount bonds for a fixed fraction v/j of its capital stock, and pays back
its debt that comes to maturity. The dividends to shareholders are therefore
equal to:

14
D, = A F (K, XuNy) — Wi N, — I, — ;(Kt—(j—l) — Vil Kon)  (22)

with V¢ the price of a corporate bond. We choose this financial policy because
it allows the firm to adjust its debt level smoothly through time as it grows.
The parameter v determines the overall level of debt as a fraction of the
capital stock.

12Capital adjustment costs have been studied by Eisner and Strotz (1963), Lucas (1967),
Lucas and Prescott (1971) and Hayashi (1982). Baxter and Crucini (1993) have applied
this specification to an open economy real business cycle model.
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Investors/Households

Representative investors maximize expected lifetime utility of consumption,
subject to a sequential budget constraint:

max F, Z B u(Cyir)

k=0
s.t. WtNts + at(Vt” + Dg) = Ct + CLH_l‘/ta. (23)

Here a; is a vector of financial assets held at ¢ and chosen at t — 1, V¢
and D® are vectors of asset prices and current period payouts. The asset
vector a contains shares and one-period bonds to the representative firm
and possibly other assets. In addition, investors face a (normalized) time
constraint 1 = N7+ L,, with L representing leisure and N® productive work.
Given that leisure does not enter the utility function, agents will allocate their
entire time endowment to productive work. We will call this case the fixed
labor economy, FL. Two additional cases are considered: the variable-labor
economy, VL, where u(.) = u(C, L;), and the habit-formation economy, HF,
with period utility function defined as u(C; — aC;_1).

Market equilibrium, definition of financial assets

In equilibrium, all produced goods are either consumed or invested; labor
supply also equals labor demand. Financial market equilibrium requires that
the investors hold all outstanding equity shares and corporate bonds, and
that all other assets are in zero net supply.

In our numerical analysis we will look at the equity return, Ry, ; =
Riti1[{Disk} o], the return of a period riskless bond, R,{Hl = Ry1i1[lee1],
and the return of a perpetual bond, Rf,tﬂ = Res1[{Lian ooy ]t

4.2 Calibration

To develop the quantitative predictions of the model, we choose parameters
within the range of values generally considered as reasonable. Whenever

13Given that we exclude the possibility of bankruptcy, corporate and riskless bonds are
perfect substitutes. In fact, in our simulations, the probability of default (firm value below
debt) is negligible for the cases of interest.
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possible, we use information from outside the model to identify parameter
values. Where this is not possible, or where parameters substantially affect
the results, we will consider several values.

Long run behavior: Several parameters are chosen to match long-
run model behavior, as it is customary in the literature. These parameters
do not significantly affect model dynamics, and we use standard values. The
quarterly trend growth rate  is 1.004, the capital depreciation rate ¢ is 0.025,
the constant labor share in a Cobb-Douglas production function is 0.63, the
fraction of time allocated to productive work is 0.20, and the investment
share of output is 0.26. This parameterization fixes the steady state rate
of return under certainty at 6.5% annually. Implicitly, this also fixes the
growth-adjusted discount factor, 3*, that is equal to By*~7 .14

Habit formation: Constantinides (1990) requires a habit formation
level of @ = 0.8, Cochrane and Hansen (1992) use 0.5 and 0.6. We use 0.6.
This value also guarantees that marginal utility of consumption expenditure
is always positive.

Capital adjustment costs: To specify the capital adjustment cost
technology, we only need to know the elasticity of the investment capital
ratio with respect to Tobin’s q. This parameter primarily affects investment
volatility. In the absence of strong a priori knowledge, investment volatility
can be used to impose bounds on this critical adjustment cost parameter. We
study three cases: low, moderate and high capital adjustment costs. This
corresponds to elasticities of 13, 1.3, and 0.33. Abel (1980) estimated this
parameter in a somewhat different model, and obtained values between 0.27
and 0.52. This suggests that our high adjustment cost elasticity of 0.33 is in
the range of empirical plausible values.

14This relation illustrates how in a growing economy it is 3*, the discount factor of
the model where all growing variables have been divided by the linear growth trend, that
needs to be smaller than one and not the original 3. For utility to be finite, and the model
equilibrium to be well defined, there is an additional constraint that limits the path for
the exogenous productivity process. A more detailled discussion of these issues can be
found, for instance, in Benninga and Protopapadakis (1990).
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Risk aversion: The coefficient of relative risk aversion has played a
major role in the intertemporal asset pricing literature. Each one of our
three models uses the period utility function (1 — 7)~'W¥;~", where ¥, is
the level of consumption services. However, the three models differ in their
specification of ¥; as follows:

Fixed labor (FL), ¥, = Cy;
Variable labor (VL), ¥, = C?L; %; and

Habit formation (HF), ¥, = C; — aC; ;.

Across all three models, we want to keep constant agents’ behavior to-
wards atemporal wealth bets. It is well known that, for the FL model, risk
aversion is thus equal to the parameter 7. Ferson and Constantinides (1991)
and our previous discussion show that 7 is also close to risk aversion for
the HF model. Finally, for the VL case, given that ¥ is homogeneous of
degree one, an increase in wealth for a constant real wage will leave the
consumption-leisure ratio constant, which also makes the parameter 7 the
risk aversion with respect to atemporal wealth bets. Estimates of risk aver-
sion based on market returns like Friend and Blume (1975) are around 2.
Campbell (1993), by including returns to human capital gets values between
5 and 8. Taking into account mean reversion in asset prices can increase
these estimates by up to three times (Black (1990), Campbell (1993)). Con-
sequently, we consider values for 7 of 2 and 10.

Financial leverage: Masulis (1988) reports leverage ratios—debt as a
fraction of total firm value—for the U.S. over the last sixty years to range
from 0.13 to 0.44 for market values and from 0.53 to 0.75 for book values.
We will consider leverage ratios of about 0.5.

Productivity shocks Finally, we need to specify the exogenous process
for productivity A;. Estimates of Solow residuals typically yield a highly
persistent AR(1) process with possibly a unit root.!> Our estimates, based
on the data from Backus, Kehoe and Kydland (1992) give 0.98 and 0.0085 for
the autoregressive coefficient and the impulse standard deviation, and we are

15See Prescott (1986) for a discussion of Solow residuals’ estimates.
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unable to reject a random walk. We will use two values for the persistence
parameter, 0.95 and 1, for a stationary and a difference stationary process,
with standard deviations of the shock impulse of 0.0085.

4.3 Quantitative model predictions

Several of the studies of intertemporal asset pricing in endowment models
follow Mehra and Prescott (1985): models are evaluated in terms of their
ability to generate a high equity premium. To compare production models
to these prior results we follow the same strategy. However, we will also be
careful to distinguish between payout uncertainty risk and interest rate risk.
Indeed, as suggested in the long-term data in Table 1, the equity premium
is mainly a premium for riskiness of the payouts rather than for interest rate
risk.

Summary of numerical results

The models’ predictions for mean returns and business cycle statistics are
displayed in table 2 to 5. Before examining these results more in detail, it
seems useful to briefly state the main results. The major result is that combi-
nations of high capital adjustment costs and habit formation preferences can
explain equity premia of several percentage points.!® Table 2 also makes it
clear why substantial equity premia were not found by prior researchers (such
as Rouwenhorst (1991)) who studied production economies without capital
adjustment costs. Table 2 shows that, for low capital adjustment costs, no
model variation can generate an equity premium that exceeds 0.1%. Adding
financial leverage does further increase the equity premium and also the pre-
mium of returns on equity over perpetual bonds. These model versions with
high capital adjustment costs and habit formation are further able to gener-
ate investment and consumption volatility broadly in line with U.S. aggregate
data. Another result is that the variable labor supply model generates pre-
mia that are consistently smaller—in absolute values—than the fixed labor
model. Explaining the equity premium with variable labor supply represents
therefore an additional challenge for the representative agent model.

16Compared to the postwar data we calibrated our model to, the variance of endowment
in the Mehra and Prescott data is about four times higher. This increases the level premia
roughly four times for their data set.
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In the remainder of this section, we take a closer look at the determinants
of premia in production models. We follow the method of section 3, and
explore how the dynamic responses of dividends and valuation explain risk
premia. We then discuss how combinations of capital adjustment costs and
habit formation generate a high equity premium. Finally, we show how
financial leverage can further increase the equity premium.

Premia in production models

To show how production models work, figure 2 displays various strip premia
and impulse response functions for the basic stationary model case with low
risk aversion and low capital adjustment costs. Notably, strip premia are now
no longer always positive in contrast to the findings in the different endow-
ment models we studied before. For instance, payout uncertainty premia are
now negative for short maturities. To understand this seemingly counterintu-
itive result, recall that we defined the dividend as output minus labor income
minus investment. Therefore, after a positive productivity shock, the sharp
increase in investment simply outweighs the increase in the capital income.
In other terms, the firm’s decision is to increase its retained earnings in or-
der to take advantage of the temporarily higher productivity: this earnings
process causes negative payout premia. The equity premium is composed of
both the term and the payout uncertainty premia, whereas the bond has only
the term premia. Hence, we can now understand the apparently anomalous
result in table 2: that, in this case, the equity premium (.006) is lower than
the bond premium (.008). Other results in table 2 can be analyzed the same
way.

Why do capital adjustment costs increase premia? The second
row of figure 2 illustrates how capital adjustment costs can improve results
for the equity premium. First, by reducing the potential for intertemporal
substitution on the production side, the time path for marginal utility is
more variable. It is also invariably increasing, which leads to positive term
premia. Second, given that investment volatility is reduced, dividends now
no longer have a large initial downturn, which benefits the payout premia.
As reported in table 2, the equity premium, in this model with moderate
adjustment costs, is increased about ten times with respect to its value with
low capital adjustment costs; in addition, it is larger than the bond premium.
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Why is high risk aversion not enough? Figure 3 explains why risk
aversion alone cannot give high equity premia in production models. Indeed,
high risk aversion actually reduces dividend responses over all horizons. In
this context, the fact that the risk aversion coefficient is equal to the inverse
of the elasticity of intertemporal substitution has strong implications. The
greater desire to smooth consumption leads dividends to actually decline over
all horizons in response to a positive productivity shock.

What happens with random walk productivity? Random walk
productivity for time-separable utility, in figure 3, creates ever declining ex-
pected marginal utility, the counterpart of an ever increasing consumption
path. This increases interest rates over all horizons, thus leading to negative
term premia. Increasing risk aversion (not shown) will here increase the hold-
ing premia by a higher rate than the payout uncertainty premia, as suggested
by equation (15). This means a lower equity premium for the FL. and HF
models with low capital adjustment costs. Note, however, that the payout
premia are consistently positive and considerably larger than for the sta-
tionary cases of figure 2. By making the trend level of dividends stochastic,
random walk productivity increases their riskiness.

What determines the level of the risk-free rate? Given our par-
ticular stochastic structure the unconditional mean of the risk-free rate has
the following closed form solution:

E(Riii1[lii])) = % exp <%(var(Et)\t+1 —At) — var(Agg — Et)\tﬂ))) (24)
where the first ratio in the right hand side is simply the steady state rate of
return under certainty, a function of the trend growth rate and the growth
corrected discount factor. Unpredictable volatility of the valuation reduces
this rate, what we interpreted earlier as precautionary effects; and predictable
volatility, a Jensen’s inequality effect, increases it. For impulse responses,
low risk-free rates are linked to large jumps at impact followed by little
predictable change. This is the general pattern for nonstationary models,
which also clearly shows up in the results in table 2.
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The interaction between capital adjustment costs and habit forma-
tion

Our previous discussion in sections 3.2 and 4.3 explained why capital adjust-
ment costs and habit formation can separately lead to high equity premia.
The numerical results, however, make it clear that it is the combination of
these two elements that account for an equity premium of several percentage
points. Table 3 and 4 report population moments for business cycle statistics
that clarify the model mechanisms at work.

Capital adjustment costs reduce intertemporal substitution in production.
In turn, this makes consumption more volatile and its growth rate less pre-
dictable. However, capital adjustment costs alone do not increase riskiness
enough to generate large premia. Further, capital adjustment costs strongly
reduce investment volatility for time-separable models below any empirically
plausible value. Habit formation increases risk aversion in consumption in
the short term versus the long term, which can create large premia. How-
ever, habit formation lowers intertemporal substitution in preferences, so
that consumption becomes also much smoother (i.e., less volatile and more
autocorrelated), which reduces the riskiness of the endogenous consumption
path. (This latter fact does of course not come into play in endowment
models.) Combined high capital adjustment costs and habit formation keep
intertemporal substitution in consumption and in production at low levels,
and thus generate premia in the order of magnitude of endowment models.

Despite the fact that capital adjustment costs do reduce the autocorre-
lation coefficients of consumption growth rates, first order coefficients of .47
and .5 seem still rather high (see table 4). Heaton (1993) reports the first five
autocorrelation coefficients for growth rates of seasonally-adjusted quarterly
U.S. consumption expenditure on nondurables and services at .276(.068),
.108(.063), .201(.080), .057(.087) and -.202(.108) (standard errors in paren-
theses). He argues, however, that the high first order serial correlation co-
efficient is due to time-averaging of the consumption data. Modelling the
sample properties of aggregate data is beyond the scope of our paper.

Financial leverage and dividend volatility

Results in table 2 document that model versions with capital adjustment
costs and habit formation are able to generate equity premia close to 3%.
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Despite this, the model cannot explain more than a 1% excess return of
equity over long bonds, whereas table 1 suggests that the equity premium has
a large payout uncertainty component. Financial leverage, without affecting
term premia, does increase the riskiness of dividends, and therefore has the
potential to solve this problem.

In our framework, financial leverage acts through two transmission chan-
nels. First, given that firms link their debt level to their current capital
stock, a positive shock by leading to growth in the capital stock increases
the quantity of issued bonds. This weakens the initial downturn in dividends
related to increased investment that we have seen in figure 2, and leads to
higher payout premia for short horizons. Second, if interest rates decrease
after a positive shock, then the firm obtains a higher price for the sale of
its discount bonds. Figure 4 shows how these two elements can considerably
increase the payout uncertainty premia for the case when the firm issues only
one period bonds.

Panel A in table 5 reports equity premia for different leverage parame-
ters, v, and debt maturities. In brackets we have the means and standard
deviations of leverage ratios—defined as debt over total firm value. Panel
B present dividend volatility. We retain two results: equity premia do uni-
formly increase with leverage, and bond maturities are important for divi-
dend volatility.!” Overall, if we exclude model versions with excessive divi-
dend volatility, financial leverage can add up to half a percentage point to
the equity premium. It is interesting to note that the low reported stan-
dard deviations for leverage ratios clearly suggest that, except for the three
cases with mean leverages ratios of .8 and higher, the assumption of riskless
corporate borrowing is here justified.

To explain the dramatic dividend volatility for cases where the firm re-
finances its entire debt in every period, i.e., debt maturity is equal to one,
we need to look at interest rate volatility. As we noticed in section 3 and
as discussed in the literature, habit formation preferences make real interest
rates too volatile, see for instance Abel (1991). Even though this problem
is less pronounced in our model, interest rates do become more volatile for
the model cases considered in table 5. In particular, for the model with

17Cecchetti, Lam and Mark (1990) report a standard deviation of annual dividend
growth rates in the U.S. for the period 1971 to 1985 of 13.6%. Assuming a random
walk, this is 6.8% for quarterly growth rates.
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random walk productivity, high risk aversion and high capital adjustment
costs, the quarterly standard deviation of interest rates is highest compared
to all other model cases at about 2.5%. Given that the unlevered dividend
is about 1.25% of the capital stock, a 2.5% change in interest rates, with a
leverage ratio of .5, will triple the dividend. Allowing for longer debt ma-
turities does considerably reduce this impact on dividends. This is because
long term yields in the model are considerably less volatile than short term
yields, which is also what we observe in real world.

5 Conclusions

We have presented a methodology that allows one to evaluate and think
about asset prices in a large class of macroeconomic models. Combining the
convenient properties of the lognormal distribution with a loglinear system
for economic variables, we derive expressions for conditional expected re-
turns and variances for securities with single and multiple payouts. We show
how this framework allows one to provide important intuition about the link
between asset return premia and the nature of the business cycle. We also
show how this method can be directly used to study non-time-separable pref-
erences.

This method is then applied to the approximate model solutions of the one
sector real business cycle model. In this setting, with endogenous production
decisions, we look at how model elements and parameter values affect asset
return premia, focusing on the influence of business cycle dynamics. We
find that capital adjustment costs are central to generating large risk premia
in a production model; model versions with capital adjustment costs, habit
formation in preferences and financial leverage are able to produce an equity
premium of several percentage points.

The quantitative application performed in this paper is only a initial step.
Since we have found that a small-scale equilibrium model with a nontrivial
production sector can generate risk premia in the order of magnitude of
historically observed levels, this model and extensions of it should be useful
in shedding additional light on the interaction between asset returns and the
nature of the business cycle.
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Appendix

This appendix shows that the asset pricing formulae can be directly applied
to non-time-separable valuations.

Using the notation defined in the text, consider the valuation of a possibly
random payout Dy :

B*E, (Ht+k,t+k+sDt+k>
Et (Ht,t—l-s) '

Vi [Dt—l-k] =

Applying the law of iterative expectations, the numerator can then be written
as:

E( Bk (HivktikrsDitr)),

and this is equal to
Ey( Bk (Hesktrkts)Divr)

because Dy, is deterministic at time ¢t + k. Applying lognormality, we then
obtain that:

ﬁkEt (((exp Et+kht+k,t+k+s)Dt+k) exp(% Vart+k(ht+k,t+k+s)))
eXP(Etht,t+s) exp(% Vart(ht,t+s))

V;t[DtHc] =

We know that var,x(heiriik+s) 1S equal to var,(he,ss), because the condi-
tional second moments do not depend on the state of the system. With this
last step, we obtain our announced result that:

ﬁkEt ((exp Et+kht+k,t+k+s)Dt+k)
eXp(Etht7t+s) '

Vi[Diyr) =
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Table 1
Means of U.S. asset returns

A. Returns for the period 1948:1-1987:4

Asset Mean*
Short-term bond return: 0.80
T-bills

Long-term bond return: 0.78
long-term U.S. gov't debt

Stock return: S& P 500 8.90

* Annualized quarterly returns, percent per year. Source: SBBI

B. Returns for the period 1800 - 1990

Asset Mean*
Short-term bond return: 3.13
Long-term bond return: 3.71
Stock return: 7.77

*Returns measured as percent per year. Source: Siegel (1992)



Table 2
Model predictions for mean returns

A. Stationary process for productivity

risk adjustment R-1 (RR)-1
aversion costs

(RYR"-1

fixed variable habit | fixed variable habit | fixed variable habit

labor labor format'| labor labor format'| labor labor format'
t=2 low 6.48 6.49 6.48 | 0.008 0.005 0.011 | 0.006 0.006 0.008
mod 6.46 6.48 641 | 0.048 0.025 0.140 | 0.055 0.034 0.148
high 6.43 6.47 6.15 | 0.103 0.038 0.750 | 0.130 0.055 0.806
t=10 low 6.29 6.47 6.27 | 0.092 0.015 0.109 | 0.028 0.010 0.043
mod 6.11 6.42 598 | 0.331 0.088 0.498 | 0.275 0.094 0425
high 5.61 6.35 467 | 1.091 0201 2749 | 1.096 0.234 2.744
B. Random-walk process for productivity
risk adjustment R-1 (RR)-1 (RYR"-1
aversion costs
fixed variable habit | fixed variable habit | fixed variable habit
labor labor format'| labor labor format'| labor labor format'
t=2 low 6.46 6.49 6.45 | -0.044 -0.020 -0.040 | 0.007 0.006 0.014
mod 6.44 6.48 6.36 | -0.035 -0.014 0.041| 0.043 0.025 0.158
high 6.42 6.47 6.12 | -0.021 -0.008 0.456 | 0.105 0.059 0.750
t=10 low 4.50 6.37 431 | -0.751 -0.091 -0.669 |-0.272 0.010 -0.187
mod 443 6.35 3.77 | -0.679 -0.072 -0.158 | -0.158 0.057 0.421
high 4.28 6.32 200 | -0530 -0.045 1950 | 0.104 0.136 2.850

Notes: All entries are quarterly returns, expressed as annualized percentage points.
Mnemonics for the returns are: R’ = Risk-free rate of return; R® = Bond return;
R°= Equity return.




Table 3: Business cycle statistics—model and US data

Preference Business-cycle US data: low adj. costs;  mod. adj. costs;  high adj. costs;  high adj. costs;
specification statistic 1960-1991 t=2 t=10 t=2 t=10
Std(y) 0.0098 0.0086 0.0085 0.0086 0.0085
Fixed labor Std(c)/Std(y) 0.74 0.46 0.51 112 1.23
Std(i)/Std(y) 2.65 254 2.37 0.65 0.34
STATIONARY Std(y) 0.0098 0.0116 0.0097 0.079 0.0084
SHOCKS Variable labor Std(c)/Std(y) 0.74 0.48 0.78 1.18 1.05
Std(i)/Std(y) 2.65 247 1.63 0.50 0.86
Std(y) 0.0098 0.0086 0.0085 0.0086 0.0086
Habit formation Std(c)/Std(y) 0.74 0.26 0.27 0.79 0.44
Std(i)/Std(y) 2.65 3.28 3.23 1.85 2.82
Std(y) 0.0098 0.0085 0.0085 0.0085 0.0085
Fixed labor Std(c)/Std(y) 0.74 0.87 1.19 117 1.23
Std(i)/Std(y) 2.65 1.36 0.46 0.51 0.34
RANDOM Std(y) 0.0098 .0099 .0082 .0079 .0078
WALK Variable labor Std(c)/Std(y) 0.74 0.72 1.07 1.16 1.18
SHOCKS Std(i)/Std(y) 2.65 1.80 0.82 0.54 0.48
Std(y) 0.0098 0.0085 0.0085 0.0085 0.0085
Habit formation Std(c)/Std(y) 0.74 0.49 0.64 0.85 0.73
Std(i)/Std(y) 2.65 2.80 251 171 2.26

Notes: U.S. dataisfrom the OECD. Data and mode were filtered with the first-difference filter.




Table 4

Habit formation model

Autocorrelation coefficients of consumption growth rates

adjustment | shock risk Autocorrelation coefficients at lag
costs process aversion
1 2 3 4 5
stationary t=2 .63 40 27 19 14
low t=10 .61 .38 24 15 A1
random t=2 .61 .38 .25 A7 A3
wak
t=10 59 .36 21 13 .08
stationary t=2 .29 .06 .00 -.03 -.04
high t=10 47 .20 .07 .01 -.02
random t=2 .33 A1 .04 .01 .01
wak

t=10

.50 .25 13 .06 .03




Habit formation model with high capital adjustment costs

A. The equity premium

Table 5
Financial leverage and dividend volatility

shock risk no leverage parameter n= 0.6 n=0.8 n=12
process | aversion | leverage
maturity (in quarters)
20 40 40 40
stat. t=2 0.81 1.02 0.91 0.98 1.36
[-] [.50(.02)] [.41(.01)] [.54(.02)] [.82(.03)]
t=10 2.74 3.67 3.13 3.39 4.53
[-] [.48(.04)] [.40(.03)] [.53(.04)] [.80(.06)]
random | t=2 0.75 1.01 0.94 1.06 1.79
walk [-] [.50(.05)] [.42(.05)] [.56(.06)] [.84(.10)]
t=10 2.85 3.05 3.01 3.02 3.20
[-] [.29(.01)] [.25(.01)] [.33(.02)] [.50(.03)]

Figures in brackets denote mean leverage ratios defined as debt divided by total firm value with standard
deviations in parentheses.

B. Standard deviation of quarterly dividend growth rates

shock risk no leverage parameter, n = 0.6 n=0.8 n=12
process aversion leverage
maturity (in quarters)
1 20 40 40 40

Stat. t=2 153 249.01 13.10 3.75 6.86 26.08

t=10 2.96 147.97 16.18 3.92 8.37 31.17
random t=2 152 238.32 9.35 2.34 4.15 15.49
walk t=10 2.33 129.44 10.49 254 4.48 10.09




Figure 1

Strip premia and impulse responses
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Strip premia

Figure 2

Strip premia and impulse responses
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A. Fixed labor model, risk aversion equal to 10
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Strip premia and impulse responses

A. Fixed labor model, moderate capital adjustment costs
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