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Abstract

We study optimal capital taxation in a limited commitment environment. Our
environment consists of a continuum of households with idiosyncratic labor shocks,
who have access to a complete contingent claims market. Financial contracts are not
perfectly enforceable; as in Kehoe and Levine (1993), enforcement constraints take
the form of endogenous debt limits. This market imperfection drives the endogenous
discrepancy between the household and planner discount factors: households face the
possibility of being debt constrained in the future, and as a result have a higher discount
factor than the planner, who does not face such a constraint. In such an economy,
the planner will choose an optimal capital level that is lower than that chosen by
households; this difference in the choice of capital motivates imposing a positive capital

income tax on households to induce them to invest at the socially optimal amount.

1 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
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rate should be high initially and decrease to zero. Moreover, Atkeson, Chari and Kehoe
(1999) show that the zero capital taxation result is robust for a wide range of 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 because the capital tax rate is
too high, and that decreasing the tax rate would lead to large welfare gains.

A competing literature argues that certain frictions can rationalize capital taxation. Aiya-
gari (1996) shows that with incomplete markets, agents have a precautionary savings motive
that leads them to overinvest in capital. He proves that the optimal capital income tax
should be positive in the long run to reduce over-investment. Golosov, Kocherlakota and
Tsyvinski (2003) obtain a nonzero optimal capital taxation result by introducing incentive
constraints, which arise from private information about an individual’s idiosyncratic shock.
To motivate high-skilled agents to reveal their type, they argue that the tax burden on these
agents should be lighter than on low-skilled agents.

We study a different type of economy that is closely related to the recent literature!
of endogenous incomplete markets, in which there is a continuum of households with idio-
syncratic shocks and a complete set of contingent claims, but financial contracts are not
perfectly enforceable. We construct the enforcement constraints to capture some features
of the current US bankruptcy code: if households default on financial contracts, they have
their assets seized by creditors; however, they continue to consume their labor income.. This
paper solves the Ramsey planner’s problem using the dual approach so that the Ramsey
planner chooses sequences of after-tax wage rates, government consumption, aggregate cap-
ital and market interest rates that are consistent with a competitive equilibrium in order to
maximize social welfare of the economy.

As in Kehoe and Levine (1993) and Alvarez and Jermann (2000), enforcement constraints
take the form of endogenous debt limits. The imperfect enforceability of financial contracts
drives the endogenous discrepancy between the household and planner discount factors?:
households face the possibility of being debt constrained in the future, and as a result have a
higher discount factor than the planner, who does not face such a constraint (as in Aiyagari

(1995)). In such an economy, the planner will choose an optimal capital level that is lower

! Alvarez and Jermann (2000,2001), Kehoe and Levine (1993), Kehoe and Perri (2002,2004), Kocherlakota

(1996), Krueger (1999), Lustig (2005) among others.
2 Alvarez and Jermann (2000), Kehoe and Levine (1993) and Lustig (2005) show endogenous borrowing

limits lower the market interest rate.



than that chosen by households. As in Aiyagari (1995), this difference in the choice of
capital motivates imposing a positive capital income tax on households to induce them to
invest at the socially optimal amount. However, it is not the missing market, but the market
imperfection—financial friction— that drives our results.

We show that a positive rate of capital taxes is optimal in an economy where the market
interest rate is lower than the planner’s. As we will show later, the dual approach of Ramsey
problem enables the government to choose sequences of aggregate capital and government
consumption without affecting the sequence of competitive equilibrium prices. In other
words, the optimal capital level should satisfy the modified golden rule without creating any
externalities; this implies that the government’s steady state discount factor becomes the
time discount factor regardless of the market settings. Hence, we argue that our positive
capital taxation should hold with any model economy that delivers a lower market interest
rate than the government’s.

This paper also addresses the role of labor income tax and to find an optimal labor tax.
In a debt-constrained environment, the labor tax helps relax the household’s debt limits. On
the other hand, the labor income tax also creates a distortion. The Ramsey planner takes
both effects into consideration and chooses an optimal labor tax such that in the aggregate,
the marginal benefit of relaxing the debt limit is equal to the marginal cost of distortions
due to lost resources.

This paper is organized as follows. Section 2 describes our model economy and charac-
terizes the competitive equilibrium. Section 3 describes the enforcement technology in the
economy. Section 4 defines the competitive equilibrium. Section 5 solves and characterizes
the Ramsey problem. Section 6 analyzes the steady state. Section 7 discusses optimal capital
tax in the long run. Section 8 carries out the quantitative analysis for our calibrated model.

Section 9 concludes.

2 Environment

There is a continuum of agents of measure one. Agents start with an initial asset holding,
ap and an initial idiosyncratic labor shock, so.The initial joint distribution over (ay, so) is
given by ®,. There is a single, non-storable, consumption good. A household’s preferences
are described by the expected value of the sum of discounted utilities of private consumption

and public consumption:
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where ¢;, G; denote private consumption and public consumption respectively. 8 € (0, 1),
u (+) is the utility from private consumption, and U (-) is the utility from public consumption.
The functions u (-) and U (-) are each assumed to be bounded, continuously differentiable,
strictly increasing, and strictly concave.

There is no aggregate uncertainty. The only event that each household faces is a stochastic
idiosyncratic market labor productivity shock s. Each event s; takes values on a discrete
grid S = {s1,..., S, ..., s7}. The idiosyncratic shock {s} follows a Markov process, with a
transition probability 7 (s'|s). We assume that the law of large numbers holds, so that
transition probabilities can be interpreted as fractions of agents making the transition from
one state to another. In addition, we assume that there is a unique invariant distribution

I1(s). By the law of large numbers, II (s) is the fraction of agents in state s in each period.

We denote s' as a history of realization of the shock:

s' = (50,81, ..., 811, 5¢)

Households are endowed with one unit of perfectly divisible labor for each period, which
can be used either in the market sector or home sector. Let [, and 1 — [; be the amount of
labor the household allocates to market and to home production at period ¢, respectively.

Home production is given by the following production function:
H(1-1),

where H : [0,1] — R, is bounded, continuously differentiable, strictly increasing, and strictly
concave. In addition, H (-) satisfies H (0) =0, H' (0) = 0o, and H' (1) > 0.
In the market sector, market production is given by a single technology that exhibits

constant returns to scale:

Yy = F (K¢, Ly)

where F'(-,-) is the market production function, and K; and L; denote aggregate capital
and aggregate labor inputs respectively. Assume that F (-, -) is homogeneous of degree one,
and twice continuously differentiable.

There are competitive markets in labor, capital, the output good, and government bonds.
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3 Enforcement Technology

Following Kehoe and Levine (1993) and Kocherlakota (1996), this literature commonly
assumes that when households default, they are excluded from financial markets forever, and
have their assets seized at the time of default. This punishment forces households to consume
only their total labor income-the sum of home production and market wage income-forever,

which implies, in turn, that the per-period utility that a household obtains after default is
Uaut (st,@t) = U(H (1 — lt) + wt8t1t>

where w; and [; are after tax wage rate. We can thus define an autarky value at period t as

‘/aut,t(sty {ET}:O:t) = Z BT_t Z ™ (ST| St) Uaut (St7mt) :
T=t sTtst
This is the autarky value that a household receives if it defaults at period .
To keep households from defaulting, we need to ensure that the expected utility of staying
in the risk-sharing pool are greater than or equal to the value of defaulting for each possible

st. The enforcement constraints can be written as follows:

i d (878 ) uler) = iﬁ”t > 7 (87]5") U (50, ;) for Vs'

=1 s"tst STiSt
In other words, if this constraints are satisfied in all states, households do not wish to exercise

their default option.

4 Competitive Equilibrium

In this section we formulate the household and firm problems, and define an equilibrium,

in which all trading occurs at period zero.

4.1 Household (ayg, sy)’s Problem

Taking the sequence of after-tax wages w; and market interest rates R; as given, a
household purchases history-contingent consumption claims {c¢;} and makes labor allocation
decisions {l;} subject to both a lifetime budget constraint and a sequence of enforcement

constraints, one for each history:
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As mentioned above, a household’s labor income consists of two parts: home production
and market wage income. The solution to the labor allocation problem is obtained by

following a static optimization problem:

max H (1 — lt) + @tstlt
lte[o,l}

This total labor income maximization problem yields an optimal supply function for market
work, denoted [ (s;,w;). Using this, we can define a household’s total maximized labor

income function (denoted by y (s, w;)) as

y (St,wt) = H (1 — l (St,@t)) +mt8tl (St,wt)

4.2 Firms’ Problem

Firms operate market production technology through a market production function,
F(Ky, L;). At period 0, taking a sequence of pre-tax wage rates {w;}, market interest rates
{R;}, and corporate profit taxes 7 as given, a firm finances its initial capital stock Ky using
financial intermediaries and chooses a sequence of capital stocks K;,; and labor demand L

that maximizes the discounted after-tax profit function:

t

1— — I + 07 K,

85 gy 2 L 7 1A = T = Tt bricaF
subject to

o = F (K, L) —wily
Kt+1 - (1 - 5) Kt + -[t
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where ¢, is corporate profit (capital income) and w; equals (1 — 7 ¢)w;.
Note that it is firms that must pay the tax, which is imposed on income paid to physical

capital.

4.3 Financial Intermediaries and Government

Financial intermediaries trade a sequence of contingent claims and government bonds,
and finance initial capital stock K for firms.

Government expenditure is composed of government consumption G; and debt payments
(r? +1)B;. Government revenue is composed of taxes on market labor income and capital
returns, respectively labeled 7x; and 71,. Additionally, the government can finance its

expenditures by issuing new debt B;,;. Hence, the government constraint is as follows:
Tk,t<rt — 5)Kt + Tl,ttht + Bt+1 = (Tf + 1)Bt + Gt

4.4 Characterizing Equilibrium Prices and Allocations
Household (ayg, s¢)

Let the Lagrangian multipliers for constraints (1) and (2) be 6 and 8'7 (s) y, (s*) respec-

tively. Cumulative multipliers®, ¢, (s*), can be defined to make the problem recursive:
=14, (s7),
STjSt
where s” is a subsequent history of s'. Rewriting cumulative multipliers recursively yields:
¢ (3t) = Gi1 (St_l) + Hy (st) )
Col(s0) = 1

Note that {(, (s")} is a non-decreasing stochastic process.

The Lagrangian can be written as:

L (ao, S0, {Wi o {Ri}treg) = mln mcztxxz Zﬁt Ct ag, S ) u(c) + (1 - (ag, st)) Usut (W4, st)}

CL07 [y (56, W) — ] — ag

sisl

3Marcet and Marimon (1999)



The first-order condition with respect to ¢; is

1
ﬂtCt (a07 St) Uet = 0 (CL[), St) H R .

AT | ®

»
—
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where &, (ag, s') = C;(([Z)—O;t) R, is the market interest rate faced by all households. &, is a
summary statistic of a household’s history. It measures how severely and how many times
the household has been constrained in history. Therefore, the equation (3) implies that a
household’s consumption is history dependent, and that a household should have a higher
consumption level if it has a higher &,.

The first-order condition implies that the ratio of marginal utilities in consecutive nodes

(st, s') satisfies the following restriction:

1 J—
E = G
. Ue,t+1 §t+1
B uc,t gt
— maxﬁﬂ
(2

Ue,t

The intertemporal price, ¢;, is equal to the maximum intertemporal marginal rate of sub-
stitution (IMRS) across all households. This can be clearly seen by the fact that only an
unconstrained household can engage in arbitrage when its IMRS is smaller than the state
price of consumption in a particular state of the world. If the price of consumption in that
state were larger than IMRS, the household can short a contract that delivers one unit of
consumption in that state, or sell a contingent claim, at a price ¢; that would increase its
overall utility.

In addition, aggregate consumption C;, aggregate market efficient labor supply L;, and

aggregate home production output H; can be written as follows:

Ct = Z/ |SO Ctdq)[)
L, = Z/ |so stl (8¢, w¢) dDg
H = Z/W(st|so)H(1—l(st,@t))dq)g



The resource constraint for this economy can now be written as

Ct+Gt+Kt+1 IF(Kt,Lt)+Ht+<1—(S) Kt, fOT Vit Z 0.

Firms

The firms’ problem yields the following first order conditions:

wy = Fry
1 = q[(Frar —0) (1 = Tra41) +1] (4)
where ¢; = th is an intertemporal price. Based on these optimal conditions, firms make

decisions on labor demand and capital investment.

4.5 Competitive Equilibrium

Definition 4.1 A competitive equilibrium is a given initial condition Ky, a sequence of allo-
cations {c; (ao, s*) , I, Ki}, a sequence of prices {wy, Ri}, and a sequence of policies {7+, Tk +, B, Gt}
such that the household problem is solved for each (ao, o), the firm problem is solved, the

government budget constraint is satisfied for all periods and the markets clear.

5 Ramsey Problem

Given the initial distribution ®q over (ao, $o), the government’s optimal tax problem is
to choose sequences of {w;, Kyy1, Gy, Ry} consistent with the competitive equilibrium such

that social welfare is maximized.*.
max / Wo (a0, 50, {120 {REZS) Ao + 3 BU(G)
{w¢, K¢+1,Ge,Re } - B =0

subject to
Co+ K1 + Gy = F (K, Ly) + Ho+ (1 =) K, (5)

Equation (5) is the resource constraint and must hold for all periods. Notice that as is

generally the case in Ramsey problems we exclude the government budget constraint, since

4The social welfare criterion is assumed to be the equally weighted sum of discounted utilities across
population



household consumption choices satisfy the household’s budget constraints, which together
with the resource constraints imply the government budget constraints.

The Lagrangian is written as

Le = mi W < ) dd !
O | Vo I (R 80+ 3 UG
+ BNAF (K, L) + Hi+ (1= 6K, — C, — Ky — Gy)

where )\; is the Lagrange multiplier for the resource constraints.

Then, first order conditions with respect to G;, K;;1 and w; are respectively:

U'(Gy) = M (6)
At = BAp1(M Pg g1 +1 = 9) (7)
df WO (ao, So, {Et}fio s {Rt}:io) d(I)() d [6t>\t (F (Kt, Lt) =+ Ht — Ct)] .
+ — =0 (8)
d@t dwt
where M Pk, = %.

Moreover, the Envelope Theorem implies

/ dWO (CL(), S0, {mt};io ) {Rt}zo) dCI)O _ /Bt 1 . ft) dUauttt CI)O (9)

dw,

The benefit of 1nc1casing labor tax
dy
t t t
+ ﬁ T (8 ) ftuc,t — dq)[)
dwt

TV
The cost of increasing labor tax

6 Steady State Analysis

We define the steady state to one in which all aggregate variables and the distribution
of households stays constant; we also assume that the economy converges asymptotically to
the steady state. We characterize the steady state allocations in this section and along with
this discussion explain how to compute those allocations. We index all of the steady state

variables by omitting the subscript t.
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6.1 Labor Allocation

Given the steady state after-tax wage rate w, each household’s labor supply (s, w) can
be decided by a total labor income maximization problem. Then, aggregate labor supply is

given by:

L= /z(s,m)sdep

6.2 Capital Allocation

Proposition 6.1 % = M Pk + 1 —§ in steady state.
Proof. The result follows directly from the steady-state version of the following Fuler equa-

tion in the Ramsey planner’s problem.

—UI (Gt) + 6U/ (Gt+1) (MPK7t+]_ + 1 - 5) = O

Proposition 1 states that in the steady state pre-tax capital return, M Px — must equal
the rate of time preference, and it characterizes the optimal level of capital stock in the

economy.

6.3 Consumption Allocation
Aggregate Consumption Allocation

The aggregate steady state consumption C' can be derived from the steady state resource
constraint:

C=F (KL +H-K—-G (10)

while aggregate consumption is allocated across agents:
C = / c(s)dd

Household Consumption Allocation

From equation (3), each household’s consumption can be characterized by the linear risk-

sharing rule under the assumption of a power utility function with a constant risk-aversion
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coefficient ~°:

where h; and C; are defined as

and

C} is the aggregate consumption in period ¢ and h, is the 1/vth cross-sectional moment
of the cumulative multiplier. Hence, h; is a non-decreasing process. We interpret h; as the
fraction of the constrained households and the severity of their constraint.

Let w; = ¢;/C; denote the consumption share in period t. The risk-sharing rule implies

that the ratio of consumption share between period ¢ and ¢ + 1 is

1/~
Wil t+1 gil
=\~ |9
Wi tl/’Y

where g, = h;; is defined as the growth rate of h,.

When a household does not switch to a state with a binding enforcement constraint (i.e.

E =&+ 1y = &), its consumption share drifts downward at the rate of g;:

1
W1 = Wr— (11)
9t

Steady State Consumption Cutoff Rule

Following the methodology in Lustig (2005), we now describe the steady state household
consumption allocation. To implement this goal, we take the consumption share, rather than
the cumulative multipliers £, as a state variable, and introduce cutoff rules to characterize

steady state household consumption allocations.

5See Lustig (2005) for the derivation of the risk sharing rule.
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For a given weight growth g, we define the continuation value function, V (w, s) as:

1 1=
V(sz)_1_<c7uc> —i—BZW(s']s)V(w',s’) (12)
-7 \9 "
The cutoff, w (s) is determined such that the participation constraint binds exactly. That is,
w (s) satisfies
V (w(s),8) = Vau (s,w) for each s.

The cutoff values are the consumption shares for agents who switch to a state with a binding
constraint, to prevent those agents from defaulting.

In brief, if the constraint of the household does not bind, w drifts down by the rate of g,
as shown by equation (11). If it does bind, w must equals the cutoff. Hence, the cutoff rule
can be shown as follows. For a given weight growth g, the cutoff rule for the consumption
weight is given by:

/

/

= wifw>wl(s)
W= w(s) ifw<w

(s)

and the actual individual consumption is given by:
c= WTIC'
g
Therefore, the cutoff rule implies the following. As long as an agent’s consumption share
is larger than the cutoff value, the agent’s actual consumption drifts down at rate g. It keeps
shrinking until the agent has a good enough shock realization, such that corresponding cutoft
is greater than the previous period’s consumption share. If this happens, then the agent’s
consumption share equals to the cutoff divided by the growth rate of A.
The beauty of the cutoff rule is that, as long as g and C are known, we can characterize
each household’s dynamic consumption allocation over time. As we shall show later, the

computational methodology of solving allocations and prices are based on the cutoff rule.

6.3.1 Optimal Labor Tax Rate

We can derive equation (13) by imposing steady state on equation (8). Thus, the after-tax

wage rate in steady state is chosen such that equation (13) is satisfied.

d aut dy
y Waut 10 vy 2
/w — dd /w ucdwdq) (13)
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If the government increases the steady state after—tax Wage rate at margin, then the
benefit of increasing after-tax wages in terms of utility is uc . On the other hand, increasing
the after-tax wage rate tightens the enforcement constraint for each household by increasing

autarky value by dv‘wf.

From the Ramsey planner’s point of view, the aggregate benefit
and cost are the integrated weighted sum of utilities across households, and should be equal
in equilibrium, as shown in equation (13). Hence, the optimal after-tax wage rate can be

obtained.b

6.3.2 Equilibrium Consumption Price

The intertemporal price is

1

Qt:E

-
- 5[] (14)

The first part of equation (14) is a standard shadow price that can be obtained in a repre-

sentative agent economy. The second part is the multiplicative adjustment of the aggregate
shadow cost of the enforcement constraints. The growth rate of h;, g; is greater than or equal
to one, because h; is a non-decreasing sequence. Therefore, the risk of being constrained in

the future makes one unit of future consumption expensive.

Proposition 6.2 (5 < g in steady state, if and only if full-risk sharing is not feasible.

Proof. In steady state, the average growth rate of consumption is constant at 1 and
Q/
Q

where g is a growth rate of h and greater than 1 if and only if any positive fraction of

= pg’ (15)

households is constrained. m

We know that ¢ is an unconstrained household’s IMRS and the growth rate of the con-
strained household’s consumption is higher than one. Then, it must be the case that the
growth rate of the unconstrained household’s consumption is lower than one, to keep the av-
erage growth rate constant (i.e. equal to one).Thus, the time discount factor is smaller than
the intertemporal price. Note that the steady state spot price of one unit of consumption in
the next period is decided by g.

SBecause w = (1 — 7)w
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7 Optimal Capital Tax

This section explains how we compute the steady state capital tax rate. Proposition 1
provides the planner’s Euler equation, based on which the planner chooses the optimal level
of capital. Equation (4) is the firm’s Euler equation, based on which firms make the capital
investment decisions in competitive equilibrium.

We choose the steady state capital tax rate such that these two equations are consistent

and equivalent to each other.

1 = q[(1-7x)(MPg —6) +1]
= BIMPx+1-{]

For the private sector to achieve the optimal capital level in competitive equilibrium, the

optimal capital tax rate should be the following;:

1/¢g—1

1/8—1
Proposition 7.1 Positive capital tax is optimal if and only if 5 < q in steady state.
Proof. The result follows directly from Equation (16) m

(16)

TK:]_

We know that the intertemporal price should be the unconstrained household’s intertem-
poral marginal rate of substitution and the average growth rate of consumption is one in
steady state. Given that, the fact that the constrained household’s consumption growth is
greater than one implies that the unconstrained’s consumption growth should be less than
one. Therefore, the unconstrained intertemporal marginal rate of substitution should be
higher than the time discount factor and so should the intertemporal price.

Recall the dual approach in the Ramsey problem. The government chooses the after-
tax rate and the interest rate. As long as the government chooses an interest rate that is
consistent with the competitive equilibrium, it will always result in the modified golden rule
in steady state, regardless of the frictions in competitive equilibrium.

We argue that this Ramsey problem yields the same outcome (16) of positive capital
taxation as long as the market interest rate is lower than time preference rate in steady
state.
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8 Numerical Example

8.1 Parameters and Shock Process

We compute stationary allocations for a set of parameters, then simulate data from the
model to arrive at the model’s quantitative prediction. To generate simulated results, we first
must parameterize the idiosyncratic labor shock process and preferences. Krueger (1999) uses
Storesletten, Telmer and Yaron (2004)’s estimation for the idiosyncratic endowment shock
process. They use labor market earnings to calibrate the process for the labor efficiency units
from the PSID (1969 — 1992). Their idiosyncratic process includes the effects of government
programs that are devised to share risk, such as unemployment insurance. Since we are
interested in income risk, which has to be insured by private arrangements, net of those risks
already insured by the government, their idiosyncratic process is actually more appropriate
for our study than that of Krueger (1999).

Let z; be the logarithm of individual income. Storesletten, Telmer and Yaron (2004)

assume that idiosyncratic income has a persistent and a transitory component and estimate

Zi = it ten, ap~ Niid(0,07) and e ~ Niid (0,07)
Uig = PUip—1 + Ny, Ny ~ Niid (0’ ‘7%)

They find estimates of (p,02,02,02) = (0.98,0.326,0.005,0.019) . Note that this idiosyn-
cratic process displays a high degree of persistence. Given their estimation, Krueger (1999)
ignores the individual-specific fixed effects «; and approximates the continuous AR(1) process
by a 5 state Markov chain, using the procedure described by Tauchen and Hussey (1992). In
the following table, we use the baseline parameterization for the idiosyncratic process that

Krueger (1999) constructs.
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Table 1
Krueger (1999) Calibration

Panel A: Markov Chain States
S=1063 079 096 1.17 1.47

Panel B: Stationary Distribution
IT=1]0.183 0.212 0.210 0.212 0.183

Panel C: Transition Probability
[ 0.71 0.26 0.02 0.01 0.00 |
0.23 0.51 0.24 0.02 0.00
m=|0.02 024 048 0.24 0.02
0.00 0.02 0.24 0.51 0.23
| 0.00 0.01 0.02 0.26 0.71 |

A set of parameters is also summarized in the following table:

Parameters Value
15} Discount Factor 0.9
0 Risk Aversion 2.00
) Depreciation Rate 0.08
«a | Capital Income Share 0.20

A | Labor Supply Elasticity 1

We set the capital income share « to 0.2 which implies that we set the labor income share
to 0.8. Lustig (2004) argues that the average labor income share (1 — «) of national income
in the US between 1946 and 1999 is 70 percent (source, NIPA). The additional 11 percent
is proprietor’s income derived from farms and partnerships (primarily doctors and lawyers)
and should be treated as labor income for the purpose of this exercise. This brings the total
labor income share to around 81 percent.

The specific home production function we used for computation is as follows:

1
BRI

where D is a constant. By solving the total labor income maximization problem, we can

(1= n'3)

obtain the household market labor supply function

n =D (ws)*
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Hence, A\ represents labor supply elasticity. In addition, the parameter D in the home

production function is chosen such that when 7,

household [ D (ws)* d® =1/3.

8.2 Results

The optimal labor tax and capital tax rates are 16.61 percent and 7.07 percent respec-

tively. Table II and IIT show the optimal allocations and prices in steady state.

Table IT Quantities

C =0.9755 | L =0.4625
K =0.5539 | H =0.6349
Y =0.4812 | B = —0.2860

Table III Prices

w=0.6768 | r=0.1033
¢ =0.9064 | R=1.1033
1/8=1.1111| g =1.0036

0.35, the average working time per

9 Conclusion

We study optimal long-run capital taxation in an economy with idiosyncratic labor pro-
ductivity shocks and enforcement constraints. We prove that a positive capital tax is optimal
as long as a positive fraction of the population is constrained; moreover we show that it is
the difference between the Ramsey planner’s and the private sector’s discount factor that
motivates imposing the positive capital tax rate.

This paper provides a generalized framework under which taxing capital income is opti-
mal: any endogenous discrepancy between the government’s discount factor and that of the
private sector will support such a result. On this basis, several extensions make themselves
apparent. For example, any model economy in which the private sector faces a borrowing
constraint of any kind”, while the government does not, would support positive capital tax-

ation. We can also consider a model with segmented markets. Such an environment yields

"For example, exogenous borrowing constraints in Aiyagari (1995)
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positive capital taxation since the private sector’s discount factor is greater than the plan-
ner’s: a positive probability of not being able to participate in future asset markets increases
the private sector’s discount factor.

In this paper, we have a government that chooses government consumption and aggregate
capital level and this allow us to come up with a modified golden rule, while our subsequent
paper, Chien and Lee (2005), has the government play a minimal role in the economy: it
simply collects tax revenues and transfers it back to households in a lump-sump fashion. In
other respects, the environment is the same as in this paper. The subsequent paper solves
the planner’s problem and decentralizes the constrained efficient allocations by introducing
capital taxation. It argues that the optimal capital tax rate should be strictly positive, and
should increase over time to a certain point and also shows that the optimal capital tax rate

would be higher than one would expect.
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Appendix: Computation

For the sake of simplicity, government spending is set at 20 percent of gross market
output, i.e., G/(K“L'™ — 6K) = 0.2.

Computational Algorithm

The algorithm bases on iterating in 7, and g.

1. Compute the input ratio from % = a(%)"‘_l + 1 — 0, and hence obtain w and 7.

2. Guess for 71,then compute

o after-tax wage w = (1 — 7)) w
e Given w, compute V,;, L and H.
e K followed by the input ratio.

e Compute C' by the resource constraint, equation (10).
3. Guess g (g = %’)

e Compute the cutoff w,

e Simulate the household consumption allocation by cutoff rules

4. Update g by computing the average growth rate of household consumption
5. Iterate (4) and (5) until g converges.

6. Define and compute

Dist(1r) = ‘/ <£> T nsdd — L
w
7. Repeat (2) to (6) until Dist(75) =0

8. Tk is followed by equation (16)
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