GOLDEN EGGS AND HYPERBOLIC DISCOUNTING*

Davip LAIBSON

Hyperbolic discount functions induce dynamically inconsistent preferences,
mmplying a motive for consumers to constrain thewr own future choices This paper
analyzes the dectsions of a hyperbohe consumer who has access to an imperfect
commitment technology anilliquid asset whose aale must be iutiated one period
before the sale proceeds are recerved The model predicts that consumption tracks
mcome, and the model explains why consurners have asset-specific marginal pro-
pensities to consume The model suggests that financal innovation may have
caused the ongoing dechne in U § savings rates, since financial innovation n-
creases hquidity, ehminating commitment opporturmties Finally, the model m-
plies that financial market innovation may reduce welfare by providing “teo
much” hquidity

I INTRODUCTION

“Use whatever means possible to remove a set amount of money
from your bank account each month before you have a chance to
spend 1t”

—adwvice in New York Times “Your Money” column [1993]

Many people place a premium on the atinbute of self-control
Individuals who have this capacity are able to stay on diets, carry
through exercise regimens, show up to work on time, and hve
within therr means Self-control is so desirable that most of us
complain that we do not have enough of 1t Fortunately, there are
ways to compensate for this shortfall One of the most widely
used techniques 18 commitment For example, signing up to give
a seminar 1s an easy way to commit oneself to wnte a paper Such
commitments matter since they create constraints (e g, dead-
lines) that generally end up being binding

Strotz [1956] was the first economast to formalize a theory of
commtment and to show that commitment mechanisms could be
potentially important determinants of economic outcomes He
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showed that when mmdividuals’ discount functions are nonexpo-
nential, they will prefer to constrain their own future choices
Strotz noted that costly commitment decisions are commonly
observed

we are often willing even to pay a price to precommt future
actions (and to avoid temptation) Ewvidence of this in economic and
other social behaviour 18 not difficult to find It varies from the gra-
tuitous promise, from the famihiar phrase “Give me a good kick if [
don’t do such and such” to savings plans such as insurance policies
and Christmas Clubs which may often be hard to justify 1n view of
the low rates of return (I select the option of having my annual
salary dispersed to me on a twelve- rather than on a nine-month
basis, although I could use the interest!) Personal financal manage-
ment firms, such as are sometimes employed by high-income profes-
sional people (e g actors), while having many other and perhaps
more 1mportant functions, represent the logical conclusion of the
desire to precommt one’s future economic activity Joming the army
15 perhaps the supreme device open to most people, unless 1t be
marnage for the sake of “settling down ” The worker whose income
15 garnished chronieally or who 1s continually harassed by creditors,
and who, when one oppressive debt 15 paid, immediately mcurs an-
other 158 commonly precommiting There 1s nothing irrational about
such behavior (quste the contrary) and attempts to default on debts
are simply the later consequences which are to be expected Inabl-
1ty to default 1s the force of the commitment

Strotz’s list 15 clearly not exhaustive In general, all 1lliquid
assets provide a form of commitment, though there are some-
times additional reasons that consumers might hold such assets
(e g, igh expected returns and diversification) A pension or re-
tirement plan is the clearest example of such an asset Many of
these plans benefit from favorable tax treatment, and most of
them effectively bar consumers from using their savings before
retirement For IRAs, Keogh plans, and 401(K) plans, consumers
can access their assets, but they must pay an early withdrawal
penalty Moreover, borrowing aganst some of these assets 1s le-
gally treated as an early withdrawal, and hence also subject to
penalty A less transparent instrument for commitment is an -
vestment i an 1lhiquid asset that generates a steady stream of
benefits, but that 1s hard to sell due to substantial transactions
costs, mformational problems, or incomplete markets Examples
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include purchasing a home, buying consumer durables, and
building up equity mn a personal business Finally, there exists a
class of assets that provide a store of 1lliquad value, hike savings
bonds, and certificates of deposit All of the 1lliquid assets dis-
cussed above have the same property as the goose that laid
golden eggs The asset promises to generate substantial benefits
1n the long run, but these benefits are dafficult, 1f not mmpossible,
to realize immediately Trying to do so will result 1n a substantial
capital loss

Instruments with these golden eggs properties make up the
overwhelming majority of assets held by the U S household sec-
tor For example, the Federal Reserve System publication Bal-
ance Sheets for the U S Economy 1945-94 reports that the
household sector held domestic assets of $28 5 trillion at year-
end 1994 Over two-thirds of these assets were 1liquid, including
$5 5 trillion of pension fund and hfe mnsurance reserves, $4 5 tril-
hon of residential structures, $3 0 trillion of land, $2 5 trilhon of
equity i noncorporate busmess, $2 5 trlhon of consumer dur-
ables, and at least $1 trillion of other miscellaneous categories
Finally, note that social security wealth and human capital, two
relatively large components of 1lliquid wealth, are not included 1n
the Federal Reserve Balance Sheets

Despite the abundance of commtment mechanisms, and
Strotz’s well-known theoretical work, intrapersonal commitment
phenomena have generally received little attention from econo-
masts This defieit 1s probably explained by the fact that commut-
ment will only be chosen by decision-makers whose preferences
are dynamically inconsistent, and most economusts have avoided
studying such problematic preferences However, there 1s a sub-
stantial body of evidence that preferences are dynamically incon-
sistent Research on amimal and human behavior has led
psychologists to conclude that discount functions are approxi-
mately hyperbolic [Ainshe 1992]

Hyperbolic discount functions are characterized by a rela-
tively high discount rate over short horizons and a relatively low
discount rate over long horizons This discount structure sets up
a conflict between today’s preferences, and the preferences that
will be held 1n the future For example, from today’s perspective,
the discount rate between two far-off periods, f and ¢ + 1, 15 the
long-term low discount rate However, from the time ¢ perspec-
tive, the discount rate between ¢ and ¢ + 1 1s the short-term high
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discount rate This type of preference change is reflected in many
common experiences For example, this year I may desire to start
an aggressive savings plan next year, but when next year actually
rolls around, my taste at that time will be to postpone any sacri-
fices another year In the analysis that follows, the decision-
maker foresees these conflicts and uses a styhized commitment
technology to partially hmit the options available mn the future

This framework predicts that consumption will track income
Second, the model explains why consumers have a different pro-
pensity to consume out of wealth than they do out of labor in-
come Third, the model explams why Ricardian equivalence
should not hold even 1n an economy characterized by an infimitely
lived representative agent Fourth, the model suggests that fi-
nancial mnovation may have caused the ongoing declme n U S
savings rates, since financial innovation mncreases liquidity and
eliminates impheit commitment opportumties Fmally, the model
provides a formal framework for considering the proposition that
financial market innovation reduces welfare by providing “too
much” hquidity

The body of this essay formahzes these claims Section 11 lays
out the model Equilibrium outcomes are characterized in Section
III Section IV considers the imphications of the model for the
macroeconomic 1ssues highlighted above Section V concludes
with a discussion of ongoing work

II TueE CONSUMPTION DECISION

The large number of commitment devices, discussed above,
15 good news for consumers They have access to a wide array
of assets that effectively enable them to achieve many forms of
commitment However, from the perspective of an economast, the
abundance poses a challenge It 1s hard to model the nstitutional
ichness 1 a realistic way without generating an extremely bur-
densome number of state variables

I consider a highly styhzed commtment technology that 1s
amenable to an analytic treatment Specifically, I assume that
consumers may mvest in two mstruments a hquid asset x and
an 1lhqud asset z Instrument z 1s 1lhqud n the sense that a
sale of this asset has to be mmtiated one period before the actual
proceeds are received So a current decision to hquidate part or
all of an individual’s z holding wall generate cash flow that can be
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consumed no earlier than next period * By contrast, agents can
always immediately consume their x holdings

Consumers 1n this model may borrow against their holdings
of asset z Like asset sales, such borrowing takes one period to
mmplement If a consumer apphes for a loan at time period ¢, the
associated cash flow will not be available for consumption until
time period £ + 1

In later sections I embed consumers 1n a general equuhibrium
model 1 which prices will be endogenous Now, however, I con-
sider the consumer 1n 1solation, and assume that the consumer
faces a determimstic sequence of interest rates and wages For
simphety, I assume that asset z and asset x have the same rate
of return ?

The consumer makes consumption/savings decisions in dis-
crete time t € {1, 2, , T} Every time peniod ¢ 15 divided 1nto
four subperiods In the first subperiod, production takes place
The consumer’s hquid assets x, , and nonhquid assets z, ,—both
chosen at time period £ — 1—y1eld a gross return of B, = 1 + r,,
and the consumer 1nelastically supplies one unit of labor In the
second subperiod the consumer receives determimstic labor 1n-
come y, and gets access to her hquid savings, R, x, , In the third
subperiod the consumer chooses current consumption,

c[ S yﬁ + Rtxf—l

In the fourth subperiod the consumer chooses her new asset allo-
cations, x, and z,, subject to the constraints,

¥y t ‘Rt(zr—l + xt—l) -C =z +X,
x,2z, 2 0

The consumer begims hife with exogenous endowments x,, 2, = 0
The consumer may borrow against her 1lliquid assets by giv-
1ng a creditor a contingent control right over some of those assets
In exchange, the consumer recewves hiquidity that can be con-
sumed Such a loan 1s formally represented as a reallocation of
assets from the 1lhquid account to the hquid account I assume
that a loan, 1 e, asset reallocation, which generates consumable
liqudity 1n period ¢ + 1 must be imitiated m period ¢ Specifically,

1 One could alternatively assume that instantaneous access to asset z 18
possible with a sufficiently high transaction cost
2 The qualilative results do not hinge on the 1dentical returns assumption
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the asset reallocation occurs 1 subperiod 4 of period ¢, thereby
providing consumable hquidity 1 period ¢ + 1 Such asset reallo-
cations are subsumed 1n the consumer’s choice of x, and z, 1n sub-
period 4

In the framework introduced above, an uncollateralized loan
has occurred if an asset reallocation leaves the 1lhquud account
negative Creditors are unwilling to make such loans because a
consumer who recerved such a loan would not have an incentive
to repay Hence, I assume that z, = 0

Finally, the constramt x, = 0 rules out forced savings con-
tracts If the consumer could set x, to any negative value, then
she could perfectly commit her future savings behavior and hence
her consumption level (or at least commut to any upper bound on
tomorrow’s consumption level) For example, 1f she foresaw a
high level of labor income next period, she could set x, negative
to force tomorrow’s self to save some of that mcome (recall that
€ =Y T B, x) Anegative x, value would be interpreted as a
contract with an outside agent requiring the consumer to transfer
funds to the outside agent, which the outside agent would then
deposit in an 1ll:qud account of the consumer * The constraint x,
= 0 effectively rules out such contracts Two arguments support
this impheit assumption against forced savings contracts

First, such contracts are susceptible to renegotiation by to-
morrow’s self, and m any finite-horizon environment, the contract
would unwind (In the second to last period renegotiation would
occur, implying renegotiation 1n the third to last period, etc ) Sec-
ond, such contracts are generally unenforceable 1 the Umnited
States * To make such a contract work, tomorrow’s self must be
forced to pay the specified funds to the outside agent or be penal-
1zed for not doing so (note that the transfer 1s not in the nterest
of tomorrow’s seif) However, U S courts will generally not en-
force contracts with a penalty of this kind *

3 Mortgage payments are an example of a contract that x, = 0 rules out
However, even though mortgage payments may be interpreted as forced savings
contracts, they do not have the necessary flexibilily to achieve the full cornmit-
ment solution Mortgage contracts generally do not make mortgage payments con-
tingent on the level of labor income flows

4 I am mdebted to Robert Hall for pointing out this fact to me

5 U S contract law 15 based around the “fundamental principle that the
law’s goal on breach of contract 1s not to deter breach by compelhng the promisor
to perform, but rather to redress breach by compensating the promisee” [Farns-
worth 1990, p 9351 Hence, courts allow contracts to specify “liquidated damages”
which reflect losses hkely to he experienced by the promuisee, but courts do not
allow “penalties” which do not reflect such losses
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At time ¢, the consumer has a time-additive utihity function
U, with an instantaneous utility function characterized by con-
stant relative risk aversion p Consumers are assumed to have a
discount function of the type proposed by Phelps and Pollak
[1968] 1n a model of intergenerational altruism, and which 1s
used here to model intrapersonal dynamic conflict ®

(1) U = Et[u(c,) + Biﬁ*u CM)J
T1

I adopt equation (1) to capture the qualitative properties of
a generalized hyperbolic discount function events t periods away
are discounted with factor (1 + ar) ¥, with «, v > 0 7 Thus class
of discount functions was first proposed by Chung and Herrnstein
[1961] to characterize the results of animal behavior experi-
ments ® Their conclusions were later shown to apply to human
subjects as well (see Ainshe [1992] for a survey)

Hyperbolic discount functions 1mply discount rates that de-
cline as the discounted event 1s moved further away 1 time
[Loewenstein and Prelec 1992] Events in the near future are dis-
counted at a higher implicit discount rate than events in the dis-
tant future

Gaven a discount function f(1), the instantaneous discount
rate at tume 718 defined as

Applymng the principle of Gust compensation for the loss or myury actually
sustained’ to hquidated damage provisions, courts have refused enforce-
ment where the clause agreed upon 15 held to be tn ferrorem—a sum fixed as
a deterrent to breach or as gecurity for full performance by the promisor, not
as a realistic assessment of the provable damage Thus, attempts to secure
performance through in ferrorem clauses are eurvently declared unenforce-
able even where the evidence shews a voluntary, fairly bargained exchange
[Goetz and Scott 1977, p 565]

In our case, the pronisee—the outside agent-—experiences no loss if the con-
sumer fails to make the payment Hence, penalties or hgmdated damages speci-
fied 1 such coniracts are not enforceable, go the contract 1s mncapable of
compelling tomorrow’s self to make the payment For a more extensive discussion
of these 1ssues, see Farnsworth [1990, pp 935-46], Goetz and Scott [1977], and
Rea [1984]

6 Zeckhauser and Fels [1968] provide an altruism-based microfoundation
for the Phelps and Pollak preferences Akerlof [1991] analyzes a speaal case of
the Phelps and Pollak preferences (8 = 1) Akerlof assumes consumer myopia,
while my analysis assumes that consumers foresee thewr future preference
reversals

7 See Loewenstewn and Prelec [1992] for an axiomatic dernvation of this dis-
count function

8 Chung and Herrnstein claimed that the appropriate discount function 15
an exact hyperbola events 7 periods away are discounted with factor 1/ This
corresponds to the limiting case o = vy — o
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—f{D/f(n)

Hence, an exponential discount function, 8718 characterized by a
constant discount rate, log(1/8), while the generalized hyperbolic
discount function 18 characterized by an instantaneous discount
rate that falls as T rises

y/H(1 + ot)

Psychologists and economists—notably Aimnshe [1975, 1986,
1992], Prelec [1989], and Loewenstem and Prelec [1992]—have
argued that such dechmng discount rates play an important role
m generating problems of self-regulation

When 0 < < 1, the discount structure 1n equation (1) mim-
1c8 the qualitative property of the hyperbohc discount function,
while maintaming most of the analytical tractibility of the expo-
nential discount function T call the discount structure 1n equa-
tion (1) “guasi-hyperbohc” Note that the quasi-hyperbolic
discount function 15 a discrete time function with values {1, B3,
pa2, pad, } Tigure I graphs the exponential discount function
(assuming that & = 097), the generalized hyperbolic discount
function (assuming that « = 105, and vy = 5 10°), and the quasi-
hyperbolic discount function (with B = 06 and & = 099) The

| ——Quas! hypemollc;
— - - Exponential
1 ﬂ Hyperboke

Value of discount function
[~ [=] (=3 L=} -1 (=]
-] wl 3 o o ~

o

o

FiaURE I
Dscount Functions
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points of the discrete-time quasi-hyperbolic function have been
connected to generate the curve i Figure [

The preferences given by equation (1) are dynamically incon-
sistent, 1n the sense that preferences at date ¢ are inconsistent
with preferences at date £ + 1 To see this, note that the marginal
rate of substitution between periods ¢ + 1 and ¢ + 2 from the
perspective of the decision-maker at time ¢ 1s given by
u'{c,, W(du'(c,.,)), which 1s not equal to the marginal rate of sub-
gtitution between those same periods from the perspective of the
decision-maker at ¢ + 1 u'(e,, W(Pdu'(c,,,)

To analyze equilibrium behavior when preferences are dy-
namically mconsistent, 1t 1s standard practice to formally model
a consumer as a sequence of temporal selves making choices 1n a
dynamic game (e g , Pollak [1968], Peleg and Yaar [1973], and
Goldman [1980]) Hence, a T'perod consumption problem trans-
lates into a T-period game, with T players, or “selves,” indexed by
their respective periods of control over the consumption decision
{Note that self £1s in control during all of the subperiods at tume
t) I look for subgame perfect equlibrium (SPE) strategies of
this game

Tt 1s helpful to introduce some standard notation that will be
used in the analysis which follows Let &, represent a (feasible)
history at time £, so h, represents all the moves that have been
made from time 0 to time ¢ — 1 {x,, z, (c. x. 2)}} Let
S, represent the set of feasible strategies for self¢ Let S = II7, S,
represent the joint strategy space of all selves If s € S, let slA,
represent the path of consumption and asset allocation levels
from ¢ to 7 which would arise if history h, were realized, and
selves ¢ to T played the strategies given by s Finally, let Uf{s1h,)
represent the continuation payoff to self ¢ if self ¢ expects the con-
sumption and asset allocation levels from ¢ to T to be given by
slh,

III EQUILIBRIUM STRATEGIES

This section characterizes the equilibrium strategies of the
game described above Recall that the agent faces a determimistic
{time-varying) sequence of interest rates and a determinstic
(time-varymng) labor income sequence Unfortunately, for general
interest rate and labor income sequences, 1t 18 not possible to use
margmal conditions to characterize the equilibrium strategies
This nonmargmality property 1s related to the fact that selves
who make choices at least two periods from the end of the game
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face a nonconvex reduced-form choice set, where the reduced-
form choice set 18 defined as the consumption vectors which are
attainable, assuming that all future selves play equilibrium
strategies The nonconvexity in the reduced-form choice set of gelf
T — 2 generates discontinuous equlibrium strategies for self
T - 2, which 1n turn generate discontinuities 1n the equilibrium
payoff map of self ' — 3 This imples that marginal conditions
cannot be used to characterize the equilibrium choices of selves
at least three periods from the end of the game ®

I have found a restriction on the labor imncome process that
eliminates these problems

(A1) wiy) > Bﬁ*([] H,Ju'(ym) Vet 2 1

This restriction constrains the sequence {y,/:=7 to lie m a band
whose thickness 1s parameternzed by the value of B, the closer
18 to zero, the wider the band Calibration of the model reveals
that Al allows for substantial flexibility 1n the deternmmstic 1n-
come process Ainslie [1992] reviews evidence that the one-year
discount rate 1s at least 1/3 This suggests that B should be cali-
brated 1n the interval (0, 2/3) (assuming that & 1s close to unity)
To see what this implies, consider the following example Assume
thal R, = R for all¢, 8R = 1, and u() = In() Then Al 1s satisfied
1f, for all t, v, €y, (1/Bw] If B = 2/3, thas interval becomes [y, (3/
2)yl, and as § falls the interval grows even larger

Before characterizing the equilibria of the game, 1t 15 helpful
to introduce the following defimtions First, we will say that a
Joint strategy, s, 18 resource exhausting 1if sl h,_, 18 charactenzed
by z; = x, = 0, for all feasible ~, ;| Second, we will say that a
sequence of feasible consumption/savings actions, {c,, x,, z;, ,
€ X7, Zp} Satisfies P1-P41f V¢ = §,

P1 wic) 2 Jnax ax B& (l'[ Hi]u(cm)
P2 u'e) > nax pa& []:IIRMJu €,)=¢c =y +Rx, |
P3 u'c,}) < max 6‘(13[1%: Ju(cmﬂ) =x =0

1efl T ¢ 1

P4 wi,) >  max &([1R. Jwleu) = 2 = 0

=1

9 For an exposition of these problems see Laibson [1993] Related 1ssues are
also discussed 1n Peleg and Yaan {1973] and Goldman [1980]
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Finally, we will say that a joint strategy s € 8 satisfies P1-P41f
for any feasible history A;, sk, satisfies P1-P4

It 15 now possible to state the main theorem of the paper
This theorem establishes that the consumption game has a
unmique equilibrium, and the theorem characterizes this
equihbrium

THEOREM 1 Fix any T period consumption game with exogenous
vanables satisfying A1 There exists a unique resource-
exhausting joint strategy, s* & S, that satisfies P1-P4, and
this strategy 1s the unique subgame perfect equilibrium
strategy of this game

(All proofs appear in the Append:ix ) Theorem 1 1mphes that the
equilibrium consumption path 1s resource exhausting and satis-
fies P1-P4 It 1s straghtforward to see why the equilibrium path
1s resource exhausting the final self—self 7—consumes all hg-
uid resources in period T, and self T - 1 makes certain that all
wealth 15 iquid w0 period T'(1 e, 2z, , = 0) Hence, no wealth goes
unconsumed mn equilibrium

Properties P1—P4 are also intwtive It 1s important to inter-
pret them m hight of the strategic self-control behavior that arises
m the wntrapersonal consumption game In this game, early
selves prevent late selves from splurging Self ¢+ — 1 uses the
ilhqud asset z,_, to lumit the hqudity available for consumption
m period ¢ Note that self ¢ cannot consume the 1lhquid asset dur-
g 1ts period of control, ¢, =y, + R, x,, On the equulibrium path,
each self 1s endogenously hquidity constramned by the allocation
choices of earlier selves Property P1 1s simply a standard Euler
equation relatron for an environment in which hiqudity con-
straints exist The inequality arnses because marginal utility can
be too high relative to future marginal utihties, but 1t cannot be
too low since consumers always have the option to save Property
P2 reflects another standard Euler equation intuition when mar-
ginal utility 1s strictly too hugh, the hqudity constraint must be
binding Properties P3 and P4 reflect the strategic decisions that
self £ makes when 1t chooses asset allocation levels (x, and z) P3
1mphes that self # will limit self ¢ + 1's hqudity as much as pos-
sible (x, = 0) 1f consumption at time ¢ + 1 1s expected to be high
relative to what self ¢ would prefer 1t to be P4 imphes that self ¢
will not it self £ + 1s hquidity at all (z, = 0) 1f consumption at
time £ -+ 1 18 expected to be low relative to what self ¢ would prefer
1t to be Note that the equations associated with P3 and P4 do
not contain the B term This omission arses because, from the
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perspective of gelf ¢, utility trade-offs between period ¢ + 1 and
any period after £ + 1 are independent of the value of B

IV ANALYSIS

In the following subsections I discuss several implications of
the golden eggs model Some of the applications consider the
mfimite-horizon game that 1s analogous to the finite-horizon game
discussed above When doing so, I will focus consideration on the
equilibrium that 1s the limit (as the horizon goes to infimity) of
the umque finite-hornzon equilibrium '

A Comovement of Consumption and Income

There 18 a growing body of evidence that household consump-
tion flows track corresponding household income flows “too”
closely, generating violations of the life-cycle/permanent-income
consumption model In particular, household consumption 1s sen-
sitive to expected movements 1n household mcome e g, Hall and
Mishlkan [1982], Zeldes [1989], Carroll and Summers [1991], Fla-
vin [1991], Carroll [1992], Shea [1995], and Souleles [1995] "
Many of these authors find that consumption tracks expected n-
come changes even when consumers have large stocks of accumu-
lated assets

Several models have been proposed to explain the consump-

10 For the infimite horizon game, a yoint strategy, s, 18 resource exhausting 1f
the continuation paths after all histories 1mply that the intertemporal budget
constraint 15 exactly satisfied

. i 1 o ¢ -1
z, * xu+2( 1!{) v, = Z(HIRJ €,
t=1 \P=

For the infinite-horizon game, I will focus on the equilibrium that satisfies the
following mfimte-horizon analogs of P1-P4

P1 uic) 2 ‘aup,?l[iﬁ‘(lfllRm)u'(cm)
P2 u'e) > sup,, ¥ (Ij]lRm)u’(cm) = =y +Rx

P3 wic,) < sup,,, & (lE[R“)u'(cM”) sz =0
=1

P4 ufe,,) » sup,,, % (fllRm)u’(cM”) =2z =0

11 Although Runkle [1989] is unable to reject the permanent income hy-
pothess, there are reasons to believe hus test lacks power (see Shea {19951}
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tion-income comovement Carroll [1992] proposes a buffer-stock
theory of savings m which impatient consumers with a precau-
tionary savings motive hold little wealth and choose optimal con-
sumption policies 1m which consumption and income move
together over the life-cycle Gourinchas and Parker [1995] simu-
late an extended version of this model Attanasio and Weber
[1993] argue that demographic dynamics explair much of the
consumption-income comovement

The golden eggs model provides a new explanation for the
observed comovement 1 consumption and meome In the model,
gelf t — 1 chooses x,_, to constrain the consumption of self ¢ In
this way “early” selves mampulate the cash flow process by keep-
1ing most assets 1n the ilhquud instrument Hence, at any given
moment the consumer 18 effectively hiquidity constrained, though
the constraint 1s self-imposed In equilibrium consumption 1s ex-
actly equal to the current level of cash flow ¢, =y, + R, x,_, (see
Lemma 3 i the Appendix for a formal proof) However, this does
not 1imply by 1tself that consumption will track labor income Note
that x,_, 1s endogenous, and mn equhbrium x, ; covarnes nega-
tively with labor income Selft — 1 varies x, | to try to offset the
predictable fluctuations 1n ¥y, When y, 1s large, self £ — 1 will
make x, ; small in an effort to prevent self { from overconsuming

However, there are lmits to the ways 1n which “early” selves
can constrain the choices of “later” selves Selft — 1 can only deny
self ¢t access to assets that have been accumulated 1n the past
Self t — 1 cannot deny self £ access to y,, labor 1ncome at time ¢
So when y, 1s particularly gh (1 e, cash flow at time ¢ 18 particu-
larly high), consumption at time ¢ wall also be high This imples
that on the equilibnium path, predictable movements 1n income
will tend to be reflected 1n movements 1n consumption

An example may help to make this more concrete Let the
horzon be infinite Assume that labor income follows a trending
high-low process y, = ¥e®* when ¢ 18 odd, vy, = ye# when ¢ 1s even
Assume that the interest rate 1s constant and exp(pg) = 3R (This
last relationship 1s motivated by the steady state results below)
Agsume that {y,}, satisfies Al Finaily, assume thatx, = 0,2z, =
0, and z, not be “too” large relative to the labor income varzabihty
Specifically, z, must satisfy the relationship,

w'(y) < 8Ru'(yef + z,(1 — e*/R%)ef)

Then the equulibrium consumption path 18
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Y, if ¢ odd

¥, + 2(1 — e*¥/RYe*  1fleven

Figure IT graphs the labor income path and equalibrium con-
sumption path, using parameter values, 3 = 06, R = 104, g -
002,y =2,/3=1,andy = 0 8 '?2 Two properties stand out First,
the 1lliquad asset 15 exclusively used to augment consumption in
the even periods, 1 e, n the periods with relatively low labor 1n-
come However, this increase 1s not sufficient to smooth consump-
tion A regression of A ln ¢, on A In y, yields a coefficient of 40
Since the 1ncome process 1s completely deterministic, this imphes
that predictable changes 1n income are associated with changes
1n consumption Hence, consumption tracks income despite the
fact that the consumer n this example controls a substantial
asset stock (K/Y = 3)

B Aggregate Saving

In most intertemporal rational choice models, high discount
rates are a necessary condition for consumption-inceme comove-
meni Such relatively hugh discount rates, however, tend to 1mply
relatively low levels of capital accumulation 1n general equilib-
rium (see Artyagari [1992]) The golden eggs model generates con-
sumption-mcome comovement even when actors are wealthy
This 1s because 1n equilibrium decisions to dissave out of the 1lhg-
uid asset stock do not depend on B Self ¢ 15 not able to consume
the 1lhgud asset immediately, so self ¢ does not consider trade-
offs between consumption today and consumption tomorrow
when dissaving from the 1llhiqud mstrument Tnstead self ¢ con-
siders trade-offs between consumption at ¢ + 1 and consumption
at periods after ¢ + 1 The value of B 18 superfluous for such a
decision—from self #'s perspective—and hence the steady state
capital stock 1s independent of B

The following general equilibrium analysis formalhizes this
mtwition Assume that there exists a continuum of mdividual
agents indexed by the unit interval Individual decision and state
variables are represented with an ¢ index (e g, ¢,(z)) Consider a
standard Cobb-Douglas production function with aggregate cam-
tal K,, aggregate labor L,, and exogenous productivity A,

12 The remaning varables, 8 and p, may take on any values that satisfy
the steady state condition explpg) = 8R
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Figure II
Consumption and Labor Income

Y; = AthuLtl *

Aggregate capital 1s composed of the hiquid and 1lhquid capital
holdings of individual agents 1n the economy

K = 15,0 + z_W)de

Recall that labor 1s assumed to be supphed nelastically, so L(z) =
1, and

L = J.le(z)dz =1
0

In competitive equalibrium labor recerves its marginal product,
so labor mcome of agent : at fime period ¢ 15 given by y @) =
(1 — )Y, Competitive equilibrium also imphes that capital re-
cewve 1ts marginal product, so R, = 1 + oY,/K, — d, where d 1s
the rate of depreciation Liquid and 1lhquid gross asset returns
of agent ¢ at time period ¢ are, respectively, R, x, , and R, z,_,
Finally, A, 1s assumed to grow exogenously at rate &4, 50 1n steady
state, capital and output must grow at rate g, /(1-a) = g

ProrosiTion 1 In the economy described above there exists a
umque steady state that satisfies A1 In that steady state

2) expipg) = R5
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The mmportant property of the steady state i1dentified m
Proposition 11s that the parameter B does not appear 1n the equa-
tion relating the discount rate and the growth rate So B can be
calibrated to generate excess sensilivity (1e, consumption-
mmcome comovement), while 8 can be calibrated to match the his-
torical capital-output ratio of three If B 15 1n the interior of the
unit interval, then the equilibrium path will exhibit consump-
tion-income tracking (e g, see the example 1n previous subsec-
tion) Meanwhile, & can be chosen to satisfy the equation,

3 pg=r—(1-8 = alY/K)~d - (1-9),

which 15 a log-lineanzed versiwon of equation (2) Setting 8 = 098
rationalizes K/Y = 3, assuming that the other parameters in the
equation take standard values p = 1, g — 002, « = 036, d -
008

C Asset-Specific MPCs

Thaler [1990] argues that consumers have different marginal
propensities to consume for different categories of assets For ex-
ample, he presents evidence that an unexpected increase 1n the
value of an equuty portfolio will have a very small effect on con-
sumption, while an unexpected job-related bonus will be tmmed:-
ately consumed Thaler divides consumer wealth into three
categories current income, net assets, and future income He
cites a wide body of evidence which suggests that “the MPC from
[current mmcome] 1s close to umty, the MPC from [future income]
18 close to zero, and the MPC from [net assets] 1s somewhere 1n
between ” Thaler explains this behavior by postulating that con-
sumers use a system of nonfungible mental accounts to guide
rule-of-thumb decision-making By contrast, the golden eggs
model predicts that even fully rational consumers will exhibit
asset-speaific MPCs ®

In the golden eggs model the current self 15 always endoge-
nously hquidity constrained on the equihbrium path So the MPC
out of current cash flow 1s one Proposition 2 formalizes this
claim

13 Laibson [1994b] proposes another hyperbohe discounting model that geo-
erates some mental accounting behavier In Larbson [1994b] rational consumers
set up a system of self-rewards and self pumshments to motivate later selves to
exert lugh effort Laibson [1994b] discusses effort-related mental accounts, while
the current paper discusses hqudity-related mental accounts
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ProPOSITION 2 Fix a consumption game in which mequality
Al s strictly satisfied Lete, = ¢(R,x,_,, R,z, ,) represent the
equlibrium (Markov) consumption strategy of self ¢ Then,

dac,

= Vit = 2,
L%, )

when the partial derivative 1s evaluated on the equulibrium
path

In this subsection I contrast this MPC with 1ts analog for
liquid assets At first glance 1t 1s not clear how to best make this
comparison [ will consider two approaches

ProposITION 3 Fix a consumption game 1n which mequahty Al
18 strictly satisfied Letc(R,x,_,, R,z, ) represent the equilib-
rium (Markov) consumption strategy of self ¢ Then,

de,

2 =0 Viz 2,
HR.z, )

when the partial derivative 1s evaluated on the equilibrium
path

Thas result 18 not surprising, since on the equilibrium path
the individual always faces a self-imposed liqmédity constraint
Small perturbations to the 1lliquid asset stock are not sufficient
to stop the current self’s hquidity constraint from being binding
A more mteresting question to ask 18 how a perturbation to -3
affects the chowce of x, Recall that hiquid assets set aside at time
¢t will be completely consumed at time ¢ + 1 Unfortunately, the
value of dx,/d(R,z,_,) can take on any value between zero and one
For example, the partial derwvative 1s equal to zero if the equnlib-
rum value of x, 15 equal to zero The partial derivative 1s equal to
unity 1f £ 1s the penultimate period of the game It would be help-
ful to develop an MPC measure that provides a representative
value of dx,/d(R,z, ,) The following proposition mtroduces such a
measure, by considering the geometric average of MPCs over a
determimstic business cycle of duration +

ProposiTION 4 Fix any e—horizon consumption game with R, =
R ¥ ¢ Fix a particular value of + = 1 Assume that {y,}:,
satisfies Al, and y,,. = exp(1gly,, V t = 0 Assume that
exp(pg) = 8R Letx, = x(R x,_,,R z,_,) represent the equi-
hbrium (Markov) consumption strategy of self ¢+ Let
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! ox

1
1- MPC: = |[]|1- =2
‘ {“( a(RzmoH

evaluated on the equilibrium path Then,
MPC: = MPC" = 1- BR™Y* V=2

Note that Proposition 4 assumes that the growth rate of la-
bor 1ncome 18 related to the return on capital by the steady state
equation 1n Proposition 2 exp(pg) = 8R Note also that the re-
sulting measure of the marginal propensity to consume, 1 —
(8R*), 18 equuvalent to the marginal propensity to consume 1n
the standard Ramsey model with no hiquidity constraints and ex-
ponential discount function & For all reasonable parameter val-
ues MPC: 13 close to zero Recall that the first proposed measure
of the MPC out of iliqud assets (1 e, the MPC measure 1ntro-
duced 1 Proposition 3) was exactly equal to zero Finally, con-
trast these proposed measures of the MPC out of 1lhiquid assets
(which take values close to or exactly equal to zero) with the umty
margmal propensity to consume out of liquid assets

D Ricardran Equivalence

In the economy analyzed 1n this paper, the sequence of exoge-
nous cash flows matters, 1n a way that 1s 1ndependent of the pres-
ent value of those cash flows This 1s immediately apparent from
Figure IT Because taxation schemes affect these exogenous cash
flows, Ricardian equivalence will be violated Moreover, the
model generates such violations even when the consumer has a
large asset stock at all times Hence, Ricardian equivalence 1s
violated for all agents, whether or not they hold substantial
wealth

E Declining Sauvings Rates in the 1980s

The golden eggs model may help to explain the dechine in
U S savings rates during the 1980s I pursue two approaches 1n
this subsection The first explanation 1s driven by the fact that
during the 1980s a relatively large proportion of national income
was realized as cash flow to consumers However, I am unsatis-
fied with this first story for reasons that I describe below Hence,
I focus most of my attention on a second explanation that 1s
driven by developments 1n the consumer credit market

Hatsopoulos, Krugman, and Poterba [1989] document the ob-
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servation that cash flow to consumers (as a percentage of NNP)
was high during the 1980s relative to the 1970s They report that
from 1970-1979 cash flow averaged 77 9 percent of NNP, while
the corresponding number for the 1980—1987 period was 80 8 per-
cent They trace this increase to several sources, notably higher
interest income (4 5 percentage points), higher transfers (2 2 per-
centage points), and higher after-tax cash from takeovers (0 6
percentage pomnts) 4

Using aggregate data, Hatsopoulos, Krugman, and Poterba
[1989] estimate a high marginal propensity to consume out of
current cash flow Coupling this result with the higher cash flow
levels, they are able to explain most of the savings decline 1n the
1980s However, they do not explain why consumers should have
such a high propensity to consume out of cash flow The golden
eggs model complements their analysis by providing a model that
explains the high MPC However, note that the golden eggs model
can only explain the high MPC out of cash flow, the model ecannot,
explain why the cash flow was high 1n the first place Hence, ap-
plication of the golden eggs model may only relabel the puzzle,
changing 1t from a consumption puzzle to a cash flow puzzle

The golden eggs model suggests a second explanation for the
low level of savings during the past decade The 1980s was a pe-
riod of rapid expansion mn the U S consumer credit market
Increasing access to instantaneous credit has reduced the effec-
tiveness of commitment devices hke 1lhquid assets The golden
eggs model predicts that the ehmination of commitment devices
would lower the level of capital accumulation I will show that if
the credit market were to become sufficiently sophisticated that
consumers could mstantaneously borrow against their 1lhquid
assets, then the steady state capital-output ratio would fall 1
calibrate this fall at the end of the subsection

The rapid expansion of the U S consumer credit market pro-
vides the starting point for the argument summarized m the pre-
vious paragraph One example of the expansion 1n mnstantaneous
credit has been the growth in credit cards ** In 1970 only 16 per-
cent of all U S famhes had a thurd party eredit card (e g, prede-

14 Offsetting falls in cash flow occurred in labor 1mcome (-0 3 percentage
points), nonmterest capital income 1n disposable income (—2 0 percentage points),
and taxes (—2 1 percentage points)

15 Another important development in the U S credit market has been the
expanded use of home equity lines of credit Before the md-1980s home equity
lmes of credit were almost unheard of By 1993-1994 8 3 percent of homeowners
had a home equity hine of credit See Canner and Luckett [1994], p 572
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cessors of current cards hike Visa and MasterCard) By 1989 54
percent had one ® During this same period credit card acceptance
by retailers also increased dramatically Large retailers did not
accept credit cards during the 1970s In 1979 J C Penney broke
ranks with 1ts competitors and became the first major retailer to
accept third party credit cards By the end of the 1980s almost
all large retailers accepted third party cards The growth of ATMs
(automatic teller machines) augmented the impact of the credit
card expansion by enabling credit cardholders to readily receive
cash advances Regional and national ATM networks first began
to form n the late 1970s and early 1980s 7 Altogether these
developments led to an explosion i revolving credit, which 1s
principally composed of credit card debt From 1970 to 1995, re-
volving credit grew from 3 7 percent to 36 3 percent of total con-
sumer credit '® No single year stands out as the date at which
most consumers experienced a sharp increase 1n their personal
access to mstantaneous credit However, 1t 18 safe to say that by
the m1d-1980s most famihes had a third party credit card, and
this card could be used 1n most large retail stores, or could be
used 1 ATMs to receive cash advances to make purchases 1n the
stores that still did not accept credit cards Together these obser-
vations suggest that the mid-1980s represents the first tume that
a representative U S family had instantaneous access to con-
sumer credit, or could rapidly apply for such access

Introducing instanfaneous credit into the golden eggs model
dramatically changes the equlibrium analysis (Recall that the
original model had credit which could be accessed with a one-
period delay) In the origimnal model consumption was bounded
above by cash on hand

¢ =y + Rtxt—l

With mstantaneous access to credit, consumptiion 18 now con-
strained to lie below the sum of cash on hand and the value of all
credit hines that can be instantaneously set up or are already set

16 See Canner and Luckett [1992], p 656

17 See Mandell [1290] for a short history of the credit card industry

18 Consumer credit includes automobile loans, revolving credit, “other” 1n-
stallment credit, and noninstallment credit “Other” mstallment credit includes
“mobile home loans and all other installment loans not included 1n automobile or
revolving credit, such as loans for education, boats, trailers, or vacations These
loans may be secured or unsecured Nomnstallment credit 18 credit scheduled to
be repmd m a lump sum, meluding single-payment loans, charge accounts, and
service credit” IEconomic Report of the President 1996, Table B-73]
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up I assume that the value of these existing and potential credit
lines 1s approximately equal to the value of the 1lliquid assets
held by the consumer Hence, consumption 1s now constrained by

C! S y! + Rrxt—l + tht-l
In all other ways the model remams the same

ProposiTiON 5 Consider the general equilibrium economy ana-
lyzed above, but now assume that consumers can instantane-
ously borrow against their 1lhquid asset This economy 1s
equivalent to one 1n which there 18 no 1lhqud asset (1e, x 18
the only asset) In such an economy there exists a umigue
steady state, and 1n that steady state,

(4) exp(pg) = BOR + (1 - B)dexp(g)

CoroLLARY In the steady state characterized in Proposition 5
the capital-output ratio 1s less than the steady state capital-
output ratic 1n the economy with the commtment
technology

Table I reports the magnitude of the reduction 1n steady state
capital that occurs when financial innovation moves an economy
from a golden eggs financial technology to a new financial tech-
nology m whuch 1t 1s possible to instantaneously borrow against
the 1lliquid asset (1 e, when financial mnovation eliminates the
ilhquidity that makes partial commitment possible) The entries
of Table I are derived in five steps First, I assume that the U §
economy has historically been a golden eggs economy, with o =
036,d =008,g =002, and K/Y = 3 Second, I calibrate prefer-
ence parameters p and 8 based on equation (2) (the steady state
equation 1n golden eggs economies) and the competitive equilib-
rium condition, r = aY/K — d = (0 36): — 008 (Recall that equa-
tion (2) 15 independent of B ) These equations Jomntly imply that

(5) exp(p(0 02)) = 3(104)

Third, I take the set of preference parameter values derived 1n
step 2 (1 e, defined 1n equation (5)) and plug that set into equa-
tion (4), the new steady state equation (1 e , the steady state equa-
tion associated with the economy in which consumers can
mstantaneously borrow against their 1lhquid assets) This yields
the following “constrained” steady state equation that holds in
the new economy
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TABLE 1
STEADY STATE INTEREST RATES AND CAPITAL-QUTPUT RATIOS IN ECONOMIES WITH
AND WITHOUT PARTIAT COMMITMENT

With commitment Without comrmtment

(1 e, no mstantaneous (1 e, mmstantaneous

credst) credit)

,, K ) K

Y Y
p=02 0 040 300 0119 181
B=04 0040 300 0070 240
B=06 0 040 300 0 053 270
=08 0040 300 0045 2 88
g=10 0040 300 0040 300

{6) 104 = BR + (1 — Pexp( 02)

Note that this constrained steady state relationship 1s imdepen-
dent of p and 8, and depends exclusively on B and B Fourth, I
vary B, the only free preference parameter in the constrained new
steady state equation, and calculate the corresponding capital-
output ratios (again using the competitive equilibrium relation-
ship r = «(Y/K) — d) Fifth, I compare these new capital-output
ratios with the historical capital-output ratio

Note that when commitment 15 available, the steady state
interest rate and capital-output ratio are independent of the
value of B (see Proposition 1) Now consider an example of a tran-
sition from a commitment economy to an economy without com-
mitment For a B value of 06, ebmmation of the commitment
technology raises the steady state real interest rate 1 3 percent-
age ponts This corresponds to a reduction 1n the capital-output
ratio of 0 3

These results should be compared with actual U S exper1-
ence during the 1980s and 1990s The model predicts that capital
accumulation should have fallen at the same time that consum-
ers gained access to instantaneous credit (approximately the mid-
1980s) All measures of capital accumulation show a marked
downturn that starts in the 1980s and continues 1nto the 1990s
For example, U S personal savings as a percent of disposable
personal mcome fell from an average of 7 3 percent from 1946
1984, to an average of 5 3 percent from 1985-1994 The 1985—
1994 period had the lowest average saving rate of any ten-year
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span m the postwar period ' The ratio of national net worth to
gross national product (1e, the U S capital-output ratio) fell
from an average of 3 2 from 1946-1984, to 2 8 1n 1994 The 1994
value 18 the low pont for the series mn the postwar period

F Welfare Analysis of Financial Innovation

The mtroduction of mstantaneous credit increases consum-
ers’ choice sets Standard economic models 1mply that this devel-
opment might lower levels of capital accumulation, but would
ratse consumer welfare Yet, in the United States, policy-makers
and pundits are concerned that instantaneous credit 1s somehow
bad for consumers

The golden eggs framework provides a formal model of the
costs of financial innovation By enabhng the consumer to mstan-
taneously borrow agamst illiguid assets, finanecial mnovation
ehminates the possibility for partial commitment This has two
effects on the welfare of the current self First, the current self no
longer faces a self-imposed liquadity constraint and can therefore
consume more 1n 1ts period of control Second, future selves are
also no longer hquudity constrained and may also consume at a
higher rate out of the wealth stock that they inherit The first
effect makes the current self better off The second effect makes
the current self worse off (since the current self would like to con-
strain the consumption of future selves) Under most parameter-
1zations the impact of the second effect dominates, and the
welfare of the current self 1s reduced

Formally, I measure the welfare loss by calculating the mim-
mum one-time payment—paid to a representative consumer—
which would induce the representative consumer to switch from
an infinite horizon golden eggs economy to an wfimite horizon 1n-
stantaneous credit economy (Using the notation of Section 11, the
hypothetical payment that induces indifference 15 made during
subperiod 2 of time ¢, and the indifference 1s from the perspective
of self ¢ ) I assume that the representative consumer starts in

19 National Income and Product Accounts, Table 2 1, Bureau of Economic
Analysis, U 8 Department of Commerce

20 National net worth 18 calculated from Tables B 11 and B 109 1n Balance
Sheets for the U S Economy 1945-94, Board of Governors of the Federal Reserve
System National net worth represents the sum of lines 1 and 30 from Table B 11
added to the difference between hines 43 and 42 from Table B 109 Gross national
Eroduct 18 caleulated by the Bureau of Economie Analysis, U 8 Department of

OMMEerce
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the steady state of the golden eggs economy, this steady state 1s
characterzed in Proposition 1 The representative agent remains
in that steady state 1f she remains in the golden eggs economy
By contrast, 1f the representative agent switches to the instanta-
neous credit economy (1e, if she switches to the economy in
which 1t 15 possible to instantaneously borrow against ilhgud
assets), then the new economy asymptotically converges to the
steady state characterized in Proposition 5 The starting pownt
for this convergence 1s the golden eggs steady state capital stock
augmented (depleted) by a payment at time period one

I calibrate this exercise with o« = 036, d = 008, g = 002,
& = 098 and p = 1, and I assume that the golden eggs steady
state 18 characterized by the historical capital-output ratio K/Y =
3 Note that these values are consistent with the steady state
equatron for the golden eggs economy (see Proposition 1)

The convergence path for the economy in which nstanta-
neous borrowing 1s possible 15 characterized by a nonstandard
Euler equation derived in Laibson [18996]

(D u'c) = R, ou'(c, JIMB — D + 1],

where A 15 given by?!
(8) A= —=- T —

Note that when g = 1 this Euler equation reduces to the standard
case To solve for the convergence path conditional on a starting
level of financial wealth, 1t 18 necessary to search for the umque
sequence {c,, R}, that1s 1) consistent with the nonstandard Eu-
ler equation given above, 2) consistent with the dynamic budget
constraint, 3) consistent with the capital market competitive
equilibrium condition, and 4) consistent with asymptotic conver-
gence to the steady state characterized in Proposition 5 Identi-
fying this sequence can be reduced to a one-dimensional search
over values of ¢, start with a guess of the equhbrum value of ¢,
combine this value of ¢, with the dynamic budget constraint and
the competitive equilibrium conditions to generate R,, use the
nonstandard Euler equation to calculate ¢, as a function of ¢, and
R,, 1terate the last two steps to generate a sequence {c,, K},
that can be checked for asymptotic steady state convergence, 1f
the sequence does not converge, start with a new guess for ¢,
This algorithm provides a way of calculating the convergence

21 The derivation for A uses the cahibration assumption p = 1
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TABLE 11
PAYMENTS TO INDUCE INDIFFERENCE
BETWEEN GoLDEN EGGs EcoNvomy
AND INSTANTANEOUS CRRDIT ECONOMY

Payment as
percent of output
p-02 696
B=-04 205
=06 90
B=08 16
p=10 00

path given any level of imtial financial wealth 1n the mstanta-
neous credit economy Once this has been done, 1t 15 straightfor-
ward to calculate the level of mmtial financial wealth 1 the
mstantaneous credit economy that induces mdifference with
the level of initial financial wealth 1n the golden eggs economy
The payment level 1s the difference between these two financial
wealth levels The payment level 1s reported 1n Table II, where 1t
18 normalized by the level of output at time of payment > Note
that a positive payment imphes that the consumer needs compen-
sation to induce her to willingly switch to the instantaneous
credit scenario Hence, 1f payment were withheld, the consumer
would be worse off 1n the instantaneous credit scenario Table IT
reports these normalized payments for a range of § values

Note that when B = 1 there 1s no welfare loss When = 1,
the consumer’s preferences are not dynamically inconsistent, and
the consumer has no need to constrain her future selves By con-
trast, for the other cases, (B € (02,04, 086, 0 81) the consumer
1s made worse off by financal innovation Being able to borrow
against 1lhqud assets 15 welfare reducing However, note that
this 18 not always the case For p values sufficiently close to zero,
the consumer 1z made better off by being able to splurge almost
all of her financial wealth immediately However, for the range of
reasonable B values reported 1n Table 11, the consumer 1s always
made worse off by financaial innovation

Of course the costs of financial innovation explored above
may be offset by unmodeled gains, like being able to consume 1n
unforeseen emergencies (which are ruled out 1n the determmstic
framework of this paper) The point of this subsection 1s to dem-

22 Note that output at time of payment 13 the same under the two SCEenAaros,
sice output at any given period 1s determuned by capital put aside 1n the previ-
ous period
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onstrate that there are potentially important costs that accom-
pany those other well-known benefits of extra hqudity

V EVALUATION AND EXTENSIONS

I have analyzed the consumption problem of a dynamcally
mnconsistent decision-maker who has access to a crude commrt-
ment mechamsm The model helps to explain many of the empiri-
cal puzzles in the consumption hiterature, notably consumption-
income tracking and asset-specific MPCs However, the model
has several drawbacks that suggest four important areas to pur-
sue extensions

First, the golden eggs model does not explain how censumers
accumulate assets mn the first place Note that consumption 1s
always greater than labor income on the equlibrium path How-
ever, this 18 less of a problem than 1t might first appear Although
there 1s evidence that individuals often consume less than they
earn 1n labor mcome, most of this saving 18 nondiscretionary (e g,
pension contributions, hife-nsurance payments, mortgage pay-
ments, and other payments to creditors) Bringing such “nondis-
cretionary savings” mto the model can be done very simply For
example, the consumer could elect to take on a 30-period mort-
gage obhigation at time zero, represented by a mortgage payment
of m for the next 30 periods Then the consumer’s cash flow at
time ¢ < 30 would be y, + R,x, , — m, which would be less than
y, if m were greater than R,x, , Arelated way to model nondiscre-
tionary savings would be to let the consumer set x, , 1tself less
than zero, (e g ,x = x, |, where x << 0)

A second problem associated with the model 18 the anoma-
lous prediction that consumers will always face a binding self-
imposed hquidity constraint For example, the golden eggs model
predicts that after making their consumption choice, consumers
should have no hquid funds left in their bank accounts This pre-
diction contradicts many consumers’ experiences However, this
problem can be readily addressed by introducing a precautionary
savings motive for holding hqudity For example, consider a
continuous-time analog of the golden eggs model, and assume
that mstantaneous hquidity needs arrive with some hazard rate
Then 1 equilibrium the consumer will only rarely completely ex-
haust her hqudity

A third problem with the golden eggs model 1s that some con-
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sumers may not need to use external eommitment devices (like
hquid assets) to achreve self-control Consumers may have 1n-
ternal self-control mechanisms, hke “will power” and “persenal
rules ” In Laibson [1994a] I analyze an infimte-horzon consump-
tion/savings game with no external commitment technology and
find a multipheity of Pareto-rankable equilibria I interpret this
multiphieity as a potential model for self-control and willpower
However, this approach raises problematic and as yet unresolved
equilibrium selection problems More work 1s needed to develop
theoretically robust models of internal self-control mechamsms,
and to empirically validate such models

The fourth problem with the golden eggs model 1s that some
consumers may have access to an array of “social” commitment
devices that are far richer than the simple 1liquid asset proposed
i this essay In Laibson [1994b] I analyze the problem of a con-
sumer who can use social systems like marriage, work, and
friendship to achieve personal commitment Future work should
try to 1dentify the most important mechamsms that consumers
use to overcome the self-control problems induced by hyperbohc
preferences

APPENDIX

Theorem 1 1s proved with four intermediate lernmas These
lemmas apply to the game described 1 Theorem 1

LemMa 1 Let s be a resource-exhausting element of the joint
strategy space § Assume that s satisfies P1-P4 Then for all
histories k,, strategy s implies that ¢, = y,

Proofof Lemma 1 Use induction to prove result Fix a period
¢t and feasible history, h, Let slh, = {cA , xA , zh ot Assume
that ¢, = y,,, Vv =2 1 By Pl u'(c,) = maxe, . B8
(IR, ) u'e,,) If this inequality 1s strict, then P2 immphes that

¢, =y, 50 WLOG assume that u'(c,) = max_ 88 (IT7 B, u'le, )

uc) = nax  pa (ﬁlR‘“JuTc‘”) by assumption
S IE{FI%{(!!_]QBST (I_EIIRH:)M’(-)’JH) by assumptlﬂn
< uwly) by Al
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So u'(c,) = u'(y,), and hence ¢, = y, After confirming that ¢, =y,
(by resource exhaustion), the proof 18 completed by applying a
standard induction argument

LEMMA 2 Let s* and s? be resource-exhausting elements of the
jomnt strategy space S Assume that s* and s® satisfy Pi-P4
Let {e*, x2, 2217, and {cF, x7, ;9 T, be the respective paths of
actions generated by s* and sf le a partlcular value of t,
and assume c4,_=cf V1=1 withci, > for at least

t+T L+

one 7= 1 Thenc} = ¢}

Proof of Lemma 2 By Pl, u'(¢})= max_, ,_,B¥
(II"_, R,,) u'(c? ) If this 15 satisfied with equality, then

ul(ctB) 2 1:&{1 T i1} |361' (HR ) '(cﬂt) by PI
> max :nﬁ ‘(f[lR ) ¢t.) by assumption

u'(e) by assumption

Hence, u'(c?) = u'{cA), implying that ¢/ = ¢ So WLOG assume
that w’(c#) > max rey B AL R, D u'tel) By P2, ¢f = v,

=il t+T

+Rx,_, Ift = 1, then ¢} = cf, since ¥ =y, + Rx, = c" So

WLOG assume that t = 2 If xB | = x;‘ ,, then ¢ =y, + Rt;vcf_1 =
y, t Raxt | = ¢! So WLOG assume B o>ah =0

T-¢
0 < 2([[1 '“J A~ eh) by assumplion
T-tr o
< S(fR2)et -y byLemmal
= Rxt +zt) — ¢+ by res exhaust
- th: i as C,A =y + R.exil

Soz*, > 0, and,

ur(ctB) 1e {}n’{‘ £ 1 T (ﬁRm) '(rg'[‘) by P3 and xz}il > 0

=1
> max T(IEIR ] (e, by assumption

L

\%

w'(e) by P4andz?, > 0

Hence, u'(c?) = u'(c}), implying that ¢} = ¢
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LemMa 3 Let s be a resource-exhausting element of the joint
strategy space S Assume that s satisfies P1-P4 Let {c, x,,
z,}7, represent the path of actions generated by s Thenc, =
¥t Rtxt—lv t=2

Proof of Lemma 3 Supposethate, <y, + R,x,_, forsomet =2
and look for a contradichion By P1 and P2, u'(e) =
max., T-t-1j Bo (H:—l R1+t)u’(ct+r)’ 50 ur(ct) <
max,, p, 0 U7, R, Ju'(c,,) Hence, by P3,x,_, =0 Soc, <
¥,, which contradicts Lemma 1

LemMa 4 Let {¢,, x,, 2}, be a solution path to the following

problem
-1
{ma’:% ule) + BZBTu(cm)
S| 1=1
subject to
x,2, 20 Vi=1
¢, <y, +Rx,_ Viz1
x,+z,=Rix , +z)+y,—c Viz1
x42, fixed

X, =z =10
{c,x,,2,}1, satisfies P1-P4

Then {¢,x,,z}T, satisfies P1-P4

=1

Proof of Lemma 4 The first step i the proof s to show that
the solution set of the program above 1s a subset of the solution
set of the program below

T-1
max ule,) + Bz éule,,)

{eea%es2e ] ;‘11
subyect to

x,2, 20 Vi =21

¢ <y +Rx  Vtz1

x,+z=Rix,_ +2 )+y-¢ Vixzl
X, 2, fixed

Xp =2, =0

C, Z Y,

¢, =y +Rx  Vt=3

T -1

Henceforth I will refer to these, respectively, as program 1 and
program II Note that program IT1s a convex program with hinear

Copyright @ 2001. All Rights Reserved



472 QUARTERLY JOURNAL OF ECONOMICS

constraints, so the Kuhn-Tucker first-order conditions are neces-
sary and sufficient for a global optimum I will return to thas fact
later 1n the proof

The following notation will be used to prove the lemma Let
{} represent the set of all real vectors, w = {¢,, x,, 2}, Let C, C
Q(C; C Q) represent the subset of vectors i 0 which satisfy the
constraints of program 1 (II) Let C¥ C Q (C¥ C 1) represent the
subset of vectors 1n () that are solutions to program I (IT)

The first step 1n the proof 1s to show that C, C C,, Fix any w
€ C, and let o = {c,, x,, z,}7., Note that the first five constraints
of program I are 1dentical to the first five constraints of program
IT Also note that if {c, x,, 2,}7, satisfies P1-P4, then by Lemma
1,¢, =y, and by Lemma 3,¢, =y, + B,x, , V¢ =3 Hence, o €
C,, implying that C, C C,,

The next step 1s to show C¥ C C} Fix any o € C¥ Fix any
o' € C}, and let 0’ = {c, x,, 2,}"", Define £, such thatec, =y, +
R,x, Let w” be equivalent to ' except that x, 18 replaced by #,,
and z, 18 replaced by 2, = 2z, — (£, — x,) Let Ulw) represent the
value of the objective function evaluated at «w. Consider the fol-
lowing two properties of 0" " € C,, Ulw’) = Ulw") Recall that
o’ € C}; Then »” must also be an element of C; Hence »” must
satisfy the Kuhn-Tucker conditions of program II (since the con-
ditions are necessary and sufficient) Using the Kuhn-Tuacker con-
ditions and the defimtion of w”, 1t 15 straxghtforward to show that
w” € C, Note that 0" € Ciand w € CF C C, C C,, imply that
Ulw") = Ulw) Note that o € Cf and w” € C, imply that Ulw") =
{w) Hence, {w) = Ulw"), which implies that [{w} = Ulw') So
o € Chand 0w € C} C C, C C, mply that o € C% Hence,
CrcCh

I am now ready to complete the proof of the lemma Let w be
a solution to program I, and let @ = {¢, x,, 2,}7 |, So {c, x,, 2,}7,
satisfies P1-P4 Since C} C C};, w must also satisfy the necessary
and sufficient Kuhn-Tucker conditions of program II Combining
these constraints, it 1s straightforward to show that {c,, x,, 2,}7,
satisfies P1--P4 O

Proof of Theorem 1 Suppose that there exist two resource-
exhausting joint strategies, s4, s* € S, that satisfy P1-P4 Fix any
period ¢, and any feasible history A, Let s*lh, =
{ef ot ,z8 VT8 8B h, = {cB , xf , 28 11 By resource exhaus-

tion and Lemma 2, ¢, = ¢5 ¥V 7 = 0 Hence, by Lemma 3, x

A — a3 A - B
te =22 V130 This in turn mmphes that 22, =22 ¥V 1= 0, as
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a result of the savings constraints Because the proof started with
arbitary h,, we can conclude that s* = s® proving that there exists
a unique resource-exhausting joint strategy, s* € S, that satisfies
P1-P4 The second part of the theorem follows from this unique-
ness result, Lemma 4, and a standard induction argument a

Proof of Proposition 1 If a steady state satisfies Al, then
exp(pg) = B8 Moreover, it 1s easy to construct a steady state at
which exp(pg) = R& Suppose that there exists a steady state

at which exp(pg) > R3 Then by P1-P4, hm, _z = lim, _x, = 0,
which 1mphes that no such steady state could exist o
Proof of Proposition 2 By P1,u’(c) = B3 (II'_, R,, ) u'(c,, ) ¥

t = 2,7 = (0 Suppose that this inequahty 1s sat1sﬁed exactly for
some ¢, T pawr Thenx, , = 0 by P3 Hence,

ul(y) = u'c) by Lemma 3

[
=
4

L

llliju’(cm) by assumption

=1

in
=
4
TN
:d

Rtﬂ)u’r(%ﬂ) by Lemma 3

But 2'(y,) = gd I, R,,) u'(y,,,) violates Al, (since Al 1s as-
sumed to bold strictly) So WLOG, assume that u'(c,) > Bd°
(I R, u'(c,)Vit=2 1=0 Hence, for sufficiently small |ei
>0,uc,+e) >R (T R, ) u'(c,,)VE=2, 120 SobyP3 and
the uniqueness result of Theorem 1, in the subgame starting after
any sufficiently small perturbation to the iquid asset stock, the
equality ¢, = v, + R,x,_, continues to hold, and hence, ac/(B(R
D=1

Proof of Proposition 3 WLOG, assume that u'(c,) > pd°
(II_, R, ) u'(c,, ) V= 2,7 = 0 (see Proof of Proposition 2) Hence,
for sufficiently small lel > 0, u'(c) > & (I, R, u' (c,, +

(I [R)e)Vt=2,1=0 Socurrent consumption does not change

when z, | 18 perturbed mi
Proposition 4 1s proved with two intermediate lemmas

LEMMA 5 Fix the economy described m Proposition 4 On the
equilibrium path of this game u'(c,) = @RYyu'lc, )VE=2

i+

Proof of Lemma 5 Suppose that u'(c,) < (3R)u'(c,, ) for some
{ = 2 Then P3 imphes x, | = 0, implying that
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u'ly) = ulc) by Lemma 3

A

(OR)u'(c,,) by assumption

+T

(SRyu'(y,,) byLemma3

IA

Hence, y;* < (3R)y,?, mnplying that exp(tgly, > y,,,, which con-
tradicts the assumptions of Proposition 4

Alternatively, suppose that u'(c,) > (8R)u'(c,, ) for some ¢ =

2 Then,

w(y) z ulc) by Lemma 1

\

(dRYu'(c,,) by assumption

T+T

ORyu'(y,,, + Rz} by lLemma 3

il

Note that u'(y,) = (3R u'(y,, ), follows from the assumptions So
the previous mequalities imply that x,, | > 0, which together
with P3 imphes that z'(c,,,) = sup, (8R)'u’(c,,,,,) In addition,

xt+f 1

> 0, imphes that z,_, > 0, which together wath P4 implies

that u'(c,) < sup,.,(3Ry'u'(c,,,) So there exists a fimte € {¢ +
1, ¢+ 2 ,t + 7 — 1}, such that u'(c,} > sup, .,(6R)u'(c,, )
Hence, by P4, z,_, = 0, contradicting the result thatx,,  , >0 O

LEmMMa 6 Fix the economy described in Proposition 4 On the

equhbrium path of this game =x,, . = expligk,z,,
expliglz, Vi=1

Proof of Lemma 6 By Lemma 5, u'{c) = (3R)u'(c, )V I =

2 Combining this with Lemma 3 imphes that u'(y, + Rx,_,)
= (3R)u'(y,,, + Rx,,. ) The assumptions, exp(pg) = 8R and

Yoo =

exp(ig)y,, can be used to stmphfy the previous equation,

yielding, x,, . , = exp(iglx, , ¥ ¢ = 2 Note that resource exhaus-
tion and Lemma 3 together umply that z, = £~ Rz, Vi=1

Soz

t+T

=3 ,R7x,, =% R expligh, = expligl, Vi=10O

Proof of Proposttion 4 To prove this proposition, 1 consider

two games an origimal game, and a perturbed game The per-
turbed game 1s 1dentical to the original game except that in the
perturbed game 1lhquid assets are higher at time zero Let Aa
represent the difference between variable a n the perturbed
game and variable ¢ n the original game Then Lemma 3 um-
phes that

i ———.

Az

f+T-1

= RT(AZt_l) 1 -_ Axt 1 _ Athfl 7]
ARz, ) MRz, ;)
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for all t = 2 Hence,

1/1
Ax, Ax
1 - MPC: =1 1] - —— 1 OMrer
3 ]mAonU [[ A(thl)] { A(RZ!H 2)]:|

1/t

= hmAz -0 Azﬁ:l l

° Az, R
_ explg)
R
= (BR! "),
where the second to last equahty follows from L.emma 6 O

Proof of Propostfion 5 Laibson [1996] analyzes the economy
without the commitment technology 1 show that the infimite hori-
zon equlibrium which corresponds to the limit of the finite hor-
zon equilibria 1s characterized by constant proportional
consumption of the wealth stock, where wealth 15 defined as the
sum of financial assets and the discounted value of future labor
mcome Let A represent the coefficient of proporticnality, I show
that A 18 given by

A=1-BR"AB - 1)+ D]
With proportional consumption the steady staie condition 1s
R(1 - A) = explg)
Solving these equations to eliminate A yields equation (4) |

Proof of Corollary to Proposition 5 Let R* represent the
steady state gross interest rate in the economy with commitment
Recall Proposition 1 exp{pg) = 8R* Using Proposition 5, 1t fol-
lows that R—R* = (r—gl{1—-B) > 0 as r > g 1is requred for the
existence of a steady state
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