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Outline

Habit formation: U(Ct ,Xt ) where Xt is some function of past
consumption. Modelling issues:

I Functional form. Should U be power in the ratio C/X (Abel 1990)
or the di¤erence C � X (Constantinides 1990, Campbell-Cochrane
1999).

I Internal vs. external habit. Does X depend on an agent�s own
consumption (Constantinides), or on aggregate consumption
(Campbell-Cochrane)?

I Speed of adjustment. How quickly does X adjust to C?

Uninsurable idiosyncratic labor income risk:
I Conditions under which it makes no di¤erence to the equity premium
(Grossman-Shiller 1982)

I Conditions under which it can make an arbitrarily large di¤erence
(Constantinides-Du¢ e 1996)
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Habit Formation

Campbell-Cochrane Model

Functional form: Di¤erence, to get time-varying risk aversion.

External habit: For simple Euler equations.

Slow adjustment: To explain long swings in stock prices.

Issue: How to keep consumption above habit?
I Endogenous consumption: Invest PV(habit) in riskless asset
I Exogenous consumption: Habit must adjust.

John Y. Campbell (Ec2723) Consumption-Based Asset Pricing (3) October 2010 3 / 23



Habit Formation

Campbell-Cochrane Model

∆ct+1 = g + εc ,t+1.

εc ,t+1 � N(0, σ2c ).

Representative agent maximizes

Et
∞

∑
j=0

δj
(Ct+j � Xt+j )1�γ � 1

1� γ
.
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Habit Formation

Surplus Consumption Ratio

St �
Ct � Xt
Ct

.

Surplus consumption ratio is the fraction of consumption that exceeds
habit and is therefore available to generate utility.

If habit Xt is held �xed as consumption Ct varies, the local coe¢ cient
of relative risk aversion is

�CuCC
uC

=
γ

St
.
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Habit Formation

Log Surplus Consumption Ratio

A well de�ned model for st � log(St ) ensures that St > 0.

st+1 = (1� ϕ)s̄ + ϕst + λ (st ) εc ,t+1 .

AR(1) with heteroskedastic innovations

λ (st ) is the "sensitivity function"

Parameterization ensures that st is the single state variable of the
model.
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Habit Formation

Implied Model for Log Habit

Loglinear approximation around the steady state is

xt+1 � (1� ϕ)α+ ϕxt + (1� ϕ)ct = α+ (1� ϕ)
∞

∑
j=0

ϕjct�j ,

This loglinear process would not keep consumption above habit.

It might imply implausible behavior of the riskless interest rate.

Exact model is more complicated and depends on the choice of λ (st ).
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Habit Formation

Marginal Utility and the SDF

u0(Ct ) = (Ct � Xt )�γ = S�γ
t C�γ

t .

Mt+1 = δ

�
St+1
St

��γ �Ct+1
Ct

��γ

mt+1 = ln(δ)� γ∆st+1 � γ∆ct+1.

S.d.(m) = γσ(1+ λ(st )).

Decreasing λ (st ) function will make risk premia countercyclical.
Why?
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Habit Formation

Riskless Interest Rate

r ft+1 = � log(δ) + γg � γ(1� ϕ)(st � s̄)�
γ2σ2c
2

[λ(st ) + 1]
2 .

This has four terms:

1 Impatience
2 Intertemporal substitution w.r.t. consumption growth
3 Intertemporal substitution w.r.t. temporary �uctuations in habit
4 Precautionary savings.
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Habit Formation

Constant Riskless Interest Rate

Reverse engineer λ(st ) so that

Precautionary saving and intertemporal substitution exactly o¤set
each other, delivering a constant riskless interest rate.

Habit is predetermined at and near the steady state st = s̄.
I This also ensures that the derivative of habit with respect to
consumption is non-negative.

I But note: large shocks to consumption can perversely move habit in
the opposite direction (Ljungqvist-Uhlig).

smax = s̄ +
1
2
(1� S2)

λ(st ) =
1

S

q
1� 2(st � s̄)� 1, st � smax

λ(st ) = 0, st � smax.
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Habit Formation

Pricing Consumption Claim

Pt
Ct
(st ) = Et

�
Mt+1

Ct+1
Ct

�
1+

Pt+1
Ct+1

(st+1)
��

Can solve on a grid, or price zero-coupon claims to consumption at a
single future date, then add up over time.

Similar approach works for claims to dividends correlated with
consumption.
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Habit Formation

What Does the Model Achieve?

The model is intended to address the equity volatility puzzle.

What does it say about the equity premium puzzle?

What does it take for any model to solve the equity premium puzzle?
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Habit Formation

Alternative Interpretations of Habit

Habit formation for the representative investor can arise from

Identical individual investors with habit formation

Individual investors with heterogeneous risk aversion coe¢ cients and
shifting wealth distribution (Chan-Kogan 2003).

Participation constraints for some investors (as if these investors have
in�nite risk aversion).
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Heterogeneous Labor Income

Heterogeneous Labor Income

Grossman and Shiller (1982) argued that heterogeneous labor income
does not a¤ect risk premia

Constantinides and Du¢ e (1996) present a model in which it does.

What gives?
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Heterogeneous Labor Income

Grossman-Shiller (1)

Approximate the �rst-order condition of an individual investor k as

0 = Et

�
(Ri ,t+1 � Rj ,t+1)

u0(Ck ,t+1)
u0(Ckt )

�
� Et

�
(Ri ,t+1 � Rj ,t+1)

u0(Ck ,t ) + (Ck ,t+1 � Ckt )u00(Ckt )
u0(Ckt )

�
= Et [(Ri ,t+1 � Rj ,t+1)(1� Ak∆Ck ,t+1] ,

Ak is investor k�s absolute risk aversion.

This expression holds exactly when consumption and asset prices are
di¤usion processes in continuous time.
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Heterogeneous Labor Income

Grossman-Shiller (2)
Rearranging, we have

1
Ak

Et (Ri ,t+1 � Rj ,t+1) = Et [(Ri ,t+1 � Rj ,t+1)∆Ck ,t+1] .

Adding up across investors, we have in the aggregate 
∑
k

1
Ak

!
Et (Ri ,t+1 � Rj ,t+1) = Et [(Ri ,t+1 � Rj ,t+1)∆Ct+1] .

Et (Ri ,t+1 � Rj ,t+1) =
 

∑
k

1
Ak

!�1
Et [(Ri ,t+1 � Rj ,t+1)∆Ct+1] .

This is an aggregate consumption-based asset pricing model, using
the harmonic mean of individual investors�absolute risk aversion
coe¢ cients.
Idiosyncratic income plays no role.
How to get away from this conclusion?
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Heterogeneous Labor Income

Constantinides-Du¢ e (1)

Individual investors k have di¤erent consumption levels Ckt .

The cross-sectional distribution of individual consumption is
lognormal.

∆ck ,t+1is cross-sectionally uncorrelated with ckt . Thus there is no
steady-state cross-sectional distribution for consumption.

All investors have power utility with common time discount factor δ
and CRRA γ.

All investors can trade �nancial assets freely.
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Heterogeneous Labor Income

Constantinides-Du¢ e (2)

Each investor�s own intertemporal marginal rate of substitution is a valid
SDF. Hence the cross-sectional average is too. Write this as

M�
t+1 � δE�t+1

"�
Ck ,t+1
Ckt

��γ
#
,

where E�t denotes a cross-sectional expectation: for any Xkt ,

E�tXkt = lim
K!∞

(1/K )
K

∑
k=1

Xkt .

E�tXkt can vary over time and need not be lognormally distributed
conditional on past information.
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Heterogeneous Labor Income

Constantinides-Du¢ e (3)

Cross-sectional lognormality means that the log SDF, m�t+1 � log(M�
t+1),

satis�es

m�t+1 = log(δ)� γE�t+1∆ck ,t+1 +
�

γ2

2

�
Var�t+1∆ck ,t+1,

where Var�t is de�ned by

Var�tXkt = lim
K!∞

(1/K )
K

∑
k=1

(Xkt � E�tXkt )
2.
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Heterogeneous Labor Income

Constantinides-Du¢ e (4)
An economist who knows the underlying preference parameters of investors
but does not understand the heterogeneity in this economy might attempt
to construct a representative-agent stochastic discount factor, MRA

t+1, using
aggregate consumption:

MRA
t+1 � δ

�
E�t+1[Ck ,t+1]

E�t [Ckt ]

��γ

.

The log of this SDF satis�es

mRAt+1 = log(δ)� γE�t+1∆ck ,t+1 �
�γ

2

�
[Var�t+1ck ,t+1 �Var�t ckt ]

= log(δ)� γE�t+1∆ck ,t+1 �
�γ

2

�
[Var�t+1∆ck ,t+1],

The second equality follows from ck ,t+1 = ckt + ∆ck ,t+1 and the fact
that ∆ck ,t+1 is cross-sectionally uncorrelated with ckt .
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Heterogeneous Labor Income

Constantinides-Du¢ e (5)

The di¤erence between the true and false log SDF is

m�t+1 �mRAt+1 =
γ(γ+ 1)

2
Var�t+1∆ck ,t+1.

This can have a nonzero mean, helping to explain the riskfree rate
puzzle.

It can have a nonzero time-series variance, helping to explain the
equity premium puzzle.

If the cross-sectional variance of log consumption growth is negatively
correlated with the level of aggregate consumption (i.e. if
idiosyncratic risk increases in economic downturns), then m�t+1 will be
more strongly countercyclical than mRAt+1, driving up the risk premium
on cyclical assets.
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Heterogeneous Labor Income

How Big is the E¤ect?

The di¤erence between the true and false log SDF is

m�t+1 �mRAt+1 =
γ(γ+ 1)

2
Var�t+1∆ck ,t+1.

In practice, the cross-sectional volatility of ∆ck ,t+1 is fairly stable, so
for this e¤ect to be large we still need reasonably high γ.

How can we reconcile Constantinides-Du¢ e with Grossman-Shiller?
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Heterogeneous Labor Income

Interpreting Recent Events

Why did stock prices fall so much more than consumption in the fall of
2008?

Investors expected slow consumption growth in the future
(Bansal-Yaron)

Investors expected that consumption growth will be volatile for a long
time to come (Bansal-Kiku-Yaron)

Investors became risk-averse because consumption fell close to habit
(Campbell-Cochrane)

Aggressive investors lost wealth relative to cautious investors
(Chan-Kogan)

Idiosyncratic income risk increased (Constantinides-Du¢ e)
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