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1. INTRODUCTION

Asset pricing models with habit formation provide an insight into the cyclical
behavior of aggregate stock prices, which is hard to capture in habit-free pricing
models. Campbell and Cochrane (1999) build a model with external habit for-
mation, wherein the representative agent has a utility function with constant risk
aversion regarding the difference between consumption and habit. They attempt
to explain the asset pricing implications of habit formation to the equity premium
and risk-free rate puzzles. The habit formation restricts the ability of agents to
accumulate for smoothing consumption over time, and thus, to substitute con-
sumption intertemporally, especially when they fall in a low-income state. The
relative risk aversion in the habit model is inversely related to the ratio of con-
sumption beyond the habit level to the whole consumption. This implies that
relative risk aversion must increase as the surplus-consumption ratio declines.
Especially, agents become extremely risk averse when they make consumption
choices near the habit level. In this case, they demand a high risk premium for
investing in risky assets. Such a cyclical behavior of relative risk aversion can

contribute to variations in risk premia over business cycles.

The paper provides a necessary and sufficient condition for the external habit
formation to render habit-driven equilibrium outcomes observationally equiva-
lent to habit-free equilibrium outcomes in multi-agent complete markets. The
irrelevance of habit formation to excess demand and asset prices holds if and
only if the ratios of habit formation to the aggregate consumption are identical
across all goods. Thus, external habit formation may have no tangible effect on
excess demand and equity premium if the cross-sectional habitual variations are
not substantial. The results of the paper are obtained from transforming the econ-
omy with external habit into a habit-free economy with income shocks. Agents
are assumed to have the same constant relative risk aversion for consumption

that exceeds the habit level, and the same probabilistic beliefs on future events.
The micro-level analysis of habit formation is differentiated from the macro-
level or representative-agent model in several respects. First, the representative-

agent model for habit formation cannot take into account the effect of the cross-
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sectional distributions of habit formation on the individual welfare. Other things
being equal, agents with higher habit level have higher marginal utility of income
which leads to lower Pareto weight in the linear social welfare program. If two
agents have the same preferences and endowments except for the habitual level,
the agent with higher habit would be more affected by income taxes or income
shocks whether they are positive or negative. Second, the micro-level approach
allows us to understand how habit formation affects the individual allocation of
wealth between riskless and risky assets. The presence of habit makes relative
risk aversion vary over time. The time-varying behavior of relative risk aversion
due to habit formation affects the attractiveness of risky assets relative to risk-
less assets. Finally, the macro-level habit model does not explain the effect of
the distributions of habit formation on the existence of competitive equilibrium.
Competitive equilibrium exists in the macro-level habit model as far as the aggre-
gate endowment is greater than the aggregate habit level for each consumption
good. However, as illustrated later, competitive equilibrium may fail to exist in
the multi-agent (or micro-level) habit model if individual habitual consumption

is large relative to the individual endowment of the consumption good.

The literature on external habit formation is briefly reviewed. Campbell and
Cochrane (1999) introduce the external habit model in which utility depends on
the difference between consumption and external habit to explain equity pre-
mium and the cyclical behavior of stock prices and return volatility. The dif-
ference model for habit formation is discussed in Ljungqvist and Uhlig (2000,
2015). Ljungqvist and Uhlig (2000) examine the macroeconomic implications of
tax policies aimed at correcting the welfare distortion of consumption externality,
which arises from the behavior of “keeping up with the Joneses” and “catching
up with the Joneses.” In contrast to Campbell and Cochrane (1999) wherein an
infinitesimal destruction of the endowment leads to a welfare loss, Ljungqvist
and Uhlig (2015) demonstrate that discrete endowment perturbations can lead
to a welfare gain through the life-time reduction in consumption externality of
habit formation in the framework of Campbell and Cochrane (1999). Brunner-
meier and Nagel (2008) provide a test whether difference habit formation affects

stock market participation and the allocation of liquid wealth between riskless
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and risky assets. They document that changes in liquid wealth have a signifi-
cant effect on the participation decision but essentially play no role in explaining
changes in household asset allocation. In the habit model, consumption affects
welfare relative to the habit formation. The role of relative consumption is also
emphasized in the literature on positional goods such as Frank (1985, 2005).
Consumption externality with positional goods, however, differs from the exter-
nality of habit formation in that negative externality is imposed on agents who
fail to attain the full standard of the positional goods. For instance, a worker
would be uneasy from falling behind his peers in the hierarchy of his company.
This paper is in the same spirit as Gali (1994) who studies the effect of con-
sumption externalities of keeping up with the Joneses in the framework of Abel
(1990) where utility is determined by the ratio between consumption and habit
formation. Gali (1994) characterizes risk aversion for an externality-free econ-
omy which makes it share the same equilibrium asset prices as an economy with
consumption externalities. In contrast, the current paper with difference-form
habit attempts to find conditions on the magnitude of habit relative to aggregate
consumptions which will guarantee the irrelevance of habit formation. Inter-
estingly, Chetty and Szeidl (2016) show that the habit model of Campbell and
Cochrane (1999) can be explained from the perspective of adjustment costs for
the dynamics of aggregate consumption. Consumption commitments provide a

reference point for aggregate consumption which acts like habit formation.

2. THE MODEL

The paper starts with a static general equilibrium model with finite goods. Multi-
period complete markets with a single good are discussed in Section 5. It is
well known that a dynamic complete-market economy can be converted into
a static general equilibrium model. Specifically, the paper studies the effect of
external habit formation on equilibrium outcomes in an exchange economy &7 =

{(X],u,e}):i €I} with £ goods where

17D

a) I ={1,...,m} is the set of consumers, and J = {1,...,¢} the set of con-

sumption goods.
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b) X! is the consumption set of agent i in R,
¢) u} is the utility function of agent i over X/,

d) el = (eal, . ,e;f) € Rﬁ is agent i’s initial endowment of consumption

goods.

Following the external habit model pioneered by Campbell and Cochrane (1999),

agent 7 is assumed to have the utility function in Rﬂ
R A
IR w4 ‘ (xi,j — Xij)
ui(xl)_Zj:1 (P] l—p )

where X; ; > 0 is the level of habit for the jth good, p > 0 measures the constant
relative risk aversion (CRRA) of agent i for consumption that exceeds the habit
level, and ¢; > 0 is a positive parameter. In the presence of the habit parameters

Xi=(%i1,...,%ir), agent i is required to choose a consumption in the set
Xi/ = {xi S Ré_ DX Z)Zi}

For a price p € Rﬂ 4 agent i makes an optimal choice which maximizes his
utility in the budget set B;(p,e}) = {x; € X/ : p-x; < p-e}}. An equilibrium for

the economy £/ is defined as follows.

Definition 1. A price-allocation pair (p, (x});s) is an equilibrium of the economy

&M if it satisfies the following conditions:
i) each x; maximizes u;(x;) over all x;’s in B;(p, e}), and
i) it holds that };c;(x} —e}) = 0.
For each i, the following terms arise from translating X/ and ¢} by &;, respec-

tively:

_ vl = o
X,-:Xi—x,-:Rﬂ and ¢ =e¢;,—X;.

IFor vectors x,y in R, x> y if and only if every element in x — y is nonnegative, x > y if and
only if x > y and x # y, and x > y if and only if every element of x — y is positive.
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The habit &; can be interpreted as a negative endowment shock to agent i. Then
the economy &¥ with external habit is transformed into a habit-free economy
&= {(X,-, uj,e) i€l } with endowment shocks where u; is a utility function in

X; defined by
1—
‘ xi,jp
ui(xi) = ijl ¢j 1 7p'

The habit-free economy € shares the same equilibrium outcomes with the econ-

omy & except that optimal consumptions differ by the habit levels. This result

is formalized as following.

Proposition 1. A price-allocation pair (p, (x});c/) is an equilibrium of the econ-
omy & if and only if (p, (x;)ic;) where x; = x| — X; for each i € I is an equilibrium

of the habit-free economy €.

Proposition 1 allows us to use the economy € to discuss the relevance of habit
formation to equilibrium outcomes instead of €.

It is worth noting that agent i in € has constant relative risk aversion p in the
habit-free economy & but the relative risk aversion varies with habit level in &
as following.

P Xij
As remarked below, for some j € J, e; ; will be negative when the habit formation
of agent i for good j exceeds the initial endowment e; ; for the economy e e,
Xij > ea It In this case, e; need not lie in the consumption set X; = Rﬂ. This poses
a very delicate issue for the existence of equilibrium in general. As shown later,
however, the existential issue is clearly addressed in the current setting which
allows for the closed-form solution for equilibrium outcomes.

Now let £V denote the special version of the economy & in which &; is set to
0 for all i € I. The economy &V in which agents have no habit formation differs
from the economy &, the habit-free equivalent of 7. In particular, the economy
€ shares the same equilibrium price with £ but €V need not. To examine the
relationship between equilibrium outcomes of € and £V, we define the notion of

observational equivalence.
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Definition 2. Let (p,x) and (p/,x’) be an equilibrium for € and €V, respectively.

The two economies are observationally equivalent if it holds that
i) p=Ap' for some A > 0, and

i) xi —e;=x;—¢€, forallie[.

The first condition requires both € and &V to have the same equilibrium price
up to the price normalization. The second condition represents the equivalence

between net trades in € and &V which are observable in markets.

Remark 1. The initial endowment e; may not lie in the consumption set X;.
For instance, let’s take a two-good economy where agent i possesses e} = (5,1)
and %; = (2,2). Then ¢; = (3,—1), the initial endowment with the habit level
deducted, is not in X; = Ri. The initial endowment e; does not allow agent i to
subsist. Thus, the self-subsistence condition breaks down which is assumed for
the existence of equilibrium in the classical literature. Fortunately, the existential
issue is neatly resolved in the current framework which allows for closed-form

equilibrium outcomes.

Remark 2. Both economies € and €V have a unique equilibrium if they are
observationally equivalent. To see this, let (p,x) and (g,y) be two equilibria
for &, and (p,x’) and (¢',y") be two equilibria for €Y. Comparisons are made
between (p,x) and (p’,x’) and then between (p’,x’) and (gq,y). By the observa-
tional equivalence, it holds that p = A p’ for some A > 0 and x; — ¢; = x — ¢] for
alliel, and p’ = A'q for some A’ > 0 and x| — ¢} = y; —¢; for all i € I. The result
yields p = AA’q and x; = y; for all i € I. Thus, € has a unique equilibrium with
normalized prices. By the symmetric arguments, €V has a unique equilibrium

with normalized prices as well.

3. THE CLOSED-FORM EQUILIBRIUM OUTCOMES

Agents in € are heterogeneous with respect to both the initial endowments and

the habit formation. As discussed in the previous section, 7 is transformed into
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the habit-free economy € in which agents are heterogeneous with respect to the
initial endowments. By Proposition 1, £ has an equilibrium if and only if &
does. This section presents conditions under which both & and &V have a unique
equilibrium. The following provides the unique existence of equilibrium in the

economy &.

Theorem 1. Suppose that & satisfies the following conditions
1) eo,j =Yicseij > 0foreach j€J,and
2) Yjesegfeij9; > 0foreachicl.

Then € has a unique equilibrium (p,x) where for each i € [ and j € J,

—p+1
€0k r )ei,k

v P+l :
Yres€op O’ €0k

pj= (pje(;? and x;; = eOJZkeJ ( .

PROOF : For a price p > 0, the first-order condition for maximizing u;(x;) sub-

ject to the budget constraint p - (x; — ;) < 0 yields

Xij = <l¢; ,->1/p’ @

where 4; > 0 is the Lagrangian multiplier. We set u; = (1/A;)/?. By putting

into the budget constraint, we obtain

Y jel Pj€i,j
i =

= == (3)
ZJGJPJ(%)I/p

It follows from the market clearing condition that for each j € J,
¢\ /P ¢i\/P  Ljespjeo,
€0,j = Zielxivf - <]7) Ziel“f - <;> oN1/p )
J / Yjes P »; )
For each j € J, it gives
YjcsPjeo,j ( [ ) ~1/p

LI B _
oi\1/p T\ p.
Zjejpj(p*j.) P
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Since the term in the left-hand side is constant, it holds that

eol(?) 1/p :”'26075(3{{)_1/‘)‘

We normalize prices by setting

on ()" -

Then the economy has a unique equilibrium price p with p; = ¢ je(;? . By putting
pj= ¢jea’; into , we obtain

—p
Yjereg;€ij0;
v Pl
Yieseo; 9;

The optimal consumption x; in (I) is obtained from putting p and y; into (2). [

> 0. (by condition 2)) ®)

i =

The following corollary is immediate from the fact that &V is identical to &

when each ¢} replaces e;.

Corrolary 1. Suppose that €V satisfies the following conditions
1) ey ; =Yiere€;; > 0foreach j€J, and
2) Yjes(ep ;) Pei 9> 0foreachiel.

Then €V has a unique equilibrium (p’,x") where for eachi € I and j € J,

- (o) P00 i
pj=(9jeo,;) " and xi;=e(;} ., <ZkeJ (€o4)™ p+1¢k>eo" ©

The following example illustrates that the failure of Condition 2 of Theorem

1 leads to the nonexistence of equilibrium in the economy E¥.

Example 1: Suppose that there are two agents in the economy &7 with ¢ =2
and p = 2 where they have the initial endowments €] = (3,0),¢5 = (0,3). The

habit levels and the utility parameters are given by

1
X :.f2:<1,1),¢] :Z7¢2:7
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In other words, agent i has a utility function

wila,b) = —%(a— o %(b— n

Then Condition 2) of Theorem 1 is violated:

1

-2 -2
€p1e1,191 tepsreindr = s

This implies the Lagrangian multiplier for agent 1 in (5) is negative, which is

impossible in equilibrium. Thus, the economy has no equilibrium. 0

4. THE IRRELEVANCE OF EXTERNAL HABIT FORMATION

This section presents a necessary and sufficient condition for habit formation
to be irrelevant to equilibrium prices and excess demand. To do this, for each
(i,j) € I xJ let & ; > 0 denote the proportion of agent i’s habit level to the

P
aggregate endowment ¢, ;, i..,

The relation leads to

_ = / e /
eij=¢;;—Xij=¢€; ;& ;e ;- (7

The following shows that € and &V are observationally equivalent if and only
if each agent displays the same degree of external habit relative to aggregate

consumption across all consumption goods.

Theorem 2. Suppose that the two conditions 1) and 2) in Theorem 1 hold. The
two economies € and &V are observationally equivalent if and only if for each

i €1, & ;’s are identical across J, i.e., there exists & > 0 such that

§=¢&1=¢&p=""=E§y. (8)

PROOF : Let (p,x) and (p',x’) denote the unique equilibrium of & and &V, re-
spectively. Suppose that &; ;’s satisfy . By summing up ¢; ; = ei i gieq jover
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i € I, we obtain

/ / !
The result leads to

/ / /
e e e
0,1 0,2 0,0

€o,1 €0,2 €00

Then the optimal consumptions in (1)) yield

—p+1
Z o ¢k eik  €ij
eij=eo,j _— )= ——
ke ¢k cox €0y

EJ Ok

/ / / /
<Z ( (o) P o ) (ei,k &€y € 81'807,-))
KT\ e ( eo k) PrLgy € €.

K \J

+1 /
Z < eOk)p Pk )(lk ei,j)
e,
] kel Yiers eOk) —Plgy eok eélj
/ /
=xi;—¢,; (by [6)).

where the second equality comes from (9). As each i has the same excess demand

in both € and £V, they have the same equilibrium price up to price normalization,
i.e., p=Ap' for some A > 0.
Conversely, suppose that & and &V are observationally equivalent, i.e., p =

Ap' for some A > 0 and

/ /
Xjj €= Xij—€ij (10)

By putting the equilibrium prices in (1)) and (6) into the relation p = Ap’, we
obtain (9). This result along with the allocations x in (1)) and x’ (6)) leads to

eOk) Pl eOk ¢k ek
760]2/{6] <Zke] (€h ) p+1¢k> OJZkeJ (¢k>

Zke]eo,k €0k
/
—e;Y M ik _ ik
= €0,j Lukes —p+1
Yies Ok

e e
60 & 0,k 0,k

o eOk ¢k 81'7/(66,1(
=€o0,j Zkel s

EJ Ok €0,k
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By combining the result with (7) and(10), we see that for all (i, j) € I x J,

—p+1 / /
Z e Ok Eikeor  ijeo,;
keJ - :

Yres€on o/ eox €0,j
As the term in the left-hand side is independent of j, it holds that for all i € 1,

/ / /
€€y  €ip€yp €€

€o,1 €02 €,

The result combined with (9)) ensures that for each i € 1,

E1=¢&p="=§&y.

5. HABIT FORMATION IN MULTI-PERIOD MARKETS

This section makes an application of the results in Sections 3 and 4 to a potentially-
complete-market economy with a single good which persists in (7' + 1) periods,
0,1,..., TEI When the economy arrives in a non-terminal node, it faces uncer-
tainty represented by S events in 8 = {1,2,...,S}. Foreacht =1,...,T, we set
8; = {0} x 8§ with 80 = {0}. A point in 87 where 0 is the initial period rep-
resents a state, a possible whole path along which uncertainty is resolved up to
the terminal time 7. A point s = (0,s1,...,s;) € 8, is a state (up to time 7) with
s” = 0 which describes the resolution of uncertainty up to time ¢. Let 85 denote
a dynamic complete-market version of £ in the following sense. A contingent
good in the dynamic economy Efl] is indexed by a pointin J; = 8oUS; U---UST.
To exploit the results in Sections 3 and 4, the total number of contingent goods
is set to equal £, i.e., £ =1+S'+-.-+ST. A contingent good at s' can match
a good in the static economy by a bijective map L between J = {1,...,¢} and
Ja, i.e., L(s") = j for some j € J. Any allocation in 82’ can be mapped into
an allocation in &7 through the map L and vice versa. For the sake of market

completeness, it is assumed that there exist sufficiently many assets to provide

2The potential completeness of asset markets is explained below.
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full insurance against uncertainty in a generic senseE] Let K denote a finite set
of long-lived assets which are traded during the duration of 851 . Let di ¢ denote
the dividends that asset k € K pays at each s’ € §; withr =1,...,T, and g4 ¢ and
6/,

with# =0,1,...,T — 1. The next-period payoffs at state s'~! is summarized into

denote the price of asset k and agent i’s holdings of asset k at each s’ € §;

a K x § matrix

di1nytaierny o dieis) s

dig (s 010 o dg o1 1)

Asset markets are potentially complete if each K x S dividend matrix [d (s-1 4]
has rank S. Let ® denote the space of asset holdings for agent i which consists
of a point 6; = (65) ey, With 65 € R where J); = J4\ 87. For a price (p,q), a
choice (x;,6;) € X! x © is budget-feasible if for all (s !,s,) € &, it satisfies

Xi(st=1s) — 627@;71‘5[) = (d(s”17s,) +q(s’*1,s,)) ’ ei,s’*' (sl ei,(s”17s¢)

=0 for all st € 8. Let BY(p,q,¢!)
denote the budget set for agent i, the set which contains all the budget-feasible

where dj 5, = 0 for all 51 € 8y and 91-’(

ST 1)

choices (x;,6;)’s. An equilibrium for the economy & is defined as follows.

Definition 3. A price-allocation pair (p,q, (x},6!)ic/) is an equilibrium of the

[ 20}

economy Sg if it satisfies the following conditions:

i) each (},0/) maximizes u;(x;) over all (x;, 6;)’s in B¢(p,q,e’), and

17

ii) it holds that ¥;; (¥, — ¢}) = 0 and Y;c; 6] = 0.

The growth rate in the initial endowment process {e! 5, } 18 assumed to follow

a Markov chain: foreacht=1,...,T,

I /
Cist = 8is'€ -1, (11)

3Here real assets such as dividend-paying stocks are long-lived so that their market span is
endogenously determined. In this case, the potentially complete asset markets attain equilibrium
with Pareto optimal allocations except for exceptional cases. For this matter, see Magill and
Quinzii (1996).
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where the growth rate g; ¢« takes a value in {g},...,85}. Let 7,y denote the
transition probability that the growth rate takes gé/ in the coming period given

that it takes g’ now.

Ty s = Pr{gi,s‘ = ng/ ’ 8is-1 = gfv}

Agent i has a utility

L

where Ej is the expectation at time O with respect to the probability measure
determined by 7, ¥; ¢ indicates the level of external habit at state s’, and B €
(0, 1) is the time discount factor common to all the agents. Agent i has the
endowment ¢; ¢ = ¢, , —X; ¢ in the economy &,. Let ¢ ; denote the aggregate

endowment for 85 at state s’.

r_ /
eoasr - i€l eias’

There exists an equilibrium in the decentralized economy &/ if and only if for
all (i,0) €I x Jg4, it holds that ep > 0 and

EO{ Y L BE(eh e —For) P (el —xhsr)} ~0. (12)

This condition is a dynamic version of Condition 2 of Theorem 1. As illustrated
in Example 1, 82’ fails to attain equilibrium if is violated.

Let &4 and 82’ denote a counterpart of € and €V in the dynamic context,
respectively. Suppose that £, has a Pareto optimal equilibrium where agent i
makes an optimal consumption x;. Then by nesting (1) in the dynamic setting, x;

is expressed as

(eO,ST)_p-H €j 57
EO{ Z‘YL::O ﬁr(eo.,sf ) —p+l } €0,s7

Ateach s’ € 8; withr =0,1,...,T — 1, asset k has the value

T _,[/€0st\ P
qk,srzEz{ZT:mﬁ’ ’(0—) dk,sf}, (14)

eO’St

sig = eosEo{ Yoo B° b forallf €, (13)
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where E; is the expectation conditional on information available at time ¢.
The following provides the notion of observational equivalence between the

dynamic economies &, and Eg .

Definition 4. Let (¢,x) and (¢/,x’) be an equilibrium for €; and &Y, respec-

tively The two economies are observationally equivalent if it holds that
i) ¢ = A4 for some A > 0, and

i) x;—e;=x;—¢él foralliel.

For each (i,0) € I x J4, let & 5 > 0 denote the proportion of agent i’s habit
level to the aggregate endowment e67 o+ Iwo types of habit formation are consid-
ered here. The first case is “keeping up with the Joneses” (Gali (1994)) where

the habit level ; ¢ is determined by the current aggregate consumption:
fmt = gi,S'e(),s" (15)

The other case is “catching up with the Joneses™ (Abel (1990)) where ;¢ is
determined by the lagged aggregate consumptiorE]:
_ Ei gt
Xist = giﬂteé),s’*' = #66&. (16)
is!
When agents care about the lagged aggregate consumption, higher endowment
growth rate makes habit formation in (I6) less sensitive to the current aggregate
endowment. It is assumed that € » takes a value in {&},...,8}. It holds that

under the first habit formation,
eyt = € g — &yl (17)
while under the second one,
gi,s’ '

/
Cjst =€ g — €. (18)
i,st

4Trading strategies are intentionally omitted from equilibrium outcomes for notational simplic-
ity because they have no explicit role in discussing the phenomenon of observational irrelevance.

SFollowing Campbell and Cochrane (1999), the current paper takes habit formation in differ-
ence form while it is of ratio form in Abel (1990) and Gali (1994).
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The following provides the irrelevance of habit formation in the dynamic

context.

Theorem 3. Suppose that &, and €1 have a Pareto optimal equilibrium.

a) (Keeping up with the Joneses) €, and 82’ are observationally equivalent if

and only if for each i € I, €; ¢’s are identical across Jg, i.e.,

L= =T (19)

i,8

b) (Catching up with the Joneses) €, and 82’ are observationally equivalent

if and only if for each i € I, € ¢ /g; +’s are identical across g4, i.e.,

gi sT

... = 2 . 20
8is! 8i sT 20)

81'73‘1

PROOF : Let (g,x) and (¢/,x") denote a Pareto optimal equilibrium of €, and €7,
respectively. The result of Theorem 2 can be applied to the current case by con-
verting (g,x) and (¢’,x’) into an equilibrium of & and &V, respectively. Specifi-
cally, the relations (I9) and (20)) is analogously obtained from () by comparing
the relations and to (7), respectively. The proof is done by matching
the indices in J; and J through the map L in the proof arguments of Theorem
2. O]

Whether habit formation follows the keeping up or catching up with the Jone-
ses rule, the irrelevance of habit formation holds if and only if the ratios of habit
levels to the current aggregate consumptions are identical across all the con-
tingencies. For the latter rule, the habit levels are inversely related to the the

endowment growth rates.

6. COMPARISON WITH MACRO-LEVEL IRRELEVANCE

The equilibrium outcomes of &£, is easily converted into those of the economy

85 . Let x} and ¢’ denote the optimal consumption of agent i and the equilibrium
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asset price in . By (13), we see that for each s’ € §,,

I 5 —p+1 A
/ = / - T T (60 st X0, Yr) €l st — XisT
X g =X g+ (€p ¢ —Xos)E { — }
st =i +(e0,¢ —Xo.¢ ) Eo Zrzoﬁ Ey {Z —oB" eosr—xosr) p“} 66,sr—xo,sr
(2D

where %o« = Y,¢; % st indicates the aggregate habit level at s*. By , the

equilibrium price at each s € §; witht =0,1,...,T — 1 is given
T 60 = X057\ P
q;<7st :EZ{ZT t+1ﬁ1 t(37) dk,ST} (22)
e() ¢+ — X0,

The price ¢’ is the equilibrium price of the representative-agent economy where

the agent has a utility function

{Z, Oﬁt(xoy josf) 7’)}‘

P

The equilibrium price ¢ is affected by the aggregate habit formation and thus,

independent of the distributions of habit formation across agents.

7. CONCLUDING REMARKS

The paper has characterized conditions under which habit formation is observa-
tionally irrelevant to equilibrium outcomes such as excess demand for consump-
tion goods and asset prices. Specifically, the habit-driven equilibrium outcomes
are observationally equivalent to habit-free equilibrium outcomes if and only if
individual habit formation relative to aggregate consumption is identical across
consumption goods. The result implies that habit formation observationally mat-
ters to excess demand and equity premia when the strength of habit formation
relative to the aggregate endowments differs across consumption goods. Thus,
it would be hard to detect an empirical evidence about the effect of habit for-
mation on equilibrium outcomes if the relative strength of habit formation is not
substantially time-varying.

The current discussion is restricted to complete-market economies where

agents have identical constant relative risk aversion and homogeneous beliefs.
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Especially, it seeks closed-form solutions for equilibrium outcomes. The closed-
form solution approach has limitation in an economy where agents have either
distinct relative risk aversion or asset markets are incompleteE] It will be a chal-
lenging task to study the observational irrelevance of habit formation in a case

where equilibrium outcomes admit no closed-form solutions.

01t is hard to find explicit forms of equilibrium outcomes in these two cases.



(1]

(2]

(3]

(4]

[5]

[6]

[7]

(8]
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