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Canonical setup

Bellman equation: Ut(st) = max
xt

(ut(st, xt) + β Et Ut+1(st+1))

Law of motion: st+1 = ft(st, xt, εt)
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Example

Bellman equation: Ut(Wt) = max
ct

(u(ct) + β Et Ut+1(Wt+1))

Law of motion: Wt+1 = (1 + rt)(Wt − ct + yt(εt))
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Value function recursion

Approximation: Ut(s) =
∑
i

φi(s)Ui,t

Normalize: φi(s̄i) = 1 and φj(s̄i) = 0, j 6= i

Bellman: Ui,t = max
xt

(ut(s̄i, xt) + β Et Ut+1(ft(s̄i, xt, εt)))
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Stationary case

Bellman equation: U(s) = max
x

(u(s, x) + β E U(f(s, x, ε)))

Value function iteration: Start with arbitrary Ui,0

Iterate to convergence:

Ui,τ = max
x

(u(s̄i, x) + β E Uτ−1(f(s̄i, x, ε)))

Iteration is a contraction: See Judd, Numerical Methods in
Economics, ch. 12
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Markoff process

Family chooses x̄i when s = s̄i (policy function).

Transition probabilities:

Ti,i′ = Prob

[
s̄i′−1 + s̄i′

2
≤ f(s̄i, x̄i, ε) <

s̄i′ + s̄i′+1

2

]

Solve the linear system pT = p and
∑

i pi = 1 to find
stationary probabilities pi. Matrix inversion beats
simulation.
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THE VALUE OF LIFE AND THE RISE IN
HEALTH SPENDING*

ROBERT E. HALL AND CHARLES I. JONES

Over the past half century, Americans spent a rising share of total economic
resources on health and enjoyed substantially longer lives as a result. Debate on
health policy often focuses on limiting the growth of health spending. We inves-
tigate an issue central to this debate: Is the growth of health spending a rational
response to changing economic conditions—notably the growth of income per
person? We develop a model based on standard economic assumptions and argue
that this is indeed the case. Standard preferences—of the kind used widely in
economics to study consumption, asset pricing, and labor supply—imply that
health spending is a superior good with an income elasticity well above one. As
people get richer and consumption rises, the marginal utility of consumption falls
rapidly. Spending on health to extend life allows individuals to purchase addi-
tional periods of utility. The marginal utility of life extension does not decline. As
a result, the optimal composition of total spending shifts toward health, and the
health share grows along with income. In projections based on the quantitative
analysis of our model, the optimal health share of spending seems likely to exceed
30 percent by the middle of the century.

I. INTRODUCTION

The United States devotes a rising share of its total resources
to health care. The share was 5.2 percent in 1950, 9.4 percent in
1975, and 15.4 percent in 2000. Over the same period, health has
improved. Life expectancy at birth was 68.2 years in 1950, 72.6
years in 1975, and 76.9 years in 2000.

Why has this health share been rising, and what is the likely
time path of the health share for the rest of the century? We
present a framework for answering these questions. In the model,
the key decision is the division of total resources between health
care and nonhealth consumption. Utility depends on quantity of
life—life expectancy—and quality of life—consumption. People
value health spending because it allows them to live longer and to
enjoy better lives.

* We are grateful to David Cutler, Amy Finkelstein, Victor Fuchs, Alan
Garber, Michael Grossman, Emmett Keeler, Ron Lee, Joseph Newhouse, Tomas
Philipson, David Romer, Robert Topel, the editors and referees, and participants
at numerous seminars and NBER meetings for helpful comments. Jones thanks
the Center for Economic Demography and Aging at Berkeley for financial support.
Matlab programs that generate the numerical results in this paper are available
at Jones’s website. Contact information for the authors follows. Robert E. Hall:
rehall@stanford.edu, http://stanford.edu/�rehall. Charles I. Jones: chad@econ.
berkeley.edu, http://www.econ.berkeley.edu/�chad
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reported in the figure. In the first half of the 20th century,
however, life expectancy grew at about twice this rate, so a longer
times series would show some curvature.

III. BASIC MODEL

We begin with a model based on the simple but unrealistic
assumption that mortality is the same in all age groups. We also
assume that preferences are unchanging over time, and income
and productivity are constant. This model sets the stage for our
full model, in which we incorporate age-specific mortality and
productivity growth. As we will show in Section IV, the stark
assumptions we make in this section lead the full dynamic model
to collapse to the simple static problem considered here.

The economy consists of a collection of people of different

FIGURE I
The Health Share in the United States

Note: The numerator of the health share is consumption of health services plus
government purchases of health services and the denominator is consumption
plus total government purchases of goods and services. For further information on
sources, see Section V.
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ages who are otherwise identical, allowing us to focus on a rep-
resentative person. Let x denote the person’s health status. The
mortality rate of an individual is the inverse of her health status,
1/x. Since people of all ages face this same mortality rate, x is also
equal to life expectancy. For simplicity at this stage, we assume
zero time preference.

Expected lifetime utility for the representative individual is

(1) U�c, x� � �
0

�

e��1/x�tu�c�dt � xu�c�.

That is, lifetime utility is the present value of her per-period
utility u(c) discounted for mortality at rate 1/x. In this stationary
environment, consumption is constant so that expected utility is
the number of years an individual expects to live multiplied by
per-period utility. We assume for now that period utility depends

FIGURE II
Life Expectancy in the United States

Note: Life expectancy at birth data are from Table 12 of National Vital Statistics
Report Volume 51, Number 3 “United States Life Tables, 2000,” December 19,
2002. Center for Disease Control.
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(6) u�c� � b �
c1�	

1 � 	
,

where 	 is the constant elasticity of marginal utility. On the basis
of evidence discussed later in the paper, we consider 	 
 1 to be
likely. In this case, the second term is negative, so the base level
of utility, b, needs to be positive enough to ensure that flow utility
is positive over the relevant values of c. The flow of utility u(c) is
always less than b, so the elasticity �c is decreasing in consump-
tion. More generally, any bounded utility function u(c) will de-
liver a declining elasticity, at least eventually, as will the un-
bounded u(c) � � 
 � log c. Thus the key to our explanation of
the rising health share—a marginal utility of consumption that
falls sufficiently quickly—is obtained by adding a constant to a
standard class of utility functions.

An alternative interpretation of the first-order condition is
also informative. Let L(c, x) � U(c, x)/u�(c) denote the value of
a life in units of output. Then, the optimal allocation of resources
can also be characterized as

(7) s* � �h

L�c*, x*�/x*
y .

The optimal health share is proportional to the value of a year of
life L/x divided by per-capita income. If the flow of utility is given
as in (6), it is straightforward to show that the value of a year of
life satisfies

(8)
L�c, x�

x � bc	 �
c

	�1 .

For 	 
 1, the growth rate of the value of a life year approaches
	 times the growth rate of consumption from above. Therefore,
the value of a year of life will grow faster than consumption (and
income) if 	 is larger than 1. According to (7), this is one of the key
ingredients needed for the model to generate a rising health
share.

A rapidly declining marginal utility of consumption leads to
a rising health share provided the health production elasticity,
�h, does not itself fall too rapidly. For example, if the marginal
product of health spending in extending life were to fall to zero—
say it was technologically impossible to live beyond the age of
100—then health spending would cease to rise at that point.
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An individual’s state of health is produced by spending on
health ha,t:

(9) xa,t � f�ha,t; a, t�.

In this production function, health status depends on both age
and time. Forces outside the model that vary with age and time
may also influence health status; examples include technological
change and education.

The starting point for our specification of preferences is the
flow utility of the individual, u(ca,t, xa,t). In addition to depend-
ing on consumption, flow utility depends on health status, xa,t.
Spending on health therefore affects utility in two ways, by in-
creasing the quantity of life through a mortality reduction and by
increasing the quality of life.

We assume this utility function takes the following form:

(10) u�ca,t, xa,t� � b �
ca,t

1�	

1 � 	

 �

xa,t
1��

1��
,

where 	, �, and � are all positive. The first term is the baseline
level of utility whose importance we stressed earlier.2 The second
term is the standard constant-elastic specification for consump-
tion. We assume further that health status and consumption are
additively separable in utility and that quality of life is a con-
stant-elastic function of health status. Additive separability is of
course a strong assumption. It implies that the marginal utility of
consumption does not vary with health status and ultimately
delivers the result that consumption itself will optimally be in-
variant to health status. We could relax this assumption in our
framework and still obtain our main results. However, even the
direction of the effect is unclear: Is the marginal utility of con-
sumption higher or lower for sick people? One can easily think of
reasons why it might be lower. On the other hand, the marginal
utility of having a personal assistant or of staying in a nice hotel
with lots of amenities might actually be higher for people with a
lower health status.3 Our separability assumption can be viewed
as a natural intermediate case.

In this environment, we consider the allocation of resources

2. Previous versions of this paper considered the possibility that this inter-
cept varied by age and time. In some of our estimation, we treated these ba,t terms
as residuals that rationalized the observed health spending data as optimal. See
Hall and Jones [2004] for more on this approach.

3. We thank a referee for this observation.
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that would be chosen by a social planner who places equal
weights on each person alive at a point in time and who discounts
future flows of utility at rate �. Let Na,t denote the number of
people of age a alive at time t. Then social welfare is

(11) �
t�0

� �
a�0

�

Na,t�
tu�ca,t, xa,t�.

The optimal allocation of resources is a choice of consumption and
health spending at each age that maximizes social welfare subject
to the production function for health in (9) and subject to a
resource constraint we will specify momentarily.

It is convenient to express this problem in the form of a
Bellman equation. Let Vt(Nt) denote the social planner’s value
function when the age distribution of the population is the vector
Nt � (N1,t, N2,t, . . . , Na,t, . . .). Then the Bellman equation for
the planner’s problem is

(12) Vt�Nt� � max
�ha,t,ca,t�

�
a�0

�

Na,tu�ca,t, xa,t� � �Vt
1�Nt
1�

subject to

(13) �
a�0

�

Na,t� yt � ca,t � ha,t� � 0,

(14) Na
1,t
1 � �1 �
1

xa,t
� Na,t,

(15) N0,t � N0,

(16) xa,t � f�ha,t; a, t�.

(17) yt
1 � egyyt.

The first constraint is the economy-wide resource constraint.
Note that we assume that people of all ages contribute the same
flow of resources, yt. The second is the law of motion for the
population. We assume a large enough population so that the
number of people aged a 
 1 next period can be taken equal to
the number aged a today multiplied by the survival probability.
The third constraint specifies that births are exogenous and con-
stant at N0. The final two constraints are the production function
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and colon cancer, and drug treatments for heart attack victims—
can have important effects on health. Goldman and Cook [1984]
attribute 40 percent of the decline in mortality from heart disease
between 1968 and 1976 to specific medical treatments; Heiden-
reich and McClellan [2001] take this one step further and con-
clude that the main reason for the decline in early mortality from
heart attacks during the last twenty years is the increased use of
medical treatments. Part of the increased use may result from
improvements in technology [Cutler et al. 1998]. Skinner, Fisher,
and Wennberg [2001] emphasize that technological advances
have been responsible for “large average health benefits” in the
U.S. population. Nevertheless, other factors, including behavioral
changes, increased education, and declines in pollution, have
certainly contributed to the decline in mortality [Chay and Green-
stone 2003; Grossman 2005].

While it would be a stretch to say there is a consensus, this
literature is generally consistent with the identifying assumption
made here: that � � 2/3 of the trend decline in mortality is due to
technological progress and the increased allocation of resources to
health care. When applied to our estimation (as described further
later), this identifying assumption leads to the following decom-
position. Averaged across our age groups, 35 percent of the de-
cline in age-specific mortality is due to technological change, 32
percent to increased resource allocation to health, and 33 percent
(by assumption) to other factors. In our robustness check that
assigns 50 percent to other factors, the split is 26 percent to
technological change and 24 percent to increased resource alloca-
tion. When we allow technical change to be a percentage point
faster in the health sector, 40 percent of the mortality decline is
due to technical change, 27 percent to resource allocation, and 33
percent (by assumption) to unobserved factors.

How does our assumption that � is known allow us to identify
the parameters of the health production function? Take logs of
(24) to get

(26) log x̃a,t � log Aa � �a �log zt
log ha,t
log wa,t�.

Our approach to identification is to construct a model whose
disturbance is known not to have a trend. That orthogonality
condition makes a time trend eligible as an instrumental vari-
able—we apply GMM based on that condition.

If the unobserved component wa,t itself had no time trend, we
would use the time trend as an instrument in estimating (26)
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fact that the estimates of �a generally decline with age, particu-
larly at the older ages, constitutes an additional source of dimin-
ishing returns to health spending as life expectancy rises. For the
oldest age groups, the elasticity of health status with respect to
health inputs is only 0.042.

Figure IV shows the actual and fitted values of health status
for two representative age groups. Because the health technology
has two parameters for each age—intercept and slope—the equa-
tions are successful in matching the level and trend of health
status. The same is true in the other age categories.

VI.B. The Marginal Cost of Saving a Life

Our estimates of the health production function imply a
value for the marginal cost of saving a life. Recall, from the

FIGURE III
Estimates of the Elasticity of Health Status with Respect to Health Inputs
Note: The height of each bar reports our estimate of the production function

parameter �a, the elasticity of adjusted health status with respect to health
inputs: x̃a,t � Aa ( ztha,twa,t)

�a. The ranges at the top of the bars indicate � two
standard errors.
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discussion surrounding (20), that this marginal cost is x2/f�(h).
With our functional form for the health technology, the marginal
cost of saving a life is hx̃/�.7 Our work provides estimates of the
value of life that can be compared with others derived either from
other approaches on the cost side or from consumer choice involv-
ing mortality hazards, the demand side.

Table I shows this marginal cost of saving a life for various
age groups. We can interpret these results in terms of the liter-
ature estimating the value of a statistical life (VSL). For example,
the marginal cost of saving the life of a forty-year-old in the year
2000 was about $1.9 million. In our robustness checks, this mar-
ginal cost reached as high as $2.5 million (in the case where �a is

7. This expression has a nice interpretation: x̃ is the inverse of the nonacci-
dent mortality rate, so it can be thought of as the number of living people per
nonaccident death. h is health spending per person, so hx̃ is the total amount of
health spending per death. The division by � adjusts for the fact that we are
interested in the marginal cost of saving a life, not the average.

FIGURE IV
Goodness of Fit for the Health Technology

Note: The solid lines show data on health spending h on the horizontal axis and
health status, x, on the vertical axis, for two age groups, 35–39 and 65–69, for the
period 1950 through 2000. The dashed lines show the fitted values from the
estimated production function in (28).
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VIII. SOLVING THE MODEL

We now solve the model over the years 1950 through 2050 for
each of our nine scenarios. For the historical period 1950–2000,
we take resources per person, y, at its actual value. For the
projections into the future, we assume income continues to grow
at its average historical rate of 2.31 percent per year. The details
for the numerical solution of the model are available from either
author’s website.

Figure V shows the calculated share of health spending over
the period 1950 through 2050 in the first four scenarios, those
where 	 is allowed to vary from 1.01 to 2.5. A rising health share
is a robust feature of the optimal allocation of resources in the
health model, as long as 	 is not too small. As suggested in our
simple model—for example, see (8)—the curvature of marginal
utility, 	, is a key determinant of the slope of optimal health
spending over time. If marginal utility declines quickly so that 	
is high, the optimal health share rises rapidly. This growth in
health spending reflects a value of life that grows faster than

FIGURE V
Simulation Results: The Health Share of Spending

Note: Circles “o” show actual data for the health share. Solid lines show the
models predictions under the baseline scenario (	 � 2) and for alternative choices
of the utility curvature parameter. See Table II for other parameter values.
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A long tradition in public finance examines how public programs can crowd out private activ-
ity in areas as diverse as education, savings, and insurance, among others. These studies typi-
cally focus on aggregate economic implications, particularly for government expenditures and 
national savings. In this paper, we demonstrate that crowd-out can also have an important effect 
on individual welfare. Specifically, we show that the provision of even very incomplete public 
insurance can crowd out more comprehensive private policies by imposing a large implicit tax on 
private insurance benefits, thus potentially increasing overall risk exposure for individuals.

We examine the interaction of public and private insurance for one of the largest uninsured 
financial risks facing the elderly in the United States: long-term care expenditures. At $135 bil-
lion in 2004, long-term care expenditures represented over 8.5 percent of total health expendi-
tures for all ages, or roughly 1.2 percent of GDP. Moreover, real long-term care expenditures are 
projected to triple over the next 35 years due to rising medical costs and the aging of the baby 
boomers. Only 10 percent of the elderly, however, have any private long-term care insurance, and 
one-third of expenditures are paid for out of pocket (Congressional Budget Office (CBO) 1999; 
CBO 2004; Brown and Finkelstein 2007).

One potential explanation for the small size of the private market is that the public insurance 
provided by Medicaid may crowd out demand for private insurance. Medicaid was designed to 
provide long-term care insurance for the poor elderly. Mark V. Pauly (1989, 1990) has established 
the qualitative result that, as an incomplete but publicly funded source of long-term care insur-
ance, Medicaid has the potential to reduce substantially demand for private long-term care insur-
ance, even among the nonpoor. Our work builds on this insight by quantifying the magnitude of 
Medicaid’s crowd-out effect and the incomplete nature of Medicaid coverage. We also illustrate 
the mechanism behind Medicaid’s crowd-out effect, and are, therefore, able to assess the likely 
impact of alternative policies on private insurance demand.

We develop a utility-based model of a 65-year-old risk-averse individual who chooses an opti-
mal intertemporal consumption path in the presence of uncertainty about long-term care expen-
ditures. We calibrate the model using data on the distribution of long-term care expenditure risk, 
common state Medicaid rules, and the prices and coverage of typical private long-term care 
insurance policies.

The Interaction of Public and Private Insurance:  
Medicaid and the Long-Term Care Insurance Market

By Jeffrey R. Brown and Amy Finkelstein*

* Brown: Department of Finance, University of Illinois at Urbana-Champaign, 340 Wohlers Hall MC-706, 
Champaign, IL 61822 (e-mail: brown@uiuc.edu); Finkelstein: Department of Economics, Massachusetts Institute of 
Technology, E52-350, 50 Memorial Drive, Cambridge MA 02142 (e-mail: afink@mit.edu). We thank Courtney Coile, 
David Cutler, John Cutler, Cheryl DeMaio, Jonathan Feinstein, Robert Gagne, David Grabowski, Richard Kaplan, 
Wojciech Kopczuk, Kathleen McGarry, Robert Moffitt, JaneMarie Mulvey, Edward Norton, Dennis O’Brien, Ben 
Olken, Mark Pauly, Jim Poterba, Josh Rauh, Casey Rothschild, Al Schmitz, Karl Scholz, Jonathan Skinner, Kent 
Smetters, Mark Warshawsky, Steve Zeldes, numerous seminar participants, and three anonymous referees for helpful 
comments and discussions. We are especially grateful to Jim Robinson for generously sharing his data on long-term 
care utilization and for helpful discussions, and to Norma Coe for exceptional research assistance. We also thank Qian 
Deng and Chiao-Wen Lin for programming assistance. We are grateful to the National Institute of Aging, Robert Wood 
Johnson Foundation, TIAA-CREF, and the Campus Research Board at the University of Illinois at Urbana-Champaign 
for financial support.



VOL. 98 NO. 3 1085Brown and Finkelstein: Medicaid and Long-Term Care Insurance demand

When alive, the individual derives utility from real consumption Cs, t . Following Pauly (1989, 
1990), we also allow the individual to derive some consumption value from long-term care, 
such as from the provision of food or shelter that would otherwise need to be funded out of 
their income or wealth. We denote the consumption portion of long-term care expenditures by 
Fs, t . When the individual receives no care, Fs, t is equal to zero, and utility is defined solely over 
ordinary consumption.

The consumer’s problem is therefore:

(1) 	  max
Cs, t

 a
T

t51
a

5

s51

Qs, t

11 1 r 2 t Us 1Cs, t 1 Fs, t 2 ,

subject to three constraints: (a) an initial level of nonannuitized financial wealth, W0, and a given 
trajectory of annuitized income, At , from Social Security; (b) a no-borrowing constraint (imposed 
to eliminate the possibility that the individual may die in debt); and (c) a wealth accumulation 
equation. If the individual is not eligible for Medicaid, the wealth accumulation equation is

(2) 	  Wt11 5 1Wt 1 At 1 min CBs, t , Xs, t D 2 Ps, t  2 Xs, t  2 Cs, t 2 11 1 r 2 .

Long-term care insurance policies pay a benefit equal to the lesser of the per-period maximum 
benefit (Bs, t) and the actual costs incurred (Xs, t ). Companies charge a monthly insurance pre-
mium (Ps, t ) that is fixed in nominal terms and is paid only in states in which the individual is 
not receiving benefits. We convert all nominal features of the insurance policy to real terms for 
the analysis by assuming a 3 percent annual rate of inflation. When the individual has no private 
insurance, Bs, t 5 Ps, t  5 0. Unconsumed financial wealth accumulates at the real rate of interest r. 
Therefore, equation (2) indicates that wealth next period is simply wealth this period plus inflows 
(income and insurance payments), minus premium payments, care expenditures, and consump-
tion, plus interest. Medicaid alters the form of the wealth accumulation equation, as described 
in the next subsection. The online mathematical Appendix (available at http://www.aeaweb.org/
articles.php?doi=10.1257/aer.98.3.1083) provides the complete set of constraints, and shows how 
this expected lifetime utility function is translated into a recursive Bellman equation and solved, 
subject to constraints, using numerical techniques.

Using this framework, we can estimate how much a risk-averse life-cycle consumer would be 
willing to pay, over and above the required premiums, to purchase a particular long-term care 
insurance contract. To do so, we first calculate the maximum expected lifetime utility that can be 
achieved when the individual chooses his optimal consumption trajectory after purchasing a par-
ticular insurance contract. We then “take away” this insurance contract and find the increment 
to financial wealth such that, when the individual follows his new optimal consumption path, 
he achieves the same level of expected lifetime utility that he had when he was insured. This 
allows us to put a dollar value on the utility gains from insuring long-term care expenditure risk, 
which we refer to as the individual’s “willingness to pay” for the insurance above and beyond 
the required premium payments. A positive (negative) value suggests that the ability to purchase 
the long-term care insurance contract is welfare enhancing (reducing). Our approach is modeled 
on the existing literature that calculates similar measures of the willingness to pay for annuities 
(e.g., Laurence Kotlikoff and Avia Spivak 1981; Olivia S. Mitchell et al. 1999; Thomas Davidoff, 
Brown, and Peter A. Diamond 2005).

It is worth noting that this model considers the utility maximization of an individual rather 
than a married couple. This approach is by far the norm in the consumption and insurance litera-
ture. This reflects several factors, including the fact that it avoids a large number of theoretical 
issues such as problems with preference aggregation (Paul Samuelson 1956), cuts down on the 
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When alive, the individual derives utility from real consumption Cs, t . Following Pauly (1989, 
1990), we also allow the individual to derive some consumption value from long-term care, 
such as from the provision of food or shelter that would otherwise need to be funded out of 
their income or wealth. We denote the consumption portion of long-term care expenditures by 
Fs, t . When the individual receives no care, Fs, t is equal to zero, and utility is defined solely over 
ordinary consumption.

The consumer’s problem is therefore:

(1) 	  max
Cs, t

 a
T

t51
a

5

s51

Qs, t

11 1 r 2 t Us 1Cs, t 1 Fs, t 2 ,

subject to three constraints: (a) an initial level of nonannuitized financial wealth, W0, and a given 
trajectory of annuitized income, At , from Social Security; (b) a no-borrowing constraint (imposed 
to eliminate the possibility that the individual may die in debt); and (c) a wealth accumulation 
equation. If the individual is not eligible for Medicaid, the wealth accumulation equation is

(2) 	  Wt11 5 1Wt 1 At 1 min CBs, t , Xs, t D 2 Ps, t  2 Xs, t  2 Cs, t 2 11 1 r 2 .

Long-term care insurance policies pay a benefit equal to the lesser of the per-period maximum 
benefit (Bs, t) and the actual costs incurred (Xs, t ). Companies charge a monthly insurance pre-
mium (Ps, t ) that is fixed in nominal terms and is paid only in states in which the individual is 
not receiving benefits. We convert all nominal features of the insurance policy to real terms for 
the analysis by assuming a 3 percent annual rate of inflation. When the individual has no private 
insurance, Bs, t 5 Ps, t  5 0. Unconsumed financial wealth accumulates at the real rate of interest r. 
Therefore, equation (2) indicates that wealth next period is simply wealth this period plus inflows 
(income and insurance payments), minus premium payments, care expenditures, and consump-
tion, plus interest. Medicaid alters the form of the wealth accumulation equation, as described 
in the next subsection. The online mathematical Appendix (available at http://www.aeaweb.org/
articles.php?doi=10.1257/aer.98.3.1083) provides the complete set of constraints, and shows how 
this expected lifetime utility function is translated into a recursive Bellman equation and solved, 
subject to constraints, using numerical techniques.

Using this framework, we can estimate how much a risk-averse life-cycle consumer would be 
willing to pay, over and above the required premiums, to purchase a particular long-term care 
insurance contract. To do so, we first calculate the maximum expected lifetime utility that can be 
achieved when the individual chooses his optimal consumption trajectory after purchasing a par-
ticular insurance contract. We then “take away” this insurance contract and find the increment 
to financial wealth such that, when the individual follows his new optimal consumption path, 
he achieves the same level of expected lifetime utility that he had when he was insured. This 
allows us to put a dollar value on the utility gains from insuring long-term care expenditure risk, 
which we refer to as the individual’s “willingness to pay” for the insurance above and beyond 
the required premium payments. A positive (negative) value suggests that the ability to purchase 
the long-term care insurance contract is welfare enhancing (reducing). Our approach is modeled 
on the existing literature that calculates similar measures of the willingness to pay for annuities 
(e.g., Laurence Kotlikoff and Avia Spivak 1981; Olivia S. Mitchell et al. 1999; Thomas Davidoff, 
Brown, and Peter A. Diamond 2005).

It is worth noting that this model considers the utility maximization of an individual rather 
than a married couple. This approach is by far the norm in the consumption and insurance litera-
ture. This reflects several factors, including the fact that it avoids a large number of theoretical 
issues such as problems with preference aggregation (Paul Samuelson 1956), cuts down on the 
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number of parameter assumptions for which there is little consensus in the literature (Michael 
D. Hurd 1999), and dramatically improves the tractability of the model (e.g., by keeping track 
of 5 health states rather than 52 5 25 states.) Our approach raises the possibility, however, that 
demand for private insurance could be different for married households than for individuals. 
Having a spouse could increase the value that the household places on protecting assets while 
in care, thus potentially making private insurance more valuable. In addition, Medicaid allows 
a community-based spouse to retain more assets and income when one member of the couple 
enters a nursing home than an institutionalized individual is allowed on his own, which could 
increase the crowd-out effect of Medicaid. Finally, as discussed in Kotlikoff and Spivak (1981), 
the ability to engage in risk-sharing within couples serves as a partial substitute for formal insur-
ance markets, which also reduces the value of private insurance. We discuss these issues in more 
detail in Brown and Finkelstein (2004), where we show that under a particular model of house-
hold decision making, the latter two effects dominate, and we continue to find large crowd-out 
effects and high implicit taxes for Medicaid.

B. Estimating the Medicaid Implicit Tax

Eligibility for Medicaid coverage of long-term care expenditures requires that when receiv-
ing care, the individual’s income and assets each fall below a specified threshold. Medicaid’s 
marginal contribution to long-term care costs switches from 0 to 100 percent as the individual 
crosses these thresholds, both of which must be newly met each month. Medicaid’s income test 
requires that, after paying for all medical expenses (net of any payments made by a private insur-
ance policy), the individual’s income falls below the income threshold, which we denote C_s. In 
other words, the income test requires At 1 min 3Bs, t , Xs, t 4 1 rWt21 2 Xs, t , C_s . Medicaid’s asset 
test requires that, after paying all medical expenditures, an individual’s financial wealth (Wt) falls 
below a threshold, which we denote W_ .

If the individual is eligible for Medicaid, Medicaid pays an amount equal to

(3)   	 Xs, t 2 1At 2 C_s 2 2 min 1Bs, t , Xs, t 2 2 max 1Wt 2 W_ , 02 .
Using these relations, we can write the wealth accumulation equation that applies when receiving 
Medicaid as follows:

(4) 	  Wt11 5 3Wt 2 max 1Wt 2 W_ , 02 1 1C_s 2 Ct 2 4 11 1 r 2 .

To see the impact of the income threshold, suppose an individual has $1,000 in income and 
that the income threshold is $30. Uninsured medical expenditures must be at least $970 before 
Medicaid will make any payments. Below $970, Medicaid pays nothing. Above $970, Medicaid 
pays 100 percent of marginal expenditures (assuming that the asset test is also met). To see 
the impact of the asset threshold, consider an individual who has no private insurance, $6,000 
of financial wealth, and is in a nursing home that costs $5,000 per month. If W_  5 $2,000, the 
individual has to pay the first $4,000 of nursing home costs out of pocket to reduce his assets to 
$2,000, after which Medicaid would pay the remaining $1,000 of expenditures.

Private insurance does not disqualify an individual from Medicaid per se. However, private 
insurance reduces expected Medicaid expenditures for two reasons. First, by protecting assets 
against negative expenditure shocks, private insurance reduces the likelihood that an individ-
ual will meet Medicaid’s asset-eligibility requirement. Second, Medicaid is by law a second-
ary payer. When the individual has private insurance, the private policy pays first, even if the 
individual’s asset and income levels make him otherwise eligible for Medicaid; Medicaid then 



consumption plan at time 0, with the consumer’s knowledge that he will be able to choose a new 

plan at time 1, and so on, until the final period. To solve this stochastic dynamic decision 

problem, we employ stochastic dynamic programming methods, as discussed in Blanchard & 

Fischer (1989) which reduce the multi-period problem to a sequence of simpler two-period 

decision problems.  We begin by introducing a value function Vs,t(Wt; A) for state s and time t 

that represents the present discounted value of expected utility evaluated along the optimal 

consumption path. This value depends on financial wealth (Wt), annuity income (At), and state of 

care (s) in which the individual finds himself, all at the start of period t.     
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tq + the conditional probability that an individual who is in care state s at time t is in care 

state σ at time t+1.   

We solve this problem using standard dynamic programming techniques (e.g. Stokey and 

Lucas, 1989).  We begin by solving for the last period’s problem at age 105, which produces a 

matrix of optimal consumption decisions, one for each combination of discrete value of wealth 

and state of care.  We discretize wealth quite finely, down to $10 increments at low levels of 

wealth, and gradually rising at higher levels of wealth, but never exceeding 0.2% of starting 

wealth. (Thus for example, for the median household, for whom initial financial wealth is 

approximately $89,000, the maximum distance between two points on the financial wealth grid 

is $130.)  In the final period of life, age 105, all remaining wealth is consumed, which maps into 

a value function matrix that is Nw x Ns, where Nw is the number of discrete wealth points 

evaluated on the grid (for a median wealth household, Nw is over 1,400) and Ns = 4 (assuming no 

bequest motives, only 4 of the 5 states of the world have value). 
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to pay to insure a given absolute loss should be decreasing with total wealth. We show below how 
the structure of Medicaid makes private insurance more appealing to wealthier individuals.

Medicaid expenditures are determined in the model by individuals’ life-cycle consumption 
choices, which in turn affect their Medicaid eligibility. On average across the wealth distribution, 
our model predicts that 55 percent of EPDV long-term care expenditures are paid by Medicaid. 
This is broadly consistent with the CBO (2004, Table 1–2) estimates that about half of long-term 
care expenditures in 2004 were paid by Medicaid.�

IV.  The Impact of Medicaid

A. The Medicaid Crowd-Out Effect

The results in Figure 1 contain several suggestions of a crowd-out effect of Medicaid. Demand 
may also, however, be affected by the features of current policies. The $100 constant nominal 
daily benefit cap covers less than half of the EPDV of long-term care expenditures (Brown and 

� We compute the average Medicaid share in our model based on the estimates in Table 2 of Medicaid’s share of 
long-term care expenditures (by gender) at each wealth decile with and without private insurance, and the estimates 
from Figure 1 of which deciles (by gender) would buy private insurance. We exclude Medicare expenditures from the 

Figure 1. Willingness to Pay for Private LTC Insurance 
($100 daily benefit, market load)

Notes: Willingness to pay (expressed in $000s) for private insurance for deciles below the third are worse than losing 
all financial wealth and are not reported here. The financial wealth deciles (and fraction of financial wealth annuitized 
at that point) are, respectively: 1. $58.5k (98 percent); 2. $93.4k (91 percent); 3. $126.9k (82 percent); 4. $169.9k (70 
percent); 5. $222.6k (60 percent); 6. $292.8k (52 percent); 7. $385.5k (41 percent); 8. $526k (35 percent); 9. $789.5k (26 
percent). The market loads are 0.50 for men, and 20.06 for women; loads are defined as 1 2 (EPDV benefits / EPDV 
premiums).
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Finkelstein 2007). Moreover, at least for men, the substantial load on the contract may limit 
demand.

In order to isolate the effect of Medicaid from whatever private market failures might con-
tribute to these high loads and limited benefits, Figure 2 reports the willingness to pay for a 
counterfactual private insurance contract that provides fully comprehensive coverage (i.e., no 
daily benefit cap) at actuarially fair prices (i.e., zero loads). In comparison to Figure 1, we see 
that willingness to pay rises for men at all wealth deciles, consistent with the fact that the pre-
mium paid per dollar of expected benefits has been cut in half (i.e., the load has declined from 
0.50 to 0). For women, the premium has increased slightly (the load has increased from 20.06 
to 0), but the main effect is the change from a $100 daily benefit cap to an unlimited policy. At 
low levels of wealth, where women did not want to buy a limited policy, the willingness to pay 
drops further, as they are now being forced to buy even more of a product they do not want. At 
higher wealth levels, where willingness to pay was already positive, willingness to pay tends to 
rise further since they now have access to more of the product that they want.

The results in Figure 2 are striking and represent a key finding of our paper: even if we were 
to eliminate all potential market failures and make fully comprehensive policies available at 
actuarially fair prices, much of the population would still be unwilling to pay for these policies 

denominator of the CBO estimate to make it comparable to our estimate. Medicare-covered institutional care does not 
meet the definitions for reimbursable care (by either Medicaid or private insurance), and Medicare-covered home care 
is, as discussed, already taken out of our denominator. 

Figure 2. Willingness to Pay for Private LTC Insurance 
(Comprehensive benefit, zero load)

Notes: Willingness to pay (expressed in $000s) for private insurance for deciles below the third for men and fourth 
for women are worse than losing all financial wealth and are not reported here. The wealth deciles are the same as for 
Figure 1. Load is defined as 1 2 (EPDV benefits / EPDV premiums). 
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in the presence of Medicaid. Indeed, willingness to pay does not become positive until the six-
tieth percentile of wealth for men and the seventieth for women. Thus, our results suggest that, 
even absent any market failures, Medicaid is capable of explaining the lack of private insurance 
purchases for the bottom two-thirds of the wealth distribution. A related implication is that cor-
recting whatever supply-side market failures exist in the private insurance market would not 
induce most individuals to purchase this insurance.

B. Why Does Medicaid Crowd Out Private Insurance? Medicaid’s Implicit Tax

We estimate that Medicaid’s implicit tax is substantial and that accounting for it sheds light 
on the low overall demand for private insurance, as well as the purchase patterns by gender and 
wealth seen in both the data and our model. These results are summarized in Table 2. A compari-
son of columns 1 and 2 shows that ownership of the $100 daily benefit private policy substantially 
reduces expected Medicaid expenditures. For example, at the median of the wealth distribution, 
Medicaid’s share of EPDV of expenditures falls for men from 60 percent without insurance to 32 
percent with insurance; for the woman of median wealth, Medicaid’s share falls from 72 percent 
without insurance to 38 percent with insurance. Combining these two columns, column 3 indicates 
that the implicit tax—which measures the extent to which private insurance is redundant of ben-
efits that Medicaid would otherwise have paid—is quite high, particularly at the lower end of the 
distribution. For example, at the first decile, the implicit tax is close to 100 percent, meaning that 
the individual is paying premiums for a policy that provides virtually no net benefits. Even for the 

Table 2—Medicaid: Implicit Tax and Completeness of Coverage

Wealth  
percentile

Medicaid share of  
expected present discounted value (EPDV)  

of total long-term care expenditures 
Implicit tax  
on private  
insurance

Net load  
on private  
insurance

Willingness to pay for  
actuarially fair (0 load)  

policy to top up Medicaid
($ thousands)No private insurance With private insurance

(1) (2) (3) (4) (5)

Panel A: Men
10th 0.98 0.52 0.998 1.00 0.0
20th 0.89 0.44 0.952 0.98 0.0
30th 0.80 0.41 0.840 0.92 3.3
40th 0.71 0.37 0.737 0.87 9.8
50th 0.60 0.32 0.594 0.80 19.6
60th 0.46 0.26 0.426 0.71 35.2
70th 0.32 0.20 0.272 0.64 51.0
80th 0.17 0.12 0.107 0.55 74.1
90th 0.07 0.05 0.035 0.52 100.9

Panel B: Women
10th 0.99 0.55 0.999 1.00 0.0
20th 0.93 0.50 0.992 0.99 0.0
30th 0.88 0.46 0.946 0.94 2.3
40th 0.80 0.43 0.854 0.85 11.5
50th 0.72 0.38 0.767 0.75 29.7
60th 0.60 0.33 0.618 0.60 58.3
70th 0.45 0.24 0.470 0.44 86.3
80th 0.24 0.15 0.194 0.15 122.8
90th 0.08 0.06 0.054 0.00 166.3

Notes: Private insurance policy in columns 1–4 has a $100 daily benefit cap. Implicit tax is the decrease in Medicaid 
expenditures associated with having private insurance, as a percentage of the private insurance benefits (see equation 
(5)). Net load is the gross load plus the ratio of the decrease in the EPDV of Medicaid expenditures associated with hav-
ing private insurance to the EPDV of the premiums of this private policy (see equation (6)). For gross loads, we use the 
current market loads of 0.50 for men, and 20.06 for women.
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General framework

Hours: h(λ,w)

Consumption: ce(λ,w) and cu(λ,w)

Employment rate: n(λ,w)
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Search and matching

n =
φ(θ)

s+ φ(θ)

q(n) = φ(θ(n))/θ(n)
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Employment contract

Employers pay workers wt for each hour of work in period t

Employers collect an amount yt from a new worker
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Technology, hours, and capital

F (Ht, Kt, ηt)

∂F (nh,K)

∂H
= wt

∂F (nh,K)

∂K
= rt
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Market tightness—zero profit

q(n)y = γ
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Family preferences and decisions

ntU(ce,t, ht) + (1− nt)U(cu,t, 0)

V (Wt, ηt) =

max
ht,ce,t,cu,t

{ntU(ce,t, ht) + (1− nt)U(cu,t, 0)+

E δV ((1 + rt)[Wt − ntce,t − (1− nt)cu,t]−
φ(nt)(1− nt)yt + wtntht, ηt+1)}
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State variables

λt =
∂V

∂Wt

= δ(1 + rt) E
∂V

∂Wt+1

wt =
∂F (nh,K)

∂H
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Hours and consumption

Uh(ce,t, ht) = −λtwt

Uc(ce,t, ht) = λt

Uc(cu,t, 0) = λt

These define ce(λt, wt), h(λt, wt), and cu(λt)
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Compensation bargain

Markoff assumption: y(λ,w)

Reservation level in utility:
U(ce, h)− U(cu, 0) + λ(−ce + cu + wtht)

in purchasing power:
R(λ,w) = U(ce,h)−U(cu,0)

λ
− ce + cu + wtht

Nash bargain: y(λ,w) = (1− ν)R(λ,w)
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Employment function

n(y(λt, wt))

or

n(λt, wt)
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Frisch properties

Intertemporal substitution in consumption, C1(λp, λw)

Frisch labor-supply response, H2(λp, λw)

Consumption-hours cross effect, C2(λp, λw)
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Informative priors centered on

Frisch elasticity of consumption demand: −0.5

Frisch elasticity of hours supply: 0.9

Frisch cross-elasticity of 0.3
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Priors

Parameter Interpretation Mean Loweest value Highest value

β c,c
Frisch own-price 
elasticity of consumption -0.50 -0.6 -0.4

β c,h
Frisch cross-price 
elasticity of consumption 0.30 0.0 0.6

β h,h
Frisch wage elasticity of 
hours 0.90 0.8 1.0

β n,λ
Elasticity of employment 
with respect to λ 0.50 0.0 1.0

β n,w
Elasticity of employment 
with respect to w 1.00 0.0 2.0

σ2
λ Variance of latent λ 2.15 0.3 4.0

σ2
w Variance of latent w 2.15 0.3 4.0

ρ Correlation of  λ and w -0.70 -0.9 -0.5

σ2
c

Variance of consumption 
noise 1.00 0.5 1.5

σ2
h Variance of hours noise 0.30 0.2 0.4

σ2
n

Variance of employment 
noise 0.25 0.1 0.4

σ2
m

Variance of productivity 
noise 0.75 0.3 1.2
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Covariances and Correlations

Consumption Hours Employment Productivity

Covariances

Consumption 2.08 0.54 1.03 0.81

Hours 0.76 0.63 0.10

Employment 1.26 0.27

Productivity 2.37

Correlations

Consumption 1.000 0.511 0.702 0.363

Hours 1.000 0.645 0.075

Employment 1.000 0.159

Productivity 1.000
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Posterior Distribution

Parameter Interpretation Prior mean
Prior 

standard 
deviation

Posterior 
mean

Posterior 
standard 
deviation

β c,c
Frisch own-price 
elasticity of consumption -0.50 0.12 -0.49 0.07

β c,h
Frisch cross-price 
elasticity of consumption 0.30 0.36 0.53 0.09

β h,h
Frisch wage elasticity of 
hours 0.90 0.12 0.95 0.06

β n,λ
Elasticity of employment 
with respect to λ 0.50 0.61 0.73 0.15

β n,w
Elasticity of employment 
with respect to w 1.00 1.21 1.60 0.33

σ2
λ Variance of latent λ 2.15 2.24 3.58 0.72

σ2
w Variance of latent w 2.15 2.24 1.14 0.57

ρ Correlation of  λ and w -0.70 0.24 -0.72 0.13

σ2
c

Variance of consumption 
noise 1.00 0.61 1.18 0.23

σ2
h Variance of hours noise 0.30 0.12 0.35 0.05

σ2
n

Variance of employment 
noise 0.25 0.18 0.25 0.11

σ2
m

Variance of productivity 
noise 0.75 0.55 1.15 0.12
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Inferred Growth
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Actual and Fitted Values
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Basic Contract Forms

Insurance
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Data

Exits of venture-backed companies: 20,961

IPOs: 2,010
Acquisitions: 5,329
Known failed: 3,180
Imputed as failed: 3,904

Non-exited: 6,538
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Joint Distribution of Venture
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Conditional Distribution
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Fractions of Total Exit Value by
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Entrepreneur’s Attitude toward
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(
r

1 + r
W

)
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Entrepreneur’s Dynamic Program

U(Wt(At)) =

max
ct<At

[u(ct) +
1

1 + r
(1− πt+1)U(Wt+1((At − ct)(1 + r) + w))

+
1

1 + r
πt+1 EX U(W ∗((At − ct)(1 + r) +Xt+1))] (1)

U(W ∗(A)) =
1 + r

r
u

(
rA+ w∗

1 + r

)
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Parameters

Constant relative risk aversion: 2

Venture salary: w = $150, 000

Post-venture compensation: w = $300, 000

Starting assets: A0 = $1 million
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Certainty-Equivalent Career

Wealth
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Certainty-Equivalent Value of

the Venture Opportunity

Data from Matlab program DPMain, array Output

gamma w* 1 5 20

0 0.3 4.371 4.371 4.371

0 0.6 3.270 3.270 3.270

0 2 -1.868 -1.868 -1.868

0.9 0.3 1.207 1.585 2.258

0.9 0.6 0.061 0.719 1.262

0.9 2 -9.033 -5.477 -3.679

2 0.3 0.249 0.612 1.294

2 0.6 -1.685 -0.325 0.291

2 2 -20.651 -10.232 -4.859

1 5 20

0 300 4.4 4.4 4.4

0 600 3.3 3.3 3.3

0 2,000 -1.9 -1.9 -1.9

0.9 300 1.2 1.6 2.3

0.9 600 0.1 0.7 1.3

0.9 2,000 -9.0 -5.5 -3.7

2 300 0.2 0.6 1.3

2 600 -1.7 -0.3 0.3

2 2,000 -20.7 -10.2 -4.9

Coefficient of 

relative risk 

aversion, γ

Compensation at 

non-

entrepreneurial 

job, thousands of 

dollars per year

Abar

Assets at beginning, millions 

of dollars

Certainty-equivalent of 

entrempreurial opportunity, 

millions of dollars
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Values Prior to Exit
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No Extra Salary
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With Extra Salary
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Sorting
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Equity Depletion from

Government-Guaranteed Debt

Robert E. Hall
Stanford.edu/∼rehall
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Prompt corrective action?
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Prompt corrective action?
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Prompt corrective action?
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Example of a History From the

Model
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Example of a History From the

Model
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Basic growth model

K̂ ′ = (1 + r)(K̂ − c)

V (K̂) = max
c

c1−γ

1− γ
+ βV (K̂ ′)

V (K̂) = V K̂1−γ

V K̂1−γ = max
c

c1−γ

1− γ
+ βV K̂ ′1−γ
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Path

Assume: (1 + r)β = 1

c =
r

1 + r
K̂
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Debt

Invest
D

1 + rd

Repay D
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Capital requirements

D ≤ (1− α)pK

unless earlier debt is greater

but D ≤ pK
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Thus,

D = min(p(1 + r)K,max(D̂, (1− α)p(1 + r)K))

Q = pK − D

1 + rd

Return: max(p′(1 + r)K −D, 0)
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Laws of motion

K̂ ′ = (1− z′)(1 + r)K + z′
D

p′

D̂′ = (1− z′)D
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Consumer’s dynamic program

V

(
D̂

pK̂

)
K̂1−γ = max

c

(
c1−γ

1− γ
+ E

1

1 + r
V

(
D̂′

p′K̂ ′

)
K̂ ′1−γ

)
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Calibration

γ = 2

r = 0.05

α = 30 percent
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Distribution of Annual Price

Change Ratio
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The chance of free consumption

V

(
D̂

pK̂

)
K̂1−γ = max

c

c1−γ

1− γ
+

E
1

1 + r
{(1− z′)V

(
D̂′

p′K̂ ′

)
[(1 + r)(K̂ − c)]1−γ+

z′V (0) ·

(
D̂

p

p

p′

)1−γ

}
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Euler Equation

∫ ∞
p∗

c′(p′/p)−γdF (p′/p) = c−γ
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Distribution of Leverage Ratio
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Chosen Leverage Ratio
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Probability of Default as a

Function of the Leverage Ratio
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Consumption/Capital Ratio as a

Function of the Leverage Ratio
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Nominal interest rate on debt

1 + rd
1 + r

E
p

p′

(
c′

c

)−γ
= 1
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Consumption Growth Rate as a

Function of the Leverage Ratio

-0.06

-0.04

-0.02

0.00

0.02

0.04

po
st

 b
ai

lo
ut

0.
53

0.
56

0.
58

0.
61

0.
63

0.
66

0.
68

0.
71

0.
73

0.
76

0.
78

0.
81

0.
84

0.
86

0.
89

0.
91

0.
94

0.
96

0.
99

um
pt

io
n 

G
ro

w
th

 R
at

e

-0.16

-0.14

-0.12

-0.10

-0.08

Ex
pe

ct
ed

 C
on

su

Leverage Ratio Coming into the Year

24 / 30



Nominal Interest Rate as a

Function of the Leverage Ratio
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Expected Flows as Functions of

the Leverage Ratio
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Flows as Functions of the Price

Ratio when Prior Leverage is 0.85
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Consumption in Four Cases
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