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ASSET PRICING WITH
BORROWING CONSTRAINTS AND
EX ANTE HETEROGENEITY

PaMELA LABADIE
George Washington University

In answer to the question “Will borrowing constraints necessarily intensify aggregate
fluctuations and aggregate cyclical variability?” it has been found that complete markets
equilibrium displays aggregate fluctuations that may be dampened when borrowing
constraints are introduced. Like others, | find that variability in the distribution of labor
productivity shocks amplifies aggregate fluctuations. | also find that allowing agents to
have different permanent incomes amplifies aggregate fluctuations, enriching the
asset-pricing implications of the complete contingent claims model when demand
aggregation is not possible. Although agents are able to equalize their intertemporal
marginal rates of substitution (IMRS) of consumption state-by-state, the IMRS of labor is
not equalized across agents, creating gains from specialization. To determine how frictions
affect aggregate variability, two types of borrowing constraints are studied. In the first
model, dividend payments are restricted and, in the second, nonhuman wealth is restricted
to be positive. Either type of borrowing constraint can dampen aggregate fluctuations.
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1. INTRODUCTION

In their seminal paper, Scheinkman and Weiss (1986, p. 37) ask the following
question: “Will borrowing constraints necessarily intensify aggregate fluctuations
and aggregate cyclical variability?” They construct a model with the property that
the complete contingent claims equilibrium displays no aggregate fluctuations.
There are two important features of their model: Agents are identical ex ante, or
equivalently have identical permanent incomes, and become differentiated over
time by the history of their idiosyncratic productivity shocks; and second, the
distribution of the labor productivity shocks is time and state invariant. In an
example in Appendix D of their paper, they show that allowing variability in the
distribution of the productivity shocks can give rise to aggregate fluctuations in the
complete contingent claims equilibrium, which are dampened when borrowing
constraints are imposed. | examine not only how variability in the distribution
of productivity shocks affects aggregate fluctuations but | also allow agents to
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have different permanent incomes. As in the Scheinkman and Weiss example, |
find that allowing variability in the distribution of labor productivity shocks gives
rise to aggregate fluctuations that are dampened when trade is restricted through
borrowing constraints. | also find that allowing agents to have different permanent
incomes can lead to the same result.

If agents have different permanent incomes but demand aggregation is possi-
ble, then a representative consumer can be constructed as described by Rubinstein
(1974). In model studied here, agents have linear disutility of labor so that the
first-order conditions for consumption and labor cannot be averaged over agents
to construct a representative agent, although a composite consumer can be con-
structed as described by Constantinides (1982). This point is related to an issue
raised by Constantinides and Duffie (1996). They study a model in which there
are uninsurable, persistent, and heteroskedastic labor income shocks. Each agent
initially faces an identical distribution of labor income. Over time, the sample path
of the ratio of an agent’s labor income to aggregate income is nonstationary. When
borrowing constraints are imposed in such a model, agents are no longer able to
insure against the persistent and heteroskedastic income shocks. Marginal rates of
substitution in consumption are not equalized state-by-state so that a representative
agent cannot be constructed. They demonstrate that incomplete consumption in-
surance and consumer heterogeneity greatly enrich the asset-pricing implications
of their model. In particular, the mean and variance of the stochastic discount factor
for asset pricing depend on the cross-sectional distribution of labor income.

The model that | examine has in common with the Constantinides and Duffie
model the features that a representative agent cannot be constructed and that dif-
ferences among agents persist over all sample paths. Whereas in Constantinides
and Duffie, agents are identical ex ante and the ratio of an agent’s income to ag-
gregate income is nonstationary, in my model, agents have different permanent
incomes and, hence are heterogeneous ex ante and the ratio of an agent’s income
to aggregate income is stationary. | find that allowing differences in permanent
income and variability in the productivity distribution enriches the asset-pricing
implications even when markets are complete because of the gains from trade and
specialization. Agents will equalize their intertemporal marginal rates of substi-
tution (IMRS) in consumption state-by-state but they do not equalize the IMRS
of labor. Several examples are provided to show how these features enrich the
asset-pricing implications of the model.

To determine whether borrowing constraints intensify or dampen aggregate fluc-
tuations when agents differ in permanent income, | examine several versions of
the model. If no trade is allowed—a severe form of a borrowing constraint—then
per-capita output is constant even if agents have different permanent incomes. In
the complete contingent claims equilibrium, if agents have different permanent
incomes, there are aggregate fluctuations in production. When dividend payments
are unrestricted, the complete contingent claims equilibrium can be used to deter-
mine equity prices. An agent can borrow against future income by issuing equity or
claims to a dividend stream paid out of his or her labor earnings. In Section 4, the
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implications for the economy are examined when dividend payments are restricted,
which is a form of a borrowing constraint. Dividend payments in the United States
are often subject to legal restrictions, such as state laws restricting payments so that
a firm is always solvent. In general, if agents have different permanent incomes,
the complete contingent claims equilibrium displays greater aggregate fluctuations
than the equilibrium with restricted dividend payments. When agents are identical
ex ante, however, restricting dividend payments intensifies aggregate fluctuations.

In Section 5, another type of borrowing constraint is examined. The model is
a discrete-time version of the Scheinkman and Weiss model. As in Scheinkman
and Weiss, an important determinant of aggregate economic activity is the cross-
sectional distribution of nonhuman wealth. In general, changes in this distribution
amplify aggregate fluctuations.

2. DESCRIPTION OF MODEL

The model is a discrete-time version of the Scheinkman and Weiss (1986) model.
Thereisacountable infinity of agents: a fractioan@; < listype 1andtheresb

are type-2L Each agent has time-additive preferences over consumption and leisure
streams. An agent can produce the consumption good using labor as an input, but his
or her productivity varies stochastically. Hence, in this economy, agents become
differentiated from each other as a result of their histories of productivity. The
production function for an agent is

y =64,

wheret is the labor supply. The consumption good is nonstorable.

The realizations of the productivity shock across agent type and over time are
determined by a stochastic procés$. The state space gfis discrete, specifically,
letS= {1, 2}. If s = 1, then the productivity shock for a type-1 agerthi€l) = 1
whereas the productivity shock for a type-2 agemb(@) = 6, where 0< 6 < 1.
Whens = 2,60:(2) = 6 and6»(2) = 1. Under this specification, productivity
shocks across agent types are perfectly negatively correlated. The evolugion of
over time is independent and identically distributed over time wittlenoting the
probability thats = i.

Each agent has preferences over stochastic sequgnees } of the form

Eo{ Zﬂt[u (Cit) — il } 1

t=0

Assumption 1. LetJ: ™ — R* be bounded, strictly concave, twice continu-
ously differentiable, and increasing, with limg U’ (¢c) = +ocoandlim._, ., U’(c) =
0. LetU’(c)c be nondecreasing and concavecigo that relative risk aversion is
nondecreasing and less than or equal to unity.
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3. COMPLETE MARKETS AND HETEROGENEITY

In this section, the effects of differences in permanentincome and variability in the
distribution of labor productivity are studied when markets are complete. Agents
may have different permanent incomes, depending on their type. Differences in
permanent incomes across agent types occur whemevgr i, so that the fre-
qguency of being highly productive varies across agent types. A type 1 agent has
a probability of being productive that is different from the probability of a type 2
agent, and this difference persists along all time paths. Variability in the distri-
bution of labor productivity occurs whenever # o, so that the proportion of
agents who are highly productive varies over states.

3.1. Central Planner’s Problem

The model is initially formulated as a central planning problem because the con-
ditions for nonnegativity of labor supply are easily derived. The central planner

solves
2 00
max E i HU (G 1) — 4 , 2
an o O; <7h { ;,B [ ( |,t) |,t]}> ( )
subject to
a101(S) L1t + a202(S) ot = a1Cyt + a2Ca, (3
liy >0, 4)

wheren; > 0 is the Pareto weight of the typeagent. Only stationary solutions
are examined. Lef (s) denote the multiplier associated with (3) ads) denote
the multiplier associated with (4) in stadeThe first-order conditions are

nU'[G ()] = ai Y (S),
5
N = a6 (Y (S) + ui(s),

fori =1, 2. For a type- agent who works,

_ N
Ve = ;0 (s)
and
U'lc(9)] = 1
6

There are two possible outcomegs) = 0 or i (S) > 0—for each type of agent

in each state, two states= 1, 2, and two types of agents, and so, there dre 2
possible combinations dfits, 12). For a givens, cases in whichu,(s) > 0 and

n2(s) > 0 can be ruled out because consumption is nonstorable so that some agent
must work each period. This restriction eliminates 7 of the 16 combinations. Cases
in which one type of agent never works or the other works in both states can be
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ruled out becausg > 0 and preferences are identical, eliminating two cases. The
case in which both types of agents work in both states can be ruled out by noting
that the condition for both types to work in state

moo_n
a1601(S)  a2bh ()’

cannot hold simultaneously for both states, under the assumption that the produc-
tivity shocks are perfectly negatively correlated across agent types. This leaves six
possible combinations of multipliers.

For the remaining cases, solve (5) for to obtain the restriction thaf; >
a6 (s)y(s) if uj > 0. This restriction can be used to rule out three cases for
which the values ofny, 1) fail to satisfy the condition

1
7= (2220, ©
0 o1 12

and hence violate the nonnegativity,of There are three possible solutions:

(1) Agent 1 works in both states and agent 2 works only in state 2 when

1_eem
4 o1 12

(2) Agent 1 works only in state 1 and agent 2 works in both states when
%2 m
a1 12

IS

(3) Equation (6) holds as a strict inequality in both directions and each agent specializes
by working only in the period in which he or she is most productive.

To proceed further, it is useful to examine the associated contingent claims equilib-
rium because the Pareto weiglits, 12) can be conveniently linked to the model’s
parameters.

3.2. Contingent Claims Equilibrium

At time zero, all agents trade in the market for claims to consumption and labor
supply contingent on stateat timet. Only stationary equilibria are considered.
Definep(t, s) as the price of aright to delivery of one unit of consumption in state

at timet for all ands € S. In a complete markets equilibrium, a representative
typed consumer maximizes (1) subject to the single budget constraint

0 2
E:{E:ML&@;—&@&O}SO )

t=0 s=1

and nonnegativity constraint
Ly > 0. ©)
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Let A; denote the Lagrange multiplier associated with the budget constraint (7)
for a typet agent and le; ; denote the Lagrange multiplier associated with the
nonnegativity constraint (8). The first-order conditions with respectitandy;

for an agent of typé are

BirsU’(Cip) = A p(t, s), ©)

B'ms = X6 (S)p(t, S) + Blrsis. (10)

Notice thatr; does not vary over time or overThe contingent claims equilibrium
and the solution to the central planning problem are equivalent if

n1 = (a1/A1),
n2 = (a2/A2).

For the typet agent that works in state (10) implies that

p(t1 S) _ NS
B Ai6i(9)
and
Ule()] = ——
“OI= G

Denoteg as the function
g0 = UH 10,

which is well defined because ultility is twice continuously differentiable and
strictly concave. Denotg = A;/A,. The market-clearing conditions fer=1, 2
are

a1£1(1) + @20€2(1) = a19(1) + a29(1/x), (17)
®10£1(2) + axl2(2) = Ol]_g(X) + 0529(1) (12)
The expected present value of lifetime earnings of a type-1 agent is

3 [Z p(t,s)el(s)el(s)] = Z tlmgl(l) m_@f: (2)1

t=0 S t=i

1
- ﬁx_[”lelm +xm2l1(2)6],  (13)

and the expected present value of his or her consumption expenditures is

; Z p(t, S)C1(S) = W /\—[mg(l) + 72X g(X)]. (14
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Equate (14) to the expected present value of type 1's earnings (13), solve for
£1(1), substitute into market-clearing condition (11), and simplify to obtain

(m2/m)X[9(X) — 0£1(2)] = (a2/a)[9(1/X) — 0L2(D)]. (19
As described in the central planning problem, there are three possible cases.

(1) Inthe first case, the type-1 agent works in both states, the type-2 agent works only in
state 2 anck = 6. In (15), setx = 6, £,(1) = 0, and solve fo¥,(2) to obtain
0£1(2) = 9(8) — (er2/a1) (w1 /72)(1/8)9(1/ ). (16)

Recallthat0< 6 < 1sothag(6) > g(1/6) because > 0. For¢,(2) > 0to obtain,
the following condition must hold:

09(0) > <%ﬂ>g(1) 1n
a2 0

(2) Inthe second case, the type-2 agent works in both states, the type-1 agent works only
in state 1, andk = 1/0. Set¢;(2) = 0 in (15) and solve for,(1) to establish a
nonnegativity constraint oéy(1) analogous to (17) of the form

1 1 o1 T2
EQ(@) > <£n—1)9(9)- (18)

(3) The final case, in which each agent specializes, can be determined as follows. Set
£1(2) = £2(1) = 0in (15) to obtain

<“”2)xg<x) = g(1>. (19
Olp TT1 X

Under Assumption 1, the left side of (19) is decreasingamd the right is increasing
so that there is a unique solutidfi(a1/«2) (r2/71)].2 For this to be the solution to
the problemX must satisfy

Q2 T

_e<9<<%ﬂ) <%. (20)
Output is
af1(D) = a19(1) + @29(1/x),
a2l2(2) = a19(X) + a29(1).

It is straightforward to show th&t(a) is increasing ira, so thatx is increasing inv;
(decreasing imr;) and increasing i, (decreasing im;). This implies that; £, (1)
is increasing ik anda,£,(2) is decreasing iix.

For any utility function satisfying Assumption 1 and set of parameterse,, 8,
71, 72), only one of the three conditions will be satisfied.

The same set of conditions for specialization in labor supply can be derived using
the expected present value of consumption and earnings for a type-2 agent and the
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market-clearing condition far= 2. For a type-2 agent, the expected present value
of labor income is

3 1 1 [m8x(1)
;[zs: p(t, 5)92(3)32(3)} - /“2{ " +n2£2(2)] (21)

and the expected present value of his or her consumption is

1 /1
§:§3m1$@@> T3 5x {1g< >+nmaﬂ. (22

Equate (21) to (22), solve f@r(2), substitute into (12), and simplify to obtain an
equation that will result in the identical set of conditions that depends on the value
of the multiplierse; .

In the examples studied below, the parameter values are chosen so that the last
case, in which each agent works only when he is most productive, is the solution
to the model.

Example 1: Scheinkman and Weiss economy

Suppose that; = % and thato; = % Each period, one-half of the agents is pro-
ductive so that the distribution of labor productivity is invariant over states and
each type of agent expects to be productive with the same probability as any other,
so that permanent incomes are identical across agents. Under these assumptions,
a stationary solution i%; = 1, because (15) reduces ¢gx) = xg(x ). In this

case, all agents consume a constant amount, eqggljpat all dates and in all
states, regardless of type. Output is constant and equa(f.2Prices are also
constant and the real interest ratsatisfies

Py 1
E<rx>_1+r_ﬂ

Thisis the case of complete insurance in which the opportunities to pool risk enable
all agents to consume a fixed amount regardless of the particular time path of their
earnings stream. Agents have identical permanent incomes and each specializes in
labor supply, working only in those states in which he or she is most productive.
Each agent’'s consumption is perfectly correlated with aggregate output. This is
referred to below as the “benchmark case.”

Example 2: Differences in permanent income

Suppose now that; = % but retain the assumption that = % so that the distri-

bution of labor productivity is state invariant. Although one-half of the agents is
productive at each point in time, just as before, notice that the expected present
value of the lifetime earnings for a type-1 agent is greater than that of a type-2
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agent. Equation (15) now becomes

3900x = g(1/x).

Suppose utility displays constant relative risk aversion soltiat) = c7. Al-
though this utility function violates Assumption 1, a unique, posmve zzind finite
real solution can be found as longjas# 2. Solve (15) to obtaix = ()" 7
Whens = 1, type-1 agents consunggl) and type-2 agents consurts) ve-n
Whens = 2 type-2 agents consunggl) and type-1 agents consumé“?‘”

Per-capita output in state 1 and state 2 is

6@ =1+ (H)YE?,
0(2) = 1+42Y@ ),

The real interest rate when type-1 agents are productiiee= 1) is

1 _r
<1+r1) = Blm+ 12277 ],

and the real interest ratg when type-2 agents are productiige= 2) is

1 v
( ) = B[m(Q)77 + .

1+,

Hence, both agents experience fluctuations in consumption over time, depending
on the realization of the state variable. Each agent works only in the state in which
he or she is most productive, so that the labor participation profile over states is
identical to that of the benchmark economy, although the amount of labor supplied
varies. The economy experiences aggregate fluctuations in output, prices, and real
interest rates because agents are no longer identical in expected present value of
lifetime earnings. There is no market incompleteness here and all risks are pooled.

The fluctuations in output in this example reflect the gains from trade when
agents are heterogeneous. To see this, consider the behavior of output when agents
are prohibited from borrowing or writing contingent claims contracts. The type-
agent will maximize (1) subject to the constraint

6i(S)lit > Cit.
The solution is
U'ciy) = !
YT )

e — L 1
'<S>—%g[m]’
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for all states. Per-capita output each period is

1 1
19 [el(s)} ozl [@(s)] ’

and, as long ag; = a», per capita output is constant across states evani 0.5.

Both type of agents will work in both states. The severe borrowing constraint pre-
vents an agent from substituting labor effort intertemporally, and has the effect of
smoothing an agent’s labor market participation over time relative to the complete
markets equilibrium. When borrowing is allowed, the relative price of leisure (the
disutility of labor) falls when agents are able to specialize in production.

Example 3: Variability in the distribution of labor productivity

Suppose that; = % but thatw; = % so that the distribution of labor productivity

varies over states, Wi§1 of the agents highly productive whee= 1 and only2 of
the agents hig(hlyz)pro uctive when= 2. In the case of constant relative risk aver-
e

sion,x = (%)y . When type-1 agents are productive, type-2 agents consume
2%/2=7) whereas type-1 agents consugi&). When type-2 agents are productive,
they consume(1) and type-1 agents consum&®-2 . Not surprisingly, the time

path of consumption, labor, and interest rates vary because the fraction of agents
that are productive is stochastic. This result is similar to the result of Scheinkman
and Weiss (1986, Example 1, Appendix D).

This model provides a convenient framework to show how permanent income
effects and variability in the distribution of the productivity shock are important
when the conditions for aggregation do not hold, whether or not markets are
complete. Conditions for demand aggregation are described by Rubinstein (1974).
Demand aggregation fails in this model because of the linear disutility of labor.
The pair of first-order conditions cannot be averaged over agents to construct a
representative agent whose first-order conditions for utility maximization results
in the same contingent claims prices as the model under study. To see this, multiply
the first-order condition for labor by; for agenti and sum over both agents to
obtain
2

t
= FEIS;T )[011)»191(8) + azA202(8)] + Z aidi.
) i=1

1

Under the conditions or such that each agent works only in the period in which
he or she is most productive, this condition reduces to

1
p,B(ty’ri) =it ins=1
and
2
pﬁ('fy;z) =, ins=2
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Rewrite the first-order conditions for consumption by raising each side of the
equation to the (1y) power, multiply bys;, sum overi, and rewrite to obtain

p(t,s)]?

Btms

The left side is per-capita or average consumptionskerl and substituting for
the contingent claims price, the equation above simplifies to

_1N\ 7Y

a1 + axX 17 1

a1 + aoXr
Notice that this equation does not hold in general untesd, which is the bench-
mark case. Hence, demand aggregation is not possible in this model, except for
this special case. Although agents will equalize their equal IMRS state-by-state,
the IMRS is not equal to that of a representative agent.

The consumption of a representative agent equals per-capita outhut=

a1 + a20(1/x) in state 1 angd, = a19(X) + a2 in state 2. The expected IMRS for
the representative agent in each state is

_1 _1
®1C1(S) + a2C(S) = ((Xl)\l T+ 012)»2 V) |:

My (D) = B[m1 + ma(y2/YD) 7],
M (2) = B[m1(y1/Y2) " + 2.

A composite consumer can be constructed by maximizing the weighted sum of
individual utilities subject to aggregate feasibility conditions, where the weight for
a typet agent is equal tmi‘l; see Constantinides (1982) for a discussion.

In Table 1, the effect of differences in permanent income on the mean and
standard deviation of output and the IMRS in consumption is reported for various
values of the parametgrwhen utility is assumed to display constant relative risk
aversion. These results should be compared to the benchmark case in which output
and the IMRS are constant across states and agents.

In Panel A of Table 1, the distribution of productivity shocks over the population
is fixed, with one-half productive each period. Type-1 agents have a higher per-
manent income than type-2 agents becayjse 0.6, so that type 1 have a greater
frequency of being more productive. Output and the expected IMRS fluctuate
because of the gains from specialization when agents have different permanent
incomes. In Panel B, variability in the distribution of productivity shocks gives
rise to aggregate fluctuations, as in Scheinkman and Weiss (1986). In Table 1, the
labor participation profile of an agent remains the same as the case with identical
permanent incomes in that each agent works only in the period in which he or she
is most productive. Notice that the mean and the standard deviation of output and
the IMRS are not monotonic in the risk aversion paramegtefhe consumption
by each type of agent continues to be perfectly correlated with aggregate output.
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TasLE 1. Complete markets equilibriung(= 0.99)

)4
0.5 0.75 1.5 3.0 4.0

Panel A:r; = 0.6, ¢y = 0.5
Mean of output 1.045 1.059 1.264 1.010 0.9899
SO? of output 0.1340 0.1617 0.4422 0.2040 0.1000
Mean of IMRS 0.994 1.004 1.387 1.387 1.155
SD of IMRS 0.0648 0.1162 0.6655 0.8276 0.4715

Panel B:r; = 0.5, oy = 0.6
Mean of output 1.045 1.059 1.000 0.9898 0.9897
SD of output 0.1404 0.1703 0.2020 0.1000 0.1000
Mean of IMRS 0.9945 1.004 1.404 1.162 1.155
SD of IMRS 0.0671 0.1215 0.7620 0.4469 0.4715

aSD = Standard deviation.

3.2.1. Pricing equity shares.A complete contingent claims equilibrium can
be used to price any security and, in this section, the focus is on pricing equity
shares. The model is solved below for several parameter values by allowing the
technology shock to be serially correlated but retaining the assumption that the
shock is perfectly negatively correlated across agents at a point in time;;Let
denote the conditional probability of moving from stat® statej in one step.

Assume that each agent acts as a firm and issues claims to a dividend stream,
payingd; (s) in dividends when the agent is productive and nothing otherwise.
There is one equity share outstanding for each agent. This trading mechanism
allows each agent to borrow against future income. The representativedgeat
maximizes (1) subject to

Di(s) (23
o

2
66 + > Z Qi +dj(9] =i+ 2 1Qi(9) +

j=1 j

where Q; (s) denotes the price of a typeshare when the current stateslszi{t
denotes the shares of typeequities held by a type-agent at time;, and D; (s)

is treated as exogenous by the typgent. Let) denote the Lagrange multiplier
for (23) and let.”denote the Lagrange multiplier on the nonnegativity constraint
for £. The first-order conditions are

U'(Gie) = i 29
1= &i,tei () + it (29
Vit Qjt = BE[Vi141(Qj e + dj )] (26)
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TasLE 2. Results of model for pricing equity shargs £ 0.99)

o1 = 0.5 o1 = 0.45
7711:0.6, 7122:0.5 7111:0.5, 7122:0.5 11 = 06, TTp2 = 0.5

Panel A:y = 0.75

SD? of output 0.0892 0.0799 0.1688
SD of equity return 0.0605 0.0286 0.1130
Equity premium 0.0037 0.0037 0.0165
SD of risk-free rate 0.0607 0.0302 0.1130
SD of consumption 0.0871 0.0493 0.2006
for1
SD of consumption 0.0741 0.0449 0.1429
for 2
Panel B:y = 3.00
SD of output 0.1118 0.1020 0.2214
SD of equity return 0.3394 0.3235 0.8025
Equity premium 0.1191 0.0975 0.4541
SD of risk-free rate 0.3005 0.2951 0.5363
SD of consumption 0.0994 0.0909 0.1716
for1
SD of consumption 0.1242 0.1111 0.2622
for 2

aSD = Standard deviation.

The nonnegativity of. Testrictsys such that

1

wisﬁ.

The equilibrium derived in the complete contingent claims model can be replicated
by settingd;(2) = da(1) =0, D; (i) = di (i), z} =0,z =1/ fori # j, and

di (D) = a29(1/x%),

2(2) = a19(X).
The stationary equilibrium equity prices satisfy

Q) = m{ﬂnu/[g(l/x)][dl + QD] + 71U [g(D] Q1)

X

Q2(2) = {m21U"Tg(D] Q2(D) + 712U [g(x)][d2 + Q2(2)]}.

_B
U’'[g(x)]

Table 2 reports the results of solving the model for a variety of parameter values.
Recall that in the benchmark case, whete= 0.5 andm1; = w2 = 0.5,
there are no fluctuations in endogenous variables and consumption is constant
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over time and equal across agents. The case in whieh0.5, reported in column

2, highlights how differences in permanent income can give rise to aggregate
fluctuations (the permanent income effect) and illustrates some of the implications
for asset prices. Notice that, asincreases, the standard deviations of output
and asset returns increase but that the standard deviation of asset returns increase
proportionately more. Columns 3 and 4, in which= 0.45, is the case in which

the distribution of labor productivity varies over states. When = 5, each
agent expects to be as productive as often as any other, but the fluctuation in
the fraction of productive agents affects each agent’s trading opportunities and,
hence, his or her ability to smooth consumption intertemporally. The last column
combines both the permanent income effect and variability in the distribution of
labor productivity} The conclusion is that differences in permanent income and
variability in the distribution of labor productivity can give rise to richer asset-
pricing dynamics, even in a complete markets setting.

4. RESTRICTIONS ON DIVIDEND PAYMENTS

Dividend payments are often subject to legal restrictions. For example, if a firm
enters into adebt contract by issuing abond, the debt contract may restrict dividends
to protect the assets available to service the debt contract. There are also state laws
in the United States restricting dividends if the payments would make the firm
insolvent. Restricting dividend payments in this model limits the ability of agents
to borrow against future income and, in this sense, is a form of a borrowing
constraint.

The effects of restricting dividend payments on equilibrium output and prices
can be studied by maximizing (1) subject to the budget constraint (23), resulting
in the set of first-order conditions (24)—(26). As described in the central planning
problem, cases can be ruled out in which a particular agent works in neither state
or where neither agent works in a particular state. _

In the discussion below, | examine only the steady state by assuming thad
and z‘j = 1/a; fori # j. A general proof of existence and uniqueness of a
stationary equilibrium would require that equilibrium prices and allocations be
determined for any feasible allocation of equity claims, or @y z}) such that
Z' > 0anda;'z} + @,z = 1for j = 1, 2. To show that an outcome in which
both types of agents work in both states cannot be an equilibrium, examine the
first-order conditions for equity shares. For a type-1 agent, the first-order condition
for holding a type} equity in state 1 is

QiD= ﬁ{m[Q; (D) +d(D] + %[Qj (2 +d; (2)]}, (27)
and the first-order condition for a type-2 agent is

Qj (D) = {m[Qj (D) + ch(D] + m20[Q;(2) + dj D]} (28)
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Under the assumption thatf 6 < 1, the first-order conditions for the two agents
cannot hold simultaneously; a similar argument can be constructesl for2;
hence, an equilibrium in which each agent type works in both states can be ruled
out. Similar arguments can be constructed as in the central planning problem to
eliminate all but the following three cases.

(1) Forthe case where agent 1 works in both states and agent 2 works only in state 2 to be
an equilibrium, the restrictions on the equilibrium dividend payments can be derived
as follows. For a type-1 agent to work $n= 2, the dividend payment received by
type 1 in state 2 must satisfy

Y [—dz(ﬂ; 29
0 o1
otherwise, the type 1 agent will not work wher= 2. Agent 2 will not work ins = 1
as long as
d; (1 1
u’[ 1( )] <=, (30)
o2 4

The first-order condition for equity shares of a type-1 agent satisfies (27) and, for
agent 2, the condition is

T2
U’ oy "dy(D)]
For the first-order conditions to hold simultaneously,
1
u’ {M] =0. (32

o2

Q= ﬁ{ﬂl[Qj(l) +d; (D] + [Qj(2) +d (2)]}- (31

(2) Forthe case where agent 2 works in both states and agent 1 works only in state 2, the
dividend payment to agent 1 ;%= 2 must satisfy

d>(2 1
u[ﬂ} <> (33
ay 4
otherwise, agent 1 will work. For agent 2 to worksr 1,
d; (1 1
u’{ u )] > (3%
o2 4
Examining the first-order conditions for equity share prices for the two types of agents
restricts dividends such that
dx(2
v %2~ (@)
a2

for the conditions to hold simultaneously.
For the final case, in which each agent works only in the period in which he is most
productive, the equilibrium dividends must satisfy (30), (33),

o < U[dl(l)]’

o2

WU[@],

o1

3

~
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and

1 =U’{w]. (36)

o2

Suppose that; = 0.5 anda; = 0.5, parameter values that correspond to the
benchmark case, and get= 0.5. Dividend payments can be restricted by picking

di (1) to satisfy
1 di(1
g(—) < 9D g0 < g,
az

0

Under this restriction on dividends paid by type-1 agents to their shareholders,
type-2 agents will not work. The equity prices will satisfy the first-order condition
(31) for type-1 agents and the first-order condition for type-2 agents is

QD) = B{mlQ;() + dj (D] + mU [ ' (D][Q; (D + dj(2]}.  (37)

For both first-order conditions to hold simultaneously, the dividend payments must

satisfy
(2 1
o =9 U'festdi(D)] |

The effects of restricting dividend payments are reported in Table 3.

Panel A of Table 3 shows output and the IMRS whgn= 7, anda; = a».
When markets are complete, this is the benchmark case in which there are no
aggregate fluctuations. Clearly restricting dividend payments gives rise to aggre-
gate fluctuations. Panel B of Table 3 should be compared to Panel A of Table 1,
which reports the same set of statistics for complete markets. For values of the risk
aversion parameter < 1, output is more variable when dividends are restricted,

TasLE 3. Restricted dividend paymentg & 0.99)

)4
0.5 0.75 1.5 3.0 4.0

Panel A: «a; =0.5,71 =0.5
Mean of output 1.027 1.012 1.003 1.000 1.002
SD? of output 0.1653 0.1092 0.0543 0.0271 0.0203
Mean of IMRS 0.9917 0.9937 1.005 1.050 1.098
SD of IMRS 0.0403 0.0605 0.1219 0.2510 0.3441

PanelB: «; =0.5,7; =0.6
Mean of output 1.060 1.034 1.014 1.006 1.005
SD of output 0.1620 0.1070 0.0532 0.0266 0.0199
Mean of IMRS 0.9916 0.9935 1.004 1.048 1.094
SD of IMRS 0.0398 0.0600 0.1223 0.2577 0.3592

aSD = Standard deviation.
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but the IMRS is less so than the complete markets casg. iAsreases, the vari-
ability of output and the IMRS in the complete markets case rise by more than
the restricted payments model. This demonstrates that borrowing constraints can
dampen aggregate fluctuations that would otherwise occur in a model of complete
markets and ex ante heterogeneity.

5. BORROWING CONSTRAINTS

Under the complete markets specification, if there is variability in the distribu-
tion of productivity shocks or if agents have different permanent incomes, then
the economy will display aggregate fluctuations. The effects of borrowing con-
straints on equilibrium allocations and prices are now studied in a version of the
Scheinkman and Weiss model. In the discussion belowd set0 so that, each
period, one type of agent is productive while the other is not.

Suppose that there is a durable and nondepletable asset that is fixed at one unit
in per-capita supply. The asset is bought and sold at a real grizetimet. Let
;.1 denote the asset holdings of the average typethe beginning of periotd
Because the supply of the asset is fixed at unity, market clearing requires that

a1Xyt + aoXor = 1. (39

From (38) x, can be determined ongeis known and conversely. Defikg(x,) as
the value ofx; satisfying (38) giverx, and definek,(x;) analogously. Hence, the
state of the system is summarized by the fgiK;) or (S, X2). The state variables
for an individual agent consist of the system state variables and his or her initial
asset holdingsg; .

The representative tygeagent, fori =1, 2, chooses stochastic sequences
{Gi 1, £i 1} to maximize (1) subject to the set of constraints

Ziis1—Zip = [0 (st i.t] ’ (39
Gt
and the nonnegativity constraints
Z 141 > 0, Ly > 0. (40

There are two features worth noting about this problem. First, it rules out complete
insurance of idiosyncratic risk by ruling out the existence of prices to consumption
contingent on any possible history. One possible reason for idiosyncratic risk to
be uninsurable is that the shocks to an individual's productivity are not publicly
observable. Second, the above problem assumes that individuals in this economy
face borrowing constraints. The borrowing constraints are introduced through the
constraint that the asset holdings of the consumer must be nonnegative at all dates
and all states, a; ;1 > O.
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The consumer’s problem is now studied as a dynamic programming problem.
The average typeagent who begins the period with asset holdingslves

Vi(z, X, 8) = {rr}aX}[U (€) — L+ BEVi(Z, X', 8], (4
C, ,Z

subjectto the constraints (39) and (40), the initial conditions, and the law of motion
for x. Letw; ; denote the multiplier on the nonnegativity constrainiqx 1 in (40),

let «; denote the Lagrange multiplier on the nonnegativity constraint for labor, and
let & ; denote the Lagrange multiplier for the budget constraint. The first-order
conditions for the representative typagent are

U'(cie) =&t/ (42
9. ;
1- i (S)6it . 43)
Ot
Vi
§it = ﬂES(E)Zi,tH) + wit. (44)
The envelope condition is
Vi
— =U'(¢)a. 4
970 (GO0 (49

Assume that € Z = [0, Z] where 1< Z < oo and? € [0, L], whereL < oc.
Under Assumption 1, the utility function is bounded. Also assumexhatZ for
i =1,2. DefineS = Z x S. Let Q be the set of functiong: S — R*,i =1, 2,
such that{gi: 0 < gi(X,S) < o0, (X,S) € S} . Notice that ifg; (X, S) is strictly
positive, then the set of valugs, ¢, Z'} satisfying (39) and (40) can be denoted
¢ (2, X, S); this set is compact and ceexed \alued. Ifq is continuous, then under
Assumption 1¢ is continuous irs. Let V be the space of bounded, continuous,
real-valued function¥ (z, x, s) on Z x S with the norm||V; || = sugV; (z, X, S)|.
Given any continuous, strictly positive price, itis straightforward to show that there
exists a unique value function satisfying (41). This summarizes the information
needed for the individual agent

The next step is to construct an equilibrium. A formal definition of the equi-
librium is contained in the Appendix. H;(s) = 0, thenu;; = 1, otherwise if
0i(s) > 0, then

&it 1

& 6
andU’(c; 1) = 1. For the unproductive agent, consumption satisfies
&it

U'ciy) = E

Recall that if we knowxs, then we can determine, from the market-clearing
condition (38). Without any loss of information, defig€x;, s) as the equilibrium
multiplier on constraint (39) for the representative typegent when the average
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holdings of the durable asset by typagents at the beginning of the periois
Each period, one type of agent is productive and from the first-order conditions
define

q(x, 1) = &1(x1, 1)

whens = 1 and
g(X2, 2) = &2(X2, 2)

whens = 2, so that the asset price is a function of the current state and the asset
holdings of the productive agent in that state.

Recall thay is a function satisfyingy '[g(k)] = ksuchthat'(k) = (U”")"* <0
andg’(k) = —U"/(U")® > 0. Market-clearing conditions for states 1 and 2 are

_ §(X2, 1)

05191(1)|1(X1, l) = Ollg(l) + 20 |:$1(X1, 1):| s (46)
_ §1(X1, 2)

a262(2)€2(X2, 2) = 010 [Sz(xz, 2)} + a2g(1). (47)

In equilibrium, an agent who is productive is never constrained in borrowing so
thatifs = 1, w1y = 0 and, ifs = 2, wp; = 0. For the unproductive agent who

is constrained in borrowing, consumption satisfigs= x; (q:. For convenience,
define

E1(x2, 9) = &1[Xu(x2). 8],
Ex(x1, 8) = E[R2(x0), §].

The equilibrium multiplier for the unproductive agent, who is type 1 in state 2 and
type 2 in state 1, satisfies

£1(x1, 2) = max{U’[xaéa(x1, 2]E2(x1, 2), BEEL(X}, )}, (48)

£2(X2, 1) = max{U'[xzé1 (X2, D]E1 (X2, 1), BEE2(X), S)). (49

Fori = 1, 2, the solution(c;, ¢j) to equations (42) and (43) can be used in the
budget constraints (39) to solve for the average asset holdings next pebd
typed agents.

A proof of existence and uniqueness of the equilibrium is contained in the
Appendix for a more general version of the model. The unique equilib@g;)

satisfies
E1(Xy,8) =
. o Ex. 1 o
'BEgl{XlJrSI(Xl,l)g[SI(Xl,l)’S}} ifs=1

/ Ex Ex * _ a1 gI(Xl7 2) ,
max<u [a304, D]8504.2), 8 Eél{xl k3 (xa, 2)9{55@1, 2)]’5})

ifs=2,
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£5(X2,8) =

\ o 02,27 1 o
ﬁEgZ{X”a2§5<xQ,2>g[ég(X2,2>}’s} Ts=2

o ) a sz(xl,zq })
U 1 , 1), BE — ~ ~ , S
max( [xesi 0 D] 0. 1. 4 éz{xz wrfl Oz, 1)g[sg<x1, 2)

ifs=2.

In the Appendix, | show that the functigit is nonincreasing and concave in its
first argument. This property and the market-clearing conditions can be used to
derive the following comparative dynamic results.

e Anincrease in the equilibrium asset holdings of the productive agent decreases out-
put, raises asset prices, and lowers the consumption of the unproductive agent. As
in Scheinkman and Weiss, the cross-sectional distribution of asset holdings is an
important determinant of aggregate variability.

e An increase inry, the probability thas = 1, which causes permanent income to
differ across agents, will lower production whee= 1. This suggests that borrowing
constraints dampen aggregate fluctuations by limiting the gains from trade.

6. CONCLUSION

The standard representative agent model in which there are no frictions and infor-
mation is complete has been unable to explain a variety of empirical regularities
in asset prices; see Kocherlakota (1996) for a discussion and review of recent lit-
erature. This type of model provides complete consumption insurance and agents
equalize their IMRS state-by-state. One promising departure from this framework
is to assume that some idiosyncratic risks are uninsurable so agents are unable
to smooth consumption or equalize their IMRS across states. There is a substan-
tial and growing literature that considers the effects of borrowing constraints and
other frictions on asset price behavior. Examples include the papers by Aiyagari
and Gertler (1991), Heaton and Lucas (1992), and Telmer (1993). In a model with
no aggregate uncertainty and with i.i.d. shocks across agents, Aiyagari and Gertler
(1991) find that borrowing constraints fail to generate enough volatility in asset
returns. This result is similar to the findings of Heaton and Lucas (1992) who study
the effects of incorporate transactions costs, short-sales constraints, and borrow-
ing constraints. Related papers are by Danthine et al. (1992), Heaton and Lucas
(1995), and Telmer (1993).

Constantinides and Duffie (1996) have observed that, in many of these models,
the idiosyncratic labor income shocks are i.i.d. so that the permanent income of
agents is nearly equal, despite imperfect risk sharing. Hence, the opportunities
afforded by a risk-free bond to smooth consumption are almost enough to allow
agents to equalize their IMRS over states. To construct a model with asset-pricing
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dynamics rich enough to explain certain empirical regularities, they argue that
idiosyncratic shocks must display persistence and heteroskedasticity to prevent
agents from smoothing consumption.

| show that when demand aggregation is not possible and agents are hetero-
geneous, either because they have different permanent incomes or else there is
variability in the distribution of labor productivity shocks, the asset-pricing dy-
namics are much richer, whether or not markets are complete. This is demonstrated
by examining several versions of the model. Adding borrowing constraints or other
market frictions in this model dampens aggregate fluctuations and, in some cases,
reduces the variability of the IMRS, which is related to Appendix D of Scheinkman
and Weiss (1986). To determine how borrowing constraints affect aggregate fluctu-
ations, two types of borrowing-constraint models are presented. In the first model,
dividend payments are restricted. Agents equalize the IMRS of consumption across
states, but the gains from trade and specialization are mitigated, dampening ag-
gregate fluctuations. In the second model, which is a discrete-time version of the
Scheinkman and Weiss model, a borrowing constraint is imposed such that agents
are no longer able to equalize the IMRS of consumption state-by-state. | find that
the cross-sectional distribution of the asset is an important determinant of produc-
tion and that the borrowing constraint may dampen output fluctuations relative to
a complete markets version of the model in which agents have different permanent
income.

NOTES

1. The assumption that there is a countably infinity of agents is made to avoid measurability
problems that can arise when a continuum of agents on the unit interval is assumed. See Feldman and
Gilles (1985) for a discussion.

2. By definition of the functiory, g’ = (1/U”) < 0. Under Assumption 1,

axXg)
Tax g(x) + xg'(x)

= g1+ U'/cu")] <O.

The functiong(x~1) is increasing inx. Hence, the left side of (19) is decreasing<imhile the right
side is increasing so that there is a unique solution.

3. For most parameter values, the model resulted in a risk-free interest rate that is positive in one
state and negative in the other, the exception being the case in which agents have identical discounted
present value of income (sa = 0.5, w11 = 722 = 0.5) resulting in risk-free rates that are constant
across states. The state in which the real rate is negative depends on whisthegater than or less
than 1 and whether; differs from 0.5.

4. The proof is based on that of Theorem 3 in Deaton and Laroque (1992).
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APPENDIX
Let current utility be
u() — W().

Assumption A.1. Let W:[0,L] — QR* be linear or quadratic withW” > 0, and
W(0) = 0. B B

Define a vector-valued functiofi: S — [0, 0] x [0, 6], indexed byi € |. Assume
that

6i(s) =6,(s) ifiistypel A1)

andg; (s) = 6,(s) otherwise. For a give(t, s), this structure allows the productivity shocks
6, andé, to take any correlation, including the perfect negative correlation studied earlier.
Productivity shocks also may be serially correlated and there is no presumption that the
unconditional probabilitie§l; andIl, are equal so that the expected permanent incomes of
agents differ across types. Lebe a stationary first-order Markov process with stationary
transition functionF. Let F have the Feller property.

Let¢; denote the partial derivative of the value function with respect to its first argument,
or ¢ (Xi,s) = V/(Xi, X, s). Defineq; (x;, s) = qj(x;, s), foralli, j € I. The equilibrium
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first-order conditions for the representative typegent are

A §(%,S)

UG (x, = , A.2
[Cx, 9] 4.9 (A2)

s 0 (9)&i (%, S)
Wi (X, =" A.3
[0 91 = = =05 (A3)
& (X%, s) = BEsgi (X, S) + wi (%, 9). (A.4)

The envelope condition is

@i (%, 8) = U'[C (%, 9]di (%, 9). (A.5)

Whenw; > 0, the maximum amount that an agent can consuneg is x;q. Hence the
multiplier & obeys

& (xi, 8) = max{U’[xqi (X, 9]0 (X, S), BEsE (X, S)}. (A.6)

To construct the equilibrium, | start by fixing the marginal valuation function for the asset,
which is equal to the Lagrange multiplier on the budget constraint. The price that clears
the market is then determined. The next step is to hold the market-clearing price fixed to
solve then for the marginal valuation function. The method of proof in this step follows
that of Deaton and Laroque (1992). | then show that the marginal valuation functions are
increasing and concave in the market-clearing price. In the final step, | show that there exists
a unique price function that is used to construct the marginal valuation function and that
also clears the market.

DEFINITION A.1. A stationary equilibrium is a set of functions:d x S — R for
i=1,22¢(zx,8),4(z X,S),and z(z, X, s), defined onZ x S, such that
(i) 6.9 = c(X.%.9).6(X.5) = £(X,%.9), and 2 (x,s) = z(x.X.s) solve
(41) subject to the constrain{89) and (40);

(i) G1(X1,8) = Ga(X2, S);
(iii ) markets cleari.e.,

1=a121(21, X, S) + @222(22, X, S) (A7)
and

@101(8)€1(21, X, S) + a202(S)€2(22, X, S) = a1C1(Z1, X, S) + @2C2(22, X, S),

and X = z1(Xq, X, S) and % = (X2, X, S), where the last pair of equations deter-
mines the law of motion for the system variables x.

Define the functiorh by
hk) = (W) (k),

fork > O sothah: %™ — [0, L]. Recall that the definition of the functianis g = un-t
sothag: Rt — [0, Y]. Given(x, s), forfixed§; > U’(xq)qandg > 0, equations (A.2) and
(A.3) are four equation@ = 1, 2) in four unknowngc,, ¢, £1, £,) whereg = & (X, s) and
q =g (X, s). The valuegc, ¢) satisfyc, = g(&/q) and¢; = h[(&6,)/q]. For notational
convenience, define the functidh as

H(k, 0) = h(ok) — g(k).
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PROPOSITION A.1.Under Assumptiord, H; > 0 and H; < 0, where H denotes
the partial derivative with respect to the ith argument. Also,_.o H(k, §) - —oc and
lim, ., Hk,0) =L.

Itis straightforward to verify these properties under Assumption 1. Noticgikafunc-
tion satisfyingU'[g(k)] =k such thaty'(k) = (U”")"1 <0 andg”(k) = —-U"” / (U")®> 0;
also,W” > 0 andW” = 0. Fori = 1, 2, the solution(c;, ¢;) to equations (A.2) and (A.3)
can be used in the budget constraint (39) to solve for the average asset holdings next period
X of typei agents.

So far, we have established that, for fixeq, s) and givengq > 0 andg; > 0, equations
(39) and (A.2) and (A.3) form a system of six equations in six unknowng;, z). |
now fix only the functiong; and determine the value of the prigsuch that markets clear;
essentially this adds one equation and one unknown. Using the budget constraint and setting
¢ =0 (%,S), G = &(x,s) andg; = 6(s), the market-clearing price satisfies

0141 — C 0,4, — C
l=oc1<11 1+X1)—|—oz2(22 2—|—X2>
q q

0141 — C 028, — C
:1+a1< 141 l)+a2< 202 2).
q q

Subtract 1 from both sides and substitute in the functibntaking as given the values
& = & (x, s) for fixed (X, S), to obtain

CllH (é,G]_) +0t2H<§,02> =0. (A8)
q q

THEOREM A.1. Under Assumptioh, for fixed x € Z and se S and givel§; = & (x;, S)
such that§ > 0, there exists a unique solutidi: S x R x Rt — RT that is strictly
positive and continuous. Moreovey is increasing and jointly concave & andé..

Proof. Under Assumption 1, the proof of Proposition A.1 can be used to show that

lim H <§,9> =L
q—0 q
lim H (§9> = —o0.
g—o0 q

From Proposition A.1, it also follows that the left side of A.8 is decreasing &nd the
right side is increasing. Ag increasesh — g decreases. Hence, as an application of the
implicit function theorem, there is a functidit S x Rt x KT — R+. Moreover, because
H is continuous irt, g is continuous irk.

Let H; denote the derivative dfi[&; /q, 6; (s)] with respect to its first argument. Totally
differentiateq] with respect t&; to obtain

H]/. /%—1 /52 aq
— = H{= H = | —.
o q <051 12 + a2 q2> 2%,

and
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BecauseH’ > 0, it follows thatq is increasing ir§; . Let A denote the bracketed expression
on the right side of the equation immediately above. The second partial derivative is

924 34 Hy s)( £ aq>2
A— =—(2— Ly HZ)(1-2 22
P ( a&) [“1<q2 Ty q 9%
e} 02 , L&
+(a—a>(?)<“ﬁ”%ﬂ

” A\ 2 ” AN\ 2
=a1H1 (1—éa—q> +a2H2 (1—§3—q> <0
q q 98 q q 98

A similar argument applies t§ so thatq is jointly concave in&, &). |

Definedy (X1, s) =[S, £1(X1, S), £2(X1, §)] andQz(Xz, S) =[S, £1(X2, 8), &2(X2, 9)].

Let Q(S) be the space of functiorfg € 9Q(S):0 < q(X, s) < oo} that are continuous
in (x, s). Next, I holdg € Q(S) fixed. In the discussion below, | drop the index of the agent
type for convenience. Defin&S) as the space of continuous bounded functions with the
sup norm that take nonnegative values defined on the state Spaue letD(S) € C(S)
be the subspace of continuous functions that are nonincreasing in their first argument. The
spaceD(S) is a Banach space.

LEMMA A.1. Let& € D(S) so thaté is nonincreasing in its first argument. Fix g
9(S). Define p= q(x, s) and letyy € Rt and let the function GRT x S — R* be
defined by

Gy, X, 8) = max{u’(xp)p,ﬂ/.ﬁ{x + % {H (ﬁ,@)},s’}F(s, dd)]. (A.9)
S

Then G is nonincreasing iny and x alsa lim,_oG(y, X,s)=(§ and limy_
G, x,s) =G.

Proof. The assumptions anandq ensure thaG is nonincreasing in its first argument.
An increase iny increasedd (v/p, 6), which decreasesin (A.9), and henc& is nonin-
creasing in its second argument. Note thatlim, H (v, 8) = L and that is decreasing
and bounded below by 0, aslis(xp) p. Hence,

G(x,s) = lblim G, X, S)

= max[U’(xp)p,ﬁ/é{er 1 [H (ge)},s’}F(s,dg)] > 0.
s p p

Asy — 0, H — —oo andé tends to its upper bourigd Under Assumption 1)’ (xp) p is
bounded above by zero so thatis the maximum of two bounded functions and hence is
bounded. |

Let f be a solution to

f(x,s) = G[f(X,9), X, 9]

= max{U/(xp)p,ﬂ /S<x+ ;{H [f();’ S),Q] },s/> F(s,ds’)]. (A.10
JS
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DefineY as the operator that assigns the solutfoto the functionG so that
f=7G.

LEMMA A.2. Assume that € D(S) so that G as defined i(A.9) satisfies the condi-
tions of LemmdA.1). For fixed g such that & Q(S), let f:S — %" be the solution to
(A.10). Then,

(i) there exists a unique*fe C(S) satisfying(A.10);
(i) the solution function satisfies* £ D(S) so thatY : D(S) — D(S);
(i) if Gy > Gy forall (¥, x,s), thenYG; > TG,.

Proof. Under the conditions of Lemma (A.1G(y, X, S)— is continuously and strictly
decreasing iny. For a fixed(x, s), H(y/p, 6) is increasing iny. ForG € D, lety satisfy

¥ =G, X,9)

= max[U’(xp)p,ﬂ/%‘{H— % [H (%,0)],3’}F(s,d§)} (A.11)
S

Clearly, the left side is increasing i1 which, under the assumption th@te D, implies
that the right side is decreasingin As ¢ — 0, the left side tends to zero and the right
side tends to a finite upper bound. &sincreases, the left side increases and the right side
tends toG > 0. Hence, there exists a unigyethat satisfies (A.11).

It also follows that

max{u’(xp)p,ﬁ/é{z—i—1 {H (z,eﬂ,s’}l:(s,dﬁ)} -V
s p p

is continuous and strictly decreasingin Therefore,f* is continuous andf*(x, s) is
decreasing in its first argument. Suppose #at D and§, € D and that; > &, where

Gi(Y¥, X, 8) = max{u’(xp)p,ﬁ/si {x + ?1) {H (%,9)}5’}F(s, dg)],
S

sothaiG; (v, X, S) > Ga(¥, X, S). Lety; be the solution to the equation {9 G; (¥, X, S)—
Uil If Gy > Gy, thenG,(Yq, X, S) — Y1 < 0 so thaty; > v,. HenceYG; > YG,. N

For a fixedq € Q(S) andp=q(x, s), let the operatofly : D(S) — D(S) be defined by
EMNX,9) = (Tg€") (X, 9)

ToEM) (X,
= max{U’(xp)p,ﬂ/é”{x%— %H {(zg)p(xS),@}S/}F(S,ds’)}
s

(A.12)

THEOREM A.2. Let g € Q(S) be fixed and let J: D(S) — D(S) be defined by
(A.12). Under Assumption, Ty is a contraction.
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Proof. For an initial guess® € D(S),

0 1 H(K 9)} ’}F ds
ﬂ/SS{Xer{ o’ ,8' pF(s,ds)

is an element 0D(S) for fixed ¢ such that O< ¢ < oco. Under the conditions of Lemma
A.2, the solution

f*(x,s) = ma{u/(xp)p,ﬁ/f;“(x—k —Fl){H {f*(;’ S),G} },s’) F(s,ds’)}
S

is also an element dD(S).
Let&y, & € D(S) and assume that > &,. For fixedyr, it follows that

ma{U’(Xp)p,ﬂ/&{Xle{H <£,9>}s/}F(s,d§)}
s p p
> ma U(xp)p,ﬁ/& X+ —|H[=,0]|,8F(sds)|.
s p p

Under the conditions of Lemma A.2, it follows that

ToEr(X,§) = max{U’(xp)p,ﬁ/sl (x+ _;{H [T“Lp“)e] }s) F(s,d§>]
S

maX{U/(XIO)p,ﬂ /§2<X+;{H [wrf’s),e]},s)ﬂs,ds)].
JS

Hence,Ty&; > Tyé, so thatT, is monotone.
Let 0 < a < oo. To show thafl, has the discounting property, notice that

ﬂ/($+a)<x+ {H{@Jra)(xs) e”,s’)F(s,ds)
P P
<ﬁ/($+a)<x+ p{ F(xps) 0] },s’)F(s,ds’)
</3/ <x+ { |:S(Xp8) H,s’)F(s,ds)Jrﬂa,

so thatTy has the discounting property. Hendg,is a contraction with unique fixed point
£ [}
The next step is to study how the unique fixed pgjntaries withq. This is accomplished
by studying how the fixed point varies pvaries, wherg = q(x, s) as before. If one starts
in the subspace dd(S) consisting of increasing and concave functiong and shows that
the operatoil, maps those functions into other functions in the same subspace, because of
unigueness, then we know that the fixed point is a function that is concape in

%

PROPOSITION A.2.Under Assumptiod, £* is increasing and concave in p.
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Proof. Fixqg e Q(S). Recall that

%ax.g.9 :_%[H (3,9) +£H1<£,9>} <0

wherea(x, p, s) = X+ (1/p)H[v¥/q, 6(s)]. Hence, the assumption thaties in the space

of functions that are decreasing in the first argument is consistent with the assumption that
& lies in the subspace of functions that are increasing iBuppose that € D(S) and that

£ is concave inp. For fixeds, define the functiors by

G, X, s, p) = max{U’(xp)p, ﬂ/é {x + —;H (%,9),5} F(s,ds’)}.
S

Under Assumption 1U’(xp) p is increasing and concave imand, by assumptiorg is
increasing and concave ip. Hence,G is the maximum of two increasing and concave
functionsinpandisitselfincreasing and concavepirLet p; < p; and lety; be the solution
to [G(yi, X, s, pi) — ¥ = 0]. Then 0= G(¥1, S, X, pp) — 1 < G(Y1, X, S, P2) — ¥, and
hencey; < v,. To show thaG is concave iny, notice thatH’ > 0 andH” < 0. Hence,
the first argument of is increasing and concave ih. A property of concave functions is
that, if € is increasing and concave andjifs concave, thef o g is concave. Becaus@ is
concave iny, p), the solution to@(x//, X, S, p) — ¥ = 0] is also concave.

For gz € Q(S), let (T,£) be the solutiony/ to the equatioré(xp X,S, p2) — ¢ = 0.
Let6e[0 1] and Ietxl,xz e X. Definey, =Tg E(X1, ) and V2 = Tg,E(X2, 9). Then,
G(t/jl, X1,S, P1) — ¥1 = G(wz, X2, S, P2) — ¥ = O. Becauses is jointly concave in
W, p),

é[aqug(xl, S) + (L1 = 8)Tp,E(X2, 9), %1 + (L — )Xo, X, S, 8p1 + (1 — 8) p2]
—[6Tq 6 (X1, 8) + (1 = §) T, & (X2, 9)] > 0.

BecauseG is increasing in its first argument, it follows th&}¢ is concave ing if £ is
concave irg. |

Although we have found a fixed poi&f for a givenq and determined the market clearing
priceq for given&; andé,, we have not shown thgt= §. In fact, we must address the issues
of whether a solution exists and, if it exists, whether it is unique et denote the fixed
point of T, for type4 agents evaluated &, s), wherex denotes the equilibrium holdings
of type-1 agents. Leb satisfyv = q[s, 2:9(X, S), 2:q(X, S)], where§ was defined in
Theorem A.1, or

al{ H {LQ(X’ 2 el(s)} } + 012{ H {—QZQ(X’ = ez(s)} } =0 (A13)
Vv Vv
PROPOSITION A.3.The market clearing pricg is an increasing and concave function
ofge Q(S).

Proof. Under the conditions of Proposition A2 and<2, are increasing and concave in
g forq € Q(S). The proof of Theorem A.1 can be used to show thitjointly increasing
and concave in its second and third arguments. A property of concave functions is that,
if f andg are increasing and concave, thén g is increasing and concave. Henéeis
increasing and concave @n |
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Let Q(S) be the space of continuous and bounded functigrsQ(S) : 0 < q(x, S) < B}
and define the operatdr : 9(S) — Q(S) by

q(x, s) = ¥q(x, s) = g[s, 24(X, 9), L20(X, 9)]. (A.14)

THEOREM A.3. Under Assumptiofi, ¥ : Q(S) — Q(S) has a unique fixed point'q
Proof. Notice that if

Cll{H [W,Ql(s) }+(¥2{H %,92(5)} } > 0,

thenv > g, whereas if

0{1{ H |:_qu£:, S) . 91 } =+ Olz{ H —quéx’ S) . 92:| } < 0,

thenv < g. Recall thal)’(xq)q is increasing irg and that(1/q)H (y/q) is decreasing in
g. BecausdJ is increasing, concave, and bounded(c)c is bounded above by . For a
fixed v such that O< ¢ < oo and fixedx, s we have

lim Qq =ﬂ/é*{x+ EH P,e(s)],S’}F(&dé) =G.
gq—o0 S q q

Asq — oo, H[G/q, 6(s)] — —oo. Then, there is som@ such that, for anfi(x, s) > Q,

G G
al{H |:m,91(s)] } +0l2{H |:q(x’s),02(s):| } >0

andvq < Q_ <§.Asq — 0,H(¥/q) —» L andx’ — oo, sothat — G.AsG/q — oo,
H — L. Hence, there is some> 0 such that

{8 000] [ .000] ) 0

so that¥0 > 0. HenceW :[0, U] — [0, U]. Brower’s Fixed-point Theorem then can be
used to show that there exists a fixed pajrt Wq. To establish uniquenes$js concave
in its second and third arguments. Becaus®) > 0, Y Q < Q, andV¥ is concave i,
the fixed point is unique. |

The fixed point¥q(x, s) was constructed holding the state s) fixed, so that we can
define the functionj(x, s). This function has the properties that markets clear, and the fixed
point of the marginal valuation function was constructed holding the fungtfiored. This

is the unique stationary equilibrium.
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