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Abstract

Self-control problem is an important determinant of individuals’ economic decisions.
The decision maker’s future utility is affected by unwanted temptation. This implies that
implications of various government policies would differ if one incorporates these behavioral
aspects. Public finance instruments could, however, be used to correct anomalies created by
temptation. The purpose of this paper is to examine the question of optimal taxation when
individuals have self-control problems. In order to capture our agents’ temptation towards
current consumption, our model make use of the preference structure pioneered by Gul and
Pesendorfer and further elaborated by Krusell et al. in the context of optimal taxation.
We extend by adding labor choice and besides savings tax, we also analyze capital income
tax, consumption tax and labor income tax. Results show that when the analysis is restric-
ted to logarithmic preferences separable in consumption and labor supply, the government
should subsidize either capital income or investment as it maximizes both an individual’s
commitment utility for consumption and labor supply at the same time. Because individu-
als consume and supply labor more than their commitment utility, subsidizing improves
welfare as it makes temptation less attractive.
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1 Introduction

Economists have realized long ago that individuals’ economic decisions would also depend on
factors such as status/social comparison, altruism, social custom/pressure, and religion/after-
life preferences. There is a fast growing literature that focuses on these motives.! In addition,
self-control problems are also an important determinant of individuals’ economic decisions. An
individual’s future utility is affected by unwanted temptation and his wish to eliminate tempta-
tion from future option sets create a preference for commitment. The literature documents both
preference reversals and a preference for commitment.

Casari [2009] looks into the question whether choice reversal is a preference-based or an
uncertainty-based phenomenon. He finds that for many participants, the explanation of choice
reversal over time is preference-based. Ashraf et al. [2006] evaluate the effectiveness of a
commitment savings account on financial savings. Their results suggests that the savings
response to the commitment treatment is a lasting change and not a short-term response to
the new product. In addition, Benartzi and Thaler [2004] conclude that people find it difficult
to save if they do not have access to savings commitment devices such as a retirement savings
plan. Huang et al. [2007] considers the empirical relevance of temptation and self-control using
household level data. Results reveal statistical evidence supporting the presence of temptation.
Furthermore, Frederick et al. [2002] provide an overview of experimental studies concluding
that individuals exhibit a bias toward immediate gratification.

Due to self-control problems and temptation, implications of various fiscal policies would
differ if one incorporates these behavioral aspects. Hence there is a need to study the implica-
tions of various schemes as public finance instruments could be used to correct such anomalies.
Our study is related to the three strands of the literature: self-control preferences, taxation,
and the impact self-control problems on optimal taxation.

Pioneered by Strotz [1956] and Phelps and Pollak [1968], the quasi-hyperbolic discounting
model for intergenerational analysis was formulated. Quasi-hyperbolic discounting is a form
of discounting that sets up a conflict between the preferences of different intertemporal selves.
Laibson [1997] later on applied it to consumption choices and analyzed it in detail. His key
result is that sophisticated individuals with a quasi-hyperbolic discount structure undersave.’
However, his model is time-inconsistent and does not allow for individuals to commit.

Gul and Pesendorfer [2001] proposed an alternative class of utility functions that provides
a time-consistent model suitable for addressing preference reversals that motivated the time-
inconsistency literature. An individual’s maximization problem consists of his commitment
utility (standard utility) plus his temptation utility (how actual consumption departs from what

commitment utility would dictate) minus his temptation utility evaluated at the most tempting

!See Falk and Knell [2004] and Kumru and Vesterlund [2010] for status/social comparison; see Andreoni
[1990] and Andreoni and Rao [2011] for altruism; see Myles and Naylor [1996] and DellaVigna et al. [2012] for
social custom /pressure, and see Tao and Yeh [2007] and Elgin et al. [2013] for religion/after-life preferences.

2Sophisticated individuals foresee that they will have self-control problems in the future. Naive individuals
do not foresee these self-control problems.



choice. In other words, his actual choice is a compromise between commitment utility and the
cost of self-control. The main benefit of this approach is that the preference remains consistent
and allows individuals to commit.? A recursive self-control model was further developed by
Gul and Pesendorfer [2004] and Krusell et al. [2010]. It consists a preference structure that fits
well into macro public finance models.

A large body of literature on optimal taxation has been produced. The main finding is
that in the long run, capital income should not be taxed. Judd [1985], Chamley [1986], and
Lucas [1990] have demonstrated that an optimal income tax policy entails taxing capital at
confiscatory rates in the short-run and setting capital income taxes equal to zero in the long-
run. In addition, Atkinson and Sandmo [1980] show that a first-best steady state allocation
can be achieved if the government can use lump-sum taxes and that commodity taxation is
unnecessary for efficient income redistribution if there is an income tax system.

A number of studies have, however, examined the conditions under which optimal taxation
may involve a non-zero tax rate on capital income. When a production factor is not optimally
taxed, Correia [1996] shows that a non-zero tax on capital will be required depending on whether
the factors are capital substitutes or compliments. The need to tax capital can be caused by
capital accumulation that is less than optimal in a growing economy due to technological
externality (Turnovsky [1996]). Furthermore, if it is difficult for the government to tax human
capital and labor’s time separately, Jones et al. [1997] conclude that both capital and labor
incomes should be taxed. Excessive savings when individuals are credit rationed will need to be
taxed according to Chamley [2001]. Turnovsky [2000a] studies a model with elastic labor supply
and productive government expenditure stating that, if other fiscal instruments are chosen at
the optimal level, capital income tax would be zero. Moreover, Erosa and Gervais [2002]
studies optimal taxation in both the long-run and transitional period by using an overlapping
generations model. Their results are in contrast with those using an infinitely-lived agent
model. Capital income tax is in general non-zero even in the steady state. It, however, should
be zero if the optimal consumption tax is uniform through out the life of individuals.

There are also studies regarding the impact of time-inconsistent /self-control preferences on
optimal taxation and social security. An interesting study on commodity taxation and self-
control was investigated by O’Donoghue and Rabin [2006]. They concluded that by taxing
unhealthy items (which are consumed too much) and returning the proceeds to consumers, this
would improve total social surplus. Moreover, Gruber and Koszegi [2004] focused on cigarette
taxation and time-inconsistency. A tax which reduces future health damage could dispropor-
tionately benefit low income smokers if they have high elasticity price responses. Laibson [1996]
analyzed an economy populated by hyperbolic consumers. His results show that they undersave

and agrees with pro-savings government interventions like capital income subsidies and pen-

3There are many extensions and applications of Gul and Pesendorfer. Fudenberg and Levine [2006] relaxed
the restrictions on the choice from menus. Dekel et al. [2009], Stovall [2010], and Dekel and Lipman [2012]
permitted random choices from menus. DeJong and Ripoll [2007] study the ability of self-control preferences to
account for the stock-price volatility, risk-free-rate and equity-premium puzzles. Esteban et al. [2007] investigates
optimal nonlinear pricing scheme for a monopoly and concludes that the optimal menu should be small.



alties for early withdrawal from retirement accounts. Furthermore, Imrohoroglu et al. [2003]
examine the welfare effects of social security on individuals with time-inconsistent preferences.
They find that an unfunded social security lowers these individuals’ capital stock, output and
consumption. It may, however, increase or decrease their welfare depending on the level of
time-inconsistency. In addition, Kumru and Thanopoulos [2008] and Fehr et al. [2008] show
that the presence of agents that are either slightly short-sighted or prone to current consump-
tion changes the welfare implications of the social security system. Krusell et al. [2010] study
optimal taxation and proposes to subsidize savings when consumers are tempted by impatience.
Our study falls into this category where we analyze the impact of self-control preferences and
optimal taxation.

Although a number of important aspects of self-control have been recognized and analyzed
in earlier studies, the literature dealing with optimal taxation in this particular context is
quite small. The purpose of this paper is to examine the question of optimal taxation when
individuals have self-control problems. In order to capture individuals’ temptation towards
current consumption, our model makes use of the preference structure pioneered by Gul and
Pesendorfer and further elaborated by Krusell et al. in the context of optimal taxation. We
extend by adding labor choice to see if it has an impact on individuals’ choices and besides
savings tax, we also analyze capital income tax, consumption tax and labor income tax. This
is to analyze the implications of various public finance instruments used to correct anomalies
created by self-control problems.

We start with the simplest model that is relevant, a two period model, and later extend
it to more periods. In a T period model, an individual makes decisions in each period to
maximize the discounted sum of utility net of a cost of self-control where the cost depends
on the temptations faced by the impatient impulsive self. We show how tax-transfer schemes
can be used to improve consumer welfare, how it affects temptation and self-control problems.

Results can be summarized as follows

e In the two-period partial equilibrium model with CRRA utility and inelastic labor supply,
it is optimal to subsidize investment. This is consistent with Krusell et al. In addition,
we show that it is also optimal to tax consumption in the first period and subsidize
consumption in the second period, and subsidize capital income. The size of the taxes

and subsidies are, however, smaller in a general equilibrium model.

e In the two-period model with CRRA utility separable in consumption and labor supply,
it is optimal to subsidize capital income as it maximizes the commitment utility of both
consumption and labor supply. The size of the subsidy is, however, smaller when the

utility is non-separable in consumption and labor supply.

e In the T period model with logarithmic utility and inelastic labor supply, it is optimal to
subsidize investment. This is in line with the results of Krusell et al. We also find that
is is also optimal for the government to tax consumption and subsidize capital income.

The amount of subsidization and taxation increases as the individual gets older.



e In the T period model with logarithmic utility separable in consumption and labor sup-
ply, it is optimal to subsidize either investment or capital income as it maximizes the
commitment utility of both consumption and labor supply. The amount of subsidization

increases as the individual gets older.

The remainder of the paper is organized as follows. Section 2 analyzes optimal taxation in
a two period model. We compare two cases where labor supply is inelastic and elastic. In the
former, both a partial equilibrium and general equilibrium model are considered. In the later
our analysis covers the separable and non-separable in consumption and labor supply cases.
In Section 3 our analysis extends to a T period model, investigating both models where labor
supply is inelastic and elastic. Section 4 lays out the conclusion and gives directions for future
research. Mathematical details of the results in both the two period model and T period model

are given in the Appendix.
2 A Simple Two Period Model

In this section, employing a simple two period model, we analyze the effects of taxation in an
environment in which individuals have self-control preferences in two cases; when labor supply
is inelastic and when labor supply is elastic. In the former we analyze the model in both a
partial equilibrium framework and a general equilibrium framework. In the latter we analyze
optimal taxation in two different forms of utility function; when consumption and labor supply

are separable, and when consumption and labor supply are non-separable.

2.1 Inelastic Labor Supply
2.1.1 Partial Equilibrium

Proposition 1 In the two-period partial equilibrium model with CRRA wutility and inelastic
labor supply, it is optimal to subsidize investment, taxr consumption in the first period and

subsidize consumption in the second period, and subsidize capital income.

We start by considering the effects of taxation in an environment in which individuals have
self-control preferences and labor supply is inelastic. Our model differs from that of Krussel
et al. as we also consider consumption tax, labor income tax and capital income tax besides
savings subsidy.

An individual lives for two periods. He chooses how much to consume today (c¢1) and
tomorrow (cz). He supplies one unit of labor inelastically. Assuming that the individual has
self-control preferences and that the utility function features constant relative risk aversion, his

decision problem is

l—0o
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C1,C2 — 0
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subject to the first period budget constraint

(1+T01)C1+(1+Tz‘)k2:k1+(1—Tll)w1+81, (2)

and the second period budget constraint

(14 7Tey)e2 = (1 — TRy) Roka + (1 — 71,)wa + 52 (3)

where ¢1 and ¢ are the first period’s hypothetical temptation consumption and the second
period’s hypothetical temptation consumption respectively. « is the strength of temptation, ¢§
is the long-run discount rate and £ is the short-run discount rate. o represent the coefficient
of relative risk aversion with respect to consumption. Each individual is endowed with k;
units of capital at the beginning of the first period and ks is his savings in period one. Let
R and wi(w2) be the gross return on savings and the wage rate in the first (second) period
respectively. In addition, the price of consumption goods are normalized to one.

We examine the effects of proportional taxes and subsidies. Let there be a lump-sum transfer
s¢, capital income tax Tg,, labor income tax 7;,, and consumption tax 7., in both periods where
t = 1,2. In addition, as there are no savings in period two, there is an investment tax 7; in
period one only. The government has no exogenous expenditure and hence its budget constraint

in period one is

51 = Tika + TLW1 + Te Gl (4)

where ko and ¢; are the representative individual’s savings and consumption in period one

respectively?. In addition, its budget constraint in period two is

Sg = TR232E2 + T, w2 + Tey, C2 (5)

where ¢ is the representative individual’s consumption in period two. The first order conditions
(FOCs) are used to obtain the relationship between first period and second period consumption,
and the first period hypothetical temptation consumption and the second period hypothetical

temptation consumption®

O(1+BY)(L+ 7)1 = TRy)m 1
T+ +70) )7er (6)

62:(

‘The government finances an individual’s subsidy by taxing other individuals in the economy. Because
individuals in our economy are homogenous, the amount of subsidy transfered to an individual equals the
amount of taxation from another individual.

®We find the FOCs for ¢; and ¢ by maximizing the utility function subject to the temptation budget
constraint which is (1 4+ 7¢,)¢1 + (1 + 73)k2 = k1 + (1 — 74, )w1 + s1 for the first period and (1 + 7¢,)¢2 =
(1 — 7Rry)Raka + (1 — 71, )wa + s2 for the second period.
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where m = (1?727-)' While consumption tax in the first period increases consumption in the

second period relative to consumption in the first period, the opposite applies for capital income
tax in period two, consumption tax in period two and investment tax. The same also applies for
hypothetical temptation consumption in the second period relative to hypothetical temptation
consumption in the first period. Substituting this back into the life-time budget constraint, we

can find the relationship between first period consumption and life-time wealth (V)

Y
“a= 5(1+B7)(1+7—c1) 1 (1*TR2)m 1-0? (8)
At 7e) + (T )= ( 2y )5

and the relationship between first period hypothetical temptation consumption and life-time
wealth®

~ Y

€1 = L, (I—7p,)m\ 1o
(L +75) + (060 +72))7 (Frlty )

(9)

Considering an individual with standard preferences (v = 0),his optimal consumption levels

will be according to

O(L+7¢)(A —TRy)m 1
(+ra) (10)

C2:(

It can be seen that when an individual has self-control preferences, an increase in the
strength of temptation () decreases consumption in the second period relative consumption in
the first period. An increase in the short-run discount rate (50), however, increases consumption
in the second period relative to consumption in the first period. Hence individuals with self-
control preferences save less as temptation incurs a cost.

We now further analyze separately (i) the optimal investment tax (ii) the optimal consump-
tion tax (iii) the optimal labor income tax and (iiii) the optimal capital income tax.

(i) Let 7} be the investment tax rate that maximizes the commitment utility. Then 77 will

generate the following condition

Cy = ((5R2)%Cl (11)
Using ¢z = (%)%01, this implies
6(1+ Bry)m
——— =I0R 12
(1+7) ’ ()

If we consider each tax separately,

6Notice that c¢; and & are constant multiples of each other. Hence we can find ¢; if we can find c;.



o (B -1) (13)

1+~
When an individual has standard preferences (v = 0, 5 = 1) the investment tax rate will be
zero but when an individual has self-control preferences (v > 0, 5 < 1), the optimal investment
tax rate is negative and hence the government should subsidize investment. An increase in
the strength of temptation () increases the subsidy. As individuals with self-control problems
consume more than they should and hence have less savings than they should, an investment

subsidy acts like an award to induce these individuals to save more.

(ii) Let 77, 7%, be the consumption tax rate that maximizes the commitment utility. Then
T4 > Te, Will generate condition (11). Using cp = (5(1(J1ri1))((lljrzcl))R2)dc1, this implies
c

1+75) _ (1L+7)
Lt7s,)  (+5)

The ratio between the tax rate of consumption in the first period and the tax rate of

(14)

consumption in the second period will be one when an individual has standard preferences.
In the case of an individual with self-control preferences, the optimal ratio is more than one.
The government should tax consumption when the individual is young in order to subsidize
consumption when he is old. This is to increase the relative price of consumption goods in the
first period to the consumption goods in the second period as the individual is consuming in
the first period more than he would if he had no self-control problems. However, if we consider
the consumption tax in each period separately, the optimal consumption tax in the first period
should be

* ’7(1 B B)
. 15
" T WAy )
while the optimal consumption tax rate in period two is defined by
= 16
Ny 1o

To note, it can be seen that 77 = 7¢,. This is because both the savings subsidy and the
consumption subsidy in period two have similar objectives. While the former results in more
resources left for consumption in the second period, the later makes consumption in the second
period relatively cheaper and hence increasing second period consumption relative to first period
consumption.

(iii) It can be seen that labor income tax does not have an impact on the relationship

between first period and second period consumption as defined by

(OR2)

14 (80+87) ize
Z%: +Cam ) ( 2) _ (5R2)% (17)
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This is because the amount of impact the tax has on first period consumption and second
period consumption are the same. As a result, optimal consumption in both periods relatively
remains unchanged.

iv) Let 7%,  be the capital income tax rate that maximizes the commitment utility. Then
Ro
S(1+B7)(1=TRry)R2

=) )écl, this implies

Th, Will also generate condition (11). Using c2 = (

™ (1+57)

The capital income tax rate in period two should be zero if an individual has standard

(18)

preferences but negative when they have self-control preferences and thus the government
should subsidize capital income. This is because when individuals have self-control preferences,
they incur a self-control cost which leads them to save less than optimal. By subsidizing capital
income in the second period, this increases the individual’s motive to save. An increase in the

strength of temptation increases the subsidization.

2.1.2 Partial Equilibrium (w2 = 0)

Proposition 2 In the two-period partial equilibrium model with CRRA wutility and inelastic
labor supply, it is still optimal to subsidize investment, tax consumption in the first period and
subsidize consumption in the second period, and subsidize capital income even though individuals

retire in the second period.

Assuming that individuals work only in the first period and then retire in the second period,
we follow the analysis done earlier in order to see if this has an impact on optimal taxation.

An individual’s decision problem now becomes

cl—a Cl—a
Maz(1+7) 77— +0(1+ p7) 72— (19)
c1,c2 1—0 1—0
~1—0o ~1—0o
c c
—y[Maz— 632
7[81%;61—0—’_ Bl—a]
subject to the first period budget constraint
(14 7e)er + (L+7i)ke = k1 + (1 — 74y )wr + s1, (20)
and the second period budget constraint
(1+7ey)ea = (1 = TRy) Roka + 52 (21)

The government has no exogenous expenditure and hence its budget constraint in period

one is

81 = Tiks + Tl w1 + T, C1 (22)



and its budget constraint in period two is

s9 = TRy, Roka + T¢,Co (23)

The FOCs remain unchanged and hence we obtain the same relationship between first period
and second period consumption, and the first period hypothetical temptation consumption and
the second period hypothetical temptation consumption. However, since individuals do not
work in the second period, their life-time wealth decreases leading to a decrease in both first and
second period consumption, and first and second period hypothetical temptation consumption.
Moreover, the amount of decrease is the same in each period and hence the relationships remain
unchanged as stated earlier. As a result, assuming retirement in the second period does not

have an impact, and the optimal taxes and subsidies remain the same.

2.1.3 General Equilibrium

Proposition 3 In the two-period general equilibrium model with CRRA utility and inelastic
labor supply, it is optimal to subsidize investment, tax consumption in the first period and
subsidize consumption in the second period, and subsidize capital income. However, the size of

taxes and subsidies are smaller.

Now we examine the effects of taxation in an general equilibrium setting in which individuals
have self-control preferences and labor supply is inelastic. Wages and interest rates in this model
are no longer exogenous but are paid according to their marginal products. In the production
sector, let aggregate variables be Y; = output, K; = capital stock, L; = labor force, w; =
per capita wage, r; = return per unit of capital, and ¢t = 1,2. Production is represented by a

constant returns to scale function

Y = F(Ky, Lt) or yp = f(ky) (24)

where y; = L%, ky = [L%t, f(k) = F(k,1). Firms choose labor and capital to maximize profits

W(Kt, Lt) = F(Kt, Lt) - tht - Tth (25)

Capital and labor are each paid their marginal products

re=1+f/(k)—6=1+akd 1 -4 (26)

wy = f(ke) = f/ (k)b = (1 — @)k (27)

where « is the share of capital in production and ¢ is the rate of capital depreciation. Here we
assume that capital fully depreciates after one period (6 = 1).
As individuals face the same utility maximization problem and budget constraint as in

the partial equilibrium case, we obtain the same FOCs and hence the same Euler equations.

10



However, in a general equilibrium model, wages and interest rates are no longer exogenous and

the Euler equations (6) and (7) now become

(484 7o) (1= TRy)aks T 1
2= (1+9)(1+7e) (1 +75) )7 (28)
z -7 o a1
’52 — (5/6(1 + 7—61)(1 Rz) k2 );El (29)

(1 + Tg2)(1 +7'i)
In order to find each optimal tax and see how it differs from that of a partial equilibrium
environment, we now summarize the relationship between consumption in both periods for

both the partial and general equilibrium models
‘ Partial Equilibrium  General Equilibrium

Standard Preferences co = (ARQ)%Cl Co = (Aozkg*l)%cl
Self-Control Preferences co = (BRQ)%C]_ co = (Bak‘g‘*l)%cl
where A = OUt7e; )17 ) and B = 6(1+67)(1+761)(1_7R2). This difference does not have an

(1+7ey)(1+73) (1+7)(A+7ep ) (1+74)
impact on the optimal taxation and hence the optimal capital income tax, labor income tax,

consumption tax and investment tax are in the same direction as the partial equilibrium model.
However, because in a general equilibrium model wages and interest rates are determined by the
savings behavior of individuals, tax policies have an impact on these prices through investment.
As a result, the sizes of optimal taxes and subsidies are less than in a partial equilibrium

environment.

2.2 Elastic Labor Supply
2.2.1 Separable in Consumption and Labor Supply

Proposition 4 In the two-period model with CRRA utility separable in consumption and labor
supply, it is optimal to subsidize capital income as it mazximizes the commitment utility of both

consumption and labor supply.

In this case we analyze the effects of taxation in an environment in which individuals have
self-control preferences, and consumption and labor supply are separable. Our model differs
from that of Krussel et al. as we include labor supply choice. In addition, besides savings
subsidy, we also consider consumption tax, labor income tax and capital income tax.

Assuming that the individual has self-control preferences and that the utility function fea-

tures constant relative risk aversion separable in consumption and labor supply, his decision

problem is
C}_U l}"r@ c%—o’ l;"r@
M 1 - —]+4+461 - = 30
Maz 1+ 1+(p]+ A +NlT— 1+(p] (30)
~1—0o ~1—0o
—y[Max a4 s 2 ]
51,?52 — 0 1—0

11



where o and ¢ represent the coeflicients of relative risk aversion with respect to consumption
and labor supply. From the FOCs we obtain the relationship between the first period and
second period consumption, the first period and second period labor supply, and the first

period and the second period hypothetical temptation consumption.

O(L+ By)(A+7e) ) (I = TRy )M, 1

c2 = ( 1+ 7) (1 + 7o) )oc1 (31)
_ (1+7)(1 _Tl2)w2 1

lp = (5(1 +8v)(1—7,)(1 — TRg)wlm)wh (32)

52:(5,8(1-%7"51)(1—7'32)771)%51 (33)

(1 —l—TgZ)

Substituting this back into the life-time budget constraint, we can find the relationship

between first period consumption and life-time wealth

Y

Cl1 = ) (34)
S(1+8y)(A+7ey ) L ,(1—TR,)m | 1=a
(I+7e) + (F—q4 )7 ( (1+§32) G
the relationship between first period labor supply and life-time wealth
Y — k‘l — 81 — 7@?7082
L= SIS (35)

ot
©

1+ 1 (1—7))w
(1 —7y)wr + (5(1+ﬁ§)(11)nl)w1)‘p((1771322):1)

and the relationship between first period hypothetical temptation consumption and life-time
wealth

~ Y

€1 = 1, (1-7 1l-0c
(L4 7) + (0801 + 72)) 7 (STEy™)

(36)

Considering an individual with standard preferences (v = 0),his optimal consumption levels

will be according to

5(1+ 7o) (1~ T)m 1
(+ra) 37)

62:(

It can be seen that when an individual has self-control preferences and the utility func-
tion features constant relative risk aversion separable in consumption and labor supply, the
optimal relative consumption in the first and second period is the same as when an individual
has self-control preferences and the utility function features constant relative risk aversion in
consumption and labor supply is inelastic. That is, an increase in the strength of temptation
() decreases consumption in the second period relative consumption in the first period. An
increase in the short-run discount rate (8¢), however, increases consumption in the second

period relative to consumption in the first period. Hence individuals with self-control prefer-

12



ences save less as temptation incurs a cost. Considering an individual with standard preferences

(v = 0),his optimal labor supply will be according to

(1 — le)'lUQ

Sa =)= rrymm) 1 (38)

lo =(

Hence an increase in the strength of temptation () increases the labor supply in the second
period relative to the labor supply in the first period. An increase in the short-run discount
rate (36), however, decreases the labor supply in the second period relative to the labor supply
in the first period. As individuals with self-control problems in the first period consume and
enjoy leisure too much, his level of savings decreases. Although his consumption level later on
decreases, but because he did not work enough earlier, he has to increase his labor supply in
order to maintain a certain level of consumption in the second period.

Following the same method used in the inelastic labor supply case, we now analyze separ-
ately (i) the optimal investment tax (ii) the optimal consumption tax (iii) the optimal labor
income tax and (iiii) the optimal capital income tax.

(i) Let 77 be the investment tax rate that maximizes the commitment utility. Then 7} will
generate condition (11). Using the FOC ¢o = (M)%cl, this implies

(1+7)
§(1 4 By)m
————— =0Ry 39
) 39
If we consider each tax separately,
1+~

When an individual has self-control preferences (v > 0,8 < 1), the optimal investment tax
rate is negative and hence the government should subsidize investment. An increase in the
strength of temptation () increases the subsidy.

(ii) Let 77 , 7% be the consumption tax rate that maximizes the commitment utility. Again

c1? ' Cc2
S(1+B87v)(1+7¢ )R\ L

7% 75 will generate condition (11). Using the FOC cp = ( (= ICE= )@ c1, this implies
€2

Cc1? " C2

(I+77)  (1+7)
C+rs) (Lt 5 (4D

Results are the same with the inelastic labor supply case, that is, the optimal ratio is more

than one when individuals have self-control preferences and hence the government should tax
consumption in the first period in order to subsidize consumption in the second period. This is
to increase the relative price of consumption goods in the first period to the consumption goods
in the second period as the individual is consuming in the first period more than he would if
he had no self-control problems. However, if we consider the consumption tax in each period
separately, the optimal consumption tax in the first period should be

)

SR )
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The optimal consumption tax rate in period one for individuals with self-control preferences
should be positive. In other words, the government should tax consumption in period one in
order to increase the price of consumption goods. An increase in the strength of temptation

increases the tax rate. On the other hand, the optimal consumption tax rate in period two is
defined by

B
2 (1+9)

The optimal consumption tax rate in period two is negative and thus the government should

(43)

subsidize consumption in period two in order to decrease the price of consumption goods. An
increase in the strength of temptation increases the subsidization.
(iii) Let 77 , 7}, be the labor income tax rate that maximizes the commitment utility. Then

77,7y, will generate the following condition
1 2

w9 1
Iy = 44
2 ow1Ro ’ (44)
Using the FOC I = (5(1&;3))((11::;2))512& )ill, this implies
1
1—177 1

1-77) (1+7)

The optimal ratio is less than one and hence the government should tax labor income in

the second period more than in the first period. This is to decrease the relative labor income

in the second period to the labor income in the first period as the individual’s labor supply in

the first period is less than he would supply if he had no self-control problems. However, if we

consider the labor income tax in each period separately, the optimal labor income tax in the
first period should be

T 14 By)

In period one, the optimal labor income tax rate is negative and the government subsidies
labor income. An increase in the strength of temptation increases the subsidization. On the
other hand, the optimal labor income tax rate in period two is defined by

Y
In period two, the optimal labor income tax rate is positive and hence the government
should tax labor income. An increase in the strength of temptation increases the tax rate.
(iv) Let T*RQ’C be the capital income tax rate that maximizes the commitment utility for con-

sumption. Then 77 will generate condition (11). Using the FOC ¢z = (MHBW()SF;)T YL )%01,

this implies

14



fee = (14 By)

Let 7%, , be the capital income tax rate that maximizes the commitment utility for labor

(48)

1
supply. Then 77, ~will generate condition (44). Using the FOC I = ( 5T /B,Y()I(J{Z);;Z)wl =)l

this implies

* _ ’y(ﬂ B 1)
TRoy = 015 (49)

Results show that T’jhc = T’I‘QM. Hence when the government uses a capital income tax in
the second period, it can maximize both the commitment utility of consumption and the com-
mitment utility of labor supply at the same time. When an individual has standard preferences
the capital income tax rate in period two will be zero but when an individual has self-control
preferences, the optimal capital income tax rate in period two is negative and hence the gov-
ernment should subsidize capital income. This is because when individuals have self-control
preferences, they incur a self-control cost which leads them to save less than optimal. By sub-
sidizing capital income in the second period, this increases the individual’s motive to save. An
increase in the strength of temptation increases the subsidization.

To conclude, the optimal tax rate for consumption, investment and capital income does not
change when we add labor supply into the model where we assume that the utility function
features constant relative risk aversion separable in consumption and labor supply.

In order to find the optimal taxation or subsidy that could correct the anomalies created
by temptation, besides analyzing the Euler equations between c;and co2, and between I3 and s,
we will need to consider the Euler equations between consumption and labor supply in both
periods or the marginal rate of substitution between consumption and labor supply (MRS, ;, ).
Results show that self-control preferences do not have an impact on an individual’s M RS, ;,
in both periods. In other words, individuals who have standard preferences have the same

MRS, ;, as individuals who have self-control preferences, that is

U. c ¢ (I+7¢)
MRS, g, + = 20 = - 50
Y, (1 —7)un (50)

U ey’ (1+7¢,)
MRSy —2= 2 =2~ 51
22T, I (1 = 71 )wo (51)

2.2.2 Non-separable in Consumption and Labor Supply

Proposition 5 In the two-period model with CRRA wutility non-separable in consumption and
labor supply, it is optimal to subsidize capital income as it maximizes the commitment utility

of both consumption and labor supply. However, the size of the subsidy is smaller.

In this case we analyze the effects of taxation in an environment in which individuals have

self-control preferences, applying the utility function used by Imrohoroglu et al. [2003] which
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features constant relative risk aversion non-separable in consumption and labor supply. An

individual’s decision problem is

(/@ =I)t-mt—e (cg(1 = lp)' =M1

Maz, (14 7)1+ 61+ ) [ ] (52)
51*0 ~1 o
—y[Maz— e 55 ]
C1,C2 — 0

where o is the coefficient of relative risk aversion and 7 is the share of consumption in utility.
The decision problem is subject to the same budget constraints as in the case where consump-
tion and labor supply are separable.

From the FOCs we obtain the relationship between first period and second period con-
sumption, the first period and second period labor supply, and the first period hypothetical

temptation consumption and the second period hypothetical temptation consumption

=0 ¢y (53)

Y I+1)A+76)A+75) (1_11))(1—77)(1—0)]
2RS4+ ) (L + 7o) (L — TRy Ry (1 ba)

6(1 4 By)(1 — 71 )wi(l — TR, ) Ra 2
(L+7) (1 =73, )wa(1 + 74) c1

(1-0) = T (1) (54)

op(1 + 7-51)(1 - TRQ)m>%~

a=( (1+7z) ' (%)

It can be seen that while the relationship between first period and second period con-
sumption depends on the relationship between first period and second period labor supply, the
relationship between first period and second period labor supply also depends on the relation-
ship between first period and second period consumption. Substituting these relationships into

each other we get

A me) At ) S0 BN = m)wn(l = TRy e 2 1)y Bt
SA+ B +7e)L—Tr )R T+ —mp)we(l+m) a . !
56

5(14—57)(1—Tll)’wl(l—TRQ)Rgx L+ 4+ 7e,)(L+75) (1—[1))(1 m)(1— U))ng’l(lo')o-)l](l n)(l
(1—|—7)(1—712)w2(1+7i) 5(1+5’Y)(1+TCI)(1 TRQ)R (1—[2)

(1-t) =[(

(57)

In order to find the optimal tax and see how it differs from that of a separable in consumption
and labor supply case, we now summarize the relationship between consumption in both periods

and labor supply in both periods for the two cases

Separable Non-separable
1 [A-—n(A-0)—1[n(A-0)—1]
Consumption | co = Doy co = Fla-n0-0)-1]n(1-o)=1]-[n(1-n)(1-0)?] ¢;
[A-—n)(A-0)—1][n(1-0)—1]

LabOI‘ Supply l2 — Eéll (1 _ l2) — G[(1_"7)(1_0)_1][’7(1_”)_1]_["7(1_’7)(1_‘7)2] (1 _ ll)
where
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D= 6(1 + /87)(1 + 7—01)(1 - TRz)m

(47 +7e) %)
_ (L+7)(1 = 13,)wo

B = S B = )1 — T (%9)

. [( (1 —|-’)/)(1+7'52)(1+TZ‘) (5(14—5’7)(1 —Tll)wl(l —TRQ)RQ)(l(i;;I()l(i;;fll]n(l_la)_l

C N O(1 4 BY)(1+ 7o) (1 — TRy Ry (I + 7)1 = 7i,)w2(1 + 75)

(60)

G — {(6(1 + 67)(1 - Tll)wl(l - TR2)R2 )( (1 + 7)(1 + 7—02)(1 + Ti) )na(i;;?l](l,n)(},g),l
B (T+7)(1 = 1y)wa(1 4 75) S(1+ By)(1+7¢)(1 = TR,y) Ro 1)

This difference does not have an impact on the optimal taxation and hence the optimal
capital income tax, labor income tax, consumption tax and investment tax are in the same
direction as the separable in consumption and labor supply case. However, the self-control

parameters in this case have less of an impact on consumption and labor supply, specifically

(5(1+Bv) (1+7)
(T+7) 5(1+57)

and subsidies are less than the separable in consumption and labor supply case.

)%for the latter. As a result, the sizes of optimal taxes

)% for the former and (

Turning to the marginal rate of substitution between consumption and labor supply (M RS, ;,)

in both periods, when individuals have standard preferences their M RS,, ;, are the same as

15t

when individuals have self-control preferences, specifically

U. n(l—1y) (1+7¢)
MRS, : —+ = = L 2
Bt 5 = e ~ (= 7w (62)

Us, _n(1=l) _ (147, (63)

MRS.. :
22T, T A —me (- 7p)ws

3 The T Period Model

In this section, we extend the simple two period model to analyze the effects of taxation in an
environment in which individuals have self-control preferences in two cases; when labor supply

is inelastic and when consumption and labor supply are separable.

3.1 Inelastic Labor Supply

Proposition 6 In the T period model with logarithmic utility and inelastic labor supply, it is
optimal to subsidize investment, tax consumption, and subsidize capital income. The amount

of subsidization and tazation increases as the individual gets older.

We start by analyzing the effects of taxation in an environment in which individuals have

self-control preferences, and labor supply is inelastic. Our model differs from that of Krussel
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et al. as we also consider consumption tax, labor income tax and capital income tax besides
investment tax.

An individual lives for T periods. In each period he chooses how much to consume (c).
Assuming that an individual has self-control logarithmic preferences we solve the problem
backwards, find the optimal consumption choices, and use those decision rules to obtain the

value function. An individual’s problem at time 7" — 1 reads

Maz (1+v)(loger—1) + 6(1 + Bv)(log cr) (64)

CT—1,CT

—y Mazx logcr—1 + d5loger

CT—1,CT

s.t. (1 +TCT_1)CT,1 + (1 + Ti,Tfl)kT = (1 — TRT_l)RTflkal + (1 — Tlel)wal + 871 (65)

and (14 7ep)er = (1 — 7Ry )Rrkr + (1 — 11 )wr + s =Yr (66)

where ¢p_1 and ¢y are the T'— 1 period’s hypothetical temptation consumption and the T
period’s hypothetical temptation consumption respectively. v is the strength of temptation, §
is the long-run discount rate and 3 is the short-run discount rate. Each individual saves k
units. Let Rp_1(Rr) and wp_i(wr) be the gross return on savings and the wage rate in the
T — 1 (T) period respectively. In addition, the price of consumption goods is normalized to
one.

We examine the effects of proportional taxes and subsidies. Let there be a lump-sum
transfer s, capital income tax 7g, labor income tax 7;, and consumption tax 7. in each period.
In addition, there is an investment tax 7;. The government has no exogenous expenditure and

hence its budget constraint in period T — 1 is

sp—1=TiT—1kr + TRy Rr—1k7T—1+T1)p WP 1 + Tep_CT—1 (67)

where kp,er_1, k71 are the representative individual’s savings and consumption. The govern-

ment’s budget constraint in period T is

ST = TRTRTET + Ty W + TepCr (68)

where ¢r is the representative individual’s consumption in period 7. From the FOCs we obtain
the relationship between T'— 1 period and T period consumption, and T'—1 period hypothetical
temptation consumption and T period hypothetical temptation consumption

- 5(1+B’7)(1+TCT71)(1_7—RT)m 1

. AT+ 70r) p (69)
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1 . 55(1 +TET—1)(1 - TRT)m 1

= = = 70
Ccr—1 (1+T5T) cr ( )
where m = (Hfﬁ. Substituting this back into the life-time budget constraint, we can find
the relationship between consumption and life-time wealth at 7' — 1
(1+1) 1
cr-1 = Yroq, 71
(T+7) #3015 57) 1+ 7er ) =
the relationship between consumption at period 7" and life-time wealth at period T — 1
o(1 1— R
( +57) ( TRT) T YT—I, (72)

T AN+ By At i)+ 7er)

the relationship between hypothetical temptation consumption and life-time wealth at

T-1

1 1
1+5,3 (1+7'5T_1)

Cr_1 = Yr_1, (73)

and the relationship between hypothetical temptation consumption at period T and life-time
wealth at period T'— 1

= 03 (1 —=7pg,)Rr
"1+ 047 1) (A +75)

Yo (74)

Notice that ¢ and ¢ are constant multiples of each other. Inserting the consumption alloc-

ations as functions of Yp_jinto the value function of period T' — 1 delivers

UT71 = (1 + (5) log YT71 (75)
1 (1 —=7Rr, )Ry
+log—— +4dlo L
S0 t7ery) B0+ rir )0+ 7o)

Substitute the rest-of-lifetime budget constraint at 7' — 1 back into the 7" — 2 budget con-
straint to get the rest-of-lifetime budget constraint at T — 2

Yoo
(1 + TCT_Q)CT,Q + -1 = (1 — TRT_Q)RT,QkT,Q + (1 — T1T72)wT,2 + S7_9 (76)
(1 =7Rry_)Rr—1

(=7 Jwry ST-1 A+ =1 )wr (I+7ir—1)sr — Y,
(1=7ry_ ) Br—1 (1 —=7gy_)Rr-1 (1 —=7ry)Rr(1 — TRy )Rr—1 (1 — 7Ry )Rr(1 — TRy, )Rr—1 -

The objective of the government is to maximize
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Maz (1+v)(loger—2) (77)

cr—2,Yr—1

+6(1+ By){(1 +6)log Y7y

(1 —7r,)Rr

+lo
& 1+ i)+ 7op)

+ dlog

}

(1+ TCT—I)

—y_ Max logcr—o+ 08{(1+9d)logyr—1

CT—2,YT—1

(1—7ry)Rr

+lo
5 I+ rir1)(L+ 7o)

+ dlog

}

1
(L4 7ery)
From the FOCs we find the relationship

L 51401 +6) ) |
CT—2 B (]. + ’7) (1 + TCT—Q)(]‘ 7—RT_1)RTfl}/T_1

From the rest-of-lifetime budget constraint at 7" — 2 we obtain the relationship between

(78)

consumption in period T'— 1 and 7" — 2

1 01401 +py) (4T )L —Trr)m 1 (79
cr—2  (L4+7)+6(1+Bv) 1+ Tery) cr-1
Continuing this procedure backwards we can conclude that
1 14+ 7,)(1— R 1
_ Mt+1( + 7, )(1 = TRy )R (80)
Ct (1 + 7—Ct+1)(1 + Ti,t) Ct+1

§(1464...4+5T "1 (1487)
(4+7)+(1+6+... 6Tt =2)(1+87)
an individual consumes more than he should if he had commitment utility. In addition, an

where My =

. In the case of self-control logarithmic preferences,

individual has a higher temptation problem at later dates compared to earlier dates. However,
if an individual has standard preferences (v = 0),this relationship will be the same in each
period and is defined by

1 0(14+7¢)(1—7TRrer1)m 1

— = 81
Ct (1 +7es) Ct+1 (81)

We now analyze separately (i) the optimal labor income tax (ii) the optimal capital income
tax (iii) the optimal investment tax and (iiii) the optimal consumption tax. The government
chooses taxes in each period in order to maximize an individual’s commitment utility. Hence
the optimal allocation must satisfy the Euler equation

1 1

SRpy1—— = — (82)
Ct+1 Ct
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The government implements this allocation by choosing tax rates such that the Euler equa-
tion of the consumer equals the government’s Euler equation above.

(i) It can be seen that labor income tax does not have an impact on the relationship between
first period and second period consumption.

(ii) We consider the capital income tax rate that maximizes an individual’s commitment

utility for consumption

N (B —1)
T 1454 4+ 6T (1 + By)

The capital income tax rate is negative which means that the government should subsidize

(83)

capital income. Moreover, it is larger in earlier dates compared to latter dates. In other words,
as an individual with self-control problems consumes more than he should and this increases as

he gets older, the subsidy should also increase as he gets older in order to obtain the optimal

level of consumption according to his commitment utility. Because (146 + ... + 67 1) is a
geometric series, when T' — oo, the optimal subsidy converges to
o (1+57)

(iii) As for investment taxation, the rate that maximizes an individual’s commitment utility

for consumption is

¥(B—1)
(14+9)+06(1+0+...+5 7)1+ By)

The investment tax rate is negative which means that the government should subsidize

(85)

Tit =

investment. Moreover, it is larger in earlier dates compared to latter dates. The subsidy should
also increase as he gets older in order to obtain the optimal level of consumption according to
his commitment utility. In addition, as T' — oo, the optimal subsidy converges to

bt = 3(1
(L+7) + 25552

(iv) Finally, we look at consumption taxation

(I+7e) 6 (A+7)+6Q+6+...+6772H(1+8y) (87)
(I+7e) M (1464 ...+ D1+ 67)

The ratio of the after-tax rate of consumption in this period and the next period is more

than one and is higher in earlier dates compared to latter dates. In other words, as an individual
with self-control problems consumes more than his commitment utility and this increases as
he gets older, the tax rate should also increase in order for him to obtain the optimal level
of consumption according to his commitment utility. Moreover, if T' — oo, the optimal tax

converges to
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(1+70) (+7)+20E0

(1+ TCt+1) B %

3.1.1 Elastic Labor Supply

Proposition 7 In the T period model with logarithmic utility separable in consumption and
labor supply, it is optimal to subsidize either investment or capital income as it mazximizes
the commitment wutility of both comsumption and labor supply. The amount of subsidization

increases as the individual gets older.

We now analyze the effects of taxation in an environment in which individuals have self-
control preferences, and consumption and labor supply are separable. Besides savings subsidy,
we also consider consumption tax, labor income tax and capital income tax.

An individual lives for T periods. In each period he chooses how much to consume (c)
and how much labor to supply (/). Assuming that the individual has self-control logarithmic
preferences we solve the problem backwards, find the optimal consumption choices, and use

those decision rules to obtain the value function. An individual’s problem at time 7" — 1 reads

Maz (14 v)(logcr—1 —loglr—1) + 0(1 + Bvy)(loger — loglr) (89)

cr—1,erlr—1,lr

—y Max logcr—1 + 68 loger

CT—1,CT

s.t. (1‘|‘TCT,1)CT—1+(1+Ti,T—1)kT = (1—TRT,l)RT—lkT—1+(1—TZT_l)wT—llT—1+3T—1 (90)

and (1 + TCT>CT = (1 — TRT)RT]{ZT + (1 — TlT)leT +sr=Yrpr (91)

where ¢pr_1 and ¢r are the T'— 1 period’s hypothetical temptation consumption and the T
period’s hypothetical temptation consumption respectively. « is the strength of temptation, §
is the long-run discount rate and ¢ is the short-run discount rate. Each individual saves k
units. Let Rp_1(Ry), wr—1(wr) be the gross return on savings, and the wage rate in the 7'— 1
(T") period respectively.

We examine the effects of proportional taxes and subsidies. Let there be a lump-sum
transfer s, capital income tax 7g, labor income tax 7;, and consumption tax 7. in each period.
In addition, there is an investment tax 7;. The government has no exogenous expenditure and

hence its budget constraint in period T — 1 is

st—1=TiT-1kr + TRy Rr—1kr—1+ 715 jWr—1+ Tep Cr—1 (92)
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where k7, ¢r_1, kr_1 are the representative individual’s savings and consumption. The govern-

ment’s budget constraint in period T is

ST = TRTRTET + T W + TepCr (93)

where ¢p is the representative individual’s consumption in period T". From the FOCs we obtain
the relationship between 1" — 1 period and T period consumption, 7' — 1 period and T period
labor supply, and T'—1 period hypothetical temptation consumption and 7" period hypothetical

temptation consumption

1 o 5(1+57)(1+TCT—1)(1_TRT)m 1

cro1 (I +7)(A+7er) er
1 60+ By =7y ) = TRy )wram 1 (94)
Ir—1 1+ = 7i)wr It
~1 B 5ﬁ(1+TET71)(1_TRT)m~i (95)

er1 (1+7z,) cr

where m = ( . Substituting this back into the life-time budget constraint, we can find

Ry
I+7i,7-1)
the relationship between consumption and life-time wealth at 7' — 1

(1+7) 1
1+79)+6(1+8y) A+ 7ep )

cr—1 = ( Yr_i1, (96)

the relationship between consumption at period 1" and life-time wealth at period T — 1

6(1+pv) (I —7ry)Rr
(I+7)+0(1+8y) A+ 7ir-1)(1 +7er)

cr = Yr_ 1, (97)

the relationship between labor supply and life-time wealth at T — 1

(1+7) 1
L+9)+0(1+By) (1 =714 )wr—y

lr—1 = ( Xr_1, (98)

(17TRT)RT
the relationship between labor supply at period T" and life-time wealth at period T — 1

where X1 =Yr_ 1 — (1 —7Rr,_, )Rr—1kr—1— S7—1 — . In addition, we also obtain

6(1+ By) (1 — 7Ry )Ry
1+v)4+d6(1+8y) 1+ Ti,T—l)(l — TlT)wT

the relationship between hypothetical temptation consumption and life-time wealth at 7' — 1

Ir = ( Xr-1, (99)

1 1
1+(5,3 (1+T‘5T_1>

ET—l = YT—l, (100)

and the relationship between hypothetical temptation consumption at period T and life-time
wealth at period T'— 1
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T 1580 +7ir 1)1 +74,)

Yr (101)

Notice that ¢ and ¢ are again constant multiples of each other. Inserting the consumption

allocations as functions of Y_jand Xp_jinto the value function of period T'— 1 delivers

Ur1=(1+6)logYr 1 — (1+6)log X7y (102)
(1 =7Rr,)Rr 1 (1 —=7Rr,)Rr
+log ———+61lo a —lo —§1o r
B I L o B S [T A (e P e e

Substitute the rest-of-lifetime budget constraint at 7' — 1 back into the 7" — 2 budget con-
straint to get the rest-of-lifetime budget constraint at 7' — 2

Yr1 Xr_1
(1+TCT,2)CT_2+<1 e VR (1—TRT,2)RT_sz_2+(1—TzT_2)wT_2lT_2+ST—2+(1 S T
(103)
The objective of the government is to maximize
Mazx (1 +v)(logecr—2 —loglr_2) (104)

cr—2,lr—2,Yr 1, X171

+0(1+ By){(1+6)logYr—1 — (1 4 0)log X171

1 1-— 1 1—
+log ————+dlog (L= 7rr) R —log —dlog (1= 7ry) Ry
(1 + TCT—l) (1 + Ti,Tfl)(l + TCT) (1 - Tlel)wal (1 + Ti,Tfl)(l - TZT)wT
—y_Max loger—s+ 63{(1+6)logyr_1
CT—2,Yr—1
1 1-— 1 1—
+log ———+dlog (= 7rr) B —log —dlog (1= 7ry) Rr
(1 + 7—CT71) (1 + Ti,Tfl)(l + TCT) (1 - Tlel)wal (1 + Ti,Tfl)(l - TZT)wT

From the FOCs we find the relationships

1 51+ (1+8y) 1
cr—o (1+7) (14 7epo)(1 - 7'1'?»T71)RT—1YT_1 (105)
1 6(1+68)(1+ ) (=70 ywro(l— 7y ) Rp 1 (106)

lr—2 (1+7) X711
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From the rest-of-lifetime budget constraint at 7' — 2,we can find the relationship between

consumption and life-time wealth at T — 2

(I+7) 1
o= Ypr_ 107
T ) st A B A e ) Hon
and the relationship between life-time wealth at period T'— 1 and T — 2
0(1+0)(1+
Yoy = U+0)d+8y) TRy ) Rr1Yr_o (108)

(1+7)+6(1+6)(1+ By)

(I4+75,7—2)s7_1

In the case of lT_gwhere XT_Q = YT_2 — (1 — TRT,Q)RT—QkT—2 — ST_9 — (1_TRT71)RT—1 , We
can find the relationship between labor supply and life-time wealth at 7" — 2
1 1
1+7) X2 (109)

lr—2 = (1+7)+6(1+6)(1+57y) (1 — 11, )wr 2

As a result, the relationship between consumption in period 7" — 1 and T — 2, and the
relationship between labor supply in period T'— 1 and T — 2 are respectively
1 5(1+5)(1+67) (1+TCT—2)(1 _TRTfl)m 1

s U160+ 8 (tre) oo (110)

1 60 +6)(A+8y) (=71 ,)(A = TRy yJwr—om 1 (111)
lr—2 (1 + 7) + 5(1 + 67> (1 - TZT,l)'wT—l lr—1

Continuing this procedure backwards we can conclude that

1 (1+T0t)(1 _TRz+1)Rt+1 1
— =My
Ct (1 + 7—Cz+1)(1 + Ti,t) Ct+1

(112)

1 (1 - Tlt)wt(l - TRt+1)Rt+1 1

M 1
Lt o (1- Tlt+1)wt+1(1 +Tit) lit1

(113)

S(146+...+8" " ") (1+87)
(14+7)+6(1+6+.. 48T =) (1487)
between consumption in this period and the next period. In the case of self-control logarithmic

where My = Adding labor supply does not alter the relationship
preferences, an individual consumes more than he should if he had commitment utility. As a
result of consuming too much, he also supplies labor more than his commitment utility in order
to have more resources. In addition, an individual has a higher temptation problem at later
dates compared to earlier dates. However, if an individual has standard preferences (v = 0),this
relationship will be the same in each period and is defined by

1 6(1+7)(1—TRet1)m 1

— = 114
Ct (1 + TCt+1) Ct+1 ( )

I O0(1—7,)(1 = TR, )wym 1

lt B (1 - Tlt+1)wt+l E

(115)

25



To note, as we assume a logarithmic utility function form where the income and substitution
effect on savings exactly offset, changing the form will have an impact on the optimal relation-
ships between consumption and between labor supply. By assuming a CRRA utility function,
if individuals are more risk adverse, the self-control problem will be less. Thus the optimal
level of both consumption and labor supply in each period will also be less. The temptation
problem will, however, still increase as the individual becomes older.

We now analyze separately (i) the optimal labor income tax (ii) the optimal capital income
tax (iii) the optimal investment tax and (iiii) the optimal consumption tax. The government
chooses taxes in each period in order to maximize an individual’s commitment utility. Hence

the optimal allocation must satisfy the Euler equations

Ct+1 Ct
1 1
glrwe 11 (117)

Wit b1
The government implements this allocation by choosing tax rates such that the Euler equa-
tion of the consumer equals the government’s Euler equation above.
(i) Considering labor income taxation
(1—-7,) 6 (T+y) +5(1+5+... + 6777 (1 + By)

(A=7ip) M N (1464 ... +6T 11+ 8) (118)

The ratio of after-tax rate of labor income in this period and the next period is more than

one and is higher in earlier dates compared to latter dates. In other words, as an individual
with self-control problems supplies labor more than his commitment utility and this increases
as he gets older, the tax rate should also increase in order for him to obtain the optimal level
of labor supply according to his commitment utility. Moreover, if T" — oo, the optimal tax

converges to

(L—-7,) _ (1+7) +
(1_Tlt+1) o (1+B’Y)

1-4

(119)

(ii) We first consider the capital income tax rate that maximizes an individual’s commitment

utility for consumption

— (B -1)
AT+ By)

Then we look at the capital income tax rate that maximizes an individual’s commitment

(120)

utility for labor supply

(B —1)
(1+0+...+6777H)(1 4 8y)

(121)

TRi41 =
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The capital income tax rate that maximizes an individual’s commitment utility for con-
sumption and labor supply is the same. It is negative which means that the government should
subsidize capital income. Moreover, it is larger in earlier dates compared to latter dates. As
an individual with self-control problems consumes and supplies labor more than he should and
this increases as he gets older, the subsidy should also increase as he gets older in order to
obtain the optimal level according to his commitment utility. In addition, as T — oo, the
optimal subsidy converges to

(B —-1)(1—9)

TR = 0 B) (122)

(iii) As for investment taxation, we first consider the rate that maximizes an individual’s

commitment utility for consumption

¥(B—-1)
(147 +61+6+ ...+ 621+ By)

Then we look at the investment tax rate that maximizes an individual’s commitment utility

(123)

Tit =

for labor supply

(B -1
1+ +60+6+...4+ 677D+ By)

We obtain similar results with capital income taxation. The investment tax rate that

(124)

Tit =

maximizes an individual’s commitment utility for consumption and labor supply is the same.
It is negative which means that the government should subsidize investment. Moreover, it is
larger in earlier dates compared to latter dates. In other words, the subsidy should also increase
as he gets older in order to obtain the optimal level according to his commitment utility. If
T — o0, the optimal subsidy converges to

S 1(B-1) (125)

(1) + 1+ 57)

(iv) Finally, we look at consumption taxation

A+7e) _ 6 (4N +0L+0+..+6"2)(1+ ) (126)
(T4 7erpy)  Mipn (1464 ...+ 1)1+ By)

Results are similar with labor income taxation. The ratio of the after-tax rate of con-

sumption in this period and the next period is more than one and is higher in earlier dates
compared to latter dates. As an individual with self-control problems consumes more than his
commitment utility and this increases as he gets older, the tax rate should also increase in
order for him to obtain the optimal level of consumption according to his commitment utility.

Furthermore, when T' — o0, the optimal tax converges to
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(1+70) (+7)+20E0

(1+ TCt+1) B %

(127)

To conclude, the government should subsidize either capital income or investment as it
maximizes both an individual’s commitment utility for consumption and labor supply at the
same time where the former’s subsidization rate is higher. This sharply contrasts with the
important works of Chamley [1986] and Judd [1985] who show that the government should not
subsidize capital income or distort investment in the long-run. Interestingly, our results are in
line with Erosa and Gervais [2002] who study a life-cycle growth model where individuals with
standard preferences have labor supply choice and concludes that the optimal capital income
tax will be different from zero due to life-cycle elements. It will be zero only if it is optimal
to tax consumption goods uniformly over the lifetime of individuals. Our results show that
uniform consumption taxation is not optimal when individuals have self-control preferences.
The government should tax consumption and the tax should increase as individuals get older.

In addition, results are unaltered even if we assume infinitely-lived individuals.

4 Conclusion

Self-control problems are an important determinant of individuals’ economic decisions. An in-
dividual’s future utility is affected by unwanted temptation and his wish to eliminate tempta-
tion from future option sets create a preference for commitment. The literature documents
both preference reversals and a preference for commitment. Due to self-control problems and
temptation, implications of various fiscal policies would differ if one incorporates these beha-
vioral aspects. Hence there is a need to study the implications of various schemes as public
finance instruments could be used to correct such anomalies.

The main message to emerge from the literature on optimal taxation is that in the long
run, capital income should not be taxed. An optimal income tax policy entails taxing capital
at confiscatory rates in the short-run and setting capital income taxes equal to zero in the long-
run. A number of recent works have, however, examined the conditions under which optimal
taxation may involve a non-zero tax rate on capital income.

Our study falls into this category, we examine the question of optimal taxation when indi-
viduals have self-control problems. In order to capture individuals’ temptation towards current
consumption, our model makes use of the preference structure pioneered by Gul and Pesen-
dorfer and further elaborated by Krusell et al. in the context of optimal taxation. We extend
by adding labor choice to see if it has an impact on individuals’ choices and besides savings
tax, we also analyze capital income tax, consumption tax and labor income tax.

We start with the simplest model that is relevant, a two period model, and later extend
it to more periods. In a T period model, an individual makes decisions in each period to
maximize the discounted sum of utility net of a cost of self-control where the cost depends on

the temptations faced by the impatient impulsive self. We show how tax-transfer schemes can
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be used to improve consumer welfare, how it affects temptation and self-control problems.

Results show that when the analysis is restricted to a two-period partial equilibrium model
with CRRA utility and inelastic labor supply, it is optimal to subsidize investment, tax con-
sumption in the first period and subsidize consumption in the second period, and subsidize
capital income. The size of the taxes and subsidies are, however, smaller in a general equilib-
rium model. When we extend the analysis to a two-period model with CRRA utility separable
in consumption and labor supply, it is optimal to subsidize capital income as it maximizes the
commitment utility of both consumption and labor supply. The size of the subsidy is, however,
smaller when the utility is non-separable in consumption and labor supply. In addition, in a
T period model with logarithmic utility and inelastic labor supply, it is optimal for the gov-
ernment to subsidize investment, tax consumption and subsidize capital income. In a T period
model with logarithmic utility separable in consumption and labor supply, it is optimal for the
government to subsidize either investment or capital income as it maximizes the commitment
utility of both consumption and labor supply. Because individuals consume and supply labor
more than their commitment utility, subsidizing improves welfare as it makes temptation less
attractive. In addition, as individuals get older and their temptation problems increase, the
amount of subsidization also increases.

An important point to note here is that we only assumed individuals are tempted towards
consumption and not leisure as, at this point, there is no theory or empirical evidence supporting
this type of behavior. The impact of this temptation on an individual’s behavior, an economy’s
tax base and social security schemes especially in population ageing countries is an interesting

topic we hope to address in future research.

Appendix

The mathematical details for both the two period model and T period model are given here.

A. A Simple Two Period Model
A.1 Inelastic Labor Supply

A.1.1 Partial Equilibrium Assuming that the individual has self-control preferences and

that the utility function features constant relative risk aversion, his decision problem is

ci_” cé‘”
Max(1 o(1
cl,%Qx( +’Y)l—a_l_ ( +6’7)1—0
~1—0o ~l—0o
—y[Max 9 Y63 e’ ]
¢1,C2 — 0 l1—0

subject to the first period budget constraint

(1+T01)C1+ (1+T2‘)k2 =k +(1 —Tll)w1+81,
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and the second period budget constraint

(1 + 7—52)02 = (1 — TR2)R2k2 + (1 — TZQ)'U)Q + 39

The government has no exogenous expenditure. Its budget constraint in period one is

s1 = T;ko + T w1 + T 1

and its budget constraint in period two is

So = TR2R2E2 + T, Wo + Tc,Co
From the second period budget constraint we find

(1 + Tcz)Cg — (1 — 712)w2 — 89
(1 =7R,)R2

Substitute this back into the first period budget constraint to get the life-time budget

ko =

constraint

(1 +Ti)(1 +TC2)02

I+7c
(L4 7¢)er + (1= ) Re

(14 7)(1 — 71,)wo n (14+74)s2 v

=k1+ (1 —7)wr + 51+ =
H =Tt (1—7r,)Rs (1— 7Ry R2

Taking the first order conditions (FOCs)
e (L 9)6 = (14 7o)\

c2:0(1+ fBy)ey? = (1(—;?1(; —)FRZCQ))\

16 =1 +75)A

(I+7)(1+73)
(1 — TR2)R2

From the FOCs we obtain the relationship between first period and second period con-

A

Cp 1 0fyCy 7 =

sumption, and the first period hypothetical temptation consumption and the second period

hypothetical temptation consumption

6(1 +B’7)(1 +7—61)(1 - TRz)m)%c
L+ +7ey) !

ca = (

6/8(1 + 7-51)(1 - TRz)m
(1 + 7—52)

)

¢ = (
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Substituting this back into the life-time budget constraint, we can find the relationship

between first period consumption and life-time wealth

(14 7)1+ By)(L+70)(1 = Th)m.
1+ 7e se1=Y
Wrra)at g T it
Y
C1 = 501 147e )L, (1—TR, )m\ 1=c ’
(14 ) + (T o Qi)

and the relationship between first period hypothetical temptation consumption and life-time
wealth

~ (1+7z) 08(1+715)1—Try)m 1.
1+ 7z ca=Y
( +TCl)Cl+ (1—TRz)m (1+T‘52) ) !
~ Y
€1 = L, (I—7p,)m\ 1o
(L +75) + (060 +72))7 (Frly )

Considering an individual with standard preferences (v = 0),his optimal consumption levels

will be according to

(L +7e)(A —TRy)m 1

C2:( (1+Tcz> )001
and
. Y
1= 1 (l—rp)m.l-o
(14 7e) + (001 +7e))7 (St 5

We now further analyze separately (i) the optimal investment tax (ii) the optimal consump-
tion tax (iii) the optimal labor income tax and (iiii) the optimal capital income tax.
(i) Let 77 be the investment tax rate that maximizes the commitment utility. Then 7} will

generate the following condition

Ccy = (5R2)%01

Using the FOC ¢y = (M)icl, this implies

(1+7)
S(1+ By)m 5By
(14+7)
If we consider each tax separately,
A+B6y) 4
T+ +77)
(1+7)
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* ’7(5 B 1) *7,

T, =-———>0rs; =T,kg,59=0
i 14~ 1 i k2, 52
(ii) Let 77 , 7%, be the consumption tax rate that maximizes the commitment utility. Then

Ty Te, Will generate the following condition

Cy = ((5R2)%Cl
Using the FOC ¢y = (5(1(J1r§7y))((111212))R2)%01, this implies

51+ By (1 + 75 Ry
Gt O

(L+ B0 +78) _
T+ +78,)

A+7e)  (1+9)

(t7s,) (+871)

. =
81 TegCl
52

. =
7'6202

If we consider the consumption tax in each period separately, the optimal consumption tax
in the first period should be

A+60+7e)
(1+7)

oo A4y
o (1+By)

° T 1+ B)
while the optimal consumption tax rate in period two is defined by

1+py)
T+ +7)

= T+)
2 (1+9)

(iii) It can be seen that labor income tax does not have an impact on the relationship
between first period and second period consumption as defined by

(5R2)7Y
5(14+87) 1 1—g
Co 1+( )o (R2) @ 1
= = d+7) v = (0R2)7 or s1 =52 =0
C1
s 1 1=
14+(XE2) 7 (Ry) =
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(iv) Let 7%, be the capital income tax rate that maximizes the commitment utility. Then

Tg, Will generate the following condition

Cy = ((5R2)%Cl

UHANA=Tr )2y 2 ) this implies

Using the FOC ¢g = (

(1+7)
S+ B = TR
— 2
(1+7)
P € e ke))
T = W )
TR2 = m or s — 0,82 = TRQRQICQ

A.1.2 Partial Equilibrium (ws =0) An individual’s decision problem now becomes

cl—a
Maz(1+7) 1 !

C1,C2 — 0

Cl—a
+0(1+ fy) 2

~1—0o ~1—c

C C
—y[Maz=— + 62—
C1,C2 — 0 l1—0

subject to the first period budget constraint

(1+7'Cl)61+ (1—|—7’i)k‘2 =k +(1—7'l1)w1+31,

and the second period budget constraint

(1 + TC2)02 = (1 — TRQ)RQICQ + S9

The government has no exogenous expenditure and hence its budget constraint in period

one 1s

s1 = Tiko + T, w1 + Te 1

and its budget constraint in period two is

s2 = TRy Roka + T¢,Ca
From the second period budget constraint we find

14+ 7¢,)co — s2
(1 —7R,)R2
Substitute this back into the first period budget constraint to get the life-time budget

by =

constraint
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(L4 7) 1+ 7ey)c2

147,
(14 7¢)c1 + A=) B>

(1+TZ')82 -y

— k4 (1— AETT)S2
1+( Tll)w1+81+ (1_7'R2)R2

Taking the first order conditions
c1:(L4+79)c % = (14 7¢)A

c2:0(1+ By)cy? = (1(41_?)7_(; —)FRTZQ))\

16 = (1+75)A

. (L4T)(147s)
Co 1 0pyc, " = (0= ) s A

Substituting this back into the life-time budget constraint, we can find the relationship

between first period consumption and life-time wealth

(L+7e) O +BY)A+7e)( = Try)m 1

14 7¢)er + ocp =Y
Urredat om0
)% kl—l—(l—Tll)wl—FSl—l—%
‘= S(14+B87)(A+7ey )\ L, (1—TR, )M\ 1=0 - 5(1 147¢, )\ L, (1—TR, )m 1=a
(1t 7e) + CEHGTDT (ER T () + ) 7 ()
1 Ti)s
(GRy)EY (6R2)7 (ky + (1 — 71, )wy + 51 + %)
€2 = S(A+87)(147re )L (1—Tr,)m\1=0 5(1 T+re )\ L, (1—7r, )my 1=0
(L4 7oy + (R0 y (Commbiy 21 g ) 4 (R0 ) (Crrmadny 25

and the relationship between first period hypothetical temptation consumption and life-time
wealth

- (I1+7g) 0801 +715)(1—7TRy)m 1
1 - 2 1 2 p :Y
(I+7a)a+ (1—=7pg,)m (14 75,) )7é
B Yy k1+(1_711)w1+31+%

€= - 1 1—0c

1, (1—7 m\ l=c 1—7 m
(14 78) + (381 +75)7 (™) '7 (L4 7a) + (0801 + 7)) 7 (™) 5
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1 Ti)S
N (0R2)°Y (6R2)7 (k1 + (1 — 7y )wr + 81+ %)

62: =

1, (1—-7 my 1l=co 1 (1-7 my 1l=co
(L 7a) + 81 +72))7 ()™ (U 7a) + (6801 +75))7 (raly)

A.1.3 General Equilibrium Production is represented by a constant returns to scale func-

tion

Yy = F(Ky, Lt) or ye = f(kt)

Firms choose labor and capital to maximize profits

W(Kt, Lt) = F(Ku Lt) —wiLy — i Ky

Capital and labor are each paid their marginal products

re=1+f/(k)—6=1+akd 1 -4

we = fke) = f/ (k)b = (1 — a)kf!

Here we assume that capital fully depreciates after one period (6 = 1). As individuals face
the same utility maximization problem and budget constraint as in the partial equilibrium case,

we obtain the same FOCs and hence the same Euler equations, that is

6(1 +B’7)(1 +7—61)(1 - TR2)m)éc
A +7)(1+7e,) '

CQZ(

6/6(1 + 7-51)(1 - TR2)m
(1 —l—TgZ)

~ 1
¢y = ( )oc1
In a general equilibrium setting, wages and interest rates are no longer exogenous and the

above equations become

S(L+ )L+ 7e, ) (1 — TRy )k ™" 1

N R M (T N

0B(1 +75)(1 — 7Ry )akg ™!

(14 75)1+75) )7a

&= (

Define Rj as the gross interest rate when individuals have standard preferences and R} the
gross interest rate when individuals have self-control preferences. R§ will be less than R} as
individuals who have standard preferences save more than individuals who have self-control
preferences. Hence optimal taxation remains in the same direction but the amount is smaller.

(i) Let 77 be the investment tax rate that maximizes the commitment utility. Then 77 will

generate the following condition
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c2 = (6RY)7cy

Using the FOC ¢y = (M)icl, this implies

(1+7)
o(1
A+B)m _ RS
(14+7)
If we consider each tax separately,
1 t

(T+7)A+77)

. (1+pBy)RS
T, = 1 \ps 1
(1+7)R3
. R — R3S ++(RYB - RS)

T. —

' (L+7)R3

11 et 7.,,T (§ € consumption tax rate al maximilzes € commitment utuity. c1n
i) Let 77,77, be th tion tax rate that maximizes th itment utility. Th

* *

T7» Te, Will generate the following condition

Cy = ((5R§)%Cl

Using the FOC ¢y = (6(1(J1rf 1))((111:”))1%2)%@, this implies
c

S(1+pBy)(1+715)Ry
Qrnirr,)

A+ BNA+TE)R _
I+y+rs,)  F

A+7e)  A+7)R

(1+7) (1+p7)R}

If we consider the consumption tax in each period separately, the optimal consumption tax
in the first period should be

(1+By)(1+ 75 )RS
(1+7)

= R}

oo (L+7)RS
(14 pB)R,

o _ Ry— R +y(R5— BRY)

“ (1+ Bv)R,

while the optimal consumption tax rate in period two is defined by
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A+BNR; o
L+7)A+7z,)

o _(U4pNRy
R

. _ Ry— R3+(RYS— )
“ (14+7)Rs

(iii) It can be seen that labor income tax does not have an impact on the relationship

between first period and second period consumption as defined by

(6RL)3Y
1 1—0o
co  HCEER)T(RY) o S
o v = (0Ry)>
1 1—0o
1+(20FE80) 5 (RE) 75

(iv) Let 7%, be the capital income tax rate that maximizes the commitment utility. Then

Tk, Will generate the following condition

Cy = ((5R§)%Cl

Using the FOC ¢y = (5(1+’8W()1(i;; RQ)R%)%Cl, this implies

0(1 + By)(1 — TR,) 1

2 S
—6R
(147) 2
T =1= M
e (1+B7)R;
. _ Ry~ Ry +n(Ri8- Ry
e (1+B7)RS

A.2 Elastic Labor Supply

A.2.1 Separable in Consumption and Labor Supply Assuming that the individual has
self-control preferences and that the utility function features constant relative risk aversion

separable in consumption and labor supply, his decision problem is

i A
M 1 — o(1 —
Chhggfl?( )l H@H 1+ 67T 1+<p]
~l—0 ~l—0
c c
—~ M 1 ) 2
7[51%51—04_ ﬁl—a]’

subject to the life-time budget constraint

(T + 7)1+ 7¢y)c2
(1 —=7R,)R2

(1 +Tcl>01 +
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(1 —+ Ti)(l — 752)w2l2 n (1 + TZ‘)SQ —y
(1 —7Rg,)R2 (1 —7R,)R2

=k —l—(l _Tll)w1l1+51 +

Taking the first order conditions
e (147)er” = (14 70)A

(L4 7)1+ 7ep)

A
(1 — TRz)RQ

c2:0(1+ By)ey? =

ll : (1 +’Y)l<f = —(1 — Tll)wl)\

(L + 7)1 = 71, )wa

A
(1 —7g,)R2

la: (1 +,87)12<'0 = —

1967 = (14 74)A

(1 + T,‘)(l + 7—52)
(1 —7R,)R2

From the FOCs we obtain the relationship between the first period and second period

&y 08757 = A

consumption, the first period and second period labor supply, and the first period and the

second period hypothetical temptation consumption.

00+ Fy) L+ 7e )0 = Try)m 1
T+ 7)1 +7e,) '

62:(

lo = ( <1+7)(1_7—l2)w2
27N+ ) (1 — 1) (L — Ty wim

)ill

01+ 7)1 —TR,)m

)l~
G'C]_
(1 +Tg2)

&=

Substituting this back into the life-time budget constraint, we can find the relationship

between first period consumption and life-time wealth

(1+7ey) 0146871+ 7¢)(1 —TRy)m 1

1 sc1 =Y
Crreet T At O
Y
‘= §(14+B7)(A4+7¢ )\ L, (1=TRy)m \ 1=2’
(14 7¢) +( 1+9) )7 ( (+7ey) )

the relationship between first period labor supply and life-time wealth

k1 + (1 — Tll)wlll + 81
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(1 =71, w2 (L4 7)(1 = 71, Jwa

(1 + TZ‘)SQ _y
(1 - TR2)m 5(1 + /6’7)(1 - Tl1)(1 - TR2)’U)1m

+ IS Vs
(1 —7R,)R2

1
)%"ll +
Y — kl — 81 — 7(1+Ti)32

(1-7TRy)R2

(1- Tll)wl + (6(1+5’§’)(11)T11)w1)¢((1*722)72)

I =

oF1 )
©

and the relationship between first period hypothetical temptation consumption and life-time
wealth

~ (14+715) 081 +75)(1—TRy)m 1.
1 E o :Y
Urra)ar gm0
- Y
‘1= L, (I—try)m,1=0
(1+7—51)+(6ﬂ<1+7_51))0( (I+7z,) ) 7

Considering an individual with standard preferences (v = 0),his optimal consumption levels

will be according to

0(14+7¢)(1 —7TRy)m 1

62:( (1+Tcg) )UCI
and
. Y
1= —T m\l=c
(14 7e,) + (01 + 74, )) 7 (LTmdmy 152

(lJrTC2 )

Considering an individual with standard preferences (7 = 0),his optimal labor supply will

be according to

(1 — TZQ)'UJQ
(5(1 — Tll)(l — TRQ)wlm

1
l2:< )“all

and

(1474)
Y —k —s1 — 7(1—722)51%2

1 (1-71p) )ws | £+t
(1 =7 )wr + (5(1—7111)11;1)”(51—7332))7;) ’

=

Following the same method used in the inelastic labor supply case, we now analyze separ-
ately (i) the optimal investment tax (ii) the optimal consumption tax (iii) the optimal labor
income tax and (iiii) the optimal capital income tax.

(i) Let 7} be the investment tax rate that maximizes the commitment utility. Then 7} will

generate the following condition

Cy = ((5R2)%Cl
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Using the FOC ¢y = (%)%017 this implies

6(1+ By)m

— R
(1+9) 2

If we consider each tax separately,

A+6y) 4
(I+yA+77)
L (148
Ty !
TP = mor 81 =T ko, 82 =0

(ii) Let 77 , 7%, be the consumption tax rate that maximizes the commitment utility. Then

*

Th» Te, Will generate the following condition

Cy = (5R2)501

Using the FOC ¢y = (5(1(1“51))((111?1 ))Rz)icl, this implies
c2

5(1+ B7)(1+75)R

2
=0R
A+ +75) 2

(1+8y)(A+77)

(E AN

(1+7%) (I +) s1 T4 CL

(I+75) (1487 sz 750
If we consider the consumption tax in each period separately, the optimal consumption tax
in the first period should be

(1+8y)(A+77)

i+

. _ A+

"o = (15 B7)

* ’7(1 _5)

Ta = (15 By)

On the other hand, the optimal consumption tax rate in period two is defined by

+6y)
1+ +7E)
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.
= ’V(B_l)
2 (149)

(iii) Let 7}, 7}, be the labor income tax rate that maximizes the commitment utility. Then

77,7}, will generate the following condition
1 2

w2 1

lo = vl
2 5w1R2)¢ !

Using the FOC [y = (5(1(_’1_;3))((11::;2))5121%2 )ill, this implies
1

A+NA-71h)ws ws
S(1+B7)(A =71 )wiRy  dwiRy

1+ -73)

A+pA-77)

(A-7h) _ (L+87)  s2_ Tiwels
(1—17) (1+7) s1 1wl

If we consider the labor income tax in each period separately, the optimal labor income tax
in the first period should be

(1+7) _
1+ By)A=77)

(1+7)
(1+87)

* 7(5 — 1)

Th T (14 By)

On the other hand, the optimal labor income tax rate in period two is defined by

* P J—
Tll =

1+ -73)

i+6)
o1 1+57)
N )
s _1=5)

27 (1449)

(iv) Let 7%, be the capital income tax rate that maximizes the commitment utility for

consumption. Then 77,  will generate the following condition
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Ccy = (5R2)%01

Using the FOC ¢g = (6(1+’87()1(J1F;)T RQ)RQ)icl, this implies

5L+ (1~ 75, )R
(1+7) =0t
R ¢ )
T 1T W By

T = _fors; =0,50 =Tk Rok
Foe = (14 B7) 1 2 Ry k2

Let 7%, , be the capital income tax rate that maximizes the commitment utility for labor

supply. Then TEM will generate the following condition

wa
ow1Ro

I = (

Using the FOC Iy = (5(1+ﬁ$)laj)f;2 YT )éll, this implies
2

(1 +y)ws _ w2
5(1 + 5’7)(1 — TEQJ)wlRQ dwi R

oo A47)

e (1+57)
* ’7(5 — 1) * 1.
TRQ,Z = mor S1 = 0,82 = TR2R2k2

When individuals have standard preferences their M RS, ;, are

U 17 1
MRSchh s s 7( +Tcl)

Uh N l(f (1 — 7'[1>’w1

—0 —0
' Ue, dcy e

MRS, ,, : =2 = _
N I V7 1%

(1+Ti)(1+7—02> (1_TRz>R2 _ (1+752)

(1—7’R2)R2 (l—i-TZ')(l—TlQ)wQ N (1—7‘12)’[1}2

When individuals have self-control preferences their M RS,, ;, are

U 1 7 7 1
MRSClyll P = 7( +"}/)Cl — 017 — ( + Tcl)

U, 4+ =T

Ue _ 801+ 67)5° _ &°
U, ~ 6+

]\4]‘2562712 :
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A+7)(0+7e) (=Tr)R _  (14+7c)

(1*7’R2)R2 (1+Ti)(1*7'12)’w2 N (1*7‘52)102

A.2.2 Non-separable in Consumption and Labor Supply An individual’s decision

problem is now

(1~ L))t (31— 1))

M 1 o(1
JMaz, (1+7)] o ]+ 01+ Bl -5 ]
-0 -o
—y[Max I o3 2 ]
C1,C2 1-— g 1-— g

subject to the life-time budget constraint

(1 —i—Ti)(l —I-Tc2)62
(1 —=7R,)R2

(1 —|—Tcl)61 +

(1+7’Z’)(1—Tl2)’w2l2 (1+Ti)32 -y

— k4 (1— z _
1+ 1 =71 )wily + 51+ 0= ) Fo 0= rn)Fs

Taking the first order conditions
e (L4+~)n(l - ll)(lfn)(lf")c’f(l_a)_l = (14 7¢)A

L+ 7)(1+7¢,)

¢y 0(1+ 1 — 1) a-m-o) ai-o-1 _
20 0(1+ By)n( 2) 9 Ty

A

s —(1 =) (14 7)(1 = 1) A=) =127 — () 7y o A

+ 7)) (1 — 7, )we
(1 =7R,)R2

—o 1
Iyt —5(1—n)(1+ By)(1 — lp)T-m-o)=10=0) _ ( \

16 =14+ 75)A

(1+7)(1+75)
(1 — TRZ)RQ

From the FOCs we obtain the relationship between first period and second period con-

Cp 1 0fyCy 7 = A

sumption, the first period and second period labor supply, and the first period hypothetical

temptation consumption and the second period hypothetical temptation consumption

e =|( (T+9)(1+ 7)1+ 75) (1-1)
2= ST ) (A F o) —Tr) R (1~ Io)

)= (=) i=e7=1 ¢,

(1 _ ll) _ [(5(1 (_’i f:?é:(ll__T;_i;Uul)iél_—i_TiQ))R?) %)77(170')] (l—n)(}—o)—l (1 — l2)
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6B(1 + 7-51)(1 - TRz)m
(1 + 7—52)

It can be seen that while the relationship between first period and second period con-

~ 1__
ca = ( )eci

sumption depends on the relationship between first period and second period labor supply, the
relationship between first period and second period labor supply also depends on the relation-
ship between first period and second period consumption. Substituting these relationships into

each other we get

Cy =

( (I+)A+7e) 1+ 75) 6(1+B7y)(A =7 )wi(l —7R,)R2 2 n(1—a))(fi;)”(’fi;;’ll],7(1_1(,)_101
6(L+BY)(L+7¢)(1 = TR,y R2 I+NA =7R)wa(l+71) e

5(1 + 67)(1 - Tll)wl(l - TRz)RQ (
(I +7)(1 = 7)wa (1 +75) O(1 4 By)(1+7¢)(1 = Try)R2 " (1 = la)

(L+7)0+ 702)51 =70) (= h)yaen-o)) st e

(1=l) = [(
In order to find the optimal tax and see how it differs from that of a separable in consumption

and labor supply case, we now summarize the relationship between consumption in both periods

and labor supply in both periods for the two cases

Separable Non-separable
1 [A-—n(A-0)—1[n(A=0)—1]
Consumption | co = Doy co = Fla-n-0)-1]n(1-o)=1]-[n(1-n)(1-0)?] ¢;

[(A=n)(A=0)—1][n(1—0)—1]

1 — —0)— —0o)—1]— — —o
LabOI' Supply l2 — Eall (1 _ l2) — G[(l n)(1 )—1][n(1 )—1]=[n(1-m)(1 )2] (1 _ ll)

where

b S04 B+ 7)1 = )
(1420 +7e)

(-
5(1 + 67)(1 - 771)(1 - 7—R2)wl7n

T4+ +7e)(1+75) (1 +By)(1 —7)wi(1 — TR,) R ) (1(;)"()1(:;’21]77(1_10)_1
(14 B7)(1+7¢,)(1 — TRy ) R2 (1 4+ )1 = 11 )wa (1 + 75)

F=[(5

01+ By)(A =1y )wi (1 — TR, Re
(1 +’7)(1 — Tl2)w2(1 +7—i)

(1 + 7)(1 + TC2)(1 + Ti) n(nl(i;;le](l_n)(%_g)_l
(14874 7e,)(1 = TRy ) Re

G =l

)

The self-control parameters in this case have less of an impact on consumption and labor

1 .
6((11:%) 681&%)&@ the latter. Turning to the

marginal rate of substitution between consumption and labor supply (M RS,, ;,) in both periods,

)5 for the former and (

supply, specifically (

when individuals have standard preferences their M RS, ;, are

UCI o 77(1 _ll) . (1+TC1>

MRS,, ;, = —
YU, T =pe . (T—T)w
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U. n(1—12) (1+7¢y)
MRS, : 2 — = 2
22U, T A —me (- Tp)ws

When individuals have self-control preferences their M RS,, ;, are

MRS, U _ (=)t a1 —k) (L 7e)
R (1—n)(1+7)(1— ll)(lfn)(lfa)flcli(l_ff) 1-nca (1—7,)w
s Ua _ 804 Byn =)0t g — 1)
eyl ¢ = N =
UL S )1+ By)(1 - lp)A-m—)=1g0m) (1= mey

(1+T1‘)(1+7'02) (1—TRQ)R2 . (1+T02)

(1—=7g,)Re (14 74)(1— le)wg (1-— 7'[2)’11)2

B. The T Period Model

B.1 Inelastic Labor Supply

Assuming that an individual has self-control logarithmic preferences we solve the problem

backwards, find the optimal consumption choices, and use those decision rules to obtain the

value function. An individual’s problem at time T — 1 reads

Maz (1+)(logcr—1) + (1 + B)(log cr)

CT—1,CT

—y Max loger—1 + 68 loger

CT—1,CT
s.t. (1 + TcT,l)CT—l + (1 + Ti,T—l)kT = (1 — TRT_l)RT—lkT—l + (1 — TlT,l)wT—l + S7_1

and (1 + TCT)CT = (1 — TRT)RTkT + (1 — TZT)U)T +sr=Yr

The government has no exogenous expenditure and hence its budget constraint in period

T—-1is

sp—1=Tir-1kr + TRy Rr—1kr_1+T1)p JWP—1 + Tep_ -1

and its budget constraint in period T is

st = Trp Rrkr + T, wr + TopCr

From the T period budget constraint we find
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(1 + TcT)CT — (1 — TlT)wT — ST
(1-— TRT)RT
Substitute this back into the T" — 1 period budget constraint to get the life-time budget

constraint

by =

(1 + Ti,Tfl)(l + TCT)CT
(1 — TRT)RT

(1 + 7_CT—1)CT*1 +

(1 + Tz‘,T—l)(l — TlT)wT (1 + Tz‘,T—l)ST

= (1—TRT_1)RT—lkT—l‘i‘(l_TlT,l)wT—1+3T—1+ (L —rr)Rr + (= 7n)Rr =Yr_4
Taking the first order conditions
1+
cr—1: Char) =1 +7er )N
CcT—1

o - 6(1+p8y) _ (A+7ira1)(d +7'cT))\
o cT (1 — TRT)RT

Ty = = (1+ 75 )\
CT—1

= 08y _ (At mir—1)( +7e)

= A
er cT (1 _TRT)RT

From the FOCs we obtain the relationship between T'—1 period and 7" period consumption,
and T — 1 period hypothetical temptation consumption and 7" period hypothetical temptation

consumption

1 . 5(1+6’Y)(1+TCT71)(1_7-RT)m 1

cr1 (1 +7)A+7ep) er

1 (1 +71z_,)1—TRr,)m 1

ero1 (1+7z) cr
Substituting this back into the life-time budget constraint, we can find the relationship

between consumption and life-time wealth at T"— 1

(1 + Ti,T—l)(l + TCT) 6(1 + /67)(1 + TCT—I)(]‘ - 7_RT)WL

147, _
Ut Ter)er == Ry A0+ 7op)

cr—1=Yr_1

(L +By)(L+ 7ep_y )ar—1
(1+7)

(1+Tep)ar—167-1 + cr—1=Yp_1
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(I+7) 1
L+7)+6(L+B8y) (1 +Tepy)

cr—1 = ( Yr_q,

the relationship between consumption at period 1" and life-time wealth at period 7' — 1

(14+7) 1 (L4 7i7-1)(1 4+ T¢ep)er

Yr_ =Yr_
A+ 400487 U trery) "2 A= rp)Rr -1

(1 + TCTfl)

(L+7ir—1)(1 + Tep)grer (147)

(1 - 7ry)Rr R GO g T R

6(1+ Bv) (1 —7r;)Rr
1+9)+6(1+8y) A+ 7ir—1)1+7ep)

CT:<

the relationship between hypothetical temptation consumption and life-time wealth at
T-1

I+ 7ir—1)(1+75,) 0B(L+7a_ )1 — TRy )m _

1+75. )er—1+ cr—1=Ypr_
U me ot g YRy 1+1e) L=V

(14 7&_)gr—16r—1 + 08(1 + 7z,_, )gr—1¢r—1 = Y1

and the relationship between hypothetical temptation consumption at period T and life-time
wealth at period T'— 1

1 1 (I4+7r-1)1+75.) -
Yr_1+ ’ T er =Y
1+68(0+7s_,) @ (1—7r )Ry = 71

(1 + TgTil)

(L+71ir—1)(1 + 72.)qr -
Yr_ : = =Yr_
T-17+ (1 =75, ) Rr cr = Yr-1

L
14468

~ 6] (1 _TRT)RT

cr = Yr_
T 1580+ ) +75)

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

becomes

Ur—1 = (loger—1) + 6(loger)

Inserting the consumption allocations as functions of Yp_jinto the value function of period
T — 1 delivers
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(L+7) 1
(T+9)+6(1+87) (L+7ep,)

Ur—1 = log( Yr_1)

6(1 4 Bv) (1 —7Rr,)Rr
I+ +01+8y) (L +7ir-1)(1 +7er)

+6 log( Yr-1)

Ur_1 = (1 + (5) log Yr_1

(1 —7gr,)Rr
(1 + Ti,T—l)(l + TCT)

+ log + dlog

-
(I+7ery)
At T — 2 the budget constraint becomes

M+ 7epy)er—2+ (A +7ir2)kr1 =1 —7Tgry ,)Rr2kr—2+ (1 —7,_,)wr—2+s7-2
Using the rest-of-lifetime budget constraint at 7' — 1 we find

[ Yr_q _ (1 =T Jwr—1 _ ST—1
 (M=7Ry )Br1 (A—=7gy)Rr1 (1 —7pgy_)Rr

(14 757-1)(1 — 71.)wr (1+T7ir-1)sr

(1 =7rp)Rr(1 = 7Ry )Rr—1 (1 = 7TRy)Rr(1 = TRy )Ry
Substitute this back into the T — 2 budget constraint to get the rest-of-lifetime budget

constraint at 7" — 2

Yo
(1 + TCT—Q)CT*Q + (1 — TRT I)RT . = (1 - TRT—2)RT*21€T72 + (1 - Tlez)waQ + s7_2
T_1 -

(=T Jwrg ST-1 A+ -1 )wr (I+7ir—1)sT Y,

(1=7gy_)Br—1 (1=7gy  )BRr—1 (1 =7gy)Rr(1 = TRy )Rr—1 (1 —7TRp)Rr(1 — TRy )R

The objective of the government is to maximize

Max (14 v)(loger—2)

cr—2,Yr-1

+6(1+ By){(1 +6)log Y7y

(1 —7r,)Rr
(1 + Ti,Tfl)(l + TCT)

+ log + dlog

}

(1+ TCTfl)
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—y_Mazx logcr—o+ 6B{(1+ 8)logyr—1

CrT—2,Yr—1
(1 — TR, )Ry
+log —— +dlo &
S0t o) T T r) (o)
The FOCs are
1
( +7> :(1+TCT72))\
cr—2
S(1+By)(1445) A
Yr (1—7gr, ,)Rr—1
From the FOCs we find the relationship
1 S(1+6)(1+ By) 1

= 1 c 1-— _
cr_o (1 _1_,7) ( +7 T—Q)( TRTfl)RT 1

From the rest-of-lifetime budget constraint at 7" — 2,we can find the relationship between

Yry

consumption and life-time wealth at T — 2

1 Yry
1+ TcT_2)QTf2 (1 - 7-RT71)RT*1

cr—2 = (

1 5(1+6)(1+ By)
N (1+7)

(L4 Tep y)qr—20T—-2)

_ 1 B 0(146)(1+ By)
B (1+ TCT—Z)QT*Z Yr (1+7) er-2)

S(1+6)(1+ By) 1
_ o = Yr_
T2 T 0y T T (Ut e

L+ +0+)A+8y) 1 v
(I+7) e (L4 Tep_p)ar—2 2

(1+7) 1

2T AN+ 00+ 01+ (1 + TCH)qT_QYT‘2

Cr_

)

and the relationship between life-time wealth at period T'— 1 and T — 2

Yr1 (1+7)

R -l ¢ R . G T W R
YT 5 — (1 + ’7) YT 9 = YT*I
2T T s A5 2T U= 7y ) s
5(1+ 8)(1+ fv) v
T—-2 —

(1+7) +0(1+0)(1+ By) (1= TRy, )Ry
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(14 6)(1+ By)
(1+7)+6(1+6)(1+ By)

As a result, the relationship between consumption in period T'— 1 and T — 2 is

— = - T— —_ J—
Yrq (I1—=7gy ) Rr—1Yr—o

r S(L+6)(1+ By) (1+TCT72)(1_TRT71)m 1

CT—2 (1 + 7) + 6(1 + ﬂ'}’) (1 + TCT71) cr—-1

Continuing this procedure backwards we can conclude that

1 (14 76)(1 = TRy ) R 1
Ct (I +7e )X +Tie)  crp1

If an individual has standard preferences (v = 0),this relationship will be the same in each

period and is defined by

1 6(1+7.)(1—7TRreg1)m 1

c (1 +7c) Ct+1

We now analyze separately (i) the optimal labor income tax (ii) the optimal capital income
tax (iii) the optimal investment tax and (iiii) the optimal consumption tax. The government
chooses taxes in each period in order to maximize an individual’s commitment utility. Hence

the optimal allocation must satisfy the FOCs

which lead to the Euler equation

5th+1L _ 1
Ci+1 Ct
The government implements this allocation by choosing tax rates such that the Euler equa-
tion of the consumer equals the government’s Euler equation above.
(i) It can be seen that labor income tax does not have an impact on the relationship between
first period and second period consumption.
(ii) We consider the capital income tax rate that maximizes an individual’s commitment
utility for consumption
1

Mip1(1— 7R,y ) Riy1 = 0Rep1 ——
Ct+1

b) 14+ +61+0+...+07 21+ )

1 — =
(I =Tres) = 3775 Q+6+..+6""" 1+ )
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(8 —1)
(1464 ..+ 677H(1+8y)

TRi+1 =

Because (1 + 6 + ... + 67 7'71) is a geometric series, when 7" — oo, the optimal subsidy

converges to

Y(B = 1)(1-9)
(1+57)

(iii) As for investment taxation, the rate that maximizes an individual’s commitment utility

TRiy1 —

for consumption is

Ry 1 1
My ——————— =Ry —
0 7o) ot o
(1+7iy) = My, (1+04..+ 67711+ 8y)
it 5 (L4+7) + (144 ... + 677721+ 67)
Ti,t — ’Y(IB - 1)

I+ +6(1+6+... -6 (1 + By)

In addition, as T — oo, the optimal subsidy converges to

S | Gl
T Q4+

(iv) Finally, we look at consumption taxation

(1+TCt)Rt+1 1 — SR L
s (I+7en) 1 e
(I47) 6 (1+9)+60+0+...48 "1+
(L4+7Ten) M (1464 ... +677 N1 4 8v)

Moreover, if T'— oo, the optimal tax converges to

(L+7e) () + 2550
(1+Tct+1) %

B.2 Elastic Labor Supply

An individual’s problem at time T — 1 reads

Max (1 +~v)(loger—1 —loglr—1) + 0(1 + Bv)(log er — loglr)

cr_1,erlr_1,lT

—y Max loger—1 + 68 loger

CT—1,CT
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st. (L+7ep Jer—1+ A+ 71ir—1)kr =1 —7rp ) Rr—1kr—1 + (1 — 71 wr—1lr—1 + s7—1

and (1 + TCT)CT = (1 — TRT)RTkT + (1 — TlT)leT +sp=Yp
The government has no exogenous expenditure and hence its budget constraint in period
T—-1is
Sr—1 = Tz’,T—1ET + TRy, Rr_1kr—1 + Tlp ,WT—1 + Tep_,CT—1

and its budget constraint in period T is

s = Trp Rrkr + T, wr + TopCr

From the T period budget constraint we find

(1 + TCT)CT — (1 — TZT)leT — ST
(1 —7gr,)Rr
Substitute this back into the T"— 1 period budget constraint to get the life-time budget

constraint

kr =

(I+7i7-1)(1 +7ep)er
(1 —7r,)Rr

(1 + 7-CT71)CT—1 +

(14+71i7-1)1 — 11 )wply (L4 7570-1)sT

= (1=TRry_ ) Br—1kr—1+(1=T1;_ Jwr—1lr—1+sr—1+

(1 —7Rr,)Rr (1—7Tr )Ry
Taking the first order conditions (FOCs)
1+
or-1: L+7) _ (1+Tep_y)A
cr—1

048y A+Tir—)(+ 7o)

er = A
1+
lr—1: <l ) =—(1 = 7pp_ Jwr—1A
T-1
(1 +pBy) (A +Tir—1)( = Tip)wr
Ir - = - A

lT (1 — TRT)RT

= = (1+ 75 )\
cr—1
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oy (M+Tira)(I+7E)
cr T — =

A
cr (1—7Rr,)Rr

From the FOCs we obtain the relationship between T'— 1 period and 7" period consumption,
T —1 period and T period labor supply, and T'—1 period hypothetical temptation consumption

and T period hypothetical temptation consumption

1 _ 5(1+6’7)(1+TCT—1)(1_7—RT)m 1

cr-1 (1 +v)1+7ep) cr

1 _ 5(1 + ﬁ’y)(l - 7_lT71)(1 - TRT)walmi
lr—1 L+ =7 )wr Iz

1 (14715, )1 —TRr,)m 1

cr_1 a (1+T'5T) cT
Substituting this back into the life-time budget constraint, we can find the relationship

between consumption and life-time wealth at T — 1

(1 + Ti7T—l)(1 + TcT) 5(1 + /37)(1 + TCT71)(1 - 7—RT)WL
(1_TRT)RT (]‘+’7)(]‘+TCT)

(1+Tep_yJer—1+ cr—1=Yr 1

(5(1 + ,B")/)(l + TCT,l)QT—l
(1+7)

(1 + 7'CT71)(]T—ICT—1 + cr-1=Yr_q

(1+7) 1
L+9)+0(1+8y) (1 +7epy)

cr—1 = ( Yr_1,

the relationship between consumption at period 1" and life-time wealth at period 17" — 1

(1+’Y) 1 v n (1+Ti,T—1)(1+TcT)C
L+ + 01 +57) Ut rep,) (1 —7ry)Rr

(1+Ter_y) L=y,

A+ 7ir1)( + Ter)arer _ (L+7) v
(1—7r,)Rr T T sy rs(1+ 8y

1

6(1+pv) (I —7ry)Rr

Yr_1,
1+7)+0(1+87) A+ 7ir1) A +7ep)

CT:(

the relationship between labor supply and life-time wealth at T — 1

(1—=7gy_)Rr—1kr—1+ (1 — 7y )wr_1lp—1 + S7_1

(14 757-1)(1 — 71 )wr 6(1+ By)(1 = 7 ) (1 = TRy )wr 1M
(1 —Try)Rr 1+ =7 )wr

(L4 7ir-1)sT

=Yr_
(1 -7, )Rr =1

lp—1 +
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(liTRT)RT ’

(14 By)(1 =7 Jwr 1
(1+7)

where XT,1 = YT,1 - (1 - TRT_l)RTflkal — ST-1—

(1 - TZT—l)wT*IZT*I + lr—1=Xr_1

(1+7) 1
(L47)+0(1+By) (1 = 71y Jwr—

The relationship between labor supply at period T' and life-time wealth at period T'— 1

lr—1 = Xr-1

(14+7) 1
0 T T T S04 ) (0 iy Jwr
A+7ir—1)(1—1)wr,
- (1 — 7Ry )Ry b= X7
A+7ir—)d - 7)wr, (L+7)
A—7re)Br T T @y ro syt
L b+p) (-t
T 0+ 461+8y) A+ 7ir—1)A —mpwp Y

the relationship between hypothetical temptation consumption and life-time wealth at T"— 1

4+ 7ir—1) (L +75,) 081 + 7, )(1 = TRy )M _

1475, )er—1+ cr—1 = Y71
( o) (1 —7Rry)Rr (14 7z,)

(I +75,_,)ar—1¢r—1+ 081+ 7¢,_, )gr—1¢r—1 = Yr_1

N 1 1 v
cr_1 = 1,
1+ 0+rs )

and the relationship between hypothetical temptation consumption at period T and life-time
wealth at period T'— 1

1 1 (I+7mir1)(L+7z) -
Yr_q1+ ’ Ler =Yr_
1+5ﬁ (l—i-TgT_l) =1 (I—TRT)RT T =1

(14+75_,)

1 A+7ir—1)1+75)9r -
— Yr_i+ : ——cr =Yr-
1 Top 7! (= 7n)Rr T T—1

~ op (I —7r,)Rr

cr = Yr_
T80+ )1 +75)

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

becomes
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Ur—1 = (logep—1 — loglp—_1) + d(log ey — logly)

Inserting the consumption allocations as functions of Y7_jand Xp_jinto the value function
of period T' — 1 delivers

(I+7) 1 (1+7) 1

U = o ) o ) (T e ) ) B ) o0 ) (0 7oy Jwr s

Xr-1)
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Xr.

Ur—1=(1+6)logYr_1 — (1+0)log X7 1

(1—7’RT)RT 1 (1—7’RT)RT

+1lo —lo
& Otrir )0+ 7o) (=70 )wr (I + rir1)(1 — 71 )wr

+d log

(1 + 7—CT71)

At T — 2 the budget constraint becomes

I+ 7ep y)er—2+ A+ 7ir—2)kr—1 = (1 — TRy o) Rr—2kr—o + (1 — 71, _, )wr—alr—o + s7_2
Using the rest-of-lifetime budget constraint at T — 1 we find

[ Yrq B (1 =71 Jwr—1lr— B ST_1
~ (1 - TRT71)RT—1 (1 - TRTﬂ)RT—l (1 - TRT71)RT—1
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Substitute this back into the T' — 2 budget constraint to get the rest-of-lifetime budget
constraint at T — 2

(1 "‘Ti,Tfl)(l —TlT)leT (1 "‘Ti,Tfl)ST
1

Yr_ Xp_
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The objective of the government is to maximize

Max (I +v)(logecr—2 —loglr_2)

cr—2,lr—2,Yr_1, X171

+(5(1 + 67){(1 + 5) lOg YT—l — (1 + (5) lOg XT_1
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From the FOCs we find the relationships
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From the rest-of-lifetime budget constraint at 7' — 2,we can find the relationship between

consumption and life-time wealth at T — 2

1 Yr
14 Tep o)ar—2
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and the relationship between life-time wealth at period T'— 1 and T — 2
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In the case of lT_gwhere XT_Q = YT_2 — (1 — TRT,Q)RT—ZkT—2 — ST_9 — %, we

can find the relationship between labor supply and life-time wealth at 7" — 2
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As a result, the relationship between consumption in period 7" — 1 and T — 2, and the

relationship between labor supply in period T'— 1 and T — 2 are respectively
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Continuing this procedure backwards we can conclude that
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If an individual has standard preferences (y = 0),this relationship will be the same in each

period and is defined by
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Ct - (1+7—Ct+1) Ct+1

1 61 —7,)(A = TR Jwm 1
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We now analyze separately (i) the optimal labor income tax (ii) the optimal capital income
tax (iii) the optimal investment tax and (iiii) the optimal consumption tax. The government

chooses taxes in each period in order to maximize an individual’s commitment utility. Hence

the optimal allocation must satisfy the FOCs

1
)
Ct g
0 _ A
cr1 Ry
1
E = —wt)\g
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which lead to the Euler equations
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Ct+1 Ct

(SRtJrlwt 1 - 1

wepr lerr g
The government implements this allocation by choosing tax rates such that the Euler equa-
tion of the consumer equals the government’s Euler equation above.

(i) Considering labor income taxation
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Moreover, if T — oo, the optimal tax converges to

(1—7,) (147 + 280

(1 _Tlt+1) B %

(ii) We first consider the capital income tax rate that maximizes an individual’s commitment

utility for consumption

ORy 1
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Then we look at the capital income tax rate that maximizes an individual’s commitment
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utility for labor supply
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In addition, as T" — oo, the optimal subsidy converges to
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(iii) As for investment taxation, we first consider the rate that maximizes an individual’s

commitment utility for consumption
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If T — oo, the optimal subsidy converges to
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(iv) Finally, we look at consumption taxation
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When T' — oo, the optimal tax converges to
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