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ABSTRACT

We study externality costs of capital investment under limited commitment. We solve for the
constrained efficient allocation with a limited commitment environment and find positive
externality costs of capital investment provided that full-risk-sharing is not feasible. In a
decentralized version of limited commitment environment, a one unit increase of capital
investment by an agent increases all individuals’ autarky values in the economy and generates
externality costs in the economy. This externality cost provides a rationale for positive capital
taxation even in the absence of government expenditure. In order to internalize this costs, the
government use a positive rate of linear capital tax in the decentralized economy.

=ze SANe S A UsiolM LHshkE KAEFXIQ -0 Choto st

| Sedet 499 MUE &84 XIAHiZ(constrained efficient allocation) 2

2PN EFEEHfull risk—sharing)0| 753X &8t BAl&E0IME SR

= EXCh Q™M X2EA o 2Rl St dHFHC

7tX|(autarky value)E S7tAIZ ZH LHOIAM 2RdS EAZ|=0], ol2fet 2Rd2

| X=2ASoMol st o2& ZAHE MAE + UM, FBEE= oyt RdsS
SHAIZ|7| RAsto] Y2l el MEXEAM| (inear capital tax rate) & AFEE 4= QALY

127
2 tr
0%
10

N
> 18X
o i

02 El 09 Ho
10

T

0z




I . Introduction

In the Ramsey literature of capital taxation, Chamley (1986) and Judd (1985)
argue for zero capital taxation in the long run. Chari and Kehoe (1999) show that the
capital tax rate should be high initially and decrease to zero. Moreover, Atkeson,
Chari and Kehoe (1999) show that the zero capital taxation result is robust to a wide
range of the assumptions. Finally, Lucas (1990) argues that for the U.S. economy
there is a significant welfare gain to be realized in switching to this policy. In sum,
the zero capital taxation argument suggests that the current capital stock in the U.S.
economy is too low since the capital tax rate is too high, and that decreasing the tax
rate can lead to large welfare gains.

There is a competing literature that argues that certain frictions can rationalize
capital taxation. Aiyagari (1996) shows that with incomplete markets, agents have a
precautionary savings motive which leads them to overinvest in capital. He proves
that the optimal capital income tax should be positive in the long run so that this
over-investment is reduced.

Golosov, Kocherlakota and Tsyvinski (2003) obtain a nonzero optimal capital
taxation result by introducing incentive constraints, which arise from the private
information of an individual's idiosyncratic shock. To motivate high-skilled agents to
reveal their type, they argue that the tax burden of high-skilled agents should be
lighter than that of low-skilled agents. Kocherlakota (2005) decentralized the Golosov
etal. (2003) and shows that the average optimal capital tax is still zero in ex-ante sense.

We study another type of economy that is closely related to the recent literature1’
of endogenous incomplete markets where there is a continuum of households with
idiosyncratic shocks and there exists a complete set of contingent claims, but
financial contracts are not perfectly enforceable. As in Kehoe and Levine (1993) and
Alvarez and Jermann (2000), we have endogenous debt limits in the form of
enforcement constraints so that households are not able to accumulate more debt
than they are willing to pay back. If a household defaults on a financial contract, he
can be excluded from future contingent claims markets trading and can have his
assets seized. The private sector that faces a possibility of being debt-constrained in
the future has a higher discount factor for one unit of future consumption than does
the planner, who does not face this constraint.

In such an environment, we re-evaluate the zero capital taxation result in the
planner’s problem and find that there is in fact a role for capital income taxes. We
prove that the optimal capital tax rate should be strictly positive and should increase
over time up to a certain point. To do this, we first solve for the constrained efficient
allocations. Then we introduce capital taxation in order to decentralize the economy:
the tax on capital income is needed to make private agents internalize an additional
cost of capital investment.

1 Alvarez and Jermann (2000, 2001), Kehoe and Levine (1993), Kehoe and Perri (2002, 2004),
Kocherlakota (1996), Krueger (1999), Lustig (2006) and among others. Moreover, Abraham and Carceles-
Poveda (2007) study a similar economy and show a higher capital accumulation in the long run as a result.
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This additional cost obtaining from the limited commitment environment as
follows. A higher level of capital stock (capital investment) increases labor income
(marginal product of labor in equilibrium), which in turn increases the value of
autarky. Higher autarky values increase costs to the planner: the planner must
increase compensation to agents with binding enforcement constraints since these
agents might otherwise to be tempted to leave the risk sharing pool. A similar idea
arise in monetary economics literatures. If agents can use cash after defaulting on
their debt obligations, then it might be optimal to tax on cash as shown in Aiyagari
and Williamson (1998).

This can be seen by examining the effect of an additional unit of capital at time T:
increasing the capital stock at period T by one unit improves the marginal
productivity of labor, which directly improves autarky values in periods t =1,-+, T;
thus all earlier enforcement constraints (from ¢ =1,:-,T') become tighter. We call this
additional compensation an “externality cost”. This positive externality cost implies
non-zero capital taxation in the decentralized economy.

We decentralize the constrained efficient allocations with solvency constraints
and a capital tax. Solvency constraints are constructed in the same way as in Alvarez
and Jermann (2000). Our construction of the capital tax is different from that of
Kehoe and Perri (2004) in a sense that we introduce financial intermediaries which
enable us to have a linear capital tax, whereas Kehoe and Perri’s capital tax rate was
agent-specific2. Abraham and Carcles-Poveda (2006) decentralizes their constrained
efficient allocations by imposing capital accumulation constraints on the capital
holdings of a financial intermediaries in an economy with a finite number of agents.

We do not address how to design a labor income tax that supports the
constrained efficient allocation. This is for the following reasons. First, traditional
Ramsey literature argues that the capital tax rate should be zero even in the absence
of a labor tax. Second, introducing a labor tax does not change our result of positive
capital taxation as long as the externality cost is positive (this is the case when the
full-risk sharing is not feasible). Labor tax, however, may lower the steady state tax
rate on capital income in the quantitative analysis since a positive labor tax will relax
enforcement constraints.

This paper is organized as follows. Section 2 describes the model economy and
characterizes the constrained efficient allocations of this economy. Section 3
characterizes the steady state constrained efficient allocations. Section 4 decentralizes
the allocations with capital taxation and solvency constraints. Section 5 concludes.

IT. Model

1. Environment

There is a continuum of agents of measure one. They receive an initial promised
utility (vo) and initial idiosyncratic shock (sy) over an initial joint distribution ®.
There is a single, non-storable, consumption good. The agents rank consumption

2 In theirs, there are two countries (agents) and tax rates are different for each country (agent).
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streams {c,} according to the following preference:

i Z Bim(st | so)u(ce(vo, %)

t=0 st

where we assume the power utility with risk-aversion coefficient y:

ce(vo,sHY

ule(vo, s9) = ==

There is no aggregate uncertainty. The only event that each household faces is a
stochastic idiosyncratic labor supply shocks. Each event s; takes on values on a
discrete grid S = {sy,-:-,s;-+,s;}. The idiosyncratic shock s follows a Markov
process with a transition probability m(s’|s). We assume the law of large numbers
holds so that the transition probabilities can be interpreted as the fractions of agents
making the transition from one state to another. In addition, we assume that there is
a unique invariant distribution [[(s) in each state s. Again, by the law of large
numbers [](s) is the fraction of agents drawing s in every period. We denote st as
the history of shock realizations:

st = (50'51""'st—1' St)

We assume that an aggregate labor supply is perfectly inelastic for all periods
and denote itas L. Anagent’s labor supply (hours worked) is denoted by

L-s

We normalize the average idiosyncratic labor supply shock to be one.

1=-[Std¢t

The output in the economy is produced using a single technology that exhibits
constant returns to scale:

Yy = F(K¢, L)
= KfLY®
where F (-, -) is a production function, and K, and L, denote the aggregate capital
input and the aggregate labor input respectively. We use a Cobb-Douglas
production function with capital income share « € [0, 1].

The feasibility constraint for the economy is that the output can either be
consumed or invested in the capital stock of the next period:

Z J- ¢ (0, sOT(st]s%) dDy + Kpyy = KEL'™* + (1 — 8)K,, for vt
St
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where § € [0, 1] denotes the depreciation rate of capital.
2. Enforcement Technology

Following Kehoe and Levine (1993) and Kocherlakota (1996), this literature
commonly assumes that in the decentralized economy, households are excluded
from financial markets forever when they default. We assume a more severe
punishment upon default: households are not only excluded from the contingent
claims markets forever but also (1) its current wealth is seized by the creditor and (2)
it cannot receive any lump-sum transfer from the government. That is, the household
loses all of its assets and income flows but its labor income cannot be garnished by
the creditor. Hence, its only source of income beginning from the default period will
be its labor income. The household who defaults at period ¢ will have the following
simple budget constraints for vVt > t:

C; = wyS.L

The autarky value Vg, at period ¢ can therefore be written as:

[oe]

Vaue (e f0d}20) = ) ) Bt (s7Is uCw, - Ls,)

=t s7|st

where w; denotes the wage rate.

The households face an enforcement constraint. That is, the allocations are
constrained so that planner makes them better off than autarky in every possible
node in history:

SN s 2y Y Bt s (K D I v 2 0,vst
1=t s7|st =t 57|st

1)

For the autarky value in the planner’s problem, we substitute the marginal product
of labor F; (K, L) for the wage rate w; from the equilibrium condition.

3. Planner’s Problem

As in Kochelakota (1996) and Alvarez and Jermann (2000, 2001), we set up the
planner’s problem to discuss the constrained efficient allocations.
Planner is assumed to be benevolent so that he maximizes the social welfare:

max

{ce, KHl}fZZﬁt7T(St|50)ao(170'So'Ko)u(Ct(Uo'St' Kt)) do,

Subject to
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Z f Ct (UO' St, Kt)T[(Stlso) dq)o S Ktazl_a - Kf+1 + (1 - 6)Kt-, Vt (Za)
st

D, 2 BT I u(er o, sTKD) 2 ) ) B ISR (6, D) - ) (20)
1=t s7|st T=t s7|st

Vt, V¥ (v, st)

where a, is a Pareto weight assigned to the each agent by the planner and v, is
initial promised utility.

Planner maximizes the social welfare subject to constraints (2a) and (2b).
Constraint (2a) is a feasibility constraint which must hold for all # and constraint (2b)
is an enforcement constraint which must hold for all # and all (v,,s") and implies
that each agent’s continuation value in the risk-sharing pool (i.e. each agent's
continuation value of staying in the economy) should be at least as large as the value
of autarky for all # and nodes. Let the Lagrangian multipliers on (2a) and (2b) be
0.(K;) and Btm(s*|s®)u(vo, s, K;) respectively.

In order to make the problem recursive, we can define cumulative multipliers:

& (o, ", K¢ )?

¢ (vo, st Ky) = ag(vg, So, Ko) + Z ur (vo,s™, K;.),

sT=st

where s” is a subsequent history of s. We can rewrite cumulative multiplier
recursively

§e(o, st Ky) = &oq (0,851 Kemq) + pe (0o, 55, Ky,

o (0, 80, Ko) = ao(vy, So, K¢)

where {&,(vy, s, K;)} is a non-decreasing stochastic process.
The Lagrangian can now be written as

_ N t t SC(VO'Stﬁ Kt)u(Ct(Uo,St,Kt))
. f ZOZ/” " [—[fr(%,sﬂ Ke) = ao(vo, So, Ko)Ju(Frc(Ky, L) «zs,)] o

+igt(Kt)

The next step is to derive the first-order necessary conditions. The first-order
conditions are the following:

KEL7e+ (1 = 8K, — Keyy — Z J ct(vo, s, K)m(s|s?) d @,
st

3 See Marcet and Marimon (1999) for this cumulative multiplier method.
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6, = Br&u'(cy) 3)
0, = 9t+1[FKt+1,t+1 +(1-9)]

0,(F7 .0 (Kpyr, L) - Ls
_[Z f BRG) oy — g 2D Boe) g |
st+t 0Ki1q

Exemaly Cost

Equation (3) is the first-order condition with respect to an individual agent's
consumption. 8, is an aggregate variable since it is the shadow price of the
feasibility condition. &, is a summary statistic of an agent’s history. It measures how
severely and how many times the agent has been constrained in his history.
Therefore, equation (3) implies that the agent’s consumption is history-dependent
and that the agent’s consumption should be higher if he has a higher §,. We will
characterize the agent’s consumption allocation in the next section.

Equation (4) is the first-order condition with respect to aggregate capital
investment K,,,. The first line of the equation is a standard Euler equation. This
Euler equation, however, contains the second term which we call the externality cost.
This is the additional cost that the planner must pay in order to keep the agent from
defaulting. This term contains (1) all the multipliers on enforcement constraints as
summarized by the shadow prices (costs) of the enforcement constraints &, — a,(=
Yy + -+ fer1), and (2) an increment in per-period autarky value when the capital
stock is increased by one unit. To see how one unit of capital affects the externality
cost term, consider the effect of such a change on capital stock at period T. This
change will increase marginal product of labor, thereby increasing autarky values
(that are solely dependent upon labor income) and making autarky more tempting.
This change will affect all autarky values - and hence all enforcement constraints -
prior to period 7, and as a result increase the cumulative multiplier. We will also
characterize the capital allocation in the next section.

4. Characterization of Constrained Efficient Allocations

In this section, we characterize the constrained efficient allocations. We will first
characterize an agent’s consumption allocation and the shadow price of one unit of
consumption next period. Second, we will discuss the capital allocation and
externality cost that the planner encounters when he makes a capital investment
decision.

1) Consumption Allocations

Enforcement constraints introduce a stochastic element into the consumption
share of each household. The household’s initial promised utility, v, determines its
initial Pareto weight a, and this weight governs the household’s consumption share
in all future states of the world. When there are no enforcement constraints, the
household’s consumption share is constant over time:
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where C(K,) = cht (v, 5%, K)m(st|s®) day,

1/Y] j 1/y dd)o

However, when enforcement constraints exist, the Pareto weights become
stochastic and so does the household’s consumption share. The household’s
consumption is characterized by the same linear risk sharing rule:

Ct(VOJSt' Kt) C(Kt)

&7 (o, s Ky
E[&" (o, 5K

Ct(vo,st» K) = C(Kp), (5)

where C(K,) = ZJQ (vg, s, K)m(st|s®) do,
t

The household’s consumption share is stochastic. Recall that &, (w,, s’ K;) is the
sum of all enforcement constraints in history s* plus the initial Pareto weight, a,,
and that these cumulative multipliers stay constant until the household switches to a
state with a binding enforcement constraint. When this occurs, the multipliers
increase so that the enforcement constraint is satisfied with equality.

Let hy(K;) denote the 1/yth cross sectional moment of the cumulative multiplier:

he(K,) = E[¢." (vg, 5%, Kp)]

This process h,(K;) is also a non-decreasing process and measures how many
agents become constrained and how severely they are constrained.

This risk-sharing rule implies that when the household does not switch to a state
with an enforcement constraint, its consumption share drifts downwards at the rate
of the growth rate of h.(K;). The derivation of the risk sharing rule is found in
Lustig (2006).

Next, we discuss the period t shadow price of one unit of consumption at #+1.
Combining the risk sharing rules (5) and the first order condition (3) we obtain a
expression for shadow price:

et‘+1 Kt+1
q:(K,) = ﬁt))
CKes )] [hesaKes)]”
[caq ] [ he(Ko) ©)
‘Rt(Kt)
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hes1(Ker)]” Tt
s he(ky) 17
measures the shadow cost of the enforcement constraints. As the growth rate of / (K;)

in the economy increases, the cost of the enforcement constraints increases and the
more the planner needs to compensate at t+1. Hence the price of one unit of
consumption increases.

This shadow price contains the multiplicative adjustment cost of [

2) Capital Allocations

In this part, let us characterize the capital allocation. We can rewrite equation (4)
together with equations (3), (5) and (6) as follows:

1= qt(Kt)[FK,t+1 +(1- 5)] = Xt+1

Where

m(sttl) do,

1 du(Fgpi1LNes1)
Xt+1 = yhy Z fﬁ”l [§eer — ao]L'télt+1

'BtC t gT+1 dKisq

The above Euler equation would be a standard one if it did not contain the
positive term x;,;, on the right hand side. As a result of this extra term, the standard
marginal return of investing one unit of capital exceeds the marginal cost of giving
up one unit of consumption in constrained efficient allocations. Hence, there is an
additional cost to the planner such that in equilibrium, the marginal benefit is equal
to the marginal cost. We call the term y;.,the “externality cost of capital
investment”. We argue that this externality cost of capital investment induces the
need for a tax on capital income in order to make private agents internalize the
externality in the decentralized economy.

Externality Cost of Capital Investment x,.,: we now focus on the externality cost
which is the last term on the right hand side of the Euler equation:

du(Ffpi1Lne41)
= E t+1 _ g N L) et
Xt+1 = 'Btc yhr t+1fﬁ [ft+1 ao] dKH_l Tf(S )d(DO
1 du(Fzpo1Lness)
— E Ly 4, + N Ltrl I ety 4. (7
,BtC yhr t+1'[ﬁ (41 Me + Heeal K,y (s doy (7)

This externality cost of capital investment consists of three parts. First, there is the

du(FZ,tﬂZn“'l)

incremental per-period autarky value of a one unit increase of the

t+1
capital stock. Second, the first part is multiplied by the all the earlier multipliers as a
shadow price (cost) of the enforcement constraints [y + uy + ==+ + pg + pie11]. Third,
this externality cost of capital investment is normalized by the period ¢ price of
consumption B¢C,"h!. Therefore, this is the cost at period ¢ that the planner should
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pay if he wants to increase capital stock by one unit at period 7+1. In order for the
planner to keep agents from defaulting, he needs to compensate the agents more
when he increases the capital stock.

Proposition 2.1 Externality cost of capital investment x.,q is positive unless the full risk-
sharing is feasible from initial period.

Proof. Proof is straight-forward from equation (7). Full risk-sharing means that no agent is
constrained and this implies that p,(vy,s)=0, Vt and V(v,,s') by Khun-Tucker.

Proposition 2.2 Externality cost of capital investment x.,q is zero if the value of autarky
does not depend on the capital investment.

u(FZ,t+1Z77f+1)

a
Proof. Proof is straight-forward from equation (7). If o =0, then y
t+1

should be zero.
II. Characterization of Steady State Allocation

We open this section with a definition of the steady state. We define the steady
state to be a state where all aggregate variables and the distribution of agents stay
constant. We assume that the economy converges asymptotically to the steady state.
It is important to note that even though the aggregate state will be stationary in
steady state, each agent’s consumption will still fluctuate over time.

In this section, we also explain how we compute the steady state allocations. To
summarize, consumption allocations and shadow prices are computed for a given
capital level, K; we then pin down the optimal steady state capital stock, given
steady state individual consumptions, c¢(v,, s*, K), shadow price R, and the invariant
distribution, ®.

1. Steady State Consumption Allocation

In this subsection, we discuss the individual household’s steady state
consumption allocations. Throughout this subsection, we take the steady state capital
stock K as given and then compute the steady state consumptions, a shadow price
and an invariant distribution. In the next subsection, we will discuss how to decide
the steady state capital stock K*.

For a given capital stock K, the aggregate steady state consumption C(K) is:

C() = F(R,I) - 6K

and we know this aggregate consumption should be allocated across the agents.

Externality Cost of Capital Investment in Limited Commitment
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C(K) = cht(vo,st,l?)n(stlso) dod,

We use consumption weights as state variables instead of cumulative multipliers
because we want stationary state variables. By (5), the consumption share of a
household (v, s, K) is defined as:

& (W, 54K)
we(v ,st,K) =
e he(K)

Notice that the individual's consumption share is history dependent and its
dynamics can be described as follows: when the agent (v, s") does not switch to a
state with a binding constraint, its consumption share next period drifts downwards
to:

he(K)
hesa (K)

wei1 (g, %, K) = we (v, s°, 1?)

= we (v, s, K)—=
o 9e(K)

By (5), when the agent (v, n') does switch to a state with a binding constraint, its
consumption share in next period is

he(B) &Y (o, 55 K)
hern(K) €17 (v, 54, K)

we 41 (v, st, I?) = w¢ (v, st I?)

Proposition 3.1 (Lustig (2006)) When the agent (vy, st) switches to a state with a binding
constraint, its consumption share equals to some cutoff level that does not depend on the
history s, if the labor supply shock is first-order Markov.

Proof. When the agent is constrained, the participation constraint is satisfied with
equality;

D BTt s (e o, 55 R0) = ) Y BTG | sYulR(R, ) - Lso),

1=t 57lst 1=t sTlst

Now, if the labor supply shock s is first-order Markov, then the value of autarky in
the right hand side of the enforcement constraint does depends on the current
realization of the shock s;. This implies that {c, (vy,s%, K)}{2; cannot depend on s*,
but on only s;.

FREIRASET T /2012, I



2. Determination of the Shadow Price
Proposition 3.2 For a given steady state capital stock K, if there is a unique invariant
distribution @* with no aggregate uncertainty, then there is a stationary equilibrium in
which shadow interest rate R™ is unique and constant.

Proof. Again we follow Lustig (2004).4 If there is a unique @% then it is clear that
there is a unique growth rate:

g = fzn(sqs)w'(w,s',z?) dd*
Sl

Tg (%) = Z fw

w(s")
n(s'|s)wd P~ +Zg(s’)f 7 (s'|s)wdd*
w(s" Py

and then this implies that there exists a unique constant shadow price R* that clear
the markets.

3. Steady State Capital Allocation

The optimal capital K* is pinned down such that the steady state euler equation
(8) is satisfied.

1 _ -

1= E[FK(K*) +(1-8)—Rx'(K)] 3
where
a1 =, du(FzLs")
"= Y|y - 20| gy Z2NTLE2 T e
X—Zfﬁg [a) h’VC 1K n(s') d®
S
/y

= Eh, ) is an individual agent’s consumption share tomorrow. This records how

the degree to which one agent has been constrained by the enforcement constraints
over his history since it contains all previous multipliers in it including the initial
Pareto weight. We subtract the initial consumption share since we do not have a
enforcement constraint at time 0. The initial consumption share part :T(;, will
approach zero as time approaches infinity since # is a non-decreasing sequence. Then
the aggregate steady state consumption to the power of y multiplied by an agent’s
consumption share tomorrow to the power of y is the inverse of the agent’s

marginal utility of consumption at +1. Finally, we convert the marginal utility of

4 See also Atkeson and Lucas (1995).
See also Krueger (1999): Lemma 16, 17, 19 and 21, and Theorem 18 and 21.
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du(F-Ls’
labor income with respect to capital investment, %, into time #+1 units of

consumption by multiplying by «'?C?.

IV. Decentralization with Solvency Constraints and
Capital Income Taxes

Consider now decentralizing the constrained efficient allocations as a competitive
equilibrium with capital taxes and solvency constraints. With these two instruments,
the government can mimic the distorted first order conditions that define the
constrained efficient allocations. The role of solvency constraints is the same here as
in Alvarez and Jermann (2000; 2001). The role of capital taxes is to make the
households internalize the externality cost that capital investment creates.

There are two assets available. We have a complete set of contingent claims
bey1(Se+1; Wo,n') at price q,. This is a security that pays one unit of consumption
good at t+1 if s;,4 is realized at +1. The other asset is capital asset K;,;, which
yields the return of 7.

Instead of using the initial promised utility v, to label the agents, we will use the
initial wealth W,. So each household will be indexed by a pair of (W, sy). We will
show how to construct the initial wealth below.

Firms

Firms operate production technology through a production function, F(K;,L;).
At period 0, taking a sequence of pre-tax wage rates {w,}, market interest rates {R,},
and corporate profit taxes T, as given, a firm chooses a sequence of capital stocks
K;.1 and labor demand L, that maximizes the discounted after-tax profit function:

t
max Zl—[ 1 (1 ) P
{Kiv1, Le} 1 Rs_l[ Tkt )P — It + 6T Ki

subject to

¢r = F(Kp, L) — oLy

Kipy = (A= 8K+ 1;
Where ¢, is corporate profit (capital income) and @, equals (1-7,,)w;. Note that it
is firms that must pay the tax, which is imposed on income paid to physical capital.

The firms’ problem yields the following first order conditions:

we = Fp,
1= qt[(FK,t+1 - 5)(1 - TK,t+1) + 1] €))
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where q; = Rl is an intertemporal price. Based on these optimal conditions, firms
t
make decisions on labor demand and capital investment.

Households

A household of type (W, s,) chooses a sequence of consumption {c,(Wy, s")}2,
and a sequence of contingent bonds {b;,;(W,,s")}2, to maximize his expected
lifetime utility:

[ee]

VW s K = max z z e er  Ce(Wo, s
Wo, 50, K0) = (e 3220, {bea1} 0 Fr(stlso) =7

t=0 st>s

subject to the usual budget constraint:

Ce t Z qebesam(Se41lst) = W,

St+1 —
Wisr = Wes1Seeal + beyq + Tria

and a solvency constraint, one for each state:

ber1(Serr; Wo,s°) 2 By (Sesrs W, s°),
given a sequence of prices and policies {w¢, 1, G, Tres Tt Yemo

Government

The government collects tax revenue from financial intermediaries and transfers
it to households in a lump-sum fashion such that her budget constraint is the
following:

Ty = Ty (re — 5K,

Notice that we don’t have any government spending in this model.

1. Competitive Equilibrium

Definition 4.1 A competitive equilibrium with capital income tax {ty,} and
solvency constraints {B,,} for initial distribution @, over (W, so) and capital stock K,
consists of a set of allocations, {c,(Wy,s")},{b,(Wy,s")}, and {K,}, a set of prices, {r;},
{w¢} and {q.} and policies {tx ., T;} such that (1) Given the set of prices and policies, the
allocations solve the household’s problem,(2) Given the set of prices, the allocations solve the
firm’s problem, (3) the government budget constraint holds, (4) the resource constraints hold
and (5) the markets clear;
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1. Zjbt Wy, sHT(st|s?) ddy = [1 + 7 ]K,, for VE
S,

2. Z f ce Wy, sHT(st]s%) ddy = KFLY* — Koy + (1 — 8)K,, for Vit
st

3. L, =1L, for Vt

Definition 4.2 Following Alvarez and Jermann (2000), borrowing constraints are not too
tight if they Satisfy

V(Et'st'Kt) = Voue (¢, Ke) Vst

The link between enforcement constraints in the planner’s problem and solvency
constraints in the household’s problem is the following. When an enforcement
constraint in the planner’s problem binds, the corresponding solvency constraint in
that state will bind. This condition guarantees that the borrowing constraints prevent
default by not letting the agent accumulate more debt than they are willing to pay
back.

Definition 4.3 The price of the contingent claims are not too high if the infinite sums of the
Jorm are finite for all equilibrium object X, ;

oo
Z ep+jXerj < ©
=1

This condition guarantees that in a decentralized equilibrium, the present value
of any allocation is finite. We use it to show that the value of the constructed assets is
finite and that the household’s transversality condition holds.

Proposition 4.1 Given allocations {c,(Wy, s*)} and {K,} that satisfies
1. the feasibility condition at any period,
2. the enforcement constraints at any period and any state,
3. that the implied price of contingent claims are not too high and
4. that the marginal utility of consumption stays finite:

tlim E,u(c) < oo

then there exist processes {bt(WO,St),Bt,Tt, we, G, Te} such that sequences {c,(Wy,s")},
{ber1(Wo, sH)} and {K,} compose a competitive equilibrium given the prices {r., ws, q;},
the solvency constraints {B;,,} and the taxes on capital income {ty:}. In addition, the
borrowing constraints are not too tight.

Proof. See the Appendix.
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2. Steady State Capital Tax

This subsection explains how we compute the steady state capital tax rate.
Equation (10) is the planner’s Euler equation, upon which the planner bases his
capital investment decision and Equation (11) is the financial intermediaries’” no
arbitrage condition in the competitive equilibrium. We choose the steady state tax
rate such that these two equations are consistent with each other.

1=q|FcEH+1-8)— @ (10)

=q[(1 -7 (Fx —8) + 1] (11D

In order for the second welfare theorem to hold, two Euler equations should be
equivalent and consistent and the capital tax rate can be backed out of the following
equation:

- x(K™)
K q(Fe—6)

Proposition 4.2 If y(K*) = 0, then T = 0.
Proof. Proof is straight-forward from equation (12).

(12)

V. Concluding Remark

We study optimal capital taxation under limited commitment. We prove that the
optimal tax rate on capital income should be positive in steady state and should be
increasing over time provided that full risk-sharing is not feasible.

A one unit increase of capital investment by an agent increases all individuals’
autarky values in the economy and generates externality costs in the economy. This
externality cost provides a rationale for positive capital taxation even in the absence
of government expenditure. Moreover, even with an aggregate uncertainty, this
externality of capital investment still provides a theoretical role of positive capital
taxation.>

In addition, a positive capital tax rate is induced by the existent of the capital
investment externality, regardless of the size of aggregate uncertainty. The level of
the tax rate however should be dependent on the current level of capital stock, as we
can see equation (7) and (12).

To the best of our knowledge, this is the first paper to study optimal capital
taxation in a limited commitment environment. Furthermore, this paper studies a
model of risk-sharing to the fiscal policy literature and suggests that risk-sharing has

5 Capital accumulation dynamics with aggregate uncertainties is not discussed in this paper. With
aggregate uncertainty, the distribution of agents becomes one of the key variables, which limits our further
analysis.
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important consequences in designing the optimal fiscal policy and should not be
overlooked. For further study, one can quantitatively evaluates the optimal long-run
capital tax rate.
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Appendix

1. Invariant Probability Measure in Steady State

Given the monotonicity assumptions we must impose on m, we know that the
consumption weight w stays within a closed domain W because we know that
w € [w(sy,K), w(sy, K)] since g is bounded. If some agent starts with an initial
weight ay = w(s,, K) his consumption weight drops below w(s,, K) after a finite
number of steps unless there is perfect risk sharing.

Let W = [w(s1,K), w(s,, K) and B(W),P(S) be the set of Borel sets of W and
the power set of S respectively. The cutoff rule together with the transition function
n for the labor shock process jointly defines a Markov transition function on shock
realizations and consumption weight: Q: (W x §) x (B(W) X P(S)) - [0,1] where

Q(w,nW,S) = z {ﬂ(g’) ifw ew

else
s'es

Given this transition function, we define an operator T* on the space of probability
measures A(W x S), (B(W) x P(S))) as

(T*o)(W,S) = f Q(w,s,W,S) dd

forall (W,S) € B(W) x P(S). Note that T* maps A into itself.! A fixed point of this
operator is an invariant probability measure. Let ®* denote the invariant measure
over the space (W x S5), (B(W) x P(S))) that satisfies invariance:

T*®*(W,S) = d*

In this section, we address the question of whether such a probability measure
exists and is unique. Intuitively, this invariant measure describes the long-run cross-
sectional distribution of the agent’s consumption shares implied by the planner’s
social welfare maximizing policies.

1 See Stockey et al. (1989), Theorem 8:2.
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Proposition 5.1 For a steady state capital stock K, there exists a unique invariant
probability measure, .

Proof.
This proof follows Lustig (2004)2. We define an operator on the space of
probability measures A((W x S), (B(W) x P(S))) as:

T*A(W,S) = J Q((w,s),(W,S)) dA

A fixed point of this operator is defined to be an invariant probability measure. To
show there exists a unique fixed point of this operator, We check condition M in
(Stokey, Lucas, and Prescott (1989), p.348). If this condition is satisfied, we can use
Theorem 11:12 in Stokey, Lucas, and Prescott (1989) p.350. To be perfectly general, let
W = [w(sy, K), Wy, ¢]. There has to be an € >0 and an N >1 such that for all sets
w,Ss

Q" ((w,s), W,S)) = e and Q" ((w,s), (W,S)°) > €
It is sufficient to show that there exists an € > 0 and an N =1 such that for all

(w,5) € (W,9): Q" ((w, ), (W, ax Sn)) = €, but we know that Q((w,s), (W v Sn)) =
(Sp|S). If Wy ax = W(Sy, K) then define

w —
N =ma {n=>0: %st(sn,K)}

where N is finite unless there is perfect risk sharing. Then we know the
QY ((w,1), (W a0 Nn)) = € where

€ =(snls) - (m(spls)" ™.

If Wy ax < W(sy, K), the proof is immediate by setting € = m(s,|s). This establishes
the existence of a unique, cross-sectional distribution.

2 See also Atkeson and Lucas (1995). See also Krueger (1999): Lemma 14, Corollary 14 and Theorem 15.
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2. Proofs

Proof of Proposition 3.3
Again we follow Lustig (2004)3. If there is a unique @~, then It is clear that there
is a unique growth rate:

g = on(s’l Sw'(w,s', K) dd*
Sl
w(s")
Tg(®*) = Z f (s'|s) wdd* + Z w(s") f 7 (s'|s)wd d*
o Y w(s") Py
and then this implies that there exists a unique constant shadow price R* that clear

the markets.

Proof of Proposition 4.1
By construction, first construct the equilibrium prices and transfer as follows

1y = F(Kg, Le)
we = FL (K, L)

_ Uct+1
Qe t+1 = maxifp

Uce

8 (Ct+1)_y (ht+1)y
t+j-1

Quevj = | | qii+1
i=t

T, = TK,t(rt — 0K,

Next, construct the initial wealth and the asset holdings as follows:

W():EO

z Qo,c(cy —weseL —Ty)
t=0

and

3 See also Atkeson and Lucas (1995). See also Krueger (1999): Lemma 16; 17; 19 and 21, and Theorem
18 and 21
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(oo}
b, =E; Z Qre+j(Cevj — ey jSeajL — Ty j)
j=0

Under condition 4, these sums are well-defined. Finally, the construction of the
solvency constraints (borrowing limits) is identical to that in Alvarez and Jermann
(2000, 2001). It

Qet+1 " Ucr > BUcrsr

then set Byy1(Mev1; Wo,n') = beyq otherwise set Byyy = —E[Qq 41 (weneL + T)]. For
¢t > 0, the tax on capital income is backed out from the financial intermediaries” no
arbitrage condition

1=qe41[1+ (1 - TK,t+1)(7”t+1 —-9)]

sothat Ry, =1+ (1 - T,(’Hl)(rpr1 — ) is set equal to L l(i)_y( bt )y, for

dee+1 B \Cry1 hty1
t = 0, weset Ry = 1. To check the constructed assets are budget feasible and that the
transversality conditions for the household are satisfied. We use the budget
constraint to construct asset holdings at each time and state so allocations are budget
feasible. Budget constraints together with government budget constraint and market
clearing condition guarantee that the allocations are also resource feasible. It is easy
to show that the transversality condition for the bond holds,

lim Eq Buc,[by — B] = 0

t—oo

is satisfied assuming that

lim EO ﬁtuclt =0

t—oo

which is satisfied by condition 4.
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