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Abstract

When an individual uses different discount rates for different sources
of utilities, we call it non unitary discounting. We show that a decision
making of the individual becomes time inconsistent. We examine a sim-
ple neoclassical growth model with endogenous labor supply in which an
individual discounts the utility of consumption and utility of leisure dif-
ferently. We derive competitive equilibria in which individuals behave in
a time consistent way. We investigate welfare performances of the econ-
omy by comparing the allocation of competitive equilibria and that by a
central planner. The planner cannot commit its initial decisions like the
individual. Thus, the planner must solve the allocation problem in a time
consistent way. The welfare performance of the allocation by the cen-
tral planner dominates that of the competitive equilibria from an initial
point of view; however, the opposite result obtains from a future point of
view. We finally examine whether a government can reconcile this welfare
conflict by using tax policies.

JEL classification: E21; H21; O41; Z00

*We would like to thank Takao Asano, Shinsuke Ikeda, Yoshiyasu Ono, Hirokazu Ishise,
Ken-ichi Hashimoto, Katsuhiko Hori, Keizo Mizuno, and seminar participants at Okayama,
Osaka, Kobe, Tezukayama, and Kwansei Gakuin Universities for many helpful comments.
Koichi Futagami gratefully acknowledge financial support from G-COE (Osaka University)
"Human Behavior and Socioeconomic Dynamics.’

tGraduate School of Economics, Osaka University, 1-7 Machikaneyama, Toyonaka, Osaka
560-0034, Japan; E-mail: futagami@econ.osaka-u.ac.jp

tCollege of Economics, Aoyama Gakuin University, 4-4-25, Shibuya, Shibuya-ku, Tokyo,
150-8366, Japan; E-mail: t-hori@aoyamagakuin.jp

$Department of Social Engineering, Graduate School of Decision and Technology, Tokyo
Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo, 152-8550, Japan; E-mail:
ohdoi@soc.titech.ac.jp



1 Introduction

A father: Could you stop playing football and mow the yard tomor-
row? After completing the job, I will give you $20.

His son: Really? I will. Then, I can buy a new game software!
Tomorrow has come.

The father: Why are you going out to play football? Mow the yard!
You promised yesterday, didn’t you?

His son: Sorry daddy. I think $20 is not enough for the job.

Why did the son break his promise? Is this because he is a liar? We can give
this an another reason. He is not a liar, however, he discounts reward of $20,
R (or purchase of the software) and benefits of playing football, F, differently.
Suppose that, on the first day he applied a lower discount factor 3; for the
benefits of playing football and a higher discount factor (. for the purchase
of the software, that is, 8, < (.. Then, §,F < B.R and F > R are possible
simultaneously. If so, the boy can accept his father’s job offer on the first day
and can simultaneously break it on the next day because the cost outweighs the
reward on the day.

This behavior is related to the domain effect; that is, the discount rates
(or factors) may differ for different domains.! In the above example, different
discount rates are applied to reward (utility) and effort (disutility). An experi-
mental study by Soman (1989), indeed reported that the behavior like the above
boy was often observed among his trial subjects.

When an individual uses different discount rates for different sources of util-
ities, we call it non-unitary discounting. Non-unitary discounting caused by the
domain effect clearly provokes time inconsistent decision making of individu-
als.?2 The time inconsistent decision making arises because an individual cannot
commit to his or her future decisions. Therefore, we must treat an individual in
different point of time as different individuals who do not follow decisions made
by a current individual. We call the decision maker at time ¢ self t. Then we
consider choices of each self to be the outcome of an intrapersonal game. We
are interested in welfare performances of the economy in which individuals with
non-unitary discounting inhabit.

We examine a simple neoclassical growth model with endogenous labor sup-
ply in which a representative individual discounts the utility of consumption and

IThe sign effect is also considered to be important. The sign effect refers to the finding
that gains are discounted at a higher rate than losses. Loewenstein (1987), for example, found
that on average, 30 undergraduate students discounted obtaining four dollars at higher rates
than losing four dollars.

2Soman (2004) and Zauberman and Lynch (2005) also showed that people used different
rates to discount time and money. Ubfal (2011), by using surveys in rural Uganda, shows that
a discount rate for entertainment is lower than a discount rate for money.



utility of leisure differently.> The individual plays an intrapersonal game against
his or her future selves. We use the recursive methods to analyze the model and
derive Markov perfect solution of the market equilibrium This solution becomes
time consistent. Specific functional forms for the instantaneous utility function
and the production function is used to obtain a closed form solutions.

In order to conduct welfare analyses by using the above framework, we con-
sider a central planner that can command consumption and labor supply deci-
sions of the individual. The planner knows resource constraint of the economy.
However, the planner faces the same time inconsistent problem as the individual.
Future planners may not follow decisions made by the initial planner. Thus, the
planner must solve Markov (time consistent) solution in a similar way to the
individual. We compare the welfare level of the market equilibrium with that of
the planner’s solution. We find that the planner’s solution gives a higher welfare
level than the market equilibrium for the current self; however, the planner’s
solution can give a lower welfare level than the market equilibrium for the future
selves. This implies that the allocation by the central planner cannot dominate
that by the market. This result is in sharp contrast with that of Krusell et al
(2002). They examine a simple neoclassical growth model with quasi-geometric
discounting. As is well known, such an individual makes time inconsistent de-
cisions like the individual with non-unitary discounting. They show that the
market can do its job better than a central planner for all selves; that is, the
market equilibrium attains a higher welfare level than the allocation of the cen-
tral planner. However, in the model with non-unitary discounting, the central
planner can do its job better than the market only for selves in early periods.
Thus, the central planner must solve a conflict between selves in early periods
and ones in the future periods. Therefore, we next examine whether the central
planner can solve this problem by using tax policies.

To consider this problem, we derive a time consistent tax policy. We sup-
pose that a government can impose taxes on wage income, interest income, and
investment and that there is no government expenditure. We can show that the
time consistent tax policy replicates the planning allocation. Therefore, the time
consistent tax policy improves the welfare level of the selves in early periods,
however, worsens the welfare level of the selves in future periods. Consequently,
if the government has to use the time consistent tax policy, then such policy
cannot solve the above trade off.

There are only a few theoretical researches related to non-unitary discount-
ing. Futagami and Hori (2010) derive an optimal tax policy by using a con-
tinuous time version of a dynamic general equilibrium model without capital
accumulation. However, the government in the model is supposed to be commit

3Samuleson (1937) proposed the discounted utility model in which an individual maxi-
S
mizes fuve*"(“*t)dv where u, is the instantaneous utility at time v and p is the subjective

t
discount rate. Even if the individual obtain his or her utility from more than two sources like
consumption and leisure, a single discount rate has been utilized in all studies since Samuelson
(1937). However, as Frederick et al. (2002) criticizes, analyses based on a single discount rate
lose their foundation if people apply different discount rates to different sources of utilities.



to her current decisions. In contrast to their analysis, Hori and Futagami (2013)
examine the relationships among income, patience and consumption growth, and
investigate the interactions among development, patience and saving behaviors.*

The rest of the paper is structured as follows. Section 2 sets up the simple
neoclassical growth model and explains the mechanism of the time inconsistency
of the present model. Section 3 solves the problem of the central planner. Sec-
tion 4 derives the competitive equilibrium allocation and examines its characters.
Section 5 examines welfare properties. Section 6 derives the time consistent tax
policy. Section 7 concludes.

2 A Simple Neoclassical Growth Model with Non-
Unitary Discounting

2.1 Model

There exists a representative individual in our economy. Thus, the population
size is normalized to be one. The individual derives his or her utility from
consumption and leisure. We use specific functional forms for the instantaneous
utility functions. We assume Inc and In(1 — [) for the utility functions for
individual consumption, ¢ and individual leisure, 1 — [, respectively. Here, | €
[0, 1] stands for labor supply. The individual applies a discount factor 5, € (0,1)
to the utility from consumption and 3; € (0,1) to the utility from leisure. Thus,
the individual tries to maximize the following:

oo

> [BhIn(er) + Bi¢In(1 —1,)] (1)

t=0
where ¢ > 0 stands for a weight on the utility from leisure. We assume that
the individual discounts each utility in the geometric way to focus on the non-
unitary discounting. The budget constraint of the individual becomes

kt+l = Ttkt + wtlt — C¢, (2)

where k stands for the individual holding of capital stock. r and w represent the
rental price of capital and the wage rate, respectively. We assume that capital
fully depreciates after production in each period.

The production function is supposed to take a Cobb-Douglas form, ¥ =
AK®L'™ where 0 < a < 1, Y, K, and L are an aggregate output, aggregate
capital stock and an aggregate labor supply. Therefore, the resource constraint
becomes

Kiy1 = AKPL — Cy. (3)

4The model proposed in Banerjee and Mullainathan (2010) is also similar to our model.
Their model provides many highly important implications. In their model, there are two types
of consumption goods, and the agents do not care about future consumption of one of the two
goods but do care about future consumption of the other. In our framework, this is equivalent
to the case where either 8, or 3; is equal to zero. Moreover, they do not examine welfare
effects of taxes.



2.2 Time Inconsistent Decision Making

We first describe the decision making of the individual who does not take care
of the possibility of time inconsistency. To solve the problem, the individual
maximizes (1) subject to (2) by constructing the Lagrangian function as follows:

L= [BiIn(c;) + Bi¢In(1 — 1) +Z/\t reky +wily — ¢ — ki) . (4)
t=0 t=0

The solution of this problem is derived in Appendix A and becomes

N 1-a 11—«
kt—i—l = a/BcAkt ((1 — a) ¥ C(l — aﬁc)) ) (5)
(1-a)

Iy = (6)
(1-a)+¢(1- B0 (5)

We can see that when 3; > (<)8,, labor supply decreases (increases) as time
goes by and approaches to zero (one). When 3; > (<)3, the individual puts
more (less) weight on the utility from the future leisure than that from the
future consumption, he or she will supply less (more) labor as time goes by.

Does the individual follow this decisions after the first period (¢t > 1)? The
answer is NO. If the individual solves the problem at time ¢ once again, he or
she does not supply [; but supply

o (-0
(1= a) + (- fa)

For, he or she constructs the same Lagrangian function (4) at time ¢ once again.
Let us, for example, consider the case of 3; < 3,. Such an individual puts less
weight on the future leisure. Consequently, he or she initially plans to supply
more labor in the future periods. However, when the future period comes, he
or she wants to enjoy more leisure like the boy in the introduction and does not
work a lot.

3 The Problem of the Central Planner

We first solve the problem of the central planner. The planner can recognize
the resource constraint (3). The planner knows the aggregate variables must
coincide with their corresponding variables of each individual, that is, k = K
and [ = L. The current planner perceives that planners in the future may not
follow decisions made by the current planner. Thus, the current planner must
play an intrapersonal game with the future planners.

Assume that the current planner thinks that saving decision and labor supply
by any future planners is respectively given by: k' = g(k) and I(k).



We now describe the problem of the planner. Note that the objective, (1)
can be expressed as follows:

oo

> [BLIn(er) + Bi¢ In(1 — 1y)]

t=0
= In(c1) + 5. [1H(C2) + 6. In(e3) + ﬁi In(cq) + -+ }
+¢In(l — 1) + B¢ [In(1 = 1) + By In(1 — I3) + B In(1 —1u) + -] .

Thus, the problem of the current planner is given by

Vo(k) = max [In(AR*1= — ) + Cln(1 = 1) + BVo(K) + ACVilK)]

where

Ve(k) = In(AR“1' = — g(k)) + B.Ve(g(k)), (7)
Vi(k) = In(1 = 1) + B,Vi(g(k)). (8)

We denote a solution of this current planner’s problem as g(k). We will obtain a
solution of an intrapersonal game among planners when the stationary condition
holds, that is, g(k) = g(k) for all k. Moreover, we will see that [ takes a constant
value over time in its derivation. We present its derivation in Appendix B. The
solutions of labor supply and saving decision are given by:

E = g(k) = s* Ak®1* 2,

s° =B,
l-a
- l—a+¢(1-ap,.)’
Note that this solution does not depend on the discount factor ;. Moreover,

the solution in Section 3 shows that this solution of the central planner coincides
with that of the following problem:®

l*

S AL [Iner) + ¢ (1 — 1),

t=1

K = AR —c.

4 Recursive Competitive Equilibrium

We next consider the competitive equilibrium. Individuals take factor prices, r
and w as given under this setting. Individuals behave considering these prices
depend on the aggregate capital, K and the aggregate labor L. Thus, we denote

5We can confirm this result by setting 3, = 8, in equation (6). This result obtains because
of the assumption of the specific functional forms, that is, the log utility function and the
Cobb-Douglas production function.



them as (K, L) and w(K, L). We denote capital stock hold by each individual

as k. Each individual makes his decisions taking account of the law of motion

of aggregate capital, K’ = G(K, L) and the decision rules of their future selves;

that is, saving decision, k" = g(k, K, L) and labor supply decision, I(k, K, L).
The current self’s problem can be stated as follows:

Vo(k, K, L) = max In(rk +wl — k) +¢In(1 = 1) + B, - Vo(K',K', L")+ 3, - ¢V,(K', K", L")] .

(9)
We denote the solution of this problem as g(k, K, L) and I(k, K, L). The value
functions V.(k, K, L) and V;(k, K, L) satisfies the following relationships:

‘/C(kVKvL) :lnc—’—ﬂCVC(vg(k’K?L)? KI?‘LI)’ (10)

The competitive equilibrium is defined as

1. g(k, K, L) and I(k, K, L) are also the solution of the maximization problem
(9) given V.(k, K, L) and Vi(k, K, L).

2. Vo(k,K,L) and V;(k, K, L) are the solutions of the functional equations
(10) and (11), respectively.

3. The law of motion of individuals’ capital coincides with that of the ag-
gregate capital; g(K, K, L) = G(K, L).

4. The labor supply of individuals coincides with the aggregate labor supply;
I(K,K,L) = L.

5. The factor prices are given by r = a4 (%)ai1 andw=(1-a)A (%)a

The solution of the market equilibrium is given by:
K' = g(K,K,LP) = sP AK* (L)' 7,
E 56(1_/8l)+</31(1_/60)

T i-gca-s) ¢
15 _ (1= a)[1=f,+¢(1 = 5,) |
I+ QA =a){l =8 +CA—=B.)} +a¢(l = 5;)(1 = 5,)]
When 3, = 3)(= B), s¥ = Ba and LF = [*. We can summarize the
preceding arguments as the following lemma.

Lemma 1 s¥ and L¥ are increasing functions of 3; (i = c,1). c¥ is a decreas-
ing function of B; (i = ¢,l); that is,

s 0s” OL® oL”
>0, — >0, >0, — > 0.

9B B, ap. B
The solution of the competitive equilibrium coincides with that of the problem of
the central planner when 3, = B,(= 3).

Proof. See Appendix C. m



5 Welfare

We conduct welfare comparison between the solution of the central planner and
that of the competitive equilibrium. Note that due to the time inconsistency,
the optimal solution of each individual may not coincide. Because both the
solutions are constant over time, we calculate the value function of the current
self under the following policy functions:

c= AR — K = (1—s)AR*1 ™7,
K = sARCI,

Note that labor supply [ is here supposed to be constant over time. By using
this value function, we evaluate it at the respective solutions.
We can calculate the value function Vy(k) of self 0 as follows:®

Vo(k) = > [Bilnc,+Bi¢In(1 —1)]

1 1 af
— _ A c
=9+ T gya =gy " T a0 —aBy

« 1—a ¢ B
+1—Ozﬂclnk+(l—ﬁc)(l—aﬁc)lnl+1—ﬂlln(l l).

Differentiating this with respect to s, we obtain

Ins

Vo (k) 1 -1 af, 1

Js _1_561_84_(1_/36)(1_&56);.

Differentiating this with respect to [, we obtain

Vo (k) l-a 1 ¢ -1

A (U-f)1—ap)l 1-B1-1

Therefore, the value function attains its maximum when s = a3, and (97 =

(I1—a)(1-8;) ‘e . . aler _ aier
(1—a)(1—61)+C(1—BLC)(1—065¢)' It is easy to show that D5 = ‘op < 0. When

B. = B,(= B), 1°C =1*. Therefore, from Lemma 1 we can state:

Proposition 2 When 51566, LEEZ*EZOP, The saving rate of the central

, > >
planner is the same as s°T. Moreover, 3, =08 sP =8 =0..

Figure 1 depicts this proposition. Because the saving rate of the central planner
and that of the optimal level of the current self are same and does not depend
on (3;, the horizontal line depicts this rate. The upward sloping curve depicts
the saving rate of the market equilibrium. These lines cross each other when

ﬂc = ﬂl'

6See Appendix D for its derivation.




This shows that the central planner can do its job better for the current self
than the market. This is because inefficiency arises when individuals discounts
future utilities differently. When 8, > (<)3,, future selves supply less (more)
labor than the current self (self 0) prefers. Please remember that the current
self wants to increase (decrease) his or her labor supply gradually as time goes
by; however, due to the time inconsistency of decision making in the model with
non-unitary discounting, the future selves supply labor less (more). Thus, when
B. > (<)B,, the current self (self 0) saves less (more) and supply less (more)
labor to make the future selves supply more (less) labor

This result is contrary to that of Krusell et al (2002). They showed that
the market can do its job better for the current self than the central planner.
It is not always the case that the market can do its job better than the central
planner when individuals have preferences of non-unitary discounting.

Does the above situation apply to the other selves? To consider this question,
we next examine the value function of the selves in the later periods. Specifically,
we focus on the value function of the selves in the far future; that is, this implies
examining the welfare level of the steady state. When the saving rate and labor
supply are constant over time, the steady state level of capital stock is given by

k= sAKOT Y s |t = (sA)Ta .
Therefore, the steady state level of consumption becomes
10« 11—« a1
c=(1-s)A [(SA)mz} 170 = (1 - 5)sT25 A5 1,

Thus the welfare level at the steady state becomes

Voo(k) = (B Ine+ B, '¢In(1 - 1)]
t=1
1 a1 C
= In(l1 —s)sT-a AT-a [ + In(1 —1).
Maximizing conditions with respect to s and [ are
-1 a 1
1-s l1l—as
and
1 1 ¢ -1
-+ =0.
1-6.1 1-p5,1-1
Thus, its maximizers are
s = a,
1-— c+1

C1-B4+C1-8)  we+1+(m+1)

We have here used the following transformation of variables. Note that the rates
of time preference are defined as p, = ﬂi —1 (i = ¢,1). By defining x; = pi



(i = ¢,1), we can obtain the above expression. This saving rate coincides with
that at the golden rule under the Cobb-Douglas production function and is
always larger than s¥ and s*.

Subtracting the labor supply in the market allocation (see (61) in Appendix
C) from this result, we obtain

(I-a)[ze+ 1+ (1 + 1)) ¢(xe — 1) + (2 + 1) (1 + )l
e ¥ 14+ DI O~ ) (ze 14 (o + D} + ]

Therefore, when z. > x; (that is, 3, > ;), °° > L¥. [ obviously decreases
with z; (8;) and approaches to zero when z; (5;) goes to infinity (one). On
the other hand, L¥ is an increasing function of z; (3,) and is equal to [* when
2. =z, (B, < 3,). This implies that there exits  (8) (> z. (8,)) at which
[~ = L¥. Moreover, when 3, = 3(> B.), s > sf > s*. Figure 2 depicts
this situation. Figure 2 indicates that the market can do its job better than the
central planner for the far future selves when 8, = 5(> 3,).

We can explain this result as follows. The selves in the far future hope the
selves in early periods to save more (the most preferred saving rate coincides
with that at the golden rule). When 3, < f;, the current self saves more to make
the future selves supply less labor as stated above. This can improve the welfare
level of the selves in the far future under the market allocation. However, when
0, takes a sufficiently large value, the current self supplies too much labor. This
can worsen the welfare level of the selves in the far future under the market
allocation.

loo_LE:

6 Tax Policies

In this section, we investigate tax policies of a government. The government can
impose taxes on wage income, interest income, and investment. The government
cannot commit to its future ones’ decisions. We suppose that the government
at time t represents the interest of self ¢. Thus, the government faces the same
problem as the individual. Before solving a time consistent tax policy, we seek
a tax policy that sets the tax rates constant over time. We call this policy a
time constant tax policy in the following analyses.

6.1 Time Constant Tax Policy

We assume that the government imposes taxes on wage income, interest income,
and investment. The respective tax rates (7, 7., 7;) are assumed to be constant
over time. The budget constraint of the individual becomes

c=1 -7 )rk+ (1 —7y)wl — (1 +7;,)K.

We further assume that there is no government expenditure and its budget
must be balanced in each period. Consequently, the following relationship holds:

77K + 1wl + 1, K =0.

10



By substituting the factor prices into this, we obtain the following relationship.
ar, + (1 —a)1y + 75 =0. (13)

Therefore, one of the tax rates is determined by the other two rates. We choose
the rates of wage tax and of the investment tax as independent rates. We denote
them as 7 = (T, 7).

The current self’s problem can be stated as follows:

B In((1 =7 )rk+ (1 — 7p)wl — (1 4+ 7)k') + ¢In(1 = 1)
Vo(k, K, L) = Hklf’llx 48, VoK' K" L) + B, - CVi(k', K', L)
(14)
The solution of this problem is denoted by g(k, K, L; T) and I(k, K, L; 7). The
value functions are defined by the following functional equations.

Ve(k, K, L) =Inc+ 8. Ve(g(k, K, L;T), K', L"), (15)

Vi(k,K,L) =In(1—1)+ 8,Vi(g(k,K,L;T), K', L"), (16)

where g(k, K, L; T) stands for the perceived saving decision made by the future
selves.

The derivation of the solution proceeds in a similar way to that in section 3.
The solution of this problem is given by:

Pl—7, k 1—7y P 1
i or T e (l-a)g — (1 + Z) vs

~ . o arl—a
K =gk, K,LyT) = AK“L e

)

(17)
~ —(1—7})04%]{1—&-(1—7'“,)(1—0()%—(1+Ti)g0'5L

(k,K,L;T) = (1—7u)(1—a) (1+%)

where ® = .d. + 5,{d;. The value functions become

, (18)

Ve(k,K) =ac+b.In K+d.In(k+ oK), Vi(k,K) = a;+bIn K +d; In(k+ ¢K),

(19)
where o—1

T B0 A 2

1
do= =5 (21)

 (l-ro)(-a)

Ll G vy ¢ g e (22)

1
bi=1— A (23)
4= — (24)

T1- I

11



We can also obtain the equations for the saving rate and the labor supply
as follows:

PEak t RO -0k - (14d) el
T+ 52

S =

: (25)

—(1=7)atk+(1—7,)(1- a)% —(I+7)p-sL
(1—7w)(1—a) (1 + %)

By using (22) and rearranging these, we can finally obtain the solutions as
follows:

l:

(26)

ET % (147015 @

T = : , (27)

2y (1+4)a+m)

and

_ N1+
LET _ (- 7w)d —a) ¢(149) 28
(A-7w)(1-a)(1+®) " (28)

1+ ast; + W

¢

We first consider effects of tax rates on the saving rate and the labor supply.
From (27), it is obvious that an increase in the tax rate on investment reduces
the saving rate and the tax rate on wage income raises the saving rate. Second,
we examine effects the tax rates on the labor supply. An increase in the tax
rate on investment raises the saving rate and thus reduces the labor supply. An
increase in the tax rate on wage income decreases the labor supply.

6.2 Time Consistent Tax Policy

The government cannot commit to its future decisions in a similar sense to the
individual. We make a conjecture that tax rates chosen by the future govern-
ments are constant over time. We can verify this conjecture in the following
analysis.

We first consider one-period deviation by the current government from the
equilibrium path following Krusell et al (2002). We denote tax rates in the
future as 7; (j = r,w,i). T = (Tw,Ti) represents one period deviation of the
tax rates. é(K, L, T) stands for the law of motion for the one-period deviation.
§(k,K,L;7) are L(k, K, L; 7) the individuals’s responses against the one-period
deviation by the current government.

§(k,K,L;7) and L(k, K, L; 7) solutions of the following problem:

In((1 — ﬂ)rk + (1 —Tw)wl — (1 + ?L)k”) §1n(1 =1
Volk Ko L) =gy (0 G, L 7). 1) + 8, - CVi(K, G, L, ), 1)
(29)
The value functions satisfy the following:

Ve(k, K,L) = In((1—7,)rk+(1—7)wl—(1471;)k")+8.Ve(9(k, K, L;T), G(K,L), L"),

12



Vi(k,K,L) =In(1 — 1) + 8,Vi(g(k, K, L; 7), G(K,L),L’).

These value functions are already obtained in the previous subsection. Thus,
the parameters of the above value functions are also derived in the previous
subsection.

We use the following guess for the motion of aggregate capital.

G(K,L,7) = SAK“L'~*,

The solution of (29) is similar to (17) except that the tax rates are given by
Tr, Tw, and 7;, and is given by

®1-7,  k 1—Tyw F) 1 .
cimox T e (- a)ﬁ - (1 + f) Ps

k' = AK“L'~ . (30)

where the parameters of the value functions are already obtained in the previous
subsection. Consistency requires

D1-F, k| 1-Fu > 1) >
§721+;ia?+ T (1fa)<—zf(l+z)gos 1)
= [Ex :
1+ c

The labor supply for the one-period deviation is also given by

. _(1_;T)QL+(1_;W)(1_Q)%—(1—1—?1')4,0-5[/. (32)

(1-Fu)(1—a) (1+ 1£2)

For a later use, we rewrite this as follows:

L5+ (L RS+ (L= Fu)ll = @) s = (1=F)(1 ) T{D’

where we have used consistency conditions, ¥ = K and [ = L. Because ")
depends on 7 = (74, 7;) and s that are chosen by the future governments and
the future selves respectively, we can denote the solutions of (31) and (32) as

8(Fus Ti5 7wy Tiy 8) and L(Tu, i T, Ti, ).
Note here that (31) and (32) are the same as (25) and (26) when 7 = 7
and 5 = s. Therefore, it is satisfied that 3(7., 77w, i, s%7) = sF7 and
L(Tw, Ti; Tw, Ti, sET) = LET,
We next consider the problem of the current government. The government
maximizes the following:

VO(Ka Ka L)

T . ET\1— = = ET T . ET\1—
IH(AKQL(Tw,Ti,Tw,Ti,S VY = S(Taw, Tis Tas Tiy S70 )V AK Y L(T o, Tiy Tawy Tiy 77 a)

= max +C¢In(1l = L(Tw, T4 Tw, 715 s7T))
+8.(ac+b.In K'+d.In(1+ p)K") + 3;,¢ (e + bjIn K' 4+ d;In(1 4+ ¢)K"))

13



Because K’ = CNY'(K, L, T)= SAK®L'=® we can express this as follows:

Vo(K,K,L) = In(1-3)+¢In(1—L)+(1—-a)lnL
+B8u(be + de){In5+ (1 — @) In L} 4 B,(by + di){In3 + (1 — a)In L}
+other terms
= In(1-3)4+C¢m(1-L)+ (1 —a)InL+ B.(b. + d.){ln3+ (1 —a)InL}

+other terms,

where the arguments of § and L are abbreviated to save space. The second
equality comes from the fact, b, + d; = 0 (see (54) and (55) in Appendix C).
By choosing 7., and 7;, the current government tries to maximize this. This
problem is equivalent to choosing s and L. The maximizing conditions are given
by

-1 1
T+ Bulbe - do)= =0,

1-3
- C~+u+ﬁdm+dm(yﬂmi=0
1-L L
By substituting (51) and (52), that is, b, = % and d. = ﬁ into
this, we obtain
l1-a

s=p.,aand L = [ —atC—-B.a)
Note that these coincide with the solutions of the central planner.

From these arguments, the government must choose the tax rates that
enforce these values. Moreover, because time consistency requires 7 = T,
$(TwsTi; Tws Ti, sET) = 8T and L(7w, T3 Tw, Ti, sT1) = LET. Therefore, from
(27) and (28), the time consistent tax rates must satisfy the following:

£ 1471

s = - : = f.q,
24 (1+1)a+m)
(1 - )1 — @)l | a

LET = =
14+ afB.7; + —(17”’)(150‘)(1*@) 1—a+¢(1-p6.a)

These define linear equations with respect to 7., and 7;. Noting that the defin-
ition of ®, we can find a unique solution for these equations as follows:

8. 8 B, 1-8,
_ _ @ 1_/8(,_ 1_Bc+<1_lﬁzl_ﬂc_1+cl_lﬁz 8.
Tw =0, 147, = = =
1+¢ B 1+¢ Be 1+¢
By the definition of the rate of time preference, p, = % —1 (i = ¢,1), we can
obtain the following relationship:
1+(be
1 + Ti — — A .
1+¢

14



> > <
Ti 20 < o Zp (ﬁﬁc_ﬁz)
From the budget constraint of the government, a7, + (1 — )7, + 7580 = 0, we
can also obtain the following relationship:

nio o pcipz (@&Sﬂz)
These results show that when the individual discounts future consumption by a
higher rate than future leisure, the government must impose tax on investment
and pay subsidy on interest income and vice versa in order to attain time con-
sistency. The government should not impose tax on wage income or pay subsidy
on wage income.

As stated above, the time consistent tax policy replicates the planning al-
location. This implies that the time consistent tax policy improves the welfare
level of the selves in early periods, however, can worsen the welfare levels of the
selves in future periods.

7 Concluding Remarks

We have considered the economy in which individuals with non-unitary discount-
ing inhabit and investigated the welfare performances of the market compared
to the allocation by the central planner. The results show that the allocation
by the central planner overcomes that by the market from a view point of selves
in early periods; however, the opposite obtains from a view point of selves in
the far future periods. This conflict cannot be resolved by tax policies of the
government if she cannot commit to her future decisions.

15



8 Appendix A: Time inconsistent decision mak-
ing

The first order conditions of the problem are given by

a1

= =5t=_)\=0,¢(=0,1,2,--- 33

8Ct 6607& 1 ) 5 Ly 4y ) ( )
oL ;. —1 P
78%7ﬁl€71—lt+)\twt70t70’1’2’.“’ (34)

oL

8kt = ATt — A1 :07 t= 1727'“ : (35)

. . a—1 «
Because the factor prices are given by r = oA (%) andw=(1—a)A (%) ,
(33), (34),and (35) can be rearranged as follows:

a—1
5601571@14 (12) = Ct, (36)
1 ﬂc ¢ Kt @ - Ct
‘ (m) (1-a)d (Lt> e (37)

Note that, in equilibrium, K = k and L = [ hold.
In the following, we use a guess-and-verify method. We first make a guess
for the following saving decision of the individual:

kip1 = spARP T .
Substituting this guess into (36) results in

@ [e3

—1
B.(1—s1)AkP 1}~ MaA (l ) = (1—s7)AKM; ™,
t

which implies that
ki1 = B.aARSTe,
Substituting ¢; = (1— B.a)AkX ;™ into (37), we can obtain
(1-a)
AN
&
(1= ) +¢(1-Bea) ()

ly =

9 Appendix B: The solution of the central plan-
ner

The first order conditions of the problem become

1 ! / /
~pap—a g TV (K) + BtV () =0, (38)

16



(1—a)ARl— ¢ I
Akel—o — F 1—-1
We use the following guesses for the value functions V,(k) and V(k).

0. (39)

Ve(k) =ac+b.Ink, Vi(k) =a;+ b/ Ink
From (38), we obtain

Bcbc + ﬂlel

K =g(k)= Ak e, 40
M) = T B e + 5o 40)
Therefore, consumption becomes
1
c= Ak e

14 (Bbe + Bibr)
From (39) and (40), we obtain

_ (1_a)(1+ﬁcbc+ﬁl<bl)
¢+ (1= a)l+ (Bebe + BiCbr)]

From (7) and (8), the consistency condition g(k) = g(k) requires

l*

1
Akall—a)
L+ (Bebe + Bibr)

ﬁcbc +ﬂl<bl ajl—a
—m4%+mm<LHmm+mmAkl ”,

V., = ac—i—bclnk:ln(

= — _J* Bcb6+/8l<bl ail—a
‘/l_al+bllnk—ln(1 l)+6ZC[al+blln<1+(ﬁcbc+ﬁlbl)Ak l .

Because the coefficients of both the side must be equal, we can show that b, = 0

and
«a

T 1- B.a’
By substituting these into (41), we finally obtain

be

l1—«

I—a)+C(l—aB,)

Substituting these results into (40), we obtain

11—« 1=a
= Ak .
K= abAk ((1—a)+C(1—aﬁc))

Ir =

17



10 Appendix C

We first solve the problem of the current self. The first order conditions are

-1
m + /3cVCk(k/7 K/7L/) + ﬁlCWk(kla Kl» LI) =0, (42)
w 1
hrwi—w ‘1= (43)

From (43), we obtain

k'rk+w[(1+é>lﬂ.

where Vo (k,K,L) = W and Vip(k, K, L) = W. We next use
the following guesses for the value functions and the transition equation of the

aggregate state, 1respective1y:7

Ve(k, K, L) = ac+b.In K+d. In(k+¢(L)-K), Vi(k,K,L) = a;+b; In K+d; In(k+¢(L)-K),
(44)
K' =sAK°L'™, (45)

We further guess that the aggregate labor supply is constant over time. Thus, ¢
also becomes constant over time. Consequently, we can rewrite (42) as follows:

1 Bcd0+ﬁl<dl ’ ’ /
= - — = Qe — .
el R E' 4+ oK'= (B8.d. + 5,¢d)) (rk + wl — k')

By using (43) and (45), we can rewrite this as follows:

rk+w [(1 + 2) - ;] + o sAKC LY = (B.d. +ﬂlCdl)%(1 —).

Because the self can perceive the factor prices, substituting the factor prices
into this leads to

() et () T D)2 eoaa (5
= G+ pcita-aa(5) a-n.

This results in

a%k—(l—a)lzq)—kcp-s[/:—(l—a) <1—|—1ng))l,

where ® = §.d.; + 3,{d;. We can solve this for [ as follows:
L 1+
~ —azk+(1—a)== —¢-sL
I(k,K,L) = —X 1-0)7 ¢
(1-a) (1+122)

"We owe these specifications to Krusell et. al (2002).
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Therefore, we obtain

~ afk+(l—a)+¢-sL

1-U(k,K,L)= )
- (1+5)
By using this and (43), we obtain the followings:
e= V(1 -ty = aRep K L e (48)
‘ (1+¢+@)

-tk arepie [SRO08 Q)R]

¢
H+¢K”:AKWLPQ% aﬁ;;?i;¢* (50)

¢

From the guesses and the functional equation, (10), we obtain the following
relationship:

ac+b.In K +d.In(k + oK)
_ lnAKaLlfaa%—i_l_Ta—i_@s
(1+(+@)
k4122 s

P
ae + b, InSAKYLY ™ 4+ d,1n (AKQLIO‘

< )|

Note that we have used the consistency condition, g(k, K, L) = g(k, K, L). By
rearranging this yields

ac+b.In K +d.In(k + ¢K)
alk+ 3 ((5% +es) K]

- 1 AKaflLlfoz
. (1+¢+9)
oo w11 a® (kI (24K
+B, |ac+ b InsAK L' 4+d.In <AK trt Ea 1(+L1—Eq) )
Comparison of the coefficients of both the side leads to
K:b.=(a—1)+ B b+ dc(a —1)].
k+eK:d.=1+p.d..
R N o' n
= 7 ws | .
Therefore, we obtain the followings:
-1
be = a (51)

(1 - ﬁca)(l - ﬁc)7

19
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1

1-8.
l-—«a

7= (o —s)L~

Substituting (47) and 50) into (11) leads to

C

a;+bIn K +d;In(k + oK)

(k+a [ +es] K)ag

(1-a) (1+1£2)

= In

(0]
+8,

k+ (322 +ps) K

a; + b InsAK“L*™ + d;In (AKO‘ILlO‘Ca

Comparison of the coefficients of both the side leads to

K: b =-1 —|—ﬁl[bla+dl(a— 1)]

k+oK: d =1+ 3,d;.

' _l 1—a+
<P-<P—a A ps -

Therefore, we obtain the followings:

1
bp=———
1 17/6/
1
dj = ——
1 1_ﬁl7
_ 11—«
S0_(04—5)[/

Substituting (53) into (46), (48), and (49), we obtain

—a%k—&—(l—a)#—M

a—S

- (1-a) (1+V%)

)

afeh +(1-0)+ G2
(1-a) (1+ 1?)

and

K =AKL'™*

20
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Consistency requires k = K and g(K, K, L) = G(K, L). Therefore, the following
relationship must hold:

a%—i—(l O‘)gL (1+ )((_?))z

§= e
1+ ==

(56)

We solve the saving rate in the competitive equilibrium as follows. Rearranging

(56) results in
) A ot (e ) Frerl
(o)t - [2 () )2
ooofese)-] - B
() et

Because s < « holds as confirmed later, we obtain the following saving rate as
the solution.®

7 +(a—s)} =0.

% da
TITLi19) (+1+d (57)
Substituting (52) and (55) into ® = 8.d. + §,(d;, we obtain
SE _ (/Bcdc+ﬂl<dl)a _ /Bc(lfﬂl)+<ﬂl(1fﬂc)a (58)

It is easily confirmed that s < a.
We next calculate the labor supply I. From the consistency, ¥ = K and
=1L, (46) results in

 (1-—a)(14+¢+9)
1+ QK+ A=)+ )

Using the definition of ® = 3.d. + 3,{d; and substituting (52) and (55) into
this, we obtain

LF— (1-a)[l =B +¢(1-5,)
I+ —a{l =8 +C(1 -8} +al(l—B)(1 -6

(59)
and

B A —a)1 =8+ = B)] +ald+¢)1~F)1~B)
A+ O[T =a){l =B+ (1= B)}+ag(l = B) (1= B.)]

8See appendix for its derivation.
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We next derive the consumption. From (48), we can calculate the amount
of consumption as follows:

F = E(1—[)

¢
—(1-a)A (K>a (1-a)[1-34+¢1-6)]+a(l+0)1—-06.)1-45,)
L 1I+Q1l—-a){1-8+C1 -0}t +ac(1-p)(1 - 5&22))

We next examine characters of the above solution. We can define the rate
of time preference as p; = ﬁi —1 (i = ¢,l). By using these rates, we can rewrite
(58) as follows:

1 1
p_ _» S

=" q.
1+p, 1+p,
Pe + C P
By defining z; = % (i = ¢, 1), we can rewrite this as follows:
E Te + le o
Te+1+C(xp+1)

In a similar way, we can express L” and c” as follows:

I+p, It+p
(1—a) | M+ 1o

L¥ =
(1+¢) [(1—a) {22+ (e d 4]
B (1—a)[zc+1+¢(z+1)] (61)
1+ QK+ 1 =)+ e+ )]
a (1—a) [ 4 (20 +a(14()
= (1_a)A<IL(> [ ) 1+L :|1+
(140) [ (1= a) {552 + X2} + ad]

- (1—a)A<K> ((1_0‘)([330+1+C($l+1))]+a(1+g)

L) A+ -a){zc+1+C(m+ 1)} +a]

We next examine how the discount factors affect the solutions. Note that

%i > 0 (i = ¢,l). By differentiating s and L¥ with respect to 3. and 3,, we

obtain

ost _ 1+ Qa da. =0

0B,  |re+1+((m+1)]2d3. " 7

05" ((14+Qa  dn

08,  [re+ 14+ (i +1)]?2ds, ’
oLF -« al dx. -0
B, 1+C[1-a){z+1+C(x + D} +ac?ds, ~
oLF 1l-a al? dx;

8, 1+C[(1fa){xl+1+((xl+1)}+a§]2diﬁl> '

Thus, increases in 3; (i = ¢,1) reduces the wage rate and this clearly reduces

cF.
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11 Appendix D

We calculate the welfare level of the current self when the saving rate and labor
supply are constant over time as follows.

Vo (k)

o0

> B e + 877 CIn(1 — 1)

t=1

In [(1 - s)AR '] + B.In [(1 — ) AK 1" ] + B21n [(1 — ) A" ] + -
+CIn(1 = 1) + B¢ In(1 = 1) + B¢ In(1 = 1) + G7¢In(1 = 1) + -

In [(1—s)Ak*I' ] + 3. In [(1 —s)A (sAko‘llfa)a llfa}

ajl—a\@ 1—a\ Y jl-a C
+2I0 (1 - 8)A (s(A (saker =) e ) ] 4 g, (10
oo oo t o t
Zﬁi_lln(l—s)—kZﬁi_l Zoﬂl*l 1nA+Zﬂz Zaj Ins
t=1 t=1 j=1 t=1 Jj=1

+a i(aﬁc)t’l Ink+ (1—a) iﬁﬁ‘l (Z aj1> Ini + : Cﬁ In(1—1)
— b

t=1 t=1 j=1

1 1 aﬁc -
=5, " Ty M T B0 —ap) M T T as,
1-—a ¢ B
+(1—5c)(1—aﬁc)lnl+1—ﬂlln(1 0).

23



References

[1]

[2]

Banerjee, A., and Mullainthan, S. (2010) “The Shape of Temptation: Im-
plications for the Economic Lives of the Poor,” NBER working paper 15973.

Frederick, S., Loewenstein, G. and O’Donoghue, T. (2002) “Time Discount-
ing and Time Preference: A Critical Review,” Journal of Economic Liter-
ature, 40, 351-401.

Futagami, K. and Hori, T. (2010) “A Non-unitary Discount Rate Model,”
Discussion Papers In Economics And Business 10-26. Osaka University.

Hori, T. and futagami, K. (2013) "A Non-unitary Discount Rate Model,”
mimeograph.

Krusell, P., Kurusgu, B, and Smith, A. A. (2002) "Equilibrium Welfare and
Government Policy with Quasi-geometric Discounting," Journal of Eco-
nomic Theory, 105, 42-72.

Loewenstein, G. (1987) “Anticipation and the Valuation of Delayed Con-
sumption,” Economic Journal, 97, 666—-684.

Samuelson, P. (1937) “A Note on Measurement of Utility”, Review of Eco-
nomic Studies, 4, 155-161.

Soman, D. (2004) “The Effect of Time Delay on Multi-Attribute Choice,”
Journal of Economic Psychology, 25, 153-175.

Ubfal, D. (2011) “How General are Time Preferences? Eliciting Good-
Specific Discount Rate,” unpublished paper.

Zauberman, G. and Lynch, J.G., Jr. (2005) “Resource Slack and Propen-
sity to Discount Delayed Investments of Time versus Money,” Journal of
Ezperimental Psychology: General, 134, 23-37.

24



