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Abstract

This thesis studies the macroeconomics of incomplete markets. Chapter 1 studies the ef-
fects of capital taxation in a dynamic heterogeneous-agent economy with uninsurable en-
treprencurial risk. Unlike either the complete-markets paradigm or Bewley-type models
where idiosyncratic risk impacts only labor income, here it is shown that capital taxa-
tion may actually stimulate capital accumulation. This possibility emerges because of the
general-equilibrium effects of the insurance aspect of capital taxation. Chapter 2, which is
joint work with George-Marios Angeletos, revisits the macroeconomic effects of government
consumption in the neoclassical growth model augmented with idiosyncratic investment (or
entrepreneurial) risk. Under complete markets, a permanent increase in government con-
sumption has no long-run effect on the interest rate, the capital-labor ratio, and labor pro-
ductivity, while it increases work hours due to the familiar negative wealth effect. Under
incomplete markets, the very same negative wealth effect now causes a reduction in risk
taking and investment. This in turn leads to a lower risk-free rate and, under certain condi-
tions, also to a lower capital-labor ratio, lower productivity and lower wages. Chapter 3 uses
annual Greek data to test the validity of the Permanent Income Hypothesis (PIH) versus the
“Keynesian”view that consumption responds to current income. The PIH is rejected by all
tests, and so is the simple excess sensitivity hypothesis with a constant marginal propensity
to consume. Subsequently, the relevance of a more sophisticated excess sensitivity version,
with a time-varying marginal propensity to consume, is determined. It is shown that liquid-
ity constraints, in the form of the spread between private interest rates on loans and deposits,
negatively affect the marginal propensity to consume out of current disposable labor income.
This result disappears when total disposable income is considered.
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Chapter 1

Capital Taxation with

Entrepreneurial Risk

Abstract

This chapter studies the effects of capital taxation in a dynamic heterogeneous-agent economy
with uninsurable entrepreneurial risk. Although it allows for rich general-equilibrium effects
and a stationary distribution of wealth, the model is highly tractable. This permits a clear
analysis, not only of the steady state, but also of the entire transitional dynamics following
any change in tax policies. Unlike either the complete-markets paradigm or Bewley-type
models where idiosyncratic risk impacts only labor income, here it is shown that capital
taxation may actually stimulate capital accumulation. This possibility emerges because of
the general-equilibrium effects of the insurance aspect of capital taxation. In particular, for
the preferred calibrated version of the model, when the tax on capital is 25%, aggregate
output is 2.5% higher than what it would have been had the tax rate been zero. Turning to
the welfare effects of a reform in capital taxation, it is shown how these effects depend on
whether one focuses on the steady state or also takes into account transitional dynamics, as
well as how they vary in the cross-section of the population (rich versus poor, entrepreneurs
Versus non-entrepreneurs).

1.1 Introduction

This chapter studies the macroeconomic and welfare effects of capital-income taxation in an
environment where agents face uninsurable idiosyncratic risk to the return of their investment
choices. Such risk is empirically important for entrepreneurs and wealthy agents, who, even
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though they represent a small fraction of the population, yet they hold most of an economy’s
wealth. In this context, capital taxation raises an interesting tradeoff between the distortion
of investment incentives and the provision of insurance against idiosyncratic capital-income
risk. On the one hand, capital taxation comes at a cost, since it distorts agents’ saving
decisions. On the other hand, it has benefits, since it provides agents with partial insurance
against idiosyncratic investment risk. This suggests that a positive tax on capital income
could be welfare-improving, even if it reduced capital accumulation.

Most surprisingly though, it is shown that a positive tax on capital income may actually
stimulate capital accumulation. Indeed, the steady-state levels of the capital stock, output
and employment may all be maximized at a positive value of the capital-income tax. This
possibility emerges because of the general-equilibrium effects of the insurance aspect of capi-
tal taxation. This result stands in stark contrast to the effect of capital taxation both under
complete-markets models, and under incomplete-markets models with uninsurable labor-
income risk alone. In these models, capital-income taxation, irrespectively of whether it is
welfare-improving or not, necessarily discourages capital accumulation.

Model. This chapter represents a first attempt to study the effects of capital-income
taxation in a general-equilibrium incomplete-markets economy, where agents are exposed to
uninsurable idiosyncratic investment risk. The framework builds on Angeletos (2007), who
develops a variant of the neoclassical growth model that allows for idiosyncratic investment
risk, and studies the effects of such risk on macroeconomic aggregates. Here, as in Angele-
tos’s model, agents own privately held businesses that operate under constant returns to
scale. Agents are not exposed to labor-income risk, and they can freely borrow and lend
in a riskless bond, but they cannot diversify the idiosyncratic risk in their private business
investments. Abstracting from labor-income risk, borrowing constraints, and other market
frictions, isolates the impact of the idiosyncratic investment risk and preserves the tractabil-
ity of the general-equilibrium dynamics. The present model extends Angeletos’s model in the
following ways. First, a government is introduced, imposing proportional taxes on capital
and labor income, along with a non-contingent lump-sum tax or transfer. Second, agents
have finite lives, which ensures the existence of a stationary wealth distribution. Third,
there is stochastic, though exogenous, transition in and out of entrepreneurship, which helps
capture the observed heterogeneity between entrepreneurs and non-entrepreneurs without
the complexity of endogenizing occupational choice. Fourth, labor supply is endogenous.
Clearly the first element is essential for the novel contribution of the chapter. The other
three improve the quantitative performance of the model and demonstrate the robustness of
the main result.

Preview of results. The main result of the chapter is that an increase in capital-income
taxation may in fact increase capital accumulation. The intuition behind this result comes
from recognizing that the overall effect of the capital-income tax on capital accumulation
- can be decomposed in two parts. The first part captures the response of capital to the tax
in a setting with endogenous saving but exogenously fixed interest rate. This is isomorphic
to examining the effects of the capital tax in a “small open economy.” In this context, it
is shown that an increase in the capital-income tax unambiguously decreases the steady-

14



state capital stock. The second part, which is the core result of this chapter, captures the
importance of the general-equilibrium adjustment of the interest rate for wealth and capital
accumulation. Here, an increase in the tax reduces the effective variance of the risk agents
are exposed to. This reduces the demand for precautionary saving, and therefore increases
the interest rate, which in turn increases steady-state wealth. With decreasing absolute risk
aversion, wealthier agents are willing to undertake more risk, and hence they will increase
their investment in capital. In other words, the general-equilibrium effect of the interest rate
adjustment is a force that tends to increase investment and the steady-state capital stock.

For plausible parameterizations of the closed economy, the general equilibrium effect dom-
inates for low levels of the capital-income tax, so that steady-state capital at first increases
with the tax. In particular, for the preferred calibrated version of the model, the steady-
state capital stock is maximized when the tax on capital is 40%. When the tax on capital is
25%, aggregate output is 2.5% higher than what it would have been had the tax rate been
zero. The result that the steady-state capital stock is inversely U-shaped with respect to
the capital-income tax is robust for a wide range of empirically plausible parameter values.
Furthermore, the tax that maximizes steady-state capital is increasing in risk aversion or
the volatility of the idiosyncratic risk. This finding reinforces the insurance interpretation
of the tax system.

Subsequently, the chapter examines the aggregate and welfare effects of eliminating the
capital-income tax. This is because an extensive discussion has been conducted within
the context of the complete-markets neoclassical growth model about the welfare benefits
of setting the capital-income tax to zero. In light of the main result here, revisiting this
discussion is worthwhile. In particular, the aggregate and welfare effects are presented from
two different perspectives. On the one hand, one might be interested in examining the
welfare of the current generation immediately after the policy reform, taking into account
the entire transitional dynamics of the economy towards the new steady state with the zero
tax. On the other hand, one might be interested in examining the welfare of the generations
that will be alive in the distant future, i.e. at the new steady state. For convenience, the first
exercise will be referred to as the study of the short-run welfare implications of eliminating
the capital-income tax, whereas the second exercise will be referred to as the study of the
long-run welfare implications of eliminating the capital-income tax.

First, consider the macroeconomic effects of eliminating the capital-income tax. When
markets are complete, investment increases in the short run, and it is also higher at the new
long-run steady state with the zero tax, relative to the old steady state with the positive
tax. By contrast,in the present model of incomplete markets, investment falls in the short
run, as well as in the long run.

Second, consider the welfare effects of eliminating the capital-income tax. These vary
across the different types of agents, the different levels of wealth, and the short-run and long-
run perspectives. In the short run, poor agents, whether entrepreneurs or non-entrepreneurs,
prefer the zero tax. This is because most of their wealth comes from wage income, and, with
capital fixed, the present value of wages increases due to a fall in the interest rate. Rich
agents, on the other hand, prefer a positive tax, since they benefit more from insurance
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provision.

In the long run, all types of agents, and at all levels of wealth, prefer a positive tax on
capital income. However, the cost of switching to a zero-tax regime is much higher for poorer
than for wealthier agents of all types. This is because, in the long run, the elimination of the
tax decreases the steady-state capital stock, thereby decreasing the present value of wages.
Therefore poorer agents will suffer the most, since human wealth constitutes a big part of
their total wealth.

Literature review. This chapter focuses on entrepreneurial risk, because such risk is in
fact empirically relevant, even in a financially developed country like the United States.
For example, Moskowitz and Vissing-Jgrgensen (2002) find that 75% of all private equity
is owned by agents for whom such investment constitutes at least half of their total net
worth. Furthermore, 85% of private equity is held by owners who are actively involved
in the management of their own firm. Given this evidence about the United States, one
expects that entrepreneurial risk must be even more prevalent in less developed economies,
where a large part of production takes place in small unincorporated businesses and where
risk-sharing arrangements are much more limited.

This chapter relates to the strand of the macroeconomic literature discussing optimal
taxation and the effects of taxation. However, most of this literature has focused on labor
income risk. Chamley (1986) and Judd (1985) first established the result of zero optimal
capital taxation in the long run when markets are complete. Atkeson, Chari and Kehoe
(1999) generalized this result to most of the short run for an interesting class of preferences,
and to the case of finitely lived agents. Aiyagari (1995) extended the complete-markets
framework to include uninsurable labor income risk and borrowing constraints. In this
context, when only a limited set of policy instruments are available, it becomes optimal to
tax capital in the long run: a positive capital tax increases welfare, but it unambiguously
lowers the level of the capital stock.

A related but different normative exercise is conducted by Davila et al. (2007). They
examine constrained efficiency, in the spirit of Geanakoplos-Polemarchakis, within a version
of Aiyagari’s model. This exercise does not allow for risk-sharing through taxes or any other
instruments, and instead considers an efficiency concept where the planner directly dictates
to the agents how much to invest and to trade. Angeletos and Werning (2006) examine a
similar constrained efficiency problem in a two-period version of a model with idiosyncratic
investment risk. Albanesi (2006) considers optimal taxation in a two-period model of en-
trepreneurial activity, in a constrained efficiency setting, and following the Mirrlees optimal
policy tradition. The benefit of her approach is that the source of incomplete risk-sharing
is endogenously specified as the result of a private information (moral hazard) problem, and
that there are no ad hoc restrictions placed on the tax instruments. However, her model
does not allow for dynamics, for long-run considerations, or for general-equilibrium effects
like those studied in the present chapter.

The growing literature on the effects of borrowing constraints on entrepreneurial choices
has examined policy questions, and especially the implications of replacing a progressive with
a proportional income tax schedule, in an Aiyagari-type framework, i.e. with decreasing
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returns to scale at the individual level, borrowing constraints, and undiversifiable labor
income risk. These policy exercises have been conducted from a long-run perspective, without
taking into account transitional dynamics. Some examples in this area include Cagetti
and DeNardi (2004), Meh (2005), and Li (2002). Benabou (2002) develops a tractable
dynamic general-equilibrium model of human capital accumulation with endogenous effort
and missing credit and insurance markets. Within this framework he examines the long-
run tradeoffs of progressive taxation and education finance. Finally, Erosa and Koreshkova
(2007) examine the long-run effects of switching from progressive to proportional income
taxation in a quantitative dynastic model of human capital.

This chapter also relates to the branch of the public finance literature that considers
the effects of capital taxation on portfolio allocation and risk-taking. Domar and Musgrave
(1944) first proposed the idea that proportional income taxation may increase risk-taking,
by having the government bear part of the risk facing the agents. This idea was formalized
by Stiglitz (1969), within a two-period single-agent model, where asset returns and the level
of saving are exogenously given, but where the agent optimally chooses the allocation of his
fixed amount of saving between a risky and a riskless asset. Ahsan (1974) extends Stiglitz
by endogenizing the intertemporal consumption-saving decision in a two-period model. He
shows that the partial-equilibrium effect of capital-income taxation on risk-taking is in gen-
eral ambiguous. By contrast, in the “small open economy” version of the present model,
which allows for wealth accumulation over time but takes the interest rate as exogenously
fixed, it is shown that the steady-state capital stock is decreasing in the capital-income tax.
This finding highlights that the results here are driven by general-equilibrium effects, which
is novel to the literature.

As already mentioned, the present model builds on Angeletos (2007), who abstracted
from policy questions and considered instead the effect of investment risk on macroeconomic
aggregates. The contribution of the present chapter is to study the effects of capital-income
taxation on aggregates and welfare. Angeletos and Panousi (2007), in a framework like
the one in Angeletos (2007), examine the effects of government spending on macroeconomic
aggregates, but for the case where government spending is financed exclusively through
lump-sum taxation.

The rest of this chapter is organized as follows. Section 2 presents the model. Section
3 describes individual behavior and the aggregate equilibrium dynamics. Section 4 char-
acterizes the steady state in terms of aggregates and distributions. Section 5 presents and
discusses the main theoretical result. Section 6 presents the calibration methodology and
the parameter choices, along with the implications of the preferred calibrated model for ag-
gregates and distributions. Section 7 quantifies the steady-state effects of capital taxation,
as well as the short-run and long-run effects of eliminating the capital-income tax. Section
8 examines the robustness of the results to the availability of a safe asset in positive net
supply. Section 9 concludes. All proofs are delegated to the appendix.

17



1.2 The Model

Time is continuous and indexed by t € [0,00). There is a continuum of agents distributed
uniformly over [0, 1]. At each point in time an agent can be either an entrepreneur, denoted
by E, or a laborer, denoted by L. The probabilities of switching between these two types are
exogenous. In particular, the probability that an agent will switch from being an entrepreneur
to being a laborer is pgz dt, and the probability that he will switch from being a laborer to
being an entrepreneur is prg df. The measure of entrepreneurs in the economy at time ¢ is
denoted by x;.

In what follows, and for expositional simplicity, labor is taken to be exogenous. All
proofs in the appendix consider the general case of endogenous labor, where preferences are
homothetic between consumption and leisure, i.e. they are of the King-Plosser-Rebelo (1988)
specification.

1.2.1 Preferences

All agents are endowed with one unit of time. Preferences are Epstein-Zin over consumption,
¢, and they are defined as the limit, for At — 0, of:

Uy = { (1— BBty 710 | b0t (ukz, )‘1—‘_‘%’3 }ﬁa : (1.1)

where 3 > 0 is the discount rate, v > 0 is the coefficient of relative risk aversion, and 8 > 0 is
the elasticity of intertemporal substitution. For § = 1/+, this reduces to the case of standard

1-1/8
expected utility, U; = E; [~ e™*U(c,)ds, where U(c;) = -‘;—Tm.

1.2.2 Entrepreneurs

When an agent is an entrepreneur, he owns and runs a firm operating a constant-returns-
to-scale neoclassical production function F'(k,l), where k is capital input and [ is labor
input. An entrepreneur can only invest in his own firm’s capital, although he supplies and
employs labor in the competitive labor market. Capital investment in his firm is subject to
uninsurable risk. The idiosyncratic shocks are i.i.d., hence there is no aggregate uncertainty.
An entrepreneur can also save in a riskless bond.

The financial wealth of an entrepreneur i, denoted by z¢, is the sum of his holdings in
private capital, k!, and the riskless bond, b::

T = kj +bi. (1.2)

The evolution of z! is given by:
dop = (1 -7 ) dri + [ (1 = )R B+ (1= f)wr + T — ¢ | dt,, (1.3)
where dn} are firm profits (capital income), R, is the interest rate on the riskless bond, '
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is the proportional capital-income tax, w; is the wage rate in the aggregate economy, 7% is

the proportional labor-income tax, T; are the transfers received from the government, and
¢; is consumption. Finally, a no-Ponzi game condition is imposed.

Firm profits are given by:
drnl = [ F(kL 1) —w, IF — 0K | dt + okidzt, (1.4)

where F(k,1) = k®'™ with o € (0,1), and ¢ is the mean depreciation rate in the aggregate
economy. Idiosyncratic risk is introduced through dz}, a standard Wiener process that is
ii.d. across agents and across time!. The scalar ¢ measures the amount of undiversified
idiosyncratic risk, and is an index of market incompleteness, with higher o corresponding to

a lower degree of risk-sharing, and ¢ = 0 corresponding to complete markets.

1.2.3 Laborers

When an agent is a laborer, he cannot invest in capital, and he can only hold the riskless
bond. He also supplies labor in the competitive labor market. Financial wealth for a laborer
¢ is therefore: . _

7= b (1.5)

and its evolution is give.n by:

drt = [(1 = TE) Rt + (1= D)y + T, — ¢ | dt . (1.6)

1.2.4 Government

At each point in time the government taxes capital and bond income at the rate 7%, and
labor income at the rate 7F. Part of the tax proceeds is used by the government for own
consumption at the deterministic rate G;. Government spending does not affect the utility
from private consumption or the production technology. The remaining tax proceeds are
then distributed back to the households in the form of non-contingent lump-sum transfers.

The government budget constraint is therefore:
0= [TtLFL(/k;‘,U +TtK(FKt(/kf,1) _5) /kt ~G, ~T)dt, (L.7)

where Fy, ([ ki, 1) is the marginal product of capital in the aggregate economy, and where
fl=1

1diosyncratic risk is modeled here as coming from uninsurable i.i.d. depreciation shocks. However these
shocks could also be modeled as or interpreted as i.i.d. productivity shocks.
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1.2.5 Finite lives and annuities

All households face a constant probability of death, with Poisson arrival rate v dt at every in-
stant in time?. There is no intergenerational altruism linking a household to its descendants,
and utility is zero after death. The discount rate in preferences can then be reinterpreted as
8 = B3 + v, where § is the psychological or subjective discount rate and v is the probability
of death.

To simplify the analysis, it is assumed that there exist annuity firms permitting all
agents to get insurance against mortality risk, by freely borrowing the entire net present
value of their future labor income. As a result, all agents have human wealth, denoted by
h;, and defined as the present discounted value of their net-of-taxes labor endowment plus
government transfers:

o .
hy = / e ORI (1 _ 1Ly, 4+ T, ) ds. (18)
t

Then, total effective wealth for an agent, denoted by w, is defined as the sum of his
financial and human wealth, w¢ = z! + h;. Hence, effective wealth for an entrepreneur is
given by:

wi =k} + b, + he, (1.9)

and effective wealth for a laborer is given by:

wz Zbi-l—ht. (1.10)

1.3 Equilibrium

1.3.1 Individual Behavior

Because entrepreneurs choose employment after their capital stock has been installed and
their idiosyncratic shock has been observed, and because their production function, F', ex-
hibits constant returns to scale, optimal firm employment and optimal profits are linear in
own capital:

I=1(w)ki and dni=r(w)kidt+okidz, (1.11)

where [(w;) = argmax;[ F(1,0) —w;l] and r(w;) = max; [ F(1,1) —wy 1] — 6. Here, r, = 7(wy)
is an entrepreneur’s expectation of the return to his capital prior to the realization of his

2In general, with finite lives and no altruism, Ricardian equivalence might fail, since some of the tax
burden associated with the current issue of a bond is borne by agents who are not alive when the bond
is issued. For v = 0, Ricardian equivalence holds in the model, because all agents can freely borrow in
the riskless bond. However, none of the results of this chapter hinge on Ricardian equivalence, hence the
government budget constraint will be written as in (1.7) for v positive but small.

20



idiosyncratic shock, as well as the mean of the realized returns in the cross-section of firms.
The key result here is that entrepreneurs face risky, but linear, returns to their investment.
The evolution of effective wealth for an entrepreneur is described by:

dwi = [ (1= 7)ok + (1= 7f) R (0 + he) — ¢ | dt + 0 (1 — 1) ki dzy (1.12)

The first term captures the expected rate of growth of effective wealth, showing that wealth
grows when the total return to saving for an entrepreneur exceeds consumption expenditures.
The second term captures the impact of idiosyncratic risk. The evolution of effective wealth
~for a laborer is described by:

dw! = [ (1 =) R, (b + hy) — ¢t | dt. (1.13)
Let the fraction of effective wealth an agent saves in the risky asset be:

_k

P= . 1.14
6= s (1.14)
Let an agent’s marginal propensity to consume out of effective wealth be:
- c:

Let u; = (1—1f)r, — (1 —7X) R, be the risk premium, p; = ¢; (1 —=75) re+ (1 =) (1 —75) R,
the net-of-tax mean return to saving for an entrepreneur, and p; = p; — 1/2v ¢? 0% (1 — 7%)?
the net-of-tax risk-adjusted return to saving for an entrepreneur. The net-of-tax return to
saving for a laborer is simply (1 — 7/) R;.

Because of the linearity of the budget constraints (1.12) and (1.13) in assets, and the
homotheticity of the preferences, the optimal individual policy rules will be linear in total
effective wealth, for given prices and government policies. I.e., for given prices and policies,
an agent’s consumption-saving problem reduces to a tractable homothetic problem as in
Samuelson’s and Merton’s classic portfolio analysis. Optimal individual behavior is charac-

terized by the following proposition.

Proposition 1. Let {w:, R, Ti}iepoo0) and {7, 75, Tz, Gihiepooo) be equilibrium price and
policy sequences. If an agent i is an entrepreneur, his optimal consumption, investment,
portfolio, and bond holding choices respectively are given by

1-8r, - (1 -5 R,

T (=

E

G=miw), ki=¢w;, &= b= (1~ ¢)w; — hy. (1.16)

If an agent © is a laborer, his optimal consumption, investment, and bond holding choices
respectively are given by
cd=mfwl, ki=0 b=w—h. (1.17)
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The marginal propensities to consume satisfy the following system of ordinary differential
equations:

. B ) 1 L ~
_7:;? =my =08+ (0 —1)p + g 27 [ (Z—)—-% —1] (1.18)
" 6—1 mE
Zl:L =my — 08+ (0—-1)(1—-7F )Rt+1 pLE[(—)H—l] (1.19)
t v

From (1.16) and (1.17) it is clear that optimal consumption is a linear function of total
effective wealth, where the marginal propensities to consume depend only on the type of
the agent and not on the level of wealth. In other words, all entrepreneurs share a common
marginal propensity to consume, m¥, and all laborers share a common marginal propensity
to consume, m{. The fraction ¢ of wealth invested in the risky asset by an agent who
happens to be an entrepreneur is increasing in the risk premium decreasing in risk aversion,
and decreasing in the effective variance of risk, o(1 — 7%). Because of homotheticity and
linearity, ¢; is the same across all entrepreneurs, and independent of the level of wealth. The
policy for optimal bond holdings follows from (1.9), (1.10), and (1.14). The system of (1.18)
and (1.19) is a system of two Euler equations. It shows that the marginal propensities to
consume, conditional on being an entrepreneur or a laborer, depend on the process of the
corresponding net-of-tax anticipated (risk-adjusted) returns to saving. The last terms in the
Euler equations indicate that the marginal propensity to consume for an agent is affected by
the probability that he might switch between being an entrepreneur and being a laborer.

1.3.2 Equilibrium definition

The initial position of the economy is given by the distribution of (kg, ;) across households.
An equilibrium is a deterministic sequence of prices {w:, Ry, 7:}iel0,00), @ deterministic se-
quence of policies {7, 7F, T}, Gt }te[0,00), @ deterministic macroeconomic path {C;, K;,Y;, Ly,
We, WP, W bej0,00), and a collection of individual contingent plans ({c, &, &, b, w! }sep0.00))
for ¢ € [0,1], such that the following conditions hold: (i) given the sequences of prices and
policies, the plans are optimal for the households; (ii) the labor market clears, [.Ii = 1, in all
t; (iii) the bond market clears, f,b = 0, in all ¢; (iv) the government budget constraint (1. 7)
is satisfied in all £; and (v) the aggregates are consistent With individual behavior, C; = [; ¢
L= fli=1 K= [k, Yi= [[F(k, ), Ws = [jw}, WF = [, zwj, and W= [ v,
in all ¢.

1.3.3 General equilibrium

Because individual consumption and investment are linear in individual wealth, aggregates
at any point in time do not depend on the extend of wealth inequality at that time. Therefore
here, in contrast to other incomplete-markets models, it is not the case that the entire wealth
distribution is a relevant state variable for aggregate dynamics. In fact, for the determination
of aggregate dynamics, it suffices to keep track of the mean of aggregate wealth, and of the
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allocation of total wealth between the two groups of agents. To that end, the fraction of
total effective wealth held by entrepreneurs in the economy is defined as:

A= =L (1.20)

The aggregate equilibrium dynamics can then be described by the following recursive system.

Proposition 2. In equilibrium, the aggregate dynamics satisfy

W /Wy = Moy — mE) + (1 = X)) (1 — )R, — mE) (1.21)

/A = (1= Moty + (1 — X)) (mE — mPE) +pLE(;\1; —1) —pez (1.22)

H=(1-R+v)H, - (1 —1Hw — (tFw+ 75 (Fx, - 6) K, — Gy) (1.23)
LY

K, = o H, , (1.24)

along with (1.18) and (1.19).

Equation (1.21) shows that the evolution of total effective wealth is a weighted average
of two terms. The first term is positive when the mean net-of-tax return to saving for
entrepreneurs exceeds their marginal propensity to consume, and is weighted by the fraction
of total wealth the entrepreneurs hold in the economy. The second term is positive when
the net-of-tax return to saving for laborers exceeds their marginal propensity to consume,
and is weighted by the fraction of total wealth the laborers hold in the economy. Equation
(1.22) shows the endogenous evolution of the relative distribution of wealth between the
two groups of agents. The evolution of A depends first, on the differential excess return,
¢ ¢, the entrepreneurs face on their saving, second, on the difference in the level of saving
between entrepreneurs and laborers, m¥ — mPE, and third, on the adjustment made for the
transition probabilities. Note here that the evolution of consumption can be recovered by
aggregating across individual optimal policies, so that CF = mEZ WE and CF = mf W{.
Equation (1.23) shows the evolution of total human wealth, using the government budget
constraint Ty = 7L w; + 7K (Fx, — §) K; — G, where F, is the marginal product of capital
in the aggregate production function F'(K,1). Equation (1.24) is the bond market clearing
condition. It comes from aggregating across individual capital and bond choices as given in
(1.16) and (1.17), adding up, using BF + BL = 0, and using (1.20). From (1.24) it follows
that, for given prices and human wealth, a decrease in A\ decreases K. A fall in X indicates
that the entrepreneurs on average now borrow more from the laborers, hence their wealth
will on average be lower. With decreasing absolute risk aversion, this will negatively affect
their willingness to take risk, and hence investment and the capital stock will fall.
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1.4 Steady State

A steady state is a competitive equilibrium as defined in section 3.2, where prices, policies,
and aggregates are time-invariant. In what follows, the steady state will be characterized,
first in terms of aggregates, and then in terms of the invariant wealth distributions.

1.4.1 Characterization of aggregates

In this section, and for expositional purposes, the steady state is characterized for the case
of § = 1. The more general cases are treated in the appendix. When § =1, mf =ml =g
for all ¢, and hence aggregate consumption is given by C; = SW;, where W; = WF + WE.
The steady state is the fixed point of the dynamic system in Proposition 2. Let government
spending, G, be parameterized as a fraction g of tax revenue. The following proposition

characterizes the steady state.

Proposition 3. (i) The steady state always ezists. (i) In steady state, the capital stock, K,
and the interest rate, R, are the unique solution to

B—(1-1*)R+pig

}\zﬁ”‘(l_TK)R‘I'pLE‘l'pEL (1.25)
FK(K)—-5=R+\/ﬁ—)702(ﬁ—(1—ﬂ<)}2) (1.26)
= SRR (1= )l) + (= g) (FFulk) + 7% (Fe(K) = $)K) (o0

" 1-¢(K,R) A(R) 1-75)R+v

Here Fg(K) and w(K) are, respectively, the marginal product of capital and the wage
rate in the aggregate economy. The proof of proposition 3 is left for the appendix3. Equa-
tion (1.25) captures the relative wealth inequality between the two groups of agents, as a
function of the interest rate, R, and model parameters. Equation (1.26) can be interpreted
as describing the behavior of the capital stock in an open economy, where the interest rate is
exogenously given. On the one hand, an increase in the interest rate increases the opportu-
nity cost of capital, and thus tends to lower the capital stock. This would be the only effect
present under complete markets. On the other hand, an increase in the interest rate might
also increase the steady-state wealth of entrepreneurs. With decreasing absolute risk aver-
sion, this increases entrepreneurs’ willingness to take risk, and hence it is a force that tends
to increase the steady-state capital stock. Overall, one can show that K increases with R if
and only if 8§ > ¢/(1 — ¢). Also note from (1.26) that, for given prices, K will be lower the
lower is A, regardless of the level of 7. Finally, equation (1.27) would be irrelevant in the

3In simulations the steady state is unique for all parameter values. The same is true for the general case
of endogenous labor and 6 # 1, although neither existence nor uniqueness have been formally shown for that
case.
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open economy. In the closed economy, it captures bond market clearing and it determines
the equilibrium interest rate.

1.4.2 Characterization of invariant distributions

At each point in time, agents die and are replaced by newborn agents, who are endowed
with the wealth of the exiting agents. This force generates mean reversion and guarantees
the existence of an invariant wealth distribution. Let & = w:/W; be the distance between
individual and aggregate effective wealth. Let ®7 and ®x be the conditional invariant distri-
butions for laborers and entrepreneurs respectively. The following proposition characterizes
the invariant distributions.

Proposition 4. The conditional invariant distributions @7, and g are characterized by the
following second order linear differential system of two equations

0d
0=n1§—L- + Ko ®p + pEL g,
/3 .
8%dy 0d%
0= kg €2 Y ki€ —2 + ks®p + pre®yL,

0¢? o€

where K1, Ko, K3, K4, K5 are determined by steady-state aggregates.

The point to note here is that the tractability of the model allows for a very detailed
characterization of the invariant distributions. This is particularly useful for the case of en-
trepreneurs, since it is reasonable to expect that the distribution of wealth over entrepreneurs
will be to a large extent determined by the realization of entrepreneurial returns*.

1.5 Steady-State Effects of Proportional Capital Tax-
ation

This section proceeds to develop the core of the contribution of this chapter, which is the
study of the steady-state effects of capital-income taxation. In particular, the main result
here is that an increase in the capital-income tax may actually increase investment and
the steady-state capital stock. This possibility arises because of the general-equilibrium
effects of the insurance aspect of capital taxation. These effects operate mainly through
the endogenous adjustment of the interest rate. For simplicity, and to demonstrate that the
qualitative effects do not depend on the finite horizon or the existence of two types of agents,
the analysis that follows will assume that A =1 and v = 0.

To facilitate the analysis, it is useful to decompose the impact of the capital-income tax
on capital in two parts. The first part describes how the steady-state capital stock changes

4Whereas the tractability of the aggregates follows from Angeletos (2007), the result about the tractability
of the invariant distributions is novel to the present chapter.
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with the tax, 7%, when the interest rate, R, is kept constant. This effect corresponds to
the case of the “small open economy” version of the model. To this end, let K°(7¥, R) be
the steady-state level of capital in the open economy, where both 75 and R are parameters.
The second part describes the general-equilibrium adjustment of the interest rate in the
closed economy, and the subsequent effects of this adjustment on capital accumulation.
To this end, let R¢(7¥) be the steady-state interest rate in the closed economy, and let
Ke(t8) = K°(t¥, R¢(7¥)) be the steady-state capital stock in the closed economy. Then,
the total effect of the capital-income tax on steady-state capital can be decomposed as
follows:

dK¢ O0K° OK°dR°

drk — 97K * OR dr¥’
where the first term is the open-economy effect, and the second term is the closed-economy
or general-equilibrium effect. These effects will next be examined in turn.

The first term on the right-hand-side of (1.28) is the open-economy effect. The following

proposition shows that in the open-economy version of the model, an increase in capital-
income taxation induces the usual negative incentive effect on capital accumulation.

(1.28)

Proposition 5. In the open-economy version of the model, an increase in the capital-income
tax unambiguously decreases the steady-state capital stock.

Therefore, in the open economy capital falls with the tax, despite the direct insurance
aspect of the tax system that is still present. This aspect of the tax system is that the govern-
ment, through taxation, reduces the variance of net-of-tax returns. Here the government has
effectively become a shareholder in private businesses, thereby improving the allocation of
risk bearing in the economy and allowing for more risk taking. However, in the open economy
this channel is not strong enough to outweigh the distortionary effect of capital taxation on
investment. This result stands in contrast to the findings of Ahsan (1974). Ahsan considers
the simultaneous determination of the size and the composition of the optimal portfolio, in
a two-period model with exogenous returns. He shows that the partial equilibrium effect
of an increase in capital-income taxation on risk-taking is in general ambiguous. Ahsan’s
result is, in turn, a generalization of Stiglitz (1969), who examines the effects of proportional
capital-income taxation in a two-period single-agent model, taking not only returns, but also
the level of saving as exogenously given. Hence, once Ahsan’s setting is extended to incor-
porate endogenous capital return and infinite horizon, the result that the government can
increase risk taking and investment in the risky asset by becoming a shareholder in private
businesses no longer holds. It is then clear that, on top of the direct insurance role of the
government, the endogenous adjustment of the interest rate is also required for the effect of
capital taxation on capital to become ambiguous.

The second term on the right-hand-side of (1.28) is the general-equilibrium effect captur-
ing the fact that in the closed economy the interest rate endogenously adjusts to clear the
bond market. This term is further decomposed in two forces.

First, an increase in the capital-income tax reduces the effective volatility of risk for
entrepreneurs, o(1—7%); this is the direct insurance effect. Hence the interest rate increases,
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essentially because of a reduction in the demand for precautionary saving®, ©.

Second, this increase in the interest rate will generate opposing effects on saving and
wealth accumulation’”. On the one hand, the increase in the interest rate increases the
opportunity cost of capital, and hence it tends to decrease the steady-state capital stock.
This would be the only effect present if markets were complete. On the other hand, in the
present model of incomplete markets, the increase in the interest rate increases steady-state
wealth, if the substitution effect of the increase in the saving return it induces is strong
enough. With decreasing absolute risk aversion, this increases entrepreneurs’ willingness to
undertake risk, and it therefore tends to increase investment and the steady-state capital
stock. The overall effect of R on K is summarized in the following proposition.

Proposition 6. In the open-economy version of the model, the steady-state capital stock will
be increasing in the interest rate, if and only if 6 > ¢/(1 — @).

Hence the product of the two terms on the right-hand-side of (1.28) might be positive.
This means that the general-equilibrium effect of insurance provision on the adjustment
of the interest rate, and the subsequent effect of this adjustment on wealth accumulation,
is crucial for overthrowing the negative open-economy effect of the capital-income tax on
capital. The next sections of the chapter will demonstrate how, for empirically plausible
parameter values, this general-equilibrium effect will produce the counter-intuitive result
that increases in the capital-income tax will at first increase steady-state capital, even with
the open-economy effect working in the opposite direction.

1.6 Simulations, Parameter Choice, and Benchmark
Model

For the quantitative part of this chapter, the benchmark model analyzed so far is extended to
include endogenous labor. Preferences are assumed homothetic between consumption, ¢ and
leisure, n, according to the King-Plosser-Rebelo (1988) specification, and they are defined
as the limit, for At — 0, of:

Uy = { (1 — e™P8Y) (cl~¥n$)i-1/0 4 B0t (B[ 1 )8 } 7 (1.29)

The appendix presents all proofs for the general case of endogenous labor.

5Note here that in steady-state the interest rate has to be lower than the discount rate in preferences,
otherwise saving and wealth would explode. The reasoning is similar to the reasoning in Aiyagari (1994).
By contrast, under complete markets, the steady-state interest rate equals the discount rate.

6This intuitive result has not been proven in the context of the infinite horizon model, although a proof
is available for the two period version of the closed economy, for small 7%. However, simulations show that
in the infinite horizon model, the net interest rate is always increasing in the tax.

"This has already been mentioned in section 4.1.
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1.6.1 Simulations

The dynamic system described in Proposition 2, and generalized to the case of endogenous
labor, is highly tractable compared to other incomplete-markets models, where the entire
wealth distribution is a relevant state variable for aggregate equilibrium dynamics. The
steady state of the system is found by setting the dynamics of all equations to zero. The
algorithm first solves for the steady-state aggregates, which are deterministic and character-
ized by Proposition 3. Subsequently, for any historically given (K, X0, XZ), where ¥ is the
initial measure of entrepreneurs in the economy, and XF is the historically given financial
wealth of the entrepreneur group, and using as boundary conditions the steady state values
of (H,mP,mT), it integrates backward until the path of (K, \;, Hy, mZ, m¥) is close enough
to its steady-state value.

The method of finite differences is used on the general version of the system in Proposition
4. The first and second derivatives of the invariant distributions are replaced by their discrete
time approximations. The only conditions imposed are that the probability density functions
integrate to one, and that they do not explode to the right. The emerging functions ®7, and
®x are well-behaved and stable.

Subsequently, Monte-Carlo simulations are performed. The processes of dying, of type-
switching, and of the idiosyncratic capital-income shocks, are simulated using random num-
ber generators for series of 200,000 households and 100,000 years. The wealth distributions
generated converge to those produced by the finite differences method, and their variances
are stable as time increases. Finally, using these distributions, welfare calculations are per-
formed.
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1.6.2 Parameter choice

The economy is parameterized by (a, 8, 7, 6, 8, 0, ¥, v, ez, P8, 7K, 7%, G). Table 1.1
presents the parameter choices for the preferred benchmark model calibration.

Parameters | Values
Preferences
8 0.022
v 10
0 1
P 0.75
Technology
«a 0.4
0 0.07
Probabilities
v 0.0067
DPEL 0.18
PLE 0.025
Government
7K 0.25
rL 0.35
G/GDP 0.2
Risk
o 0.15

Table 1.1: Benchmark Calibration Values

The parameter values chosen refer to annual data from the United States. The discount
rate is § = 0.022. The preference parameter is v» = 0.75, which is standard in the macro
literature®. The income share of capital is @ = 0.4. The depreciation rate is § = 0.07.
The probability of death is chosen to be v = 1/150, a compromise between having an
empirically relevant probability of death and allowing for some altruism across generations.
The probability of exiting entrepreneurship is pgz = 0.18. The probability of entering
entrepreneurship is pgz = 0.025. These two values were estimated from the PSID and SCF
data, and subsequently used for calibrations, by Quadrini (2000). In Quadrini’s model, as
well as here, they imply a fraction of entrepreneurs in the total population of 12%°, which
is in line with the data, as Quadrini and Cagetti and DeNardi (2006) show.

The elasticity of intertemporal substitution is chosen to be § = 1. The empirical estimates
of the elasticity of intertemporal substitution vary a lot. Using aggregate British data and
correcting for aggregation bias, Attanasio and Weber (1993) estimate 6 to be about 0.7.

8King, Plosser, and Rebelo (1988), and Christiano and Eichenbaum (1992).
9The proof can be found in the appendix.
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Although the exact estimates from micro data vary across studies and specifications, in
most cases they are around 1, especially for agents at the top layers of wealth and asset
holdings. For example, using data from the Consumer Expenditure Survey (CEX) and an
Epstein-Zin specification, as in the present chapter, Vissing-Jgrgensen and Attanasio (2003)
report, baseline estimates between 1 and 1.4 for stockholders.

The proportional tax on capital income is 7% = 0.25. The Congressional Budget Office
Background Paper (December 2006) reports that the average marginal rate at which cor-
porate profits are taxed is 35%, whereas the average marginal rate at which non-corporate
business income is taxed is around 26% —27%. The CRS Report for Congress (October 2003)
details the capital income tax revisions and effective tax rates due to provisions granted
through bonus depreciations of 30% or 50%. If these provisions are taken into account, the
average marginal capital income tax is between 20% — 25% for non-corporate businesses and
between 25% — 30% for corporate businesses. The value of 7% = 0.25 is chosen to be in
the middle of these estimates'®. The proportional tax on labor income is 7% = 0.35. The
Congressional Budget Office Background Paper (December 2006) reports that the median
effective marginal tax rate on labor income is 32%, inclusive of federal, state and payroll
taxes'!. Incorporating the distortionary effect of social security taxes would further increase
this number, hence the choice made here. The level of government spending, G, is chosen so
that the steady-state government-spending-to-GDP ratio is 20%.

The coefficient of relative risk aversion is chosen to be v = 10. The empirical estimation
of v is a complicated task, because, as Vissing-Jorgensen and Attanasio (2003) detail, it
requires making additional assumptions about the covariance of consumption growth with
stock returns, the share of stocks in the financial wealth portfolio, the properties of the ex-
pected returns to human capital, and the share of human capital in overall wealth. Using
the Consumer Expenditure Survey (CEX), Vissing-Jorgensen and Attanasio find estimates
of risk aversion for stockholders in the range of 5 — 10, but with a broader sample and under
different assumptions these estimates go up to 20 — 30. They also compare their results
to Campbell (1996), who estimates v in the range of 17 — 25, using data on monthly and
annual returns, and assuming that the entire financial portfolio is held in stocks. Dohmen
et el. (2005) present evidence on the distribution of risk attitudes in the population, using
survey questions and a representative sample of 22, 000 individuals living in Germany. The
behavioral relevance of their survey is tested by conducting a complementary field experi-
ment, based on a representative sample of 450 subjects. The conclusion is that the survey
measure is a good predictor of actual risk-taking behavior. They find that the bulk of the
mass in the y-distribution is located between 1 — 10. There is, however, a non-negligible
mass of estimates in the range of higher values, up to 20. Barsky et al. (1997) measure risk
aversion based on survey responses by participants in the Health and Retirement Study to
hypothetical situations. These situations were constructed using an economic theorist’s con-
cept of the underlying parameter. They find that most individuals fall in the category that

19Altig et al. (2001) report a proportional capital income tax of 20% at the federal level, but they also
subject capital income to a 3.7% state tax.
1This number is also reported by Jokisch and Kotlikoff (2006).
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has mean relative risk aversion of 15.8. Cohen and Einav (2005) use a data set of 100,000
individuals’ deductible choices in auto insurance contracts, to estimate the distribution of
risk preferences. They find that the 82nd percentile in the distribution of the coefficient of
relative risk aversion is about 13 — 15.

The standard deviation of the idiosyncratic entrepreneurial returns is chosen to be ¢ =
0.15. The empirical estimation of the level of idiosyncratic risk facing an entrepreneur is a
very difficult task, and has not as yet received much attention in the literature. So far, the
most thorough, if not the only, attempt to measure idiosyncratic risk is by Moskowitz and
Vissing-Jgrgensen (2002). They document poor diversification and extreme concentration of
entrepreneurial investment, significant heterogeneity in individual investment choices, and
high risk at the individual level due to high bankruptcy rates. However, because of the
problems arising when imputing labor income, and because of the lack of sufficient time
dimension in the Survey of Consumer Finances (SCF) data, they cannot provide an accurate
estimate of the volatility of entrepreneurial returns for unincorporated businesses. In the
end they conjecture that the volatility of returns for private firms cannot be lower than the
corresponding volatility of publicly held firms, which the find to be about 0.5 per annum.
Davis et al. (2006) use the Longitudinal Business Database (LBD), which contains annual
observations on employment and payroll for all establishments and firms in the private sector,
to estimate the volatility of employment growth rates. They find that in 2001 the ratio of
private to public volatility was in the range 1.43 — 1.75. Given that the average annual
standard deviation for public firms in the period 1990-1997 was 0.11'2, and that there is, at
least in the context of the present model, a close relationship between volatility of profits
and volatility of labor demand, the choice of ¢ = 0.15 could also be justified from this
perspective. Finally, this choice generates an annual variance for steady-state consumption
growth in the range indicated by the micro data, once consumer heterogeneity is taken into
account!3.

Parameters v and o are especially important for the calibrated model, for two reasons.
First, they directly influence A, the fraction of wealth held by entrepreneurs in the economy.
In light of the discussions in sections 3.3 and 4.1 about the dynamic and steady-state effects
of agent heterogeneity on capital accumulation, the calibrated model’s implications about A
are a good criterion of model performance. As will be shown in the next section, the choices

= 10 and o = (.15, which seem empirically relevant given the discussion above, produce,
without an attempt to match it, a value for A that is not far from the values documented
in the data. Second, parameters v and o relate to the interpretation of the capital-income
tax as providing insurance. For this reason, comparative statics will also be performed to
show how the tax that maximizes the steady-state capital stock varies with risk aversion and
the volatility of risk. The main result, that steady-state capital is inversely U-shaped with
respect to the capital-income tax, is preserved qualitatively for o € (0,1) and for v € [1, 20].

12Campbell et al. (2001).
13Ait-Sahalia et al. (2001), and Malloy et al. (2006).
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1.6.3 Steady-state aggregates and distributions

This section examines the quantitative performance of the model in terms of aggregates and
wealth distributions. This exercise is interesting for three reasons. First, it indicates how
wealth inequality is influenced by the random-walk component introduced in wealth by the
idiosyncratic investment risk. Second, it shows how wealth inequality depends on the excess
returns to entrepreneurship, which is an interesting question in it own right, but also in view
of the impact of agent heterogeneity on capital accumulation and the steady-state capital
stock. Third, if the performance of the model can match relevant aspects of the data, this
should give some additional confidence in the main quantitative results presented in the next
section, about the effects of capital-income taxation on capital accumulation and welfare.

Table 1.2 presents the implications of the model for steady-state aggregates, and compares
them to the data from the United States economy. The model’s capital-output ratio is 2.6.
Investment is 18% of GDP. The safe rate is 1.9%. The steady-state fraction of entrepreneurs,
X°*°, matches the data by choice of the transition probabilities, as explained in the previous
section. Entrepreneurs hold 32% of total wealth in the economy, where the equivalent of A
in the data is the ratio X¥/X. This is because in the data wealth is defined as total net
worth, i.e. it is financial wealth, X, as defined in the present model, plus housing. The share
of total wealth held by entrepreneurs in the data ranges between 35% — 55%. The fraction
of entrepreneurs in the top 10% of the population is 22% in the model, whereas in the data
this number ranges between 32% — 54%!4.

K/Y I/Y G/Y R e XEJX  x* in top 10%
US Data | 2.65 17% 20% 2% 10—10% 35-5% 32— 54%
Model | 2.6 18% 20% 25%  12% 32% 22%

Table 1.2: Steady-State Aggregates

As mentioned earlier, the choices of v and o were made without any attempt to match
A to the data. This is a good indication of the model’s performance, given the significance
of agent heterogneity for capital accumulation.

Next, the wealth distribution generated by the model is examined. Compared to the
data, the model generates a much larger fraction of agents at negative levels of wealth,
most likely because of the absence of borrowing constraints. The model’s conditional wealth
distribution, however, does a better job at matching the observed data. The first two rows
of Table 1.3 present the percentiles for wealth computed by Quadrini (2000), using the PSID
and SCF samples for 1994 and 1992 respectively. The last row is the conditional wealth
distribution generated by the benchmark calibrated model.

14The data on entrepreneurs and wealth concentration are as reported in Cagetti and De Nardi (2006).
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Top Percentiles
30% 20% 10% 5% 1%
SCF 876 79.5 66.1 53.5 29.5
PSID 859 75.9 59.1 448 22.6
Model 75.85 63.13 43.77 29.16 10.12

Table 1.3: Distribution of Wealth in the US and in the Model.

Aiyagari’s (1994) benchmark calibration predictions for the wealth holdings of the top
5% and the top 1% of the population are 13.1% and 3.2% respectively. Hence the present
model highlights how the random-walk component introduced in wealth by entrepreneurial
risk helps generate a fatter right tail in the wealth distribution!®.

Next, Figure 1.1 plots the Lorenz curves for the model’s wealth and consumption dis-
tributions. The model produces results in the right direction, in that the distribution of
wealth over the population is much more unequal than the distribution of consumption. The
model’s Gini coefficient for wealth, conditional on wealth being positive, is 0.61. The model’s
Gini coefficient for consumption is 0.1416. In the data, the Gini coefficient for total net worth
is 0.8, and the Gini coefficient for consumption is 0.32.
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Figure 1-1: Lorenz Curves for Wealth and Consumption

15A tractable extension that could improve the model’s prediction about wealth concentration at the top
would be to introduce a third state, in which an agent gets to be an entrepreneur operating a very high return
or very low risk production function. Then the transition probabilities between the three states can be freely
chosen to match desired moments of the wealth distribution. In particular, making the good entrepreneurial
state the least persistent and the most likely to transition to the state of being a laborer would increase the
precautionary saving, and therefore the wealth concentration, of the very rich agents.

16The differences in the Gini coefficients are due to the presence of human wealth: since poorer agents
have higher human to financial wealth ratios, they can sustain relatively high consumption. This would not
be the case in the presence of borrowing constraints.
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Finally, the implications of the model for the wealth distributions over entrepreneurs
and laborers are presented. Figure 1.2 plots the conditional distributions of wealth for the
two groups. On the horizontal axis is wealth normalized by mean annual income in the
economy. On the vertical axis are frequencies. The solid line represents entrepreneurs,
and the dashed line laborers. Consistent with the data, the distribution of wealth for the
population of entrepreneurs displays a fatter tail than the one for laborers. This is due to the
random-walk component that the uninsurable investment risk introduces into entrepreneurial
wealth. Furthermore, the entrepreneurial wealth distribution is shifted to the right, and it
has lower frequencies at lower levels of wealth. This is due to the higher mean return of
the total entrepreneurial portfolio. Finally, the distributions of wealth for both groups have
significant mass of people with wealth higher than fifty times mean income. In the model,
the laborers at the right tail of the wealth distribution are former successful entrepreneurs.
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Figure 1-2: Wealth Distribution for Entrepreneurs and Laborers

1.7 Effects of Capital-Income Taxation

1.7.1 Steady state

Having gained some confidence about the overall quantitative performance of the model, this
section quantifies the main theoretical result of the chapter, which is that an increase in the
capital-income tax increases the steady-state capital stock, when the tax is low enough. This
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result is due to the general-equilibrium effect of the insurance aspect of the capital-income
tax, and it operates mainly through the endogenous adjustment of the interest rate.
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Figure 1-3: Steady State and Capital-Income Tazation

Figure 1.3 shows the behavior of the steady-state aggregates, and of welfare, with respect
to the capital-income tax, for the benchmark calibrated version of the model. Output (panel
(a)), capital (panel (b)), employment, the capital-labor (capital per work-hour) ratio, and
output per work-hour are all inversely-U shaped with respect to the capital-income tax, and
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they reach a maximum when 7% = 0.4. At this point, steady-state output is 3.3% higher
than when 7% = 0, capital per work-hour is 8.3% higher, and output per work-hour is 3.2%
higher. At 7% = 0.4, the capital-labor ratio and output per work-hour under complete
markets are 21% and 9% lower than when 7% = 0. So for output per work-hour there is
a 12% difference between complete and incomplete markets. As shown in Figure 1.3(f),
aggregate welfare is maximized at 7% = 0.7, whether for entrepreneurs (solid line), laborers
(dashed line), or the economy as a whole (dotted line). Naturally, entrepreneur welfare is
higher than laborer welfare for all tax levels!”.

When the capital-income tax increases, the effective volatility of risk facing an en-
trepreneur, o(1 — 7), decreases. This reduces the demand for precautionary saving, and it
therefore increases the interest rate. Figure 1.3(c) shows that the (net) interest rate tends to
the discount rate, 8 = 0.022, as 7% — 1. Figure 1.3(d) reinforces this interpretation of the
capital-income tax as providing insurance: when the tax increases, the precautionary saving
motive becomes weaker, and therefore entrepreneurs are satisfied with a lower risk premium.
Figure 1.3(e) shows that the fraction of wealth held by entrepreneurs in the economy is
decreasing in the capital-income tax. This result comes from the combination of the weaker
precautionary saving motive, the fall in the risk premium, and the increase in the cost of
borrowing due to the increase in the interest rate.

Figure 1.4 presents robustness checks with respect to volatility, ¢, and risk aversion, .
On the vertical axis is the tax that maximizes the steady-state capital stock. When either the
volatility of risk increases or risk aversion increases, the tax that maximizes the steady-state
capital stock increases. These comparative statics reinforce the insurance interpretation of
the tax system. They also indicate that the main result of the chapter is robust to the wide
range of empirically plausible values of o € (0,1) and of v € [1,20]. In particular, for the
low value of ¢ = 0.15, the capital-income tax that maximizes the steady-state capital stock
is positive for all v > 1.
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Figure 1-4: Robustness Checks

1"Entrepreneur welfare is also higher than laborer welfare for all levels of wealth, since entrepreneurs are
unconstrained in their investment choices.
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1.7.2 Dynamics of eliminating the capital-income tax

The chapter now proceeds to examine the aggregate and welfare implications of eliminating
the capital-income tax. In the standard complete-markets neoclassical growth model, the
optimal capital-income tax is zero in the long run, as well as in most of the short run for
an interesting class of preferences. Steady-state welfare is also decreasing in the level of
the capital-income tax. These findings have initiated an extensive debate as to the possible
benefits of eliminating the tax on capital income. By contrast, the main result of the present
chapter is that an increase in the capital-income tax may actually increase the steady-
state capital stock. In light of this result, it is worthwhile to revisit the discussion on the
implications of setting the capital-income tax to zero.

The effects on aggregates and welfare when the capital-income tax is eliminated will be
examined from two perspectives. On the one hand, one might be interested in examining the
welfare of the current generation immediately after the policy reform, taking into account
the entire transitional dynamics of the economy towards the new steady state with the zero
tax. On the other hand, one might be interested in examining the welfare of the generations
that will be alive in the distant future, i.e. at the new steady state. For convenience, the
first exercise will be referred to as the study of the short-run implications of eliminating
the capital-income tax, whereas the second exercise will be referred to as the study of the
long-run implications of eliminating the capital-income tax.

The present model can in fact examine the short-run implications of policy reforms,
because it is very tractable, compared to other incomplete-markets models, where the entire
wealth distribution is a relevant state variable. Here only the mean of the wealth distribution
is relevant for aggregate dynamics, which constitutes a significant gain in tractability, and
allows for the entire dynamic response of the economy, after a policy change, to be considered.
This is important, because it has long been recognized that the short-run effects of policy
may well be very different from the long-run effects.

Here the economy starts from the steady state described by the benchmark calibration
parameters, where the capital-income tax is 7% = 0.25. Subsequently, the tax is set to zero,
ceteris paribus.
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Aggregate effects

This section presents the short-run and long-run responses of the aggregate variables to the
policy reform that eliminates the capital-income tax. The results are compared to the case
of complete markets!®. Table 1.4 shows the response of the aggregates on the impact of
the policy reform, as well as at the new steady state, under both complete markets and the
present model of incomplete markets. The effects on the interest rate, R, the risk premium,
i, and the investment-output ratio, I/Y’, are in percentage units. The rest of the numbers
denote percentage changes.

Short Run Long Run
Incomplete | Complete | Incomplete | Complete
L -3.17 8.35 -0.1 1.27
Y -1.95 5.001 —2.36 6.96
C 2.74 —5.12 —-2.13 5.27
1/Y -3.39 5.96 —0.63 2.34
Rret -1.33 1.18 -0.12 0
7 3.11 0 2.75 0
CFE 2.54 NA 1.56 NA
XE/X 0 NA 11.49 NA

Table 1.4: Dynamics of FEliminating the Capital-Income Tax.

Under complete markets, a permanent (unanticipated) tax cut leads to an immediate
negative jump in consumption and an immediate positive jump in investment. Capital slowly
increases and converges to a higher steady-state value, whereas consumption is initially lower
and increases over time. In other words, the long-run increase in investment requires an initial
period of lower consumption, which in turn allows for a short-run increase in investment as
well. By contrast, under incomplete markets, the exact opposite is the case. In light of the
main mechanism of the chapter, investment decreases in the long run. This allows for a
short-run increase in consumption, and therefore necessitates a short-run fall in investment.
In particular, the investment-output ratio falls by more than 3 percentage units. Figures 1.5
and 1.6 plot the impulse responses of the variables when the capital-income tax is eliminated,
under incomplete and complete markets respectively.

18The complete-markets calibration uses the relevant parameter values from the benchmark Table 1.1.
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Welfare effects

This section studies the welfare implications of eliminating the capital-income tax. These
implications are represented in terms of a compensating differential for each level of wealth
and each type of agent, whether entrepreneur or laborer. I.e., starting from the old regime
with 7% = 0.25, the question is what fraction of his financial wealth would an agent be
willing to give up in order to avoid the impact of the new regime initiated by the policy
change. Depending on the perspective, the new regime is either the short run, when capital
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is not allowed to adjust and when the welfare of the current generation is examined, or the
long run, when the comparison is between steady states, after capital has adjusted and new
generations have entered the economy.

Figure 1.7(a) presents the welfare implications for entrepreneurs (solid line) and laborers
(dashed line) in the short run, i.e. at the impact of the policy change. These short-run welfare
effects have taken into account the entire transitional dynamics of the economy towards the
new steady-state. Financial wealth normalized by annual mean income is on the horizontal
axis, and the compensating differentials are on the vertical axis. A negative number on the
vertical axis indicates that an agent would have to be paid to be indifferent between the old
regime and the regime initiated by the impact of the policy change, and hence he prefers the
new regime with the zero capital-income tax. Table 1.5 presents the short-run mean welfare
effects over percentiles for entrepreneurs and laborers. The numbers are in percentages.

Entrepreneurs | Laborers
bottom 1% -14 —0.007
bottom 5% —2.2 —0.001
bottom 10% 0.004 0.03
1st quintile 8.7 11.93
2nd quintile 20.86 20.62
3rd quintile 22.77 21.98
4th quintile 23.59 22.57
5th quintile 24.06 22.91
top 30% 35.92 34.24
top 10% 12.01 11.48
top 5% 6.04 5.75
top 1% 1.21 1.15

Table 1.5: Short-Run Welfare Implications of Eliminating the Capital-Income Taz.
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Figure 1-7: Short-Run vs Long-Run Welfare Implications in Cross-Section
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Figure 1.7(a) and Table 1.5 show that in the short run, poor agents, whether en-
trepreneurs or laborers, prefer the zero capital-income tax regime. As wealth increases,
both entrepreneurs and laborers prefer the positive capital-income tax regime. Finally, the
mean cost of the tax cut is higher for the middle-class agents than for the very rich. These
cross-sectional differences can be explained by referring to the first row of Figure 1.8, which
plots the short-run response of human wealth and of the (risk-adjusted) returns to saving
for laborers and entrepreneurs respectively, against the tax rate of the policy reform. In
the short run, the decrease in the capital-income tax from 7% = 0.25 to 7% = 0 increases
the demand for precautionary saving, and therefore leads to a fall in the interest rate!®.
Since the capital stock is historically given and cannot change, the fall in the interest rate
increases human wealth. For poor agents, whether entrepreneurs or laborers, human wealth
constitutes a significant part of their total wealth, and hence they benefit a lot from the
elimination of the tax. Furthermore, for poor agents the fall in the saving returns does not
carry as much weight as the increase in their human wealth. Finally, poor agents do not
benefit much from insurance directly, since they invest little or nothing in the risky asset.
Therefore, in the short run, poor agents prefer the zero capital-income tax regime, because
the elimination of the tax increases their safe income, and safe income is a big part of their
total wealth.

19In the short run, the net interest rate may actually fall if the tax of the reform is very high. This
possibility, which does not emerge in the long run, is due to the usual distortionary effect of big tax increases
on investment.
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Figure 1.7(b) presents the welfare implications for entrepreneurs (solid line) and laborers
(dashed line) in the long run, i.e. comparing across steady states. Clearly these long-run
effects are different from the short-run effects. In the long run, both types of agents and
at all wealth levels prefer the steady state with the positive tax, the rich less so than the
poor, and the entrepreneurs less so than the laborers. These cross-sectional differences can
be explained by referring to the second row of Figure 1.8, which plots the long-run response
of human wealth and of the (risk-adjusted) returns to saving for laborers and entrepreneurs
respectively, against the tax rate of the policy reform. In the long run, the decrease in
the capital-income tax from 7% = 0.25 to 7% = 0 increases the demand for precautionary
saving, and it therefore leads to a fall in the interest rate. This effect is as in the short
run. However, in the long run, the general-equilibrium implications of the interest rate
adjustment for capital accumulation become relevant. In particular, the fall in the interest
rate reduces stead-state wealth and capital accumulation. The fall in the steady-state capital
stock dominates the fall in the interest rate, so that steady-state human wealth falls when
the capital-income tax is eliminated. This adversely affects poor agents of all types, since
human wealth represents a big part of their total wealth. Because the risk-adjusted return
for entrepreneurs, p increases when the capital-income tax is eliminated, the cost of the
policy change is not as high for an entrepreneur as it is for a laborer at any given level of
wealth.

In conclusion, the elimination of the capital-income tax has welfare implications that
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differ across time and in the cross-section of the population. These differences are due to
the general-equilibrium effects of the interest rate adjustment on capital accumulation. In
particular, they operate mainly through the different response of human wealth: in the short
run, when the capital stock cannot adjust, human wealth increases after the elimination
of the capital-income tax, whereas in the long run, when capital accumulation changes
endogenously, human wealth falls. Therefore, poor agents prefer a zero capital-income tax
in the short run, but a positive capital-income tax in the long run. Rich agents always prefer
a positive tax, but less forcefully in the long-run, because in the long run the elimination of
the tax increases the mean entrepreneurial portfolio return?.

1.8 Extension: Introducing Publicly Traded Sector

So far it has been assumed that all investment is subject to uninsurable idiosyncratic risk.
This might not be an appropriate assumption for a country like the United States, where
private equity actually accounts for about 50% of total financial wealth. To this end a second
sector of production is formally introduced. In this sector, all firms are publicly traded, and
it is assumed that they can perfectly diversify away all idiosyncratic risks?®*. The mean return
to capital in the public sector is lower than in the private sector, otherwise no entrepreneur
would invest in the private sector. Both entrepreneurs and laborers can invest in the public
sector. Public sector capital is taxed at the rate taulf, and public sector labor is taxed at
the rate 7. In equilibrium, the marginal product of capital in the public sector is equal to
the risk-free rate. The rest of the equilibrium characterization proceeds as in the benchmark
model, with bond holdings now replaced by the sum of bond and public equity holdings.

In the public sector, where there is no scope for insurance, an increase in the capital-
income tax unambiguously reduces investment, so that public capital is a negative function
of the tax. As a result, the overall effect of the tax on the aggregate capital stock is in
general ambiguous. In addition though, the increase in the capital tax might now trigger a
reallocation of resources away from the low-risk low-productivity public sector towards the
higher-risk higher-productivity private sector, thus increasing total factor productivity. As
a result, aggregate output may increase with the tax, even if aggregate capital falls.

The model with the public sector is slightly recalibrated, so as to match the US economy
aggregates. In steady state, private capital is maximized for 7% = 0.5, whereas public capital
falls all the way with the tax. Overall, the aggregate capital stock is falling with the tax,
but less so than under complete markets. As a result, when 7% = 0.4, output per work-
hour is about 3% lower than it would have been had the tax rate been zero, whereas under
complete markets it is about 9% lower. Furthermore, total factor productivity increases by

20Under complete markets, and starting from the steady state with 7 = 0.25, the average long-run welfare
gain (in terms of consumption equivalent) of eliminating the capital-income tax is 1.7%, whereas the average
short-run welfare gain is 0.6%.

21This is an extreme assumption made here for analytical convenience. In fact, the data indicates that
public firms do not have a perfectly diversified shareholder base. Himmelberg et al. (2002), using the World-
scope database for panel of public firms across 38 countrics, find that the median inside equity ownership
share is 40%.
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7%. Steady-state welfare is maximized for 7% = 0.6, which is lower than in the benchmark
model.

To summarize, in steady state and for 7% ~ 40%, output per work-hour is 12% higher
than under complete markets when all production takes place in the private sector, and it is
6% higher than under complete markets when the private sector accounts for 50% of financial
assets.

1.9 Conclusions

This chapter studies the aggregate and welfare effects of capital-income taxation in an en-
vironment where agents face uninsurable idiosyncratic entrepreneurial risk. The surprising
result emerging is that a positive tax on capital income may actually stimulate steady-state
capital accumulation: for empirically plausible calibrated versions of the model, the steady-
state levels of the capital stock, output and employment are all maximized for a positive
value of the capital-income tax. For the preferred benchmark calibration, when the tax on
capital is 25%, the capital stock is 2.5% higher than what it would have been had the tax
rate been zero. This result stands in stark contrast to the effect of capital-income taxation
in either complete-markets models, or in Bewley-type incomplete-markets models: in these
models, capital-income taxation necessarily discourages capital accumulation. The result of
the present chapter is due to the endogenous general-equilibrium adjustment of the interest
rate and of wealth in the long run.

Although the present chapter provides some useful guidance about the direction of opti-
mal policy, it does not solve for the fully optimal policy. An interesting direction for future
research is the formal study of optimal policy, either in the Ramsey tradition (though allow-
ing for lump-sum taxes, as in the present model), or in the Mirrlees tradition of endogenizing
the source of market incompleteness and having no ad hoc restrictions placed on the set of
available instruments.

The present model focuses on the effects of uninsurable entrepreneurial risk, and ab-
stracts from labor-income risk, borrowing constraints, and decreasing returns to scale at the
individual level. Extending the model to include these relevant aspects of the data and revis-
iting the effects of capital taxation in this richer setting is important, not only to get a better
quantitative evaluation of the implications of capital taxation, but also to examine whether
the general-equilibrium effects identified here might interact with other sources of market in-
completeness in an interesting way. For example, after an increase in the capital-income tax,
the increase in steady-state wealth documented here could make borrowing constraints less
binding. At the same time, the increase in the steady-state interest rate could also increase
the cost of borrowing. Further investigating these rich general-equilibrium interactions will
greatly facilitate a better theoretical and quantitative assessment of the implications of fiscal
policy in dynamic heterogeneous-agent environments.
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Chapter 2

Revisiting the Supply-Side Effects of
Government Spending Under
Incomplete Markets

This chapter represents work with George-Marios Angeletos!.

Abstract

This chapter revisits the macroeconomic effects of government consumption in the neoclassi-
cal growth model augmented with idiosyncratic investment (or entrepreneurial) risk. Under
complete markets, a permanent increase in government consumption has no long-run effect
on the interest rate, the capital-labor ratio, and labor productivity, while it increases work
hours due to the familiar negative wealth effect. These results are upset once we allow
for incomplete markets. The very same negative wealth effect now causes a reduction in
risk taking and investment. This in turn leads to a lower risk-free rate and, under certain
conditions, also to a lower capital-labor ratio, lower productivity and lower wages.

2.1 Introduction

Studying the impact of government spending on macroeconomic outcomes is one of the
most celebrated policy exercises within the neoclassical growth model; it is important for
understanding the business-cycle implications of fiscal policy, the macroeconomic effects
of wars, and the cross-section of countries. Some classics include Hall (1980), Barro (1981,

1The authors are grateful to Olivier Blanchard, Chris Carroll, Edouard Challe, Ricardo Caballero, Mike
Golosov, Ivdn Werning and seminar participants at MIT and the 2007 conference on macroeconomic hetero-
geneity at the Paris School of Economics for useful comments
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1989), Aiyagari, Christiano and Eichenbaum (1992), Baxter and King (1993), and McGrattan
and Ohanian (1999, 2006).

These studies have all maintained the convenient assumption of complete markets, ab-
stracting from the possibility that agents’ saving and investment decisions—--and hence their
reaction to changes in fiscal policy—may crucially depend on the extent of risk sharing within
the economy. This chapter contributes towards filling this gap. It revisits the macroeconomic
effects of government consumption within an incomplete-markets variant of the neoclassical
growth model.

Apart from introducing undiversified idiosyncratic risk in production and investment, all
other ingredients of our model are the same as in the canonical neoclassical growth model:
firms operate neoclassical constant-returns-to-scale technologies, households have standard
CRRA/CEIS preferences, and markets are competitive. The focus on idiosyncratic produc-
tion/investment risk is motivated by two considerations. First, this friction is empirically
relevant. This is obvious for less developed economies. But even in the United States,
privately-owned firms account for about one half of aggregate production and employment.
Furthermore, the typical investor--the median rich household—holds a very undiversified
portfolio, more than one half of which is allocated to private equity.? And second, as we
explain next, this friction upsets some key predictions of the standard neoclassical paradigm.

In the standard neoclassical paradigm, the steady-state values of the capital-labor ratio,
productivity (output per work hour), the wage rate, and the interest rate, are all pinned down
by the equality of the marginal product of capital with the discount rate in preferences. As
a result, any change in the level of government consumption, even if it is permanent, has
no cffect on the long-run values of these variables.> On the other hand, because higher
spending for the government means lower wealth for the households, a permanent increase
in government consumption raises labor supply. It follows that employment (work hours)
and output increase both in the short run and in the long run, so as to keep the long-run
levels of capital intensity and productivity unchanged.

The picture is quite different once we allow for incomplete markets. The same wealth
effect that, in response to an increase in government consumption, stimulates labor supply in
the standard paradigm, now also discourages investment. This is simply because risk taking,
and hence investment, is sensitive to wealth. We thus find very different long-run effects.
First, a permanent increase in government consumption necessarily reduces the risk-free
interest rate. And second, unless the elasticity of intertemporal substitution is low enough,
it also reduces the capital-labor ratio, productivity, and wages.

The effect on the risk-free rate is an implication of the precautionary motive: a higher
level of consumption for the government implies a lower aggregate level of wealth for the
households, which is possible in steady state only with a lower interest rate. A lower interest

2See Quadrini (2000), Gentry and Hubbard (2000), Carroll (2000), and Moskowitz and Vissing-Jgrgensen
(2002). Also note that idiosyncratic investment risks need not be limited to private entrepreneurs; they may
also affect educational and occupational choices, or the production decisions that CEO’s make on behalf of
public corporations.

3This, of course, presumes that the change in government consumption is financed with lump-sum taxes.
The efficiency or redistributive considerations behind optimal taxation is beyond the scope of this chapter.
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rate, however, does not necessarily imply a higher capital-labor ratio. This is because market
incompleteness introduces a wedge between the risk-free rate and the marginal product of
capital. Furthermore, because of diminishing absolute risk aversion, the lower the level of
wealth, the higher will be the risk premium on investment, and hence this wedge. It follows
that, in response to an increase in government consumption, the capital-labor ratio can fall
even if the interest rate also falls. Indeed, a sufficient condition for this to be the case is that
the elasticity of intertemporal substitution is sufficiently high relative to the income share
of capital—a condition easily satisfied for plausible calibrations of the model.

Turning to employment and output, there are two opposing effects. On the one hand,
as with complete markets, the negative wealth effect on labor supply contributes towards
higher employment and output. On the other hand, unlike complete markets, the reduction
in capital intensity, productivity, and wages contributes towards lower employment and
output. Depending on the income and wage elasticities of labor supply, either of the two
effects can dominate.

The deviation from the standard paradigm is significant, not only qualitatively, but also
quantitatively. For our preferred parametrizations of the model, the following hold. First, the
elasticity of intertemporal substitution is comfortably above the critical value that suffices
for an increase in government consumption to reduce the long-run levels of the capital-
labor ratio, productivity, and wages. Second, the negative effects on these variables are
quantitatively significant: a 1% increase in government spending under incomplete markets
has the same impact on capital intensity and labor productivity as a 0.5% — 0.6% increase
in capital-income taxation under complete markets. Third, these effects mitigate, but do
not fully offset, the wealth effect on labor supply. Finally, the welfare consequences are
non-trivial: the welfare cost of a permanent 1% increase in government consumption is three
times larger under incomplete markets than under complete markets.

The main contribution of this chapter is thus to highlight how wealth effects on investment
due to financial frictions can significantly modify the supply-side channel of fiscal policy.
In our model, these wealth effects emerge from idiosyncratic risk along with diminishing
absolute risk aversion; in other models, they could emerge from borrowing constraints. Also,
such wealth effects are relevant for both neoclassical and Keynesian models. In this chapter
we follow the neoclassical tradition, not because of any belief on which paradigm best fits the
data, but rather because this clarifies the value of our contribution: whereas wealth effects
are central to the neoclassical approach with regard to labor supply, they have been mute
with regard to investment.

To the best of our knowledge, this chapter is the first to study the macroeconomic effects
of government consumption in an incomplete-markets version of the neoclassical growth
paradigm that allows for uninsurable investment risk. A related, but different, exercise is
conducted in Heathcote (2005) and Challe and Ragot (2007). These papers study deviations
from Ricardian equivalence in Bewley-type models like Aiyagari’s (1994), where borrowing
constraints limit the ability of agents to smooth consumption intertemporally. In our chapter,
instead, deviations from Ricardian equivalence are not an issue: our model allows households
to freely trade a riskless bond, thus ensuring that the timing of taxes and the level of debt
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has no effect on allocations, and instead focuses on wealth effects on investment due to
incomplete risk sharing.

The particular framework we employ in this chapter is a continuous-time variant of the
one introduced in Angeletos (2007). That paper studied how idiosyncratic capital-income risk
affects aggregate saving, and contrasted this with the impact of labor-income risk in Bewley
type models (Aiyagari, 1994; Huggett, 1997; Krusell and Smith, 1998). Other papers that
introduce idiosyncratic investment or entrepreneurial risk in the neoclassical growth model
include Angeletos and Calvet (2006), Buera and Shin (2007), Caggeti and De Nardi (2006),
Covas (2006), and Meh and Quadrini (2006).* The novelty of our chapter is to study the
implications for fiscal policy in such an environment.

The rest of this chapter is organized as follows. Section 2 introduces the basic model,
Section 3 characterizes its equilibrium, and Section 4 analyzes its steady state. The basic
model fixes labor supply so as to focus on the most novel results of the chapter, namely
the steady-state effects of government consumption on the interest rate and the capital-
labor ratio. Section 5 then turns to three extensions that endogenize labor supply. Section
6 examines the dynamic response of the economy to a permanent change in government
consumption. Section 7 concludes.

2.2 The basic model

Time is continuous, indexed by ¢ € [0,00). There is a continuum of infinitely-lived house-
holds, indexed by 4 and distributed uniformly over [0, 1]. Each household is endowed with
one unit of labor, which it supplies inelastically in a competitive labor market. Each house-
hold also owns and runs a firm, which employs labor in the competitive labor market but can
only use the capital stock invested by the particular household.®> Households cannot invest
in other households’ firms and cannot otherwise diversify away from the shocks hitting their
firms, but can freely trade a riskless bond. Finally, all uncertainty is purely idiosyncratic,
and hence all aggregates are deterministic.

2.2.1 Households and firms

The financial wealth of household 7, denoted by z!, is the sum of its holdings in private
capital, k%, and the riskless bond, b::

= k4B (2.1)

4Related is also Obstfeld (1994), which assumes a continuous-time Epstein-Zin specification as this chap-
ter, but with an AK technology.

5We can think of a household as a couple, with the wife running the family business and the husband
working in the competitive labor market (or vice versa). The key assumption, of course, is only that the
value of the labor endowment of each household is pinned down by the competitive wage and is not subject
to idiosyncratic risk.
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The evolution of z¢ is given by the household budget:
dzi = dni + [Ribl + w; — Ty — cl]dt, (2.2)

where dr? is the household’s capital income (i.e., the profits it enjoys from the private firm
it owns), R; is the interest rate on the riskless bond, w; is the wage rate, T; is the lump-sum
tax, and ¢! is the household’s consumption. Finally, the familiar no-Ponzi game condition is
also imposed.

Whereas the sequences of prices and taxes are deterministic (due to the absence of ag-
gregate risk), firm profits, and hence household capital income, are subject to undiversified
idiosyncratic risk. In particular,

dri = [F(ki, ) — wyni — 6Ki]dt + okidz]. (2:3)

Here, ni is the amount of labor the firm hires in the competitive labor market, F is a
constant-returns-to-scale neoclassical production function, and ¢ is the mean depreciation
rate. Idiosyncratic risk is introduced through dzi, a standard Wiener process that is i.i.d.
across agents and across time. This can be interpreted either as a stochastic depreciation
shock or as a stochastic productivity shock, the key element being that it generates risk
in the return to capital. The scalar ¢ measures the amount of undiversified idiosyncratic
risk and can be viewed as an index of market incompleteness, with higher ¢ corresponding
to a lower degree of risk sharing (and ¢ = 0 corresponding to complete markets). Finally,
without serious loss of generality, we assume a Cobb-Douglas specification for the technology:
F(k,n) = k*n'~® with a € (0,1).

Turning to preferences, we assume an Epstein-Zin specification with constant elasticity
of intertemporal substitution (CEIS) and constant relative risk aversion (CRRA). Given a
consumption process, the utility process is defined by the solution to the following integral
equation:

U,=E, /oo z(cs, Us) ds (2.4)
t
where
_ ,3 cl—-l/o
Z(Ca U) =1_ 1/9 ((1 )U) Z1/64y (1 - '}')U . (2'5)
— ry 1—o

Here, B > 0 is the discount rate, v > 0 is the coefficient of relative risk aversion, and 6 > 0
is the elasticity of intertemporal substitution.”

Standard expected utility is nested with y = 1/6. We find it useful to allow 6 # 1/~ in
order to clarify that the gqualitative properties of the steady state depend crucially on the

5The characterization of equilibrium and the proof of the existence of the steady state extend to any
neoclassical production function; it is only the proof of the uniqueness of the steady state that uses the
Cobb-Douglas specification.

"To make sure that (A.l1) indeed defines a preference ordering over consumption lotteries, one must
establish existence and uniqueness of the solution to the integral equation (A.1); see Duffie and Epstein
(1992).
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elasticity of intertemporal substitution rather than the coefficient of relative risk aversion
(which in turn also guides our preferred parameterizations of the model). However, none of
our results rely on allowing 6 # 1/v. A reader who feels uncomfortable with the Epstein-Zin
specification can therefore ignore it, assume instead standard expected utility, and simply
replace v with 1/6 (or vice versa) in all the formulas that follow.

2.2.2 Government

At each point in time the government consumes output at the rate GG;. Government spending
is deterministic, it is financed with lump-sum taxation, and it does not affect either utility
from private consumption or production. The government budget constraint is given by

dB? = [R,B! + T, — Gy)dt, (2.6)

where BY denotes the level of government assets (i.e., minus the level of government debt).
Finally, a no-Ponzi game condition is imposed to rule out explosive debt accumulation.

2.2.3 Equilibrium definition

The initial position of the economy is given by the distribution of (kg, b)) across households.
Households choose plans {c}, n}, k}, b: }1cf0,00), contingent on the history of their idiosyncratic
shocks, and given the price sequence and the government policy, so as to maximize their
lifetime utility. Idiosyncratic risk, however, washes out in the aggregate. We thus define an
equilibrium as a deterministic sequence of prices {w;, R }scjo,00), @ deterministic sequence of
policies {G, T; }tejo,00), @ deterministic macroeconomic path {Cy, K3, Vi }iejo,00), and a collec-
tion of individual contingent plans ({c}, n}, k}, b} }e(o,00) )icjo, 1, Such that the following con-
ditions hold: (i) given the sequences of prices and policies, the plans are optimal for the
households; (ii) the labor market clears, [,nj = 1, in all ¢; (iii) the bond market clears,
Jbi+Bf =0, in all ¢; (iv) the government budget is satisfied in all ; and (v) the aggregates
are consistent with individual behavior, C; = [ ¢}, Ky = [k}, and Y; = [} F(k{, n}), in all ¢.8

2.3 Equilibrium

In this section we characterize the equilibrium of the economy. We first solve for a household’s

optimal plan for given sequences of prices and policies. We then aggregate across households
and derive the general-equilibrium dynamics.

2.3.1 Individual behavior

Since employment is chosen after the capital stock has been installed and the idiosyncratic
shock has been observed, optimal employment maximizes profits state by state. By constant

8Throughout, f1 denotes expectation in the cross-section of the population.

92



returns to scale, optimal firm employment and profits are linear in own capital:
nt =n(w)ki and  drnl = F(w)kidt + odZ, (2.7)
where
(w) = argmfx[F(l,n) —wn]  and  Fw) = max [F(1,n) —wmn] — 6.

Here, 7 = 7(w;) is the household’s expectation of the return to its capital prior to the
realization of the idiosyncratic shock z¢, as well as the mean of the realized returns in the
cross-section of firms. Analogous interpretation applies to 72; = 7i(w;).

The key result here is that households face risky, but linear, returns to their capital. To
see how this translates to linearity of wealth in assets, let h; denote the present discounted
value of future labor income net of taxes, a.k.a. human wealth:

hy = / e~ Badi(yy, — T,)ds. (2.8)
t

Next, define effective wealth as the sum of financial and human wealth:
wi=xi+ hy = kb + b+ by (2.9)
It follows that the evolution of effective wealth can be described by
dw; = [Tk} + Ry (B} + he) — cildt + okidz. (2.10)

The first term on the right-hand side of (2.10) measures the expected rate of growth in the
household’s effective wealth; the second term captures the impact of idiosyncratic risk.

The linearity of budgets together with the homotheticity of preferences ensures that, for
given prices and policies, the household’s consumption-saving problem reduces to a tractable
homothetic problem as in Samuelson’s and Merton’s classic portfolio analysis. It follows that
the optimal policy rules are linear in wealth, as shown in the next proposition.

Proposition 7. Let {w;, Ri}icjo,0) and {G, Ti}eco,00) be equilibrium price and policy se-
quences. Then, equilibrium consumption, investment and bond holdings for household i are
given by

& =muwi, ki=dwi, and b =(1-¢)w—h,, (2.11)
where ¢, the fraction of effective wealth invested in capital, is given by
T — Ry
= 12
(bt 70_2 ’ (2 )

while my, the marginal propensity to consume out of effective wealth, satisfies the recursion
m A
P — my+ (60— 1)p; — 08, (2.13)

my

53



with py = py — $y¢70? denoting the risk-adjusted return to saving and p, = ¢,7 + (1 — ¢,) R,
the mean return to saving.

Condition (2.12) simply says that the fraction of wealth invested in the risky asset is
increasing in the risk premium p; = 7, — R;, and decreasing in risk aversion 7 and the
amount of risk ¢.° Condition (2.13) is essentially the Euler condition: it describes the
growth rate of the marginal propensity to consume as a function of the anticipated path of
risk-adjusted returns to saving. Whether higher risk-adjusted returns increase or reduce the
marginal propensity to consume depends on the elasticity of intertemporal substitution. To
see this more clearly, note that in steady state this condition reduces to m = 638 — (8 — 1) p,
so that higher p decreases m (i.e., increases saving out of effective wealth) if and only if
@ > 1. This is due to the familiar income and substitution effects.

2.3.2 General equilibrium

Because individual consumption, saving and investment are linear in individual wealth, ag-
gregates at any point in time do not depend on the extent of wealth inequality at that time.
As a result, the aggregate equilibrium dynamics can be described with a low-dimensional
recursive system.

Define f(K) = F(K,1) as the production in intensive form and let w(K) = f(K) —
FK)K, (K, R) = L5 (f/(K) — 8 — R), and p(K,R) = R+ L (f'(K) — 6 — R)*. Aggre
gating across the pohcy rules of the agents and imposing market clearing, we arrive at the
following proposition.

Proposition 8. In equilibrium, the aggregate dynamics satisfy

K = f(K,) — 6K, — C, — G, (2.14)
C
52 =60(pe— B) — (60— 1) Jyo?¢7 (2.15)
Ht Rth wy + Gt (216)
O
K= - ¢th (2.17)

with wy = w(Ky), ¢ = (K, Ry), and py = p(Ky, Ry).

Condition (2.14) is the resource constraint of the economy. The resource constraint does
not depend on the degree of market incompleteness. It follows from aggregating budgets
across all households and the government, imposing labor- and bond-market clearing, and
using the linearity of individual firm employment to individual capital together with constant
returns to scale, to get Y; = [} F(kj,n}) = F([ ki, [;n}) = F(K;, 1).

Condition (2.15) is the aggregate Euler condition for the economy. It follows from aggre-
gating consumption and wealth across agents together with the optimality condition (2.13)

9Clearly, in any equilibrium g; must be positive, otherwise nobody would invest in capital and an equi-
librium would fail to exist.
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for the marginal propensity to consume. It also has a simple interpretation. As in the case
of complete markets, aggregate consumption growth unambiguously increases with p;, the
mean return to saving. But unlike complete markets, aggregate consumption growth now
also depends on 1v0?¢?, a risk-adjustment term. Whether more risk contributes to a lower
or higher marginal propensity to save, and hence whether this new term contributes to lower
or higher consumption growth, depends on whether the elasticity of intertemporal substitu-
tion, 6, is higher or lower than 1. The intuition for this property is the same as the intuition
for the impact of the interest rate in a deterministic saving problem, namely the opposing
income and substitution effects of a higher rate of return to saving.

Condition (2.16) expresses the evolution of the present value of aggregate net-of-taxes
labor income in recursive form. It follows from the definition of human wealth combined
with the intertemporal government budget, which imposes that the present value of taxes
equals the present value of government consumption.

Finally, condition (2.17) follows from bond-market clearing. More precisely, aggregating
bond holdings across agents and imposing bond-market clearing gives (1 — ¢;)W; — H; = 0,
while aggregating investment gives K; = ¢;W;, and combining the two gives condition (2.17).

These conditions characterize the equilibrium dynamics of the economy with either in-
complete or complete markets. In both cases, condition (2.17) ensures that ¢; € (0,1). But
when markets are complete (o = 0), this is possible only if f' (K;) — § = R; (meaning arbi-
trage between bonds and capital). Condition (2.15) then reduces to the more familiar Euler
condition C;/C; = @ [f' (K;) — é — f], and one can track the dynamics of the economy merely
on the (C, K) space, using the Euler condition and the resource constraint. When, instead,
markets are incomplete, ¢; € (0, 1) is possible only if f' (K;) — & > R;, which proves that the
marginal product of capital must exceed the risk-free rate. Moreover, the dimensionality of
the system now increases by one: along with (C, K'), we also have to keep track of H, using
condition (2.16).

Still, this is a highly tractable dynamic system, as compared to other incomplete-markets
models, where the entire wealth distribution—an infinite dimensional object—is a relevant
state variable for aggregate equilibrium dynamics. Indeed, the equilibrium dynamics can
be approximated with a simple shooting algorithm: for any historically given Kj, guess
some initial values (Cy, Hy) and use conditions (2.14)-(2.16) to compute the entire path of
(Cy, Ky, Hy) for t € [0, T), for some large T'; then iterate on the initial guess till (Cr, Kr, Hr)
is close enough to its steady-state value.!® In the special case that § = 1 (unit EIS), m; = 8
and hence C; = B(K;+ H,) for all t. One can then drop the Euler condition from the dynamic
system and analyze the equilibrium dynamics with a simple phase diagram in the (K, H)
space.

10This presumes that a turnpike theorem applies; this is likely to be the case at least for o small enough,
by continuity to the complete-markets case.
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2.4 Steady State

In this section we study the steady state of the economy (i.e., the fixed point of the dynamic
system in Proposition 8) and its comparative statics with respect to the level of government
spending.

2.4.1 Characterization

Clearly, an equilibrium would fail to exist if the present value of government spending ex-
ceeded that of labor income. We thus henceforth parameterize government spending G; as
a fraction g of aggregate output ¥; and impose 0 < g <1 - a.

Proposition 9. (i) The steady state erists and is unique. (i1) In steady state, the capital
stock K and the interest rate R are the unique solution to

f’(K)—5=R+\/29W;iﬁf B (2.18)
_ _¢(KR) (1-a-—g)f(K)
K=10 kB - (2.19)

Output is then given by Y = f(K), the wage rate by w = (1 — a)f(K), and consumption by
C=(1-9)f(K)-0K.

Condition (2.18) follows from the Euler condition (2.15), setting C' = 0. Condition (2.19)
follows from the bond market clearing condition (2.17), substituting for the steady-state
value of H implied by (2.16), namely H = (w - G) /R= (1 —a — g)f(K)/R.

To better understand the determination of the steady state of our economy, consider for a
moment another economy that has the same preferences, technologies and risks but is open to
an international market for the riskless bond, thus facing an exogenously fixed interest rate.
If R > 1/83, then the precautionary saving motive implies that aggregate wealth increases
without bound. If, instead, R € (0,1/3), then diminishing absolute aversion ensures the
existence of a finite level of aggregate wealth at which the precautionary motive is just offset
by the gap between the interest rate and the discount rate.!* Therefore, R € (0,1/8) is
both necessary and sufficient for the open economy to admit a steady state. For any such R,
aggregate capital is given by (2.18). There is, however, a unique R for which the net foreign
asset position of the economy is zero, which is precisely what condition (2.19) imposes.

2.4.2 A graphical representation

Let K;(R) and K3(R;g) denote the solutions to, respectively, conditions (2.18) and (2.19)
with respect to K. For any given g, the intersection of the graphs of these two functions
identifics the steady state. To understand how these graphs look like, the next lemma
examines the monotonicities of these two functions with respect to R.

" These intuitions are similar to those in Aiyagari (1994).
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Lemma 1. (i) 0K;/0R > 0 if and only if § > 1—% (ii) 0K,/OR < 0 always.

The intuition behind part (ii) is simple. For given K, and hence given w, an increase
in R reduces both H and ¢ (K, R), and thereby necessarily reduces the right hand side of
(2.19). But then for (2.19) to hold with the lower R it must be that K also falls. It follows
that K>(R) is a monotonically decreasing function, as illustrated in Figure 1.

The intuition behind part (i) is a bit more convoluted. Recall that condition (2.18)
comes from stationarity of aggregate consumption. Clearly, this is equivalent to imposing
stationarity of aggregate wealth. Since W, = pW, — C, = (ps — my) Wy, this in turn is
the same as imposing p = m. From condition (2.13), on the other hand, we have that the
steady-state value of the marginal propensity to consume is given by m =668 — (6 — 1)p. It
follows that aggregate wealth is stationary if and only if

p+(0—1)p=06p (2.20)

where p is the mean return to saving and p the risk adjusted return (both evaluated at the
steady state K and for given R). Of course, this condition is equivalent to (2.18), but it is
more useful for developing intuition.

Figure 2-1: The steady state and the effects of higher government spending.

Ko
Ki(R)
J K3(R; giow)
K. 2(R; ghigh)
0 B R

First, note that an increase in K necessarily reduces p + (@ — 1)p. To see this, note that
an increase in K reduces f’' (K). For given ¢, this reduces p and p equally, thus also reducing
p+ (6 — 1)p. Of course, the optimal ¢ must fall, but this only reinforces the negative effect
on p (since the portfolio is shifted towards the low-return bond), while it does not affect p
(because of the envelope theorem and the fact that ¢ maximizes p).

Next, note that an increase in R has an ambiguous effect on p + (8 — 1)p. For given ¢,
both p and p increase with R. But now the fact that ¢ falls works in the opposite direction,
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contributing to lower p. Intuitively, though, this effect should be small if ¢ was small to start
with. Moreover, the impact of p is likely to dominate if 8 is high. We thus expect p+(0—1)p
to increase with R if and only if either ¢ is low or @ is high. Indeed, we prove that this is
the case if and only if 6 > %’5

Combining the above observations, we conclude that 0K;/0R > 0 if and only if § > T%w
which completes the argument behind part (i) of Lemma 1.

In the Appendix, we further show that the steady-state ¢ is a decreasing function of R.
Hence, the condition § > 1—% is satisfied if and only if R is high enough. It follows that
K; (R) is a U-shaped curve, as illustrated in Figure 1. Intuitively, when R is close to £,
a marginal increase in R has such a strong positive effect on steady state wealth, that the
consequent reduction in the risk premium more than offsets the increase in the opportunity
cost of investment, ensuring that K increases with R.

As noted earlier, the intersection of the two curves identifies the steady state of the
closed economy. The existence and uniqueness of such an intersection is established in the
Appendix (see the proof of Proposition 9). What we next seek to understand is how this

intersection changes with an increase in government spending.

2.4.3 The long-run effects of government consumption

Because g does not enter condition (2.18), an increase in government consumption does not
affect the K; curve. On the other hand, because higher ¢ means lower net-of-taxes labor
income, and hence lower H, an increase in government consumption causes the K, curve to
shift downwards, as illustrated in Figure 1. This is simply a manifestation of the negative
wealth effect of higher lump-sum taxes. Clearly, R unambiguously falls, whereas the impact
on K depends on whether the two curves intersect in the upward or the downward portion of
the K, curve. From part (i) of Lemma 1 we know that the intersection occurs in the upward
portion if and only if 6 > 1—% The main result of the chapter is then immediate.

Proposition 10. In steady state, higher government consumption (g) necessarily decreases
the risk-free rate (R), while it also decreases the capital-labor ratio (K/N), labor productivity
(Y/N), the wage rate (w), and the saving rate (s = 6K/Y') if and only if

¢

0> s (2.21)
With complete markets, the steady state interest rate is equated to the discount rate
(R = B), and the steady state capital-labor ratio is determined by the equality of the
marginal product of capital to the discount rate (f' (K/N) — § = (). It follows that, in the

long run, government consumption has no effect on either R or K/N, Y/N, w, and s.12
Here, instead, government consumption can have non-trivial long-run effects, even if fi-
nanced with lump-sum taxation. Because households face consumption risk, they have a

12This result is true even when labor supply is endogenous (as in Section 5). The only difference is that
in the latter case, while K/N and Y/N continue to not change, N changes and hence K and Y also change.
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precautionary motive to save. Because preferences exhibit diminishing absolute risk aver-
sion, this motive is stronger when the level of wealth is lower. It follows that, by reducing
household wealth, higher government spending stimulates precautionary saving. But then
the risk-free rate at which aggregate saving can be stationary has to be lower, which proves
that R falls with ¢.13

The impact of this fall in R on the capital-labor ratio now depends on two opposing
effects. On the one hand, because of diminishing absolute risk aversion, a lower level of
wealth implies a lower willingness to take risk, which tends to discourage investment. On the
other hand, a lower risk-free rate implies a lower opportunity cost of investment, which tends
to stimulate investment. As explained earlier, the wealth effect dominates when 8 > l—i"—¢.14
Since ¢ < a, this is the case as long as the elasticity of intertemporal substitution is high
relative to the income share of capital.

For empirically plausible calibrations of the model, the condition 8 > l—fz is easily satis-
fied. For example, take the interest rate to be B = 4% and labor income to be 65% of GDP.
Then H is about 16 times GDP, or equivalently 4 times K, if we assume a capital-output

ratio of 4. Since in steady state —f—¢ = %, this exercise gives a calibrated value for

¢

1 1-¢

about 0.25. This is far lower than most of the recent empirical estimates of the elasticity
of intertemporal substitution, which are typically around 1 if not higher.!® It follows that
a negative long-run effect of government consumption on aggregate saving and productivity

appears to be the most likely scenario.

2.4.4 Numerical simulation

We now numerically simulate the steady state of our economy, to get a first pass at the
potential quantitative importance of our results.

The economy is fully parameterized by (o, 8,7, 6,6, 0, g), where « is the income share of
capital, 3 is the discount factor, -y is the coefficient of relative risk aversion, ¢ is the (mean)
depreciation rate, § is the elasticity of intertemporal substitution, ¢ is the standard deviation
of the rate of return on private investment, and g is the share of government consumption
in aggregate output.

In our baseline parametrization, we take a = 0.36, 8 = 0.96, and § = 0.08; these values
are standard in the literature. For risk aversion, we take v = 5, a value commonly used
in the macro-finance literature to help generate plausible risk premia. For the elasticity of
intertemporal substitution, we take § = 1, a value consistent with recent micro and macro
estimates.'® For the share of government, our baseline value is g = 25% (as in the United

13A similar intuition underlies the steady-state supply of saving in Aiyagari (1994).

141n the Appendix we prove that the steady-state ¢ is a decreasing function of the stead-state R, and
hence an increasing function of g. It follows that, whenever the steady-state K is a non-monotonic function
of g, it is a U-shaped function of g. Note, however, that a high enough 6 may suffice for 8 to be higher than
¢/ (1 — ¢) for all feasible levels of g, and hence for K to be a globally decreasing function of g.

15 See, for example, Vissing-Jgrgensen and Attanasio (2003), Mulligan (2002), and Gruber (2005). See
also Guvenen (2006) and Angeletos (2007) for related discussions on the parametrization of the EIS.

16See the references in footnote 15.
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States) and a higher alternative is g = 40% (as in some European countries).

What remains is o. Unfortunately, there is no direct measure of the rate-of-return risk
faced by the “typical” investor in the US economy. However, there are various indications
that investment risks are significant. For instance, the probability that a privately held
firm survives five years after entry is less than 40%. Furthermore, even conditional on
survival, the risks faced by entrepreneurs and private investors appear to be very large:
as Moskowitz and Vissing-Jgrgensen (2002) document, not only there is a dramatic cross-
sectional variation in the returns to private equity, but also the volatility of the book value
of a (value-weighted) index of private firms is twice as large as that of the index of public
firms—one more indication that private equity is more risky than public equity. Note then
that the standard deviation of annual returns is about 15% per annum for the entire pool
of public firms; it is over 50% for a single public firm (which gives a measure of firm-specific
risk); and it is about 40% for a portfolio of the smallest public firms (which are likely to be
similar to large private firms).

Given this suggestive evidence, and in want of a better alternative, we take o = 30% for
our baseline parameterization and consider 0 = 20% and o = 40% for sensitivity analysis.
Although these numbers are somewhat arbitrary, the following observation is reassuring:
the volatility of individual consumption generated by our model is comparable to its em-
pirical counterpart. For instance, using the Consumer Expenditure Survey (CEX), Malloy,
Moskowitz and Vissing-Jgrgensen (2006) estimate the standard deviation of consumption
growth to be about 8% for stockholders (and about 3% for non-stockholders). Similarly,
using data that include consumption of luxury goods, Ait-Sahalia, Parker and Yogo (2001)
get estimates between 6% and 15%. In our simulations, on the other hand, the standard
deviation of individual consumption growth is less than 5% per annum (along the steady
state).

Putting aside these qualifications about the parametrization of o, we now examine the
quantitative effects of government consumption on the steady state of the economy. Table
2.1 reports the per-cent reduction in the steady-state values of the capital-labor ratio (K/N),
labor productivity (Y/N), and the saving rate (s), relative to what their values would have
been if g were 0.7 Complete markets are indicated by CM and incomplete markets by IM.

K/N Y/N s "

CM| IM |CM| IM ||CM]| IM | CM

baseline | 0 | —10.02| 0 | —3.73| 0 |—-1.14| 17
o=40%] 0 | —1218 | 0 | —457 | 0 | —1.21 | 20
c=20%] 0 | —6.78 | 0 | —25 || 0 | —088 | 12
g=40% | 0 | —1782 | 0 | —6.82 | 0 | —2.05 | 28

Table 2.1: The steady-state effects of the size of government.

17Here, since labor supply is exogenously fixed, the changes in K and Y coincide with those in K/N and
Y/N; this is not the case in the extensions with endogenous labor supply in the next section.
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In our baseline parametrization, the capital-labor ratio is about 10% lower when g = 25%
than when g = 0. Similarly, productivity is about 4% lower and the saving rate is about
1 percentage point lower. These are significant effects. They are larger (in absolute value)
than the steady-state effects of precautionary saving reported in Aiyagari (1994). They are
equivalent to what would be the steady-state effects of a marginal tax on capital income
equal to 17% in the complete-markets case. (The tax rate on capital income that would
generate the same effects under complete markets is given in the last column of the table,
as T:quz'v')

Not surprisingly, the effects are smaller if o is lower (third row) or if 7 is lower (not
reported), because then risk matters less. On the other hand, the effects are larger when
g = 40% (final row): productivity is almost 18% lower, the saving rate is 2 percentage points
lower, and the tax on capital income that would have generated the same effects under
complete markets is 28%.

Table 2.2 turns from level to marginal effects: it reports the change in K/N, Y/N, and
s as we increase government spending by 1 percent, either from 25% to 26%, or from 40%
to 41%. In the first case, productivity falls by 0.19%; in the second, by 0.26%. This is
equivalent to what would have been under complete markets the effect of increasing the
tax rate on capital income by about 0.75 percentage points in the first case, and about 0.8
percentage points in the second case.

K/N Y/N T v
CM| IM CM| IM CM
g =25% — 26% 0 | —-0.52 0 {-0.191 0.75

9g=40%—-41%| 0 [-071] O [-0.26| 0.8

Table 2.2: Long-run effects of a permanent 1% increase in government consumption.

2.5 Endogenous labor

In this section we endogenize labor supply in the economy. We consider three alternative
specifications that achieve this goal without compromising the tractability of the model.

2.5.1 GHH preferences

One easy way to accommodate endogenous labor supply in the model is to assume preferences
that rule out income effects on labor supply, as in Greenwood, Hercowitz and Huffman (1998).
In particular, suppose that preferences are given by Uy = Eq f0°° e Ptu(c, 1) dt, with

ulenls) = 2 [ + v(l)]7, (2.22)
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where [, denotes leisure and v is a strictly concave, strictly increasing function.’® The
analysis can then proceed as in the benchmark model, with labor supply in period ¢ given
by Ny =1—1(w;), where [ (w) = argmax; {v ({) — wl}.

This specification highlights an important difference between complete and incomplete
markets with regard to the employment impact of fiscal shocks. Under incomplete markets,
an increase in government spending can have a negative general-equilibrium effect on ag-
gregate employment. This is never possible with complete markets, but it is possible with
incomplete markets when an increase in g reduces the capital-labor ratio, and thereby the
wage rate, which in turn discourages labor supply. Indeed, with GHH preferences, 6 > %
suffices for both K/N and N to fall with g in both the short run and the long run.

Although it is unlikely that wealth effects on labor supply are zero in the long run, they
may well be very weak in the short run. In the light of our results, one may then expect that
after a positive shock to government consumption both employment and investment could
drop on impact under incomplete markets.®

2.5.2 KPR preferences

A second tractable way to accommodate endogenous labor supply is to assume that agents
have homothetic preferences over consumption and leisure, as in King, Plosser, and Rebelo
(1988). In particular, suppose that preferences are given by Uy = Eq f e Pu (¢, ;) dt, with

ulenl) = gl ), (2.23)

where [; denotes leisure and ¥ € (0,1) is a scalar.?

The benefit of this specification is that it is standard in the literature (making our
results comparable to previously reported results), while it also comes with zero cost in
tractability.?! The homotheticity of the household’s optimization problem is then preserved
and the equilibrium analysis proceeds in a similar fashion as in the benchmark model.?? The
only essential novelty is that aggregate employment is now given by N; = 1 — L (wy, Gy),
where

v Gy

-y
The neoclassical effect of wealth on labor supply is now captured by the negative relationship

between N; and C; (for given wy).
For the quantitative version of this economy, in line with King, Plosser, and Rebelo

L(Wt, Ct) =

1870 allow for  # 1/v, we let Uy = Eq [, 2(c- + v(l;), U, )dr, with the function z defined as in condition
(A.2).

19This discussion indicates that an interesting extension might be to consider a preference specification
that allows for weak short-run but strong long-run wealth effects, as in Jaimovich and Rebelo (2006).

20To allow for 6 # 1/v, we let Uy = Eq [ z(c¥127¥, U, )dr, with z defined as in (A.2).

21For convenience, we implicitly allow agents to trade leisure with one another, so that we can ignore
corner solutions.

22The proofs are available upon request.
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(1988) and Christiano and Eichenbaum (1992), we take 1 = 0.75. This value ensures that
the steady-state fraction of available time worked approximately matches the US data. The
rest of the parameters are as in the baseline specification of the benchmark model.

2.5.3 Hand-to-mouth workers

A third approach is to split the population into two groups. The first group consists of the
households that have been modeled in the benchmark model; we will call this group the
“investors”. The second group consists of households that supply labor but do not hold any
assets, and simply consume their entire labor income at each point in time; we will call this
group the “hand-to-mouth workers”. Their labor supply is given by

NPT = wie (CPm)%, (2.24)

where C*™ denotes the consumption of these agents, €, > 0 parameterizes the wage elasticity
of labor supply, and €, > 0 parameterizes the wealth elasticity.?

This approach could be justified on its own merit. In the United States, a significant frac-
tion of the population holds no assets, has limited ability to borrow, and sees its consumption
tracking its income almost one-to-one. This fact calls for a richer model of heterogeneity
than our benchmark model. But is unclear what the “right” model for these households
is. Our specification with hand-to-mouth workers is a crude way of capturing this form of
heterogeneity in the model while preserving its tractability.

A side benefit of this approach is that it also gives freedom in parameterizing the wage
and wealth elasticities of labor supply. Whereas the KPR preference specification imposes
€, = —€. = 1, the specification introduced above permits us to pick much lower elasticities,
consistent with micro evidence. The point is not to argue which parametrization of the
labor-supply elasticities is more appropriate for quantitative exercises within the neoclassical
growth model; this is the subject of a long debate in the literature, to which we have
nothing to add. The point here is rather to cover a broader spectrum of empirically plausible
quantitative results.

For the quantitative version of this economy, we thus take ¢, = 0.25 and ¢, = —0.25,
which are in the middle of most micro estimates.?* What then remains is the fraction of
aggregate income absorbed by hand-to-mouth workers. As mentioned above, a significant
fraction of the US population holds no assets. For example, using data from both the PSID
and the SCF, Guvenen (2006) reports that the lower 80% of the wealth distribution owns
only 12% of aggregate wealth and accounts for about 70% of aggregate consumption. Since
some households may be able to smooth consumption even when their net worth is zero, 70%
is likely to be an upper bound for the fraction of aggregate consumption accounted for by
hand-to-mouth agents. We thus opt to calibrate the economy so that hand-to-mouth agents
account for 50% of aggregate consumption. This is also the value of the relevant parameter

23Preferences that give rise to this labor supply are u; = cf* — né", for appropriate (g, (p-

24Gee, for example, Hausman (1981), MaCurdy (1981), and Blundell and MaCurdy (1999).

63



that one would estimate if the model were to match US aggregate consumption data—we
can deduce this from Campbell and Mankiw (1989).%°

2.5.4 The long-run effects of government consumption with en-
dogenous labor

Our main theoretical result (Proposition 4) continues to hold in all of the above variants of
the benchmark model: in steady state, a higher rate g of government consumption necessarily
reduces the interest rate R; and it also reduces the capital-labor ratio K /N, labor produc-
tivity Y/N, and the wage rate w if and only if the elasticity of intertemporal substitution 6
is higher than 1—f7¢.26

What is not clear anymore is the effect of g on K and Y, because now N is not fixed.
On the one hand, the reduction in wealth stimulates labor supply, thus contributing to an
increase in V. This is the familiar neoclassical effect of government spending on labor supply.
On the other hand, as long as 6 > %, the reduction in capital intensity depresses real wages,
contributing towards a reduction in N. This is the novel general-equilibrium effect due to
incomplete markets. The overall effect of government spending on a