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Abstract

We study optimal taxation when consumers have temptation and self-control problems.
Embedding the class of preferences developed by Gul and Pesendorfer into a standard
macroeconomic setting, we first prove, in a two-period model, that the optimal policy
is to subsidize savings when consumers are tempted by “excessive” impatience. The
savings subsidy improves welfare because it makes succumbing to temptation less at-
tractive. We then study an economy with a long but finite horizon which nests as a
special case the Phelps-Pollak-Laibson multiple-selves model. We prove that when pe-
riod utility is logarithmic the optimal savings subsidies increase over time. Moreover,
as the horizon grows large, the optimal policy prescribes a constant subsidy, in contrast
to the well-known Chamley-Judd result.

*We thank Daron Acemoglu and three anonymous referees for important suggestions and comments.
This paper is a shortened and substantially revised version of an earlier paper with the same title;
the quantitative analysis in the earlier paper is now contained in a new paper entitled “How Much
Can Taxation Alleviate Temptation and Self-Control Problems?”. Krusell, Kuruscu, and Smith are
in the Departments of Economics at Princeton University, the University of Texas at Austin, and
Yale University, respectively.



1 Introduction

Experimental and introspective evidence suggests that consumers exhibit preference reversals
as time passes. Such evidence has led to the development of models in which consumers
have “time-inconsistent preferences” (see Laibson (1997), who builds on earlier work by
Strotz (1956) and Phelps and Pollak (1968)). In models with time-inconsistent preferences, a
sequence of the consumer’s different “selves”, each valuing consumption streams in a unique
way, play a dynamic game. In this game of conflict across selves, one can define Pareto
frontiers among selves and discuss non-cooperative equilibria of the dynamic game relative to
this frontier. Consequently, policy proposals by an outside authority, such as the government,
do not, in general, lead to unambiguous recommendations without deciding how to assign

welfare weights to the different selves.

In contrast, Gul and Pesendorfer (2001, 2004, 2005) develop an alternative, axiomatic,
approach to modelling preference reversals. This approach does not necessitate splitting up
the consumer into multiple selves. To address reversals, Gul and Pesendorfer formalize the
ideas of temptation and self-control: they define preferences over consumption sets rather
than over consumption sequences and then discuss temptation and self-control in terms of
preferences over these sets. The axiomatization delivers a representation theorem with utility
over consumption sets expressed in terms of two utility functions, one describing commitment
utility, which gives the ranking that the consumer uses to compare consumption bundles,
as opposed to consumption sets, and the other temptation wutility, which plays a key role in
determining how actual consumption choices depart from what commitment utility would
dictate. A parameter, ~, regulates how strongly temptation utility influences consumption
choices; v = 0 delivers standard utility, where consumers act without commitment /self-

control problems.

Using the Gul-Pesendorfer model, it is straightforward to ask normative questions. The
purpose of this paper is to examine optimal tax policy with their model. In particular, we
look at “Ramsey taxation”, i.e., we consider whether and how linear tax-transfer schemes
can be used to improve consumer welfare. The restriction to linear schemes is arbitrary, and
more general schemes would be more helpful, but linear schemes are of particular interest
since most policy discussions are cast in terms of proportional taxes.! The question here,

then, is how different “distortion rates” affect the welfare of consumers who suffer from

'In Section 2.5.2 we discuss the “command” optimum in which the government chooses for the consumer,
thereby eliminating temptation and achieving the best possible outcome for the consumer. The government
could implement this policy by confiscating the consumer’s entire resources and then reducing his choice set
to a singleton.



temptation and self-control problems.

We look at a two-period model with general preferences, except that we specialize temp-
tation utility to reflect impatience, since this is the object of our study. In the two-period
model, the consumption set faced by an agent is the usual triangle, and taxes alter the precise
nature of the triangle. We first analyze “partial equilibrium”, where we let the government
use a tax-transfer scheme that—for the consumer’s actual choice—uses up no net resources
and thus is self-financing. For example, the government can make consumption in period
1 more expensive relative to consumption in period 2 by subsidizing period-2 consumption,
and to the extent the consumer responds by buying more consumption in period 2 than his
endowment, the government must use a lump-sum tax in period 1 to balance its budget.
We show that, in general, taxation can improve welfare, and that a temptation towards
impatience calls for subsidizing consumption in period 2. We also examine the size of these

subsidies.

Subsidizing period-2 consumption improves welfare because it makes temptation less
attractive. To see this, note that in Gul and Pesendorfer’s framework the consumer’s actual
choice (in the two-period model) maximizes the sum of the commitment and temptation
utilities. This choice represents a compromise between maximizing commitment utility and
minimizing the cost of exerting self-control; the cost of self-control increases to the extent
that the consumer’s actual choice deviates from succumbing completely to the temptation
to consume more today. The consumer’s welfare, therefore, is the sum of the commitment
and temptation utilities, less the temptation utility evaluated at the most tempting choice.
Because of the envelope theorem, a small increase (from zero) in the subsidy for period-2
consumption has no effect on the sum of the commitment and temptation utilities. But this
increase reduces the value of succumbing to temptation: the consumer receives a smaller
subsidy if he gives in to temptation (because in that case he consumes more today and less
tomorrow), but the (lump-sum) tax that the consumer pays to finance the subsidy remains

unchanged (because it depends on the consumer’s actual choice).

We then consider general-equilibrium effects, which are important for two reasons. First,
in an endowment economy, tax policy is not useful at all. In this case, the consumption
allocation cannot be altered, and for it to be supported in equilibrium by a triangle budget
set, the slope of this set, net of taxes, must be unaffected by policy. Thus, pre-tax prices
adjust to undo fully the tax wedge. Second, we show that if there is intertemporal production
(we consider the standard neoclassical investment technology), government policy again has
a role to play, by altering equilibrium investment. In particular, using a representative-agent

equilibrium model, we show that the partial-equilibrium result remains intact: it is optimal



to subsidize investment. The intuition underlying this result is the same as in the partial-
equilibrium model, though general-equilibrium effects on prices reduce the size of the optimal

subsidy.

Are our results special to the two-period model? In a setting with standard preferences
and a choice between distorting either investment or labor supply, for example, Chamley
(1986) and Judd (1985) show that, in the long run, the government should not distort
investment. In our model, labor supply is inelastic, but, nonetheless, is it possible that in the
long run, investment should not be distorted/subsidized? We show, with a simple example,
that the answer is, in general, no. We extend the two-period model to a T-period model in
a way guided by the applied macroeconomic literature, which uses time-additive, stationary
utility. Thus, we let commitment utility take the standard form and allow temptation
utility simply to have a different “current” (or short-run) discount factor than commitment
utility, reflecting impatience. This means that temptation utility reflects “quasi-geometric”
discounting of the future, which amounts to the assumption that nothing can be tempting
other than changing current consumption relative to future consumption. Quasi-geometric
temptation also nests two cases of special interest, one being the time-inconsistent preferences
considered by Laibson (the case v = 0o, where the consumer succumbs to temptation) and
the other the special case in Gul and Pesendorfer (2004), where temptation utility puts zero
weight on the future (thus the consumer is tempted to consume his entire wealth today).
Then, specializing further to logarithmic period utility, we fully solve for the laissez-faire and
optimal outcomes. We find that optimal investment subsidy rates increase over time in any
finite-horizon model. More importantly, as T' approaches infinity, the optimum calls for a

constant subsidy rate on investment, in contrast to the Chamley-Judd result.

Section 2 looks at the two-period model and Section 3 looks at the T-period model.

Section 4 concludes. Proofs of all propositions are gathered in an appendix.?

2 The two-period model

For illustrating temptation and self-control problems in the savings context, a two-period
model captures much of the essence, and in this section we provide some general results for
this setting. In Section 3 we then examine some aspects of the further dynamics that appear

in models with more periods.

2We omit the proof of Proposition 4 for brevity but it is available upon request from the authors.



2.1 Preferences

A typical consumer in the economy values consumption today (c¢;) and tomorrow (cz2). Specif-
ically, the consumer has Gul-Pesendorfer preferences represented by two functions u(cy, ¢o)
and v(cy, c2). The decision problem of a typical consumer, then, is:

max {u(cy, ca) + v(c1, c2) } — max v(éy, )

C1,C2 C1,C2

subject to a budget constraint that we will specify below. We make three assumptions.

Assumption 1 u(cy, c2) and v(cy,co) are twice continuously differentiable.

u(c1,c2) vy(c1,c2
uz(c1,c2) va(e1,c2

Assumption 2 ; for all ¢; and c,.

Assumption 3 wuq,ug, v1,v9 > 0; Ui, Uso, V11, V2 < 0; and uqa, v12 > 0.

Assumption 2 specializes to the case where temptation utility is tilted towards current

consumption more than is commitment utility.

2.2 Budget constraints

Each consumer is endowed with k; units of capital at the beginning of the first period and
with one unit of labor in each period. Consumers rent these factors at given prices. Let rq
(ro) and wy (wy) be the gross return on savings and wage rate in the first (second) period,
respectively, and P be the price vector defined as P = (71,79, wy,wsy) . We will specify the
determination of prices in the following subsections. Given these prices, the consumer’s

budget constraint is described by the set
B(k’l,P) = {(01,62) . 3]62 . C1 = 7"1/{51 + wy — k’g and
Ccy = Toky + wa},

where ks is the consumer’s asset holding at the beginning of period 2 (i.e., his savings in

period 1).

Inserting the definitions of the functions u and v into (2.1) and combining terms, a typical

consumer’s decision problem is:

max u(cy, co) +v(cy, co)p — max v(C1,C).
(01,02)€B(k1,P){ (1 2) (1 2)} (¢1,62)€B(k1,P) (1 2)



In this two-period problem, the “temptation” part of the problem (i.e., the second maximiza-
tion problem in the objective function) plays no role in determining the consumer’s actions in
period 1. The temptation part of the problem does, however, affect the consumer’s welfare,

as we discuss below in Section 2.4.
Letting © = v + v, the consumer’s intertemporal first-order condition is

uy(c1, o) _ uy(c1, c2) + vi(cq, co) _
Ug(cr,c2)  us(eq, ca) + va(er, c2)

It is straightforward to see that the intertemporal consumption allocation (which, in effect,
maximizes u + v) represents a compromise between maximizing v and maximizing v. In

contrast, the allocation that maximizes the temptation utility is

v1(€1, C2)

=19.
02(01702) ?

Assumptions 2 and 3 imply that ¢; > ¢; and ¢y < cs.

2.3 Government policy

We will examine the effects of proportional taxes and subsidies. Thus, let there be a lump-
sum transfer s and a proportional tax 7; on investment in the first period. The consumer’s

budget set, then, is:

B.(k1,P) = {(c1,¢2) : Fko: ¢y =riky +wy + s — (1 + 73)ko and

Co = roky + wal,

where ks is the consumer’s asset holding at the beginning of period 2 (i.e., his savings in
period 1). We assume that the government balances its budget in each period. Since the
government has no exogenous expenditures to finance, its budget constraint reads: s = 7;k»,

where k, is the representative agent’s savings in period 1.

The government’s objective is to choose the tax rate and transfer so that an individual’s
welfare is maximized in equilibrium (subject to the government’s budget constraint). With
a change in taxes, individuals are induced to behave differently, but in addition temptation
changes because taxation changes the shape of the budget sets. It is thus not a priori clear

how taxes influence equilibrium utility.



2.4 Partial equilibrium

In this section, we examine the effects of proportional taxes and subsidies for a fixed price
vector P = (11,79, w1, wsy) . The following proposition states that it is optimal to subsidize

savings in this case.

Proposition 1 In the partial-equilibrium two-period model, the optimal investment tax t1'F

18 negative.

As becomes clear in the proof of the proposition, the optimal investment subsidy is
positive if the representative consumer’s actual saving is greater than what would have
been chosen had he succumbed to temptation. This can be explained intuitively. Consider
increasing the investment subsidy from 7; = 0. The marginal effect of this increase on u+v is
zero in the two-period model since the consumer is choosing his saving optimally. However,
the marginal effect of this increase on temptation utility v is negative. To see this, consider
the fact that the government sets tax rates so as to balance the budget based on equilibrium
behavior: in equilibrium, the consumer pays a lump-sum tax equal to the amount of the
investment subsidy received. When the investment subsidy is positive, a consumer who
deviates to save less would thus not receive as large an investment subsidy, while paying the
same tax. Therefore, the temptation is now less attractive: the effect on temptation utility

v of increasing the investment subsidy marginally is negative.

With optimal taxation, thus, the consumer is induced to save more, so that his in-
tertemporal consumption allocation is tilted more towards the future than in the absence
of taxation. At the same time, the change in the slope of the consumer’s budget constraint
reduces (other things equal) the temptation faced by the consumer. The net result is to

increase the consumer’s welfare.

2.5 General equilibrium

There are important differences between the cases with and without intertemporal produc-

tion.

2.5.1 An endowment economy

In an endowment economy, prices adjust so that consumers choose to hold the endowment at
all points in time. The proportional tax 7;, therefore, cannot influence (realized) consump-

tion. Furthermore, taxes are not useful for decreasing the disutility of self-control either.
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In equilibrium, the slope of the budget line at the endowment point is given from prefer-
ences (where commitment utility and temptation utility both matter). Because equilibrium
consumption cannot change in response to taxes, this slope does not change: the slope is
determined by the net-of-tax return on savings, and any change in tax rates simply changes
the before-tax return. Thus, taxes do not influence the choice set of consumers: whatever

temptations consumers face, they cannot be influenced by a proportional tax.3

2.5.2 An economy with intertemporal production

In this section, we examine the effects of proportional taxes in a production-economy. Let f
be a standard neoclassical aggregate production function and let there be standard geometric
depreciation at rate d. The main difference between the partial-equilibrium analysis and the

present analysis is that prices are given by
r = T(l%1> =1+ fl(]_fl) —d and w, = UJ(/;&) = f(/i?l) — f/(kl)kl

and

o = 7“(/;52) =1+ f,(/;/'g) —d and Wo = ’LU(];JQ) = f(l;’g) — f/(lzlg)lgg s

so that tax policy can influence prices through an impact on investment. Proposition 2 states
that the government can improve an individual’s welfare by imposing a negative tax (i.e., a

subsidy) on investment.

Proposition 2 In the two-period production economy, the optimal investment tax 75 is

negative.

Propositions 1 and 2 establish that investment subsidies improve welfare, but they are
silent on the sizes of both the optimal subsidies and the welfare improvements that accom-
pany them. A proper quantitative analysis, however, requires both extending the model to
include more time periods and finding a reasonable way to calibrate its key parameters (es-
pecially the parameters governing preferences). Krusell, Kurugcu, and Smith (2009) tackles
these tasks.

Nonetheless, there is a qualitative question of theoretical interest: how does optimal pol-

icy, and in particular the implied saving behavior, compare to that dictated by commitment

3Nonlinear taxes, of course, would change the consumer’s equilibrium choice set, and would therefore
affect the disutility of self-control.



utility (i.e., that which would be chosen if the consumer—or the government, via general non-
linear taxation—had access to commitment)? Actual choices in this model are informed by
both commitment and temptation utility, i.e., they end up “in between” what commitment
utility and temptation utility would dictate. Here we specialize utility functions to show
that there is no presumption that in general optimal saving lies in between too. In particu-
lar; optimal saving can actually prescribe less consumption today than would commitment

utility.

We specialize with functional-form assumptions that fit the applied macroeconomic lit-

erature: we assume

1—0o 1—0o
1 Cy
u(er, c2) 1—a+ 1—0’ an
l1—0o 1—0o
Cq Cy
= (5
vier ) 7{1—04_ ﬁl—a}’

so that § < 1 regulates temptation impatience relative to commitment impatience. In this

case, the consumer’s problem can be written as

l—0o l—0o

~l—0o ~l—0o
1 Cy 1 Cy
1 o (1 — ) .
(cl,@)rggi{(khp) (1+7) 1—0 +0 (14 57) l1—0 7(51,52)1233(@1,13) {1 —0 + 61 — 0}

l1—o l1—o ~l—0o ~l1—0o
In the expression above, 7y {61170 + 00 01270 — 01170 + 003 Cffo_] } is the cost of self-control. As

we show in Section 3, where we extend the model to T" periods, under these functional-form
assumptions the Gul-Pesendorfer model of temptation and self-control nests the multiple-
selves model. In addition, the tractability provided by these assumptions allows us to obtain

some additional analytical results.

We consider first the case of logarithmic (period) utility. The following proposition gives

explicit solutions for both laissez-faire and optimal saving.

Proposition 3 In the two-period model with logarithmic utility, laissez-faire savings are a

% of present-value wec;lth. The optimal investment taz is 7 = %—1 <0,

and the associated savings fraction is 135.

fraction

To obtain the savings rate under commitment, set v = 0 (or § = 1) in the expression
for the laissez-faire savings rate; to obtain the savings rate when succumbing to tempta-
tion, set v = oo. The laissez-faire saving rate, then, lies in between these two extremes.
Moreover, the optimal savings rate is identical to the laissez-faire savings rate under com-

mitment. This result holds because, in the special case of logarithmic utility, the ratio of
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temptation consumption to actual consumption is a constant that depends only on prefer-
ence parameters. This fact implies, in turn, that the cost of self-control depends only on
preference parameters and, in particular, does not depend either on prices or taxes. Changes
in the subsidy, consequently, leave the cost of self-control unchanged when utility is loga-
rithmic, and the government in effect chooses the optimal subsidy rate simply to maximize

commitment utility.

With logarithmic utility, the competitive equilibrium allocation with optimal taxation
coincides with the command (or commitment) outcome, that is, the allocation that obtains
when the government chooses for the consumer by restricting his consumption set to a
singleton (or when the consumer does not suffer from self-control problems). Specifically,
the command (or commitment) allocation maximizes welfare using the commitment utility
function with § = 1. But welfare is higher under the command outcome than under the
competitive equilibrium allocation with optimal taxation because the consumer does not

incur a self-control cost when his choice set is a singleton.

Proposition 3 shows that logarithmic utility leads to more than a marginal distortion:
the prescription is to distort all the way to the commitment policy. Is this case a bound
on the size of the distortion, or does optimal policy sometimes prescribe a distortion that
is strong enough to go beyond commitment utility? The following proposition answers this

question affirmatively, simply by providing an analysis in the neighborhood of logarithmic

utility.

Proposition 4 Let 7;(0) be the optimal investment subsidy for a given . Then d%?|azl <0
: L, B(l+y+5(1+57)) L+y+6(1+5y) (1-B)(1+46)

if and only 1f: Slog < (TH(L495) ) — log ( T (139) ) + 5wt > O

Thus, given that 7;(1) = 7 = (14 §v)/(1 +7) — 1, the optimal subsidy will be larger
than the commitment subsidy for ¢ > 1 (provided that the rather lengthy condition in
the proposition is satisfied).* That is, when o > 1, the competitive equilibrium allocation
under optimal taxation is tilted less towards current consumption than is the commitment

allocation, and when o < 1 it is tilted more towards current consumption.

The intuition for this result is the following. When o is higher the elasticity of intertem-
poral substitution (EIS) is lower. When this elasticity is low, actual consumption does not

respond much to changes in the effective gross interest rate (1 + 7;)7'r(ks). Since actual

4We have not been able to find parameter values such that this lengthy condition is violated, and it is
straightforward to prove that at least near § = 0 it is always satisfied.



consumption does not change much with a higher subsidy, actual utility u + v is not affected
much either. On the other hand, when the government increases the subsidy to saving, the
consumer’s lifetime income under temptation behavior becomes lower since, by following
temptation, the consumer ends up not receiving the subsidy despite paying a lump-sum tax.
Thus, it is optimal to set a higher subsidy the lower is the EIS. In the extreme case in which
actual consumption does not respond to changes in the effective gross return at all, it is
optimal to increase the subsidy as much as possible because, in that case, a subsidy lowers
temptation utility while not affecting actual utility at all. On the other hand, when utility
is linear, the consumption allocation is very responsive to the subsidy and as a result prices
completely offset the effect of the subsidy. Since, in this case, the effective gross interest rate

cannot be influenced by government policy, tax policy is completely ineffective.

3 The T-period model

Does the prescription that investment should be subsidized extend to a longer-horizon model?
The well-known Chamley-Judd result might suggest that it does not (for an excellent exposi-
tion and discussion of this result, see Atkeson, Chari, and Kehoe (1999)). A general analysis
of this question is beyond the scope of the current paper, but it is relatively straightforward
to construct a counterexample to show that no general result like the Chamley-Judd one
holds for this model. The purpose of the present section is thus to provide analysis of a
simple and interpretable special case in which investment subsidies indeed are called for not

only in the short run but also in the long run.

To this end, we now extend the model above to have T" periods. This extension requires
us to specialize preferences, again along the lines of what seems useful for applied macroe-
conomic modeling and for comparisons with the Chamley-Judd literature. In particular,
we use “‘quasi-geometric temptation”, which we show nests the Laibson model for general
constant-relative-risk-aversion preferences (it is the v = oo case). Our demonstration that
investment should be subsidized in the long run relies on specializing further to logarithmic
utility, since this assumption permits an explicit solution both for laissez-faire outcomes and

optimal outcomes.

3.1 Quasi-geometric temptation

Consider a T-period (periods 0,1, ...,T) production economy where taxes and transfers are

allowed to be different across periods. The agent makes his decision taking as given the
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aggregate prices as functions of the aggregate capital k, the law of motion for aggregate
capital k' = G,(k), and the sequence of transfers and taxes. The problem of the price-taking
agent in period ¢, using recursive notation (a prime symbolizes next-period values), is given

by
Uy, (k, k) = max [u(c) + 60U 1 (K, Gy(k)) + Vi(K', Go(k)) — max V, (K, Gy (k))],

! ~
C’k C,k)/

where the temptation function is quasi-geometric:
Vi(k, k) = [u(c) + 80U (K, Gi(K))],

with a budget constraint (which applies for both actual and temptation choices) given by
c+(1+m)k = rk)k+w(k)+ s,

The investment subsidy 7;; is allowed to depend on time and the lump-sum transfer s; varies
with 7;; and k so as to ensure that the government’s budget balances. The consumer’s actual
savings are determined by a “realized” decision rule k' = g,(k, k); similarly, savings when

succumbing to temptation are determined by a “temptation” decision rule K = Gk, k).

Definition 1 A time-t recursive competitive equilibrium for this economy consists of a pair
of decision rules g;(k, k) and g;(k, k), a pair of value functions Uy(k, k) and Vy(k, k), pricing
functions v(k) and w(k), and a law of motion for aggregate capital Gy(k), such that

1. given Uy(k, k) and Vi(k, k), g.(k, k) solves the mazimization problem above and g,(k, k)

mazimizes Vi(k, k).
2. prices are given by r(k) =1 —d+ f'(k) and w(k) = f(k) — f'(k)k;

3. the law of motion for aggregate capital is consistent with the individual decision rule,
i.e., gi(k, k) = Gy(k); and

4. the government budget balances in each period: s; = 17,Gy(k).

We require the government to run a balanced budget in this definition, but this require-
ment is not restrictive, because a Ricardian-equivalence result obtains straightforwardly in

this environment.®

SWith borrowing constraints, Ricardian equivalence might fail to hold in the model of temptation and
self-control even if the timing of taxes does not influence actual consumption choices or equilibrium interest
rates. In particular, borrowing constraints could still affect welfare if they restrict the temptation choice but
not the actual choice.
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3.2 Generalized Euler equations

Solving for equilibrium requires finding two decision rules, one for actual savings decisions
and one for temptation savings decisions. It is straightforward to derive a pair of “generalized
Euler equations” (GEEs) that determine these two decision rules. These GEEs will prove
useful for interpreting the policy results in the T-period model. The GEE for the actual

choice is:

1+ By "”(lz?tﬂ)
/ — 5
wla) L+ 147

where ¢; and c¢;y; are the actual consumption levels in periods ¢ and ¢ + 1 and ¢;yq is

{1+ ) (1) =y (Gepn) )

temptation consumption in period t + 1. The GEE for the temptation choice is

T(Etﬂ)
]_ ‘I— Tit

u'(6) = op {1+ ) (Es1) — v (G11) }

where ¢; and ¢;,1 are the consumption levels in periods ¢ and ¢ + 1 in the hypothetical case
that the consumer succumbs to temptation today and Etﬂ is temptation consumption in

period t 4+ 1 given that the consumer succumbs today.®

The GEEs differ from standard Euler equations in two ways. First, the discount factors
are smaller than the discount factor, §, for commitment utility (the discount factor in the
GEE for actual consumption is between 0 and the discount factor, 3§, for temptation utility).
Second, there is an additional term, (uj,; — @, ), on the right-hand side of the GEEs. This
term is positive because utility is strictly concave and temptation consumption exceeds actual
consumption (assuming impatience). Thus, relative to the standard consumption-savings

model, there is an additional benefit to saving here.

3.3 Characterization

In this section we specialize preferences to cases that are of particular interest from the
perspective of the macroeconomics literature. These will then be used in the subsequent

section, where we study optimal policy in the T-period model.

We look first at (period) utility functions with a constant elasticity of intertemporal
substitution, i.e., u(c) = ¢*77/(1 — o), for 0 > 0 (or logarithmic utility if ¢ = 1). For this
case, our model nests the Laibson formulation. In particular, Proposition 5 shows that (given
prices) as v — oo the consumer’s value function converges to the one under commitment

utility but evaluated at temptation consumption.

6Be aware, then, that ¢, has two different meanings in the two GEEs.
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Proposition 5 Given a law of motion for aggregate capital, k' = G4(k), and a sequence of
tares and transfers, as v — oo, the Gul-Pesendorfer (GP) model converges to the Laibson
model, i.e., the value functions and consumption choices of the consumer in the GP setting
are given by

B lecr

Uk, k) = + 56U (K, Gy (k)),

l1—0

l1-0

— 0

+ 608U (K, Gt(l%)))

st.c4 (L+ 7k = r(k)k +w(k) + st

where (¢, k') = argmax (10

This limit offers a resolution to the problem of which of the consumer’s “selves” to use when
assessing welfare in the multiple-selves model. Specifically, in this limit the consumer suc-
cumbs completely to temptation, but he evaluates welfare by discounting using the discount
factors in commitment utility. For the case of logarithmic utility, we obtain a similar result

regardless of the extent to which the consumer succumbs to temptation (i.e., for any value

of 7).

Proposition 6 Given a law of motion for aggregate capital, k' = G(k), and a sequence of
tazes and transfers, when u(c) = log(c), the value function and consumption choices of the

agent are given by

Uik, k) = log(c) + 0Upi (K, Gi(k))
where (¢, k') = argmax [(1+7)log(c) + 6(1 + B7)Up1 (K, Gi(K))] -

st. e+ (L+ 1)k =r(k)k +w(k) + s

This result holds because, as in the two-period model with logarithmic utility, both actual
and temptation consumption are proportional (at any point in time) to lifetime income, with
the constant of proportionality depending only on preference parameters (and not on prices
or taxes). Thus, the ratio of actual to temptation consumption depends only on preference
parameters at any point in time. As in the two-period model, then, the self-control cost

depends only on preference parameters and does not vary either with prices or policy.

3.4 Optimal policy

In this section, we study optimal taxes under commitment with logarithmic preferences

allowing any values for § and <, thus nesting the Laibson setting as well as the setting
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proposed in Gul and Pesendorfer (2004), where 3 = 0. As in the previous sections, the
government’s objective is to maximize time-0 lifetime utility of the representative agent.
Proposition 6 shows that the welfare of the representative agent at time 0 is:

T
Uo(ko, ko) = a constant + Z Su(cy).

t=0
The government’s goal is to maximize this welfare function subject to the aggregate resource
constraint:
et T — (L= ) k= f (R
The welfare-maximizing consumption allocation, therefore, must satisfy the following first-
order condition at every point in time:
u'(ct)
w'(cit)

As in the two-period model with logarithmic utility, then, the government’s optimal policy

= (ST(EH_l).

replicates the commitment allocation.

To find the tax policy that generates the commitment allocation as a competitive equilib-
rium outcome, it is straightforward to use the optimality conditions of a typical (competitive)
consumer to find the sequence of tax rates that induce him to choose it (see the proof of
Proposition 7 for details). Proposition 7 gives the optimal sequence of subsidies to invest-

ment.

Proposition 7 The optimal subsidy at time t is given by

y(8-1) _
e fort=T -1
Tit =
a[Ce) fort <T —1.

14+y+6(1+6+... 467271 (1+67)

The optimal investment subsidies are all positive because, when the self-control cost is inde-
pendent of prices and policies (as it is under logarithmic utility), the government’s objective
reduces to maximizing the commitment utility function. Thus, the optimal government
policy is to replicate the commitment savings rate, and since the savings rate is lower in

competitive equilibrium than under commitment, the optimal policy is to subsidize savings.

The optimal subsidies are also increasing as an individual individual comes closer to

period T 7,79 < -+ < T;1 < Tjo < 0. To see why, examine the GEE at time ¢:

CHL_50+5wr%H>P+V(1_2ﬂ)}

Ct L+ 1+m7 Ct+1
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The ratio of actual consumption to temptation consumption grows larger t increases, so the
term in square brackets on the right-hand side of the (rearranged) GEE is larger at earlier
than at later dates.” As a result, the right-hand side of the Euler equation is closer to the
right-hand side of the commitment Euler equation at early dates. Replicating the right-hand

side of the commitment Euler equation, therefore, requires a smaller subsidy at earlier dates.

An immediate implication of Proposition 7 is

Corollary 1 As T — oo, the optimal subsidy at any fixed t converges to:

o V(B -1)
T 6 .
L+ 4+ %51+ 6y)

Thus, the celebrated Chamley-Judd result that investment (alternatively, capital income)
should be undistorted in the long run does not apply in this model. For any finite horizon,
the optimal subsidy rate will in fact increase over time, and for the infinite horizon case the

optimal subsidy rate is time-invariant.®

4 Conclusions and remarks

The present paper makes clear that when consumers suffer from temptation and self-control
problems, linear tax schedules can improve consumers’ welfare, even though such schedules
are not very powerful tools for restricting consumers’ choice sets. The direction of the
change is the expected one—when temptation is characterized by “excessive impatience”,
optimal policy is to subsidize savings. Such subsidies improve welfare because they make

succumbing to temptation less attractive. This result obtains in partial equilibrium and

"To see why ratio of actual to temptation consumption decreases with age, note that consumption at
time t is given by
1

e 6(ii§7)mt

Y;

Ct

and temptation consumption is given by
1

Ct = 149 ﬂmtyt,
where Y; is lifetime income at time t and m; = 1 + 8 + ... + 67 ~*~2. The mys decrease over time, so et/ ¢
increases over time.

8 A similar result holds when u has constant elasticity of intertemporal substitution different from one and
the consumer succumbs to temptation (i.e. the case with 7 = c0); details can be provided from the authors
upon request. In this case, the self-control cost is zero, so that, as under logarithmic utility, this cost does not
depend either on prices or policy. The government’s objective, then, is to replicate the commitment savings
rates, which requires subsidizing investment since savings rates are too low in competitive equilibrium.
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in general equilibrium, so long as the general-equilibrium economy involves intertemporal
production. The general-equilibrium effects dampen the optimal distortion relative to the
partial-equilibrium case; in an endowment economy, the general-equilibrium effects on prices
completely offset the partial-equilibrium welfare gains and the linear tax policy is powerless.
It is also possible that the optimal subsidy is large enough that the implied consumer saving
is higher than it would have been had the consumer had full commitment (and, thus, neither
temptation nor self-control would be an issue). Clearly, in this case, the large subsidy to
saving is optimal because linear taxes cannot alone deal completely with the temptation
problem, so that the high subsidy to saving instead helps to make temptation less costly for

the consumer.

The results from the two-period model are robust in that multi-period settings also
involve distortions. We look at a case of particular interest from the perspective of the

applied macroeconomic literature and show that distortions are optimal also in the long run.

How large are the welfare gains from optimal linear policy? This question is quantitative
and requires a quantitative answer. Such an answer has to build on a calibration of our “new”
parameters governing the nature and strength of the temptation and self-control problems.
Also, from the results in this paper it is clear that the precise nature of the technology is im-
portant as well—since endowment economies leave no room at all for linear taxes to improve
on allocations. In Krusell, Kuruggu, and Smith (2009) we solve a calibrated macroeconomic

model of the kind considered here in order to answer the quantitative question.
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5 Appendix

Proof of Proposition 1: Set the derivative of prices with respect to policy equal to zero

in the proof of Proposition 2 to obtain the proof of this proposition.

Proof of Proposition 2: Letting u(cy, c2) = u(cy, o) + v(cy, ¢a), the first-order conditions

for the competitive consumer’s maximization problem are given by

(1 -+ Ti)ﬂl(cl, 62) = 7“(]{2)@2(61, CQ) and (1 -+ Ti)Ul(él, 52) = 7"(]{2)’02(61, 62),

where

CcC1 = T(El)k’l + w(];h) + 5 — (1 + Ti)k’g and Cy = T(EQ)kQ + w(];/‘g)
61 — T(l_fl)kl + w(l;:l) + s — (1 + Ti)lgg and 52 = 7“(];?2)]:72 -+ w(lzfg)

Using the government budget constraint, s = 7;ks, the value function of the representative

agent is given by
U(l_ﬁ, k1, Ti) = ﬂ("ﬁug’l)];l + w(l_ﬁ) +s—(1+ Tz’)]_fza 7’@2)]{72 + w(];@))

—u(r(R)ks+w(kr) + s — (147 ks, r(ka)ks + w(kz)).
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Differentiating the value function with respect to 7; and using the consumer’s first-order
conditions, we obtain
dU dkg - - = dlg'g - = - dffg

= Ty(cr, )T —v1(é1, Co){ka — ko + 7i——} — va(C1, )7 (k) (ko — ko) —,
dTi d’Ti dTi dTi

where we have also used the fact that w'(ky)+7/(ko)ky = 0 and w’ (k) +7"(l§:2)12_2 = W(Eg)(ZQ -
ks). Setting the derivative to zero, we obtain the following equation that determines the
optimal 7;: i B
’U1(51,52) {1 — MRS%} (122 — l~€2>
Ty = — -~ ~ \1dk )
[ (c1, c2) — vi(cy, 02)]05—7?

where M RS v2(C1,C2)

v1(€1,62)

Using the first order conditions for the consumer, and assumptions 2 and 3, it is easy to see
that ¢c; < ¢ and ¢y > & and that w(cq, ca) —v1(¢1, ) = uq(c1, c2)+vi(c, c2) —v1(¢1,E2) > 0.
We also have ky — l~€2 > 0. Moreover, taking the derivative of the first-order condition for

the actual choice with respect to 7;, we can show that Z—E? < 0. In partial equilibrium,

1— m %ff) = 1 since prices are constant. Given this, it is obvious that the optimal
tax is negative in partial equilibrium. For the general equilibrium case, we need to show
that 1 — m%ff) > 0, which implies that the optimal tax is negative, i.e., 7; < 0. In
equilibrium,

T(%Q) X MRS:T<]%2) X mz 1+7—i;

where MRS = 2€:2) Therefore, it is enough to show that 1 — M RS k2) dr ) > 0. Taking the

a1 (c1,e2)”

derivative of 7(ks) x MRS = 14 7; with respect to 7;, we obtain 455 (k )+MRS% =1
Given that MRS = 222 apq d’” < 0, it is then clear that % RS > 0.

w1 (c1,c2)

Proof of Proposition 3: See the proof to Proposition 7, which studies a T-period economy

with logarithmic utility.

Proof of Proposition 4: This proof is omitted for brevity but is available upon request

from the authors.

Proof of Proposition 5: Let Y; be the lifetime income from period ¢ on which is given

by riky + wy + 1;’:11 + ... for a given price sequence {(r;, w;)}_,. (For simplicity, we assume
that taxes and transfers are zero in the proof of the proposition, but it is straightforward to

adapt the proof to allow for non-zero taxes.) The budget constraint of the agent at time ¢
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in terms of consumption in that period and the lifetime income from next period on is given

by

To prove this proposition, we show that the optimization problem of the consumer in

period t takes the following form:

1 Y.
U(Y) = max ﬂ(Yt— &

Yii — 0

~ l1—0o
1 Y, ~
— 7 max (Yt'— t“) + 0BU(Yinr)

)1_0 +6(1 + B8y)Us(Yiy1)

Tt4+1

Yiqp L —0 T't41

where Uy(Y}) is given by
)/tl—O'
"M1-0o

b; a is constant that depends on utility parameters, prices, and time period ¢. In addition,

Up(Ye) = b

starting from the last period, we show that, as vy — oo, ¥; — i, and that the value function

of the consumer for each ¢ is given by

Yit

T't+1

uy) = — (m—

l1—0

l—0o
) + 6U(Yys).-

In the expression above and below, we simply notation by omitting the dependence of the

temptation maximizer on the state.

We start with period T'— 1. Note that by = 1. Thus, the value function in the last period

of life is

v

=T

Given the last period value function, the problem of the agent in period 1" — 1 is given by

Ui(Yr)

14 Yr\'"7 81+
Ur—1(Yr_1) = max 7 YT,l——T +MYTPU
Yyr 1—o rT 1—0
~ -0
]_ YT (55 11—
— Yr4— — )
i H%/ixl—a(Tl T’T> +1—UT

The optimal decision rules for the actual and temptation solutions, respectively, are given
by

T

( 6(1%))” 7 Yo
1+v

YT,1 and YT =

1/o —o)/e 1/o —oV/o
H(é(lligv)) r{=o)/ H(a(mv)) r{i=o)/

Cr—1 = Yro
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and i X ) (55)1/0 r;/"
= 1o (=oy/s Yr-1 and Yr = 1o (1—0)jo 2 T-1
14 (08)"7 ry 14 (08)" 1y

We show that as v — oo, the value function converges to the commitment value function

while the actual decision of the agent converges to the temptation decision rule. From the

expressions above, it should be clear that ¢y_; — ¢r_; and Yp — ?T. Next we show that

~1—0o vl—0c

c Y.
Ur_1(Yr—) = ——L 4+6-L .

1—0 l1—0

To show this, we need to show that lim,_. y(ci% + 68Y, 7 — &% — §6Y,177). As v — o0,
e %+ 0BYL T — e ] (56Y1 7 — 0. Thus, we need to apply L Hopital rule. For this

purpose, first use the optlmal decision rules to obtain

(1-0) /o —oV/o
1+5ﬁ< 1115)7)) 7"5,11 %

1. (1)

lim ~ T
el o(1 1/o 1-0)/o 7
<1+ (s ) 7 e )

Applying L’Hopital by letting ¥ = 1/v and 7 — 0, it is easy to show that the limit above

converges to zero. Thus,

~A—o 1-0o
c Y
lim Up_y(Yr_) = ——L 434
=00 l—0o 1-0

The problem of the agent in period ¢ is exactly the same except that expression (1)

contains by, as follows:

(1-0)/c oo
1+ 08bi11 (‘J(HFij)th) T(Tl /

-1 ) (2)

'yh—>I£107 1/o l=o
(1 + <5(1+15_3bt+1> TE,}U)/J)

where by = 1 and b, is given recursively as

51+ B0\ e\ (oo
bi = (1+7) (1 + (—( 1_?_1) Hl) Tt(-lu / > -7 (1 + (5ﬁbt+1)1/ Tt(Jlrl )/ )

Using this equation and the fact that by = 1, we can show that lims_, d'gf L = 0 for all ¢,

which implies that the expression in (2) converges to zero as ¥ — 0. Thus,

~1—0o ~1—0o

c 1A c ~
. + b1 1 o = —— + U1 (Yesn).
l—-0 1-0

Ui(Yr) =
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Proof of Proposition 6: Simply let ¥ — oo in the proof of Proposition 7.

Proof of Proposition 7:
Problem at time 7" — 1:

The consumer’s problem reads

max (1 +7)log(cr_1) + 0(1 + Bv)log(er) — v max log(ér_1) + 05 log(ér)

cr_1,CT CT—1,CT
subject to the budget constraints
CTr_1 + (1 + Ti,T—l)kT = ’I"(];IT_l)k’T + U)(]CT> + ST and Cr = YT = T(ET)]{?T + ’LU(]E?T)

The rest-of-lifetime budget constraint is thus

14+ 7ir _ . = 1+7r
cro1 + ep——tt = r(kr—1)kr—1 +w(kr_1) + s7-1 + w(kT)¢ =Yr 1.
r(kr) r(kr)
The first-order condition is —1— = 5(?#3 ) T@T) L Inserting cp into the rest-of-lifetime
cr—1 +v I+mr_1cr
budget constraint, we obtain
1 §(1 k
Cr_1 + 7 YT_1 and cr = ( + ﬁfy) 7“( T) YT—l'

T 1ty +0(1+89) 1+ +6(1+8y) 1471

This implies B
1 0 k
C Yr_1 and ¢ = g r(kr)

= Yo 1.
R Y7 1+ 081+ gy =

Notice that the ¢ and the ¢ are constant multiples of each other. As a result, the value

function becomes
Ur_1(kr_1,kr_1,7) = log(cr_1) + 6 log(cr) + a constant.
Setting kr_1 = kp_1, the government’s problem reduces to maximizing
Ur_1(kr_1, kr_1,7) = log(er_1) + 0 log(cr)
subject to economy’s resource constraints in both periods:
cr—1+kr = (1 —d)kp_y + f(kr_1) and cp = (1 — d)kyp + f(kr).

Thus, the optimal allocation must satisfy




The government implements these allocations by setting the tax rates to replicate these

y(8-1)
1+ -

allocations in competitive equilibrium. That is, the government chooses 7; 71 =

Now rewrite the value function in period 7'— 1 to be used in the problem of the consumer

in period T' — 2 by inserting the consumption allocations as functions of Yr_;. This delivers

Up_1(kr_1,kr_1,7) = (14 8) log(Yr_1) + 6 log (T(I_CT)/(l + TZ',T_1>) + a constant.

Problem at time 7" — 2: Using the 7' — 2 budget constraint and the rest-of-lifetime
budget constraint at time 7" — 1 for the consumer, we obtain the rest-of-lifetime budget

constraint at time T — 2 as

1 + T T—
cr—2 + NT’_TﬂzYT_l =Yr_,
_ — w(kr_1) + Sp_ w(k
= r(kr_o)kp_otw(kr—2)+sr—o+ (hr—1) + s1 1<1+Ti,Tf2)+#( +Tir—2)(1+Tir-1).

r(l%T—l)

The objective of the government is to maximize

’f’(k’T_l)T(]{T)

r(kr)

max (1+7)log(cr—s) + 6(1+ ) [(1 +0)log(Yr-1) + dlog (1 P

cr—2,Yr-1

> + a Constant}

r(kr)

—y max log(ér_s) + 43 {(1 + ) log(Yr_1) + dlog (r
i T—1

Cr—2,Yr_1

) + a constant}

The first-order condition is

1 S(1+0)(1+3y) r(kr_y) 1

Cr—2 I+~ L+ 7o Yr

Using the budget constraint, we obtain

- ~+7 Yr o and Yy = 6(1+6)(1 + Bv) r(kr_1)
L+y+0(1+08)(1+08y) ° T T Iy 401+ 0)(1+ 87 1+ 1ir—s

Cr—2 T-2-

Inserting Y1 in terms of ¢p_; into the consumer’s problem, we obtain the following Euler

equation. B
1 6146)(1+p8y) rlkry) 1
cr—s  1+v+6(1+6y)1+Tir—ocr_1

The temptation allocations are given by

L YT_Q and ?T—l = 66(1 + 5) 7"(ka1>

Cpg = ———— Yr_s.
T2 T 1581+ 9) 1+ 0B(L+0)1+ g @2
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The objective function of the government is

7”(’_fT)

1+ T, T—1

Ur_o(kr_2, kr_2,7) = log(cr_a) + 6(1 + 6) log(Yr_1) + 6% log ( > + a constant.

r(kr)

14+77-1

Since cp_q is a multiple of Yr_; and ¢y is a multiple of ( ) Yr_1, inserting those we

obtain

Ur—s(kr—2, kp—2,7:) = log(cr—s) + dlog(cr—1) + 6% log(cr) + a constant.

Then, the optimal consumption allocation for the government’s problem is given by the
first-order condition
= 57’ (lifol)

Cr—2 Cr—1

To implement this allocation, the government sets

S(1+6)(A+p6y) 1
L+y+6(1+67)1+Tir—2

(B-1)

which delivers 7, 7o = T 1001457

Problem at T — 3: The first-order condition for the consumer is

1 S(1+64+0)(1+8y) rlkra) 1 6(1+6+6)A+By) rlkro) 1

Cr—3 1+~ 1+ 7r_3Yr o B L+y4+0(14+0)1+6y)1+Tir_3cr—a

Then, the government sets sp_3 so that

S(1+6+6*)(1+ By) 1
L+y+6(140)(14+08y) 1+ Tir_s

=J.

7(6-1)
14+y+6(146) (1+57)

This gives 7,73 =
Problem at 7' — j: Continuing the procedure backwards, we can show that

: (B -1)
T 4y +6( 46+ ...+ 021+ 6y)

Ti,T—
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