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Abstract

This study argues that strong evidence contradicting the traditional assumption
of time-consstent preferences is not available. The study builds and anadyzes
the implications of a deterministic genera equilibrium model and compares
them to data from the U.S. asset market. The mode implies that (1) because of
dynamic arbitrage, the prices of retradable assets cannot revea whether pref-
erences are time-inconsistent; but (2) the prices of commitment assets, invest-
ments which must be held for their lifetime, can. These prices will be higher
than the present vaues of ther future payoffs only when preferences are time-
inconsistent. And (3) when preferences are time-inconsistent, people will not
hold both retradable and commitment assets. Empirica observations on two ex-
amples of commitment assets—education and individua retirement accounts—
are not consistent with these model implications.

The views expressed herein are those of the author and not necessarily those of the Federal
Reserve Bank of Minneapolis or the Federal Reserve System.



Jan is about to go out to her neighborhood bar. Before
drinking anything there, Jan would like to sign a legaly
binding contract stating that she is alowed to drink only
four beers that night. Why does she want to sign such a
contract? She knows that after having four beers, she will
want to have afifth, and she wants to prevent herself from
doing 0.

Jan isexhibiting what economists cal time-inconsstent
preferences. her preferences for beer, a a given date and
state, change over time without the arrival of new informa:
tion. An essentid feature of time-inconsistency isthedesire
for salf-commitment. Peoplelike Jan withtime-incons stent
preferences are willing to pay a cogt to redtrict their future
choices.

Until recently, economists have typically assumed that
the preferences of most people are consistent over time. In
thelast five years, however, research into the consequences
of time-incons stency hasincreased. Much of thishasbeen
spurred by the work of Laibson (1997) on consumption
and saving.! Laibson assumes that people would like to be
able to commit to save more at some future date than they
think they actualy would otherwise save when they get to
that date. He then consders the consequences of these
kindsof preferencesfor slandard macroeconomic phenom-
enalike the covariation of household consumption and in-
come and the leve of household saving.

Laibson arguesthat acons derable amount of introspec-
tive and experimenta evidence supports hisformulation of
time-inconsstent preferences. However, switching from a
standard modeling strategy to one with time-inconsistent
preferences can dramatically change a modd’s implica
tions for economic policy.? So to make such a switch, we
need to have more than introspective and experimentd
evidence that preferences are time-inconsstent; we need
supportive evidence from actual choices that affect actua
outcomes.

In this study, | ask, Can we see that sort of evidencein
aset market data? My answer is that we cannot see this
evidencein the prices of retradabl e assets. Rather, we need
to look at the prices and holdings of what | cal commit-
ment assets.

| determine this by building and analyzing theimplica
tions of a determinigtic, three-period genera equilibrium
model. In this modd economy, agents can, in the initid
period, trade a one-period (short-term) bond, atwo-period
(long-term) bond, and a commitment asset which, as the
name implies, is an investment that must be held for its
lifetime. Thelong-term bond can be retraded in the second
period; the commitment asset cannot be. Also, agents can-
not borrow in the second period againgt the future proceeds
of the commitment asset.®

When the agents in this model economy have time-
inconsistent preferences, they have three utility discount
factors. They have two in period 1, one to discount the
utility of consumption between periods 1 and 2 and oneto
discount that utility between periods 2 and 3. And they
have another in period 2, also to discount utility between
periods 2 and 3. Preferences are time-inconsistent if and
only if the utility discount factor between periods 2 and 3
is different in period 2 than in period 1. | follow Laibson
by restricting attention to the case in which the vaue of
this discount factor in period 1 is greater than or equa to

itsvalue in period 2; over time, that is, the discount factor
may decline.

In thismodd economy, | provethreeresults. First | ex-
amine the informationd content of the prices of the short-
and long-term bonds. Intuition might suggest that these
prices are enough to tell us whether or not preferences are
time-inconsstent. Again, the economy has three bond
prices and three discount factors. Since we have three ob-
servable variables and three unknown parameters, it might
seem plausible that we should be able to figure out wheth-
er preferences are time-consistent or time-inconsistent.

Asmy firgt result, | prove thet this line of reasoning is
wrong: in any equilibrium, bond prices are consistent with
the discount factor between periods 2 and 3 being the same
in period 1 asin period 2. The mistake in theintuitive rea:
soning isthat it ignores dynamic arbitrage. Regardless of
theform of preferences, the period 1 relative price between
the two bonds must equa the period 2 price of the long-
term bond; otherwise, agents can make arbitrage profits.
The two bond prices are thus not independent sources of
information about the two discount factors. To try to learn
about time-incongstent preferences, we must turn instead
to price data on the commitment asset.

My second result is that we can, indeed, tell from the
price of the commitment asset whether or not agents pref-
erences aretime-inconsigtent. In particular, | provethat the
price of the commitment asset is higher than the present
value of its future payoffs if and only if preferences are
time-incong stent. In effect, time-incons stent people vaue
commitment, and this vaue shows up in the price of the
commitment asset.

My final result concerns agents' holdings of the com-
mitment asset and the long-term bond. | provethat if pref-
erences are time-inconsistent, then al agents' asset hold-
ings are exclusive: in period 3, agents receive al income
from either the commitment asset or the long-term bond;
they don't receive income from both types of assets. If
some agents held both the commitment asset and the long-
term bond at the end of period 2, then, on the margin, the
commitment asset would provide no commitment. The
agents could aways reduce their consumption in period 3
by lowering their holdings of the bond. Because in this
case, the commitment asset and the long-term bond would
be marginally equivaent, they would have the same price.
But this contradicts the second result. Therefore, in period
3, if preferences are time-incongstent, the holdings of the
commitment asset and the long-term bond must be exclu-
sve.

How do these implications of time-inconsistent prefer-
ences compareto empirica observationsfromthe U.S. as-
set market? To answer that question, | examine evidence
about two good examples of commitment assets: education
and individua retirement accounts (IRAS). Contrary to the
implications of time-inconsistent preferences, neither asset
seems to have an unusualy low after-tax return. And vir-
tualy al agents with education or IRAs aso have highly
liquid bank accounts or highly collateraizable housing.
This contradicts the exclusve holdings result. | conclude
that thereislittle evidence from data on these two commit-
ment assets againgt the traditiona assumption that prefer-
ences are time-consistent.*



A Model With Time-Inconsistent Preferences
I start by developing a general equilibrium model of asset
pricing inwhich people have time-inconsistent preferences.

The model has a unit measure of people, indexed by |
e [0,1], who all live for three periods.®> The world is de-
terministic and has a single perishable consumption good.
Each agent is endowed with y, units of consumption in pe-
riod 1.

Agents are each also endowed with three assets. | refer
to the first two assets as bonds. Each agent is endowed
with b, units of a short-term bond that pays off one unit of
consumption in period 2; each agent is also endowed with
b, units of a long-term bond that pays off one unit of
consumption in period 3 but can be retraded in period 2.
The last asset is a commitment asset which cannot be re-
traded. It pays off one unit of consumption in period 3, and
each agent is endowed with b$™ units of it. These three
assets are the entire endowment of the J agents; hence, the
per capita endowment in periods 2 and 3 is given by y, =
b, and y; = b; + b3"™"

All agents have identical preferences over future con-
sumption streams. However, these preferences may change
over time. In particular, the agents’ preferences over con-
sumption streams (c;,C,,C;) in period 1 are representable by
the utility function

u(cy) + Brolu(c,) + Basu(cs)]

where the B’s here represent discount factors in period 1,
B, between periods 1 and 2 and 3,; between periods 2
and 3. The agents’ preferences over consumption streams
(c,,C;) in period 2 are representable by this utility func-
tion:

u(c,) + Bu(c)

for B3 < B3, Where 3%, is the discount factor in period 2
between periods 2 and 3.

If B53 = B,3 then the agents’ preferences are time-
congistent; the discount factor between periods 2 and 3 is
the same in period 2 as in period 1. Otherwise, preferences
are time-inconsistent. To understand this assertion, suppose
that B2, < B, and suppose that one individual—say,
Paul—is endowed with one unit of consumption in each
period. Paul is asked, would you be willing to give up €
units of consumption in period 3 in exchange for e/R units
of consumption in period 2, given that B;R<1 < ,,R?
In period 1, Paul would respond negatively to this ques-
tion; the rate of return R is higher than the discount rate
between periods 2 and 3, so he would not want a loan on
these terms in period 2. In period 2, though, he would
respond affirmatively. Just like Jan in the introduction,
Paul would like to sign a contract in period 1 preventing
himself from doing what he thinks he will otherwise do in
period 2, here, accept the period 2 loan.

The restriction that 35, < B, guarantees that in period
1, agents want more period 2 saving than they do when
they actually get to period 2. If B, = B, = B then
preferences are said to exhibit exponential discounting. |
assume that u’, —u” > 0 and that u’(0) = oo,

Agents engage in trade in both periods 1 and 2. In pe-
riod 1, after receiving their endowments, the agents can
trade the three assets and consumption. They cannot short

sell the assets (so that holdings are restricted to being non-
negative). In period 2, after receiving their payoffs from
their holdings of the short-term bond, the agents can trade
consumption and the long-term bond that pays off in pe-
riod 3. Again, they cannot short sell the traded asset or
trade the commitment asset in period 2. Thus, holding a
units of the commitment asset commits the agent to con-
suming no less than a units of consumption in period 3.

In both periods, consumption is the numeraire. | use the
following notation for prices: qq is the price in period s of
a bond that pays off in period t, and p,,, is the period 1
price of the commitment asset.

Decision Problems
Given this trading protocoal, | can now write agent j’s de-
cision problems in periods 2 and 1.

U Period 2 _
Agent j entersperiod 2 with b, units of the bond that pays
off in period 2, b!, units of the bond that pays off in period
3, and al,, units of the commitment asset. Then, given a
price g, the agent has to choose b, units of period 3
bonds and ¢} units of consumption. _ _
Given t, biy, bls, and ag,y, then, let gybj; + by, =
Wi or liquid wealth, and let g,zat,,, = W, OF commit-
ted wealth. Now | can write agent j’s period 2 decision
problem (DP2) as

ma(cg,cg,szs[u(cjz) + Bau(cy)]
subject to

ch + Gpably = Wi,

C = g + (Wipn/Cs)

cl, bl >0.
| define c5 (Wi,
solution of DP2.
U Period 1 A
In period 1, agent j chooses consumption ¢} and asset
holdings (al,,b’,.bl3) taking as given the current prices
(Poom:G12:03) @nd the future price q,5. The key part of this
decision problem is the fact that the agent redlizes that the
agent’s own preferences may change next period. Hence,
the agent cannot directly plan for period 2 and period 3
consumption. Instead, consumption in these periods is
essentially under the control of the agent’s future sdif, a
person in the same physica body but with different pref-
erences. Agent j must choose period 1 asset holdings tak-
ing into account this future self’s response to those asset
holdings next period (that is, taking as given the response
functions ¢ and c%).°

This logic produces the following period 1 decision

problem (DP1):

MaX i bl wi ){ u(c) + BQU(CE(W{iq:Winm?QB))
+ BoBogul(cs (Wiiqiwéom; )}

Wi Ogs) and €5 (W Wi G5) to be the

subject to



C] + PoomBtom + Giobls + G301

= Y1+ PoorD§™ + b + oy
Wiiq = bl + bl
Wi = Qb
cl, bl,, bl al >0

Here, the objective includes how consumption (c,,C;)
responds to the agent’s choices of liquid and committed
wedth.

Equilibrium
| define an equilibrium in the natural way, as a specifica-
tion of consumption ((:l,cz,(:3)JE[0 1 asset holdings (b},
blsbbal, m)jc [0.1» 8N PriCES (011,030 Poom) thet setisfies
three criteria First, (cl,cl) solves DP2 given a, WIlq
q 3b13 + bl,, and Wiom = Ooaoom- Second, (C1,bi,,015,
L) Solves DP1 given 0, O3, Oz, and Py And third,
markets clear, so that

fcjldjzyl
[chdi=b

Jchdi=bg™+b,

[bldi=b,
[k i = [b;dj =b,
[aly i =bg™.

This definition may seem overly eaborate, because it
dlowsfor asymmetric equilibria After dl, thisisasmple
economy in which agents are identicd in tastes and en-
dowments. The equilibrium would seem to naturally have
identical dlocations across agents. However, we will see
that any equilibrium is asymmetric if B2, < Bos.

If preferences are time-congistent, however, so that 35,
= B3, then we can price assets using the margina rates of
subgtitution of a representative agent.

PrROPOSITION 1. Supposethat B2, = B,5. Thenautarkyisan
equilibrium, and in any equilibrium,
=W
for al tand
O = BrU (Y2)/U (YD)
O3 = BroBost (Y3)/U'(yy)
O = BosU (Ya)U'(Y2)

pcom = q13'
Proof. Let B5; =
solving

B Then solving DPL is equivaent to

(Cl G 03) € dg max(c C,,C8 )[U(Cl) + Blzu(cz)

+ B1,B,3U(C,)]
subject to

Cy + 012G + (C3~Aom)hiz + Peom@oom

<Yy + Opoby + Gy + P
C3 2 8
Cp, Gy Cgy 8o 2 0.

If Poom < Oy, it isOptimal to set ¢; = a,, If Py > Oy TS
optima to set a,,, = 0. Thus, DPL is equivaent to

(Cl!czvcs) € aFg max(cl,cz,ce) [U(Cl) + Buu(cz)

+ BB u(cs)]
subject to
Cy + 032G, + MIN(PoorGiz)Cs
=yt Chzbz + Chsbs + pcomboom
Cy, G 6 20.

This problem hasaconvex congtraint set and agtrictly con-
cave objective. All agents have the same solution, which
meansthat in equilibrium they must consume autarky. The
rest of the proposition follows from the fact thet al assets
are in positive supply. Q.ED.

Here, the bonds are priced in the usua way, using the
margina rates of substitution of the representative agent.
Note that when preferences are time-consistent, the com-
mitment asset is priced in the same way as the long-term
bond; there is no value to commitment.

Implications of the Model

Now | usethe genera equilibrium modd just developed to
attempt to understand whether data on asset prices and
holdings can tell usif agents have time-inconsistent pref-
erences. Throughout, | assume that we know that the
above genera equilibrium modd is true, we know the
aggregate quantities (y,)>_,, and we know the function u'.
| ask whether with this knowledge we can determineif 35,
= B3, based on asset prices and holdings. My answer is
both no and yes.

Bonds
Firgt | argue that characteristics of bond prices cannot re-
vea whether preferences are time-inconsistent.

Note that in the model, agents have two ways to gen-
erate aunit of consumption in period 3 using the available
bonds. Oneisto buy ashort-term bond in period 1 and roll
it over in period 2. The other isto Smply buy along-term
bond in period 1. The key result hereisthat in any equilib-
rium, the cogts of these strategies are the same:

02023 = Gis-

The proof of thisisatypica kind of arbitrage argument.
However, we must go through the argument carefully be-
cause of the time-congistency issue. Suppose that q;,0,3 >
0,5 Because of market-clearing, some agent j has bond
holdings bl, > 0. | daim that there is an dement of the
congtraint sa of DPL that improves this agent’s objective:
lower the agent’s short-term bond holdings b, by € and
raise the agent’s long-term bond holdings b}, by /0.
This leaves Wi, unchanged, but frees up resources in pe-

riod 1 because £q;, > £0;5/0,s-



Similarly, suppose that ¢,,0,; < ;5. Some agent j exists
who hasbond holdings b/, > 0 (again, by market-clearing).
To improve this agent’s objective, lower the agent’s hold-
ings of long-term bonds b}, by € and raise the short-term
bond holdings b, by €0hs. Again, this change in holdings
generates extraresources in period 1.

Hence, in this economy, the usua arbitrage arguments
apply to bond pricing. But thisimmediately meansthat the
economy never has evidencein bond pricesagaingt the hy-
pothesis that preferences are time-consstent.

Specificaly, supposethat bond pricesare glven by (a5,
Oh30hs)- We see these prices and know u” and (y,)3_,. Now
define the discount factors

Bz = U (YIU(Y,)
Bas = Bis = OpaU (YU (Ys).

Then from Proposition 1, we know that if agents have
these discount factors, equilibrium bond prices are given
by (0,2,043,03)- Bond prices never contradict the hypothe-
sis of time-consistency. (Obvioudy, if we did not know U’
or (y,)2,, rgecting the hypothesis of time-consistency
would be harder.)

Why don’t bond prices reveal whether preferences are
time-consistent or time-inconsistent? In period 1, the rel-
ative price between period 2 and period 3 consumption is
given by q,5/0,,. Some might think that this relative price
contains information about B,,, thet is, the agents’ period
1 willingness to substitute between period 2 and period 3
consumption. But this thinking ignores dynamic arbitrage.
If agents anticipate that the period 2 relative price between
periods 2 and 3 consumption is g,,, then the period 1 re-
ative pricemust dso be g,,. Thismeansthat q,; and g,5/q;,
have the same information about 3.

The result here can be generaized: in any economy, the
prices of one-period (short-term) assats and costlessy
retraded (long-term) assetsdo not contradict the hypothesis
of time-consistency. The key isthat even if preferences are
time-inconsistent, prices must not admit any dynamic ar-
bitrage opportunities. From the work of Hansen and Rich-
ard (1987), we know that this implies that there is a sto-
chastic pricing kernel representation for asset prices. This
pricing kernel canimmediately betrandated into astochas-
tic discount factor for agents. (Indeed, these concepts are
identical if we alow agents to have linear utility.)’

The Commitment Asset

Now | argue that we can learn whether preferences are
time-incons stent from some characteristics of commitment
asts. | prove two results about this type of asst.

U High Price

My first result hereisthat if preferences aretime-inconss-
tent, then the commitment asset’s price is higher than the
present value of its future payoffs, which isto say, in equi-
librium, higher than the price of the long-term, retradable
bond.

The proof works asfollows. Supposethat the long-term
bond and the commitment asset have the same return in
period 1. Then the agent in period 1 can trandate period 1
consumption into period 3 consumption a the same rate
using ether bonds or the commitment asset. Given the
time-consistency problem, it is then optimal for any agent
to commit to aparticular level of c; by holding just enough

W, to fund the agent’s period 2 consumption, but no
more. This cannot be an equilibrium, though, because no
agent is holding any of the long-term bond at the end of
period 2.

PROPOSITION 2. If 325 < B,3, then in any equilibrium, p,,
> O3
Proof. Suppose not, and let (c* % ,.0% 5. 05 5,8%), (G203,
Op3:Pom) P& an equilibrium in which Poom < Chs- FrOmM
market-clearing, we know that for some j, b12’§ > 0. Then
B (ch*) > Pl (ch) = U(ch*)aps. Let (c),ck) be the
solution to this problem:

MaXei ¢l [u(ch) + Bogu(ch)]
subject to

Ch + OpaCh < CB* + Opucl?

ch, ck>0.
Since Bpu(ch) > u(ch)a,s we know that u(ch ) +
Bosu(cy’) > u(ch*) + Bou(ct*). We dso know thet cl*

c//, which impliesin turn that al¥, < c¥
Now | claim that this plan

liesin the congtraint set of DP1, given equilibrium prices
(Poom:G12:0hi3:0p3)- This is demongtrated by the following
chain of logic:
CY’ + bl + Peombom
= CY + GyyCh + PeonCh
= ¢l + QCh + uC + (PoormCha)Ch
= Cl* + QCh* + GuCh* + (PoormCha)Ch
= c}* + qpblh + gaalsy, + ouabls
+ (Peom—Chs)CY
= C}* + dppbl% + b + Prom@lim
+ (Peom—Chs) (€5 —alk )
< Cf* + Ay +pal%) + Poom@Lbin
The oneinequdity comes from the assumption thet p,,,, <

05 and the result that ¢ > al¥ .
We also know that

Bau (e )z < U(ch).

This implies that c(bls,c/a,s) =cb and c4(bls,cl/oy)
= c" We have a contradiction: the plan (c",leg,bllg,aJ -
Ilesmtheconstrantsaof DP1and dellversah|gher vdue
of the objective in DPL than (c}*,bl% bi% al* ).

Q.E.D.

Thisresultisintuitive. All of theagents’ preferencesare
time-incons stent. The agents want to commit to a certain



amount of consumptionin period 3. The commitment asset
is a better way to do so than the long-term bond; hence, in
equilibrium, the price of the commitment asset should be
higher than the price of the long-term bond.

O Exclusive Holdings

My second result here is that asset holdings must be ex-
clusive in equmbrlum If B2 < B then for al agents,
dther bb; =0 or al,, = 0. The proof issmple. If by, >0
and al,,,> O for some agent j, then the long-term bond and
the commi tment asset are, onthemargin, equivalent. Their
rates of return must then be the same, which contradicts
Proposition 2.

PROPOSITION 3. Supposethat 355 < B,5. Thenin any equi-
librium, bl,al, . = 0for all j.

Proof. Consider an arbitrary equilibrium (c*,b%,,b% ;0%
a*), (O2:013,03:Peom)- We know from Proposition 2 that
Poom > O1a- Let b% > 0and al%,, > 0 for somej. Then set
a]or;m = aﬂ:’;m ~ & b]’ = bjlg + €03, and CJ’ = CJ* + 8poom

— €Qy3, With € sufflmently smal that dl the pnmed vari-
ables are podtive. Clearly, this new plan satisfies the bud-
get condraint in DP1 and delivers more consumption in

period 1. | claim that
ct (bl5+0,51%,0pealyy) = CiF
for t > 1, so that thisnew plan aso provides more utility to

the agent in period 1.
To prove my claim, we need to solve DP2:

maxj pi_ o [U(ch) + Boau(Cch)]

subject to
Ch + bl = Qpbl% + b3 + 0
. :b]23+ac.)t;m_E
ch, bk >0.

It is straightforward to see that if an element of the con-
draint set stisfies

B (ch) = U(ch) ks

then that element solves DP2. But because bl > 0, we
know that (CJZ*,C'*) satisfies this first-order condition. By
setting b, = bl% + ¢, we can see that (cb*,ck*) liesinthe
condraint set, too It follows that (c!’,bis,bi%,al’ ) liesin
the congtraint set of DP1 and improves the period 1 utility
of agent j. Q.ED.

An immediate consequence of Propodtion 3 is that
there is no symmetric equilibrium if B; < B,5. Inasym-
metric equilibrium, al agentsmust hold their endowments,
including having al,,, = b3"" and bl, = b, But thisisim-
possible.

Propositions 2 and 3 suggest anatura question: Isthere
any equilibrium at dl if B3 < B,3? | do not know the
answer to this question for generd specifications of u. In
the Appendix, though, | congtruct an equilibrium for log
utility. In that equilibrium, the commitment asset pays a
low return relative to the long-term, retradable bond. Be-
tween periods 2 and 3, afraction 0 of the agents chooseto
hold the commitment asset and a fraction 1 — 6 of the

agents choose to hold the long-term bond. The first strat-
egy pays alow return, but allows the agent in period 1 to
lock in ahigh level of saving from period 2 to period 3.
The second strategy does not deliver the lock-in effect, but
gives the agent a high return. The fraction 6 adjusts until
the agents are indifferent between the two Strategies.

My guessisthat Propositions 2 and 3 are not as generd
as Proposition 1. | can imagine a situation that would con-
tradict them. For example, supposethat agents face shocks
to their income that are not directly insurable. In this kind
of economy, agents smooth their consumption by sdling
assets when their income is low. Because commitment as-
sets can’t be sold but retradable assets can, commitment
assets might beworth lessthan retradable assets. Smilarly,
in such an economy, agents might hold both types of assets
in equilibrium.®

At the sametime, Propositions 2 and 3 should be useful
benchmarksaslong astime-inconsistency isactualy quan-
titatively significant. More specificdly, | make the follow-
ing conjecture about economies in which agents have un-
insurable income shocks: If B,4/B%; is sufficiently large,
then commitment assets have a higher price than do re-
tradable assets, and agents’ portfolios consist nearly en-
tirely of commitment assets or nearly entirely of retradable
assts.

Evidence

S0, to uncover evidencein favor of time-inconsistency, we
need to look at actual prices and holdings of commitment
asts. If preferences are time-inconsistent, the price of a
commitment asset is higher than that of comparable re-
tradabl e assets and agents do not simultaneoudy hold both
the commitment asset and retradabl e assets. Towhat extent
aretheseimplicationssupported by availableempirica evi-
dence? Asbest | can tdl, not at al.

Overpriced Commitment Assets?

Commitment assets have two defining features. First, they
are hard to sall. Second, they are hard to use as collaterd:
borrowing againgt their future payoffs is cogtly for some
reason. |dentifying actua commitment assets is not easy.
No thickly traded asset is a commitment asset, and even
thinly traded assets can generdly be used as collaterd for
loans. Still, | have come up withwhat | think are two good
examples of commitment assets.

Oneiseduceation. Educated people pay acost (primari-
ly, forgone wages) to acquire increased earning power.
Because of lega prohibitions against indentured servitude,
people cannot directly capitdize this increased earning
power. Moreover, for the same reason, borrowing against
it is often difficult.

Because education has both features of a commitment
ast, we know from Proposition 2 that education’s return
should be low. A considerable amount of effort has been
made to edtimate the return to education. Card (1999,
Table 4) provides a parttia survey of these estimates® In
his survey, the (instrumental variable) estimates from the
United States range widely, from 6 percent to 15 percent.
In contrast, red stock returns in the United States over the
past century have averaged around 8 percent. | have not
found good measures of education’s risk as an asst.
Nonethdess, it is hard to conclude from thiskind of analy-
sisthat education returns are strikingly low.



My other example of commitment assats is perhaps
more naturd: IRAs. These are part of a U.S. government
program designed to encourage saving. People can invest
up to a fixed amount per year in IRAs. Once people turn
age 59 1/2, they can withdraw funds from IRAs without
cost. However, they face pendtiesfor early withdrawa and
for borrowing against the contents of the accounts.

IRAs closely resemble commitment assets. they are de-
signed to dlow agents to pre-commit to a lower floor for
consumption when they are retired. From Proposition 2,
then, if preferences are time-incons stent, wewould expect
these assets to pay a low return. Of course, they don’t:
IRAs pay areturn equivalent to that in the marketplace—
or higher, snce IRAs are tax-free.

This would appear to be strong evidence against time-
inconsistency. We do have to be cautious, though. Unlike
the agents in the generd equilibrium model, governments
are not wealth-maximizing entities. It is quite possible (in-
deed, more than likely) that some large portion of the
IRAS high return represents a government subsidy to
savers. To evaluate time-inconsistency, then, the appropri-
ate question to ask is, would the IRA program attract a
large amount of participation if people had to pay an
especidly high (instead of especidly low) tax on their re-
turns? There is, of course, no way to know for sure, but
with fairly high confidence, | think the answer is no.

Exclusive Holdings?

Proposition 3 demonstrates that in equilibrium, if prefer-
ences are time-inconsistent, agents do not receive income
in period 3 from both retradable assets and commitment
asts. This characteridtic of time-inconsstency is clearly
not supported by the evidence. Virtudly dl owners of in-
vestment assets—including thosewho are educated or who
own IRAs—dso have afairly large liquid or collaterdiz-
able reserve, in the form of either bank accounts or equity
in their homes. There is thus little or no evidence con-
sigtent with the exclusiveness implication of time-incon-
sgtency.

But what if we changed the model economy so that
some agents have time-inconsistent preferences and others
have time-consgtent preferences? Then if any agent
simultaneoudy holds commitment assets and retradable
asts, the samelogic asin Proposition 3 impliesthat com-
mitment assets will not be overpriced. And the reasoning
in the proof of Proposition 2 then implies that the agents
with time-inconsistent preferences will buy only commit-
ment assets. It follows that if most people have time-
inconsigtent preferences, most people should own only
commitment assets. We do not see thiskind of asset hold-
ing behavior.

Conclusions
In this study, | have looked for evidence of time-inconsis-
tent preferencesin asset market data. | have shown that be-
cause of dynamic arbitrage, there can be no evidence of
time-incongstency in the prices of one-period assets or in
the prices of long-term, retradable assets. However, if peo-
ple havetime-incons stent preferences, commitment assets
are systematically overpriced, and people do not hold both
them and retradable assets in equilibrium.

The question of whether or not preferences are actualy
time-incons stent may appear to be arcane and technicd. It
isnot. A mgjor question—perhaps the mgjor question—in

socioeconomic policy concerns the extent to which gov-
ernments should regul ate market interactionsand individu-
a choices. Under traditiona economic moddsof individu-
a behavior, people act in their own interest. Any kind of
choice must improve their welfare; any kind of trade must
be mutualy beneficia. Under this assumption about hu-
man behavior, the main rationae for government interven-
tion isto cure externdities.

This changesif preferences are time-inconsistent. Now
the government has anew roleto play: it can improve cur-
rent welfare by limiting future choices. Jan would welcome
the government limiting her to four beers. Paul and other
consumers in the model economy would like the govern-
ment to stop sdes of the retradable bond that pays off in
period 3. With time-inconsistent preferences, it is benefi-
cid for the government to redtrict individua choices in
order to guard people against the excesses of their future
sves.

Thus, the policy recommendations based on models
with time-incongstent preferences may be quite radica.
Economists need to have strong evidence supporting time-
inconsistency before making such recommendations. The
data andysis here demonstrates that this kind of strong
evidenceis not currently available.

*The author thanks V. V. Chari, Erzo Luttmer, Barbara McCutcheon, and Art Rol-
nick for their comments. He thanks Yan Bai for catching a subset (improper, the author
hopes) of his mistakes.

1The notion of time-inconsistent preferences over consumption profiles was first
formalized by Strotz (1955-1956).

2For example, Laibson (1997) demongtrates that with time-inconsistent preferences,
it may be optima for the government to redtrict financia market innovation. And
Jovanovic and Stolyarov (2000) show that societies in which agents have time-incon-
sistent preferences may find it optimal to reject technological progress.

3My concept of a commitment asset differs from Laibson’s (1997) of anilliquid
asset. He modd silliquidity by assuming that an agent must commit to selling the asset
one period before the sale takes place.

Another mgjor difference between my analysis and Laibson’s is that he analyzes
a dynamic decision problem in which illiquid and liquid assets have the same rate of
return in every period. | consider agenera equilibrium in which the price of the com-
mitment asset and the price of retradable bonds adjust so as to clear markets.

4My work here is quite different from that of Barro (1999) and Luttmer and
Mariotti (2000). These researchers do not adlow for commitment assets, and they
restrict attention to stationary discounting (so that the utility discount factor between
two periods depends only on the amount of time between the two periods). These re-
searchers ask whether data on aggregate quantities and asset returns can be used to re-
ject the traditional assumption of time-consistent preferences. Despite the absence of
commitment assets, they find that the answer to their question is genericaly yes.

The key to their result istheir assumption of stationary discounting. If discounting
isstationary and preferences are time-consistent, then agentsin any year have the same
utility discount factor between the years 2010 and 2011 as between the years 2001 and
2002. Time-consistency requires only that the utility discount factor between 2010 and
2011 be the same in 2001 asin 2010. Because it is more regtrictive, the joint hypothe-
sis of stetionary discounting and time-consistency is easier to refute than the single
hypothesis of time-consistency.

SKocherlakota (1996) and Krusell and Smith (2000) show that the implications of
time-incongistent preferences may be quite different when the horizon is infinite.

SFormally, as Pollak (1968) does, | trest the outcome of the decision problem as
being the subgame perfect equilibrium outcome of a game between the agent in period
1 and the agent in period 2.

“Contrast this result with the logic of Barro (1999) and Luttmer and Mariotti
(2000). These researchers impose a stetionarity restriction on discounting: the discount
factor between periods t and s is required to be a function of t - s. In my moded, this
restriction is equivalent to assuming that B2, = B,,. Time-consistency (B; = B,3) then
implies that

Gl (VDI (¥2) = st (Y)W (s)-

This regtriction is fasifidble given data on {U(Y,)}3.1, G @d 5. Moreover, the
restriction is not generaly valid if preferences are time-inconsistent. (See the Appen-
dix.) Hence, if discounting is restricted to satisfy stationarity, bond pricing data can be
used to reject time-consistency in favor of time-inconsistency.

8For anumerical analysis of acaibrated decision problem, see the work of Ange-
letos et a. (2001). They do not, however, solve for the full general equilibrium.

9Card (1999) literally reports estimates of the percentage increase in wages from
an additional year of schooling. We can interpret this as areturn in the financial sense
if most schooling costs are forgone wages and the increase in wages persistsfor along



time. Under those assumptions, if the estimated coefficient isy, then people give up a
wage w per unit of time and perpetually gain yw per unit of time. The internal rate of
return to this investment is y.

Other than the usud selection issues (which the econometricians do their best to
contral), there are various biases in this analys's that are easy to sign. If people work
while going to school, then the return to education is higher than v. If the increase in
earnings does not last long, then the return to education is lower than . Findly, if
education involves significant costs other than time, then the return is lower than .

Appendix
An Equilibrium When Utility Is Logarithmic

In this appendix, | construct an equilibrium for the case in
which u(c) = In(c).
It is smple to show that in this case,

C;ONqu’Woom) = min[(V\/liq+Woorn)/(1+I3é3)l\Nliu]
C’éWan,Woom) = max[(V\/|,q+Woom)q5§B§3/(l+B§3),me] '

The function ¢% is not concave; it is this nonconcavity that
generates the asymmetry in the equilibrium. | proceed by first
guessing the equilibrium and then verifying my guess.

Guessing . . .
Define 6 to be the solution to the equation

In(1-6) - In(6)
= In(b$™) - In(by) ~ BZAIN(L+P5) + BAIN(L+B2).

Given 0, define

Oy = BroYib5 {1 + 0B 5 + (1-0)B3:l/(1+B3%s)

Ohs = Ya(b40) "B oB (1B o) (1+B ) ™

O = /o

Poom = (1-6)y,B1,B /0P
For 0<j <6, define

cl=y

ch = YiBrtia(1+B.)/(1+B5)
cl=bye

bi, =c¢}

bly = bl = 53/9

al,,,=0.

al,, = b2™(1-6).

... And Verifying the Equilibrium
Now | will verify that this is actually an equilibrium.
To do that, first | need to show that p,,,, > 0,5 Note that

IN( Poorn) = IN(Cly3)
= In(1-0) - In(®) — In(b$™) + In(b;) + IN(1+(2;)
= In(1+B) + In(B) — In(B2)
= B[In(1+B5) - In(1+B55)] + In(1+B5)
= In(1+B3) + In(B2s) = In(B3).

Differentiating this expression with respect to 32, yields

(BE+DI(1+B5) — 1P,
= (BB~ 1)/[B2s + (B%)]
<0

if Bog < Pog. HENCE, Py > O3 if Pog < B Wht this means is
that if j < 0, agents are following alow-return strategy in order
to commit themsdlves to a high level of period 3 consumption.
If j >0, agents are following a high-return strategy that does not
generate as much period 3 consumption.

I can now show that these prices and quantities congtitute an
equilibrium. It is straightforward but tedious to show that mar-
kets clear and that

Cl = C(Cheb st Osalem)

fort =2, 3 and for dl . -
- What is more difficult to demonstrate is thet (c},al,m,bly,
b!,) solves DPL for dl j. Because py, > Oy, | know from the
proof of Proposition 3 that there cannot be a solution to DPL in
which al,, > 0 and bl; > 0. This means that any solution to
DP1 must lie in the portion of the congtraint set in which al,,,
= 0 or in the portion of the congtraint set in which W, >
| first show that the candidate equilibrium alocation for j <
0 solvesaversion of DPLinwhich al,, isfixed at 0. Let DPla
be the problem

MaX; b c,c,[INC) + BiIN(C,) + BioPodN(Cs)]
subject to

Cy + oy + gy = Yy + PoorybS™ + b, + iy

C, = (Do 0pass)/(1+B7%)

Cs = O (D101 (1+B55)

C, by b3 = 0.

| can substitute out (b,,,b,;) so that this problem has a strictly
concave objective over (c,,C,,C;) and aconvex congraint set in

(C1,CxC5):
max, . ¢ [IN(C) + Buin(C,) + BuBAn(cy)]
subject to
Cy + GG+ TaCs) = Yy + P S™ + b, + b
C; = GpaB i,
C,C,C20.

The firgt-order conditions are necessary and sufficient, and the
candidate equilibrium alocation for j < 6 satisfies these first-
order conditions.

I next show that the candidate equilibrium allocation for j >
0 solves a verson of DP1 in which W, > B2,W,. Let DP1b
be the problem

maxc b,b .a_.c,c [In(cl) + Blzln(cz) + BlZBZSIn(%)]
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subject to
Cy + Gaiy + Guais + PromBom = Y + PoorDS™ + o,
+ %363
C = by, + Gybys
C3 = Bom
O3@oom = (D14 0013)B 5

Cp, bry, Byg, B 2 0.

We can rewrite this as

max,, ¢ o [IN(C) + Bin(,) + BoBaAn(cy)
subject to
Cy + G2y + PoomCs = Y1 + PeomBS™ + Gb + b
OpaCs = PG,
C,C,C20.

This problem has a strictly concave objective and aconvex con-
graint set. The consumption dlocation for j > 6 is the unique
solution, because it satisfies the firgt-order necessary conditions.

I now claim that the candidate equilibrium alocations for
al 6 solve DPL. But this claim follows trivialy from the fact
that both consumption dlocations generate the same period 1
utility. Thus, | have verified that the candidate equilibrium a-
locations satisfy period 1 optimality, period 2 optimaity, and
market-clearing. Q.E.D.

Note that the equilibrium dlocations actualy provide less
period 1 utility to the agents than do their origina endowment
streams. This may seem strange, but given the equilibrium
prices, an agent cannot credibly commit to not trading. In par-
ticular, an agent who does not trade in period 1 will want to sell
some of the long-term bond in period 2.

Note aso thet if 5§°m =0, there is no trade in equilibrium.
Hence, it would be Pareto-improving if al of the agents’ period
3 endowments came in the form of along-term, retradable as-
.
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