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CANONICAL SETUP

Bellman equation: Ui(s;) = max (u(s¢, x¢) + 5 Et Upy1(Se41))

Law of motion: s;41 = fi(s, x4, €)



EXAMPLE

Bellman equation: Uy(W;) = max (u(ct) + 6 Et Uppr(Weya))

Law of motion: Wiy = (1 + 1) (Wi — ¢t + ye(€r))



VALUE FUNCTION RECURSION

Approximation: Uy(s) = Z ®i($)Ui 4
Normalize: ¢;(5;) =1 and ¢;(s5;) =0, j # i

Bellman: U;; = max (u(5;, ¢) + 8 Er Upir (fi(Si, x4, €1)))



STATIONARY CASE

Bellman equation: U(s) = max (u(s,x) + B8 E U(f(s,z,¢€)))
Value function iteration: Start with arbitrary U,

Iterate to convergence:

Ui,T = mfx( (Sza )+ﬁ E U‘r 1(f(§i7x76)))

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



MARKOFF PROCESS

Family chooses Z; when s = 5; (policy function).

Transition probabilities:

Sir—1 + Sir
2

Sir + Sirq1

T; = Prob
, 1o 5

< f(5,%;,€) <

Solve the linear system pT" = p and ). p; = 1 to find
stationary probabilities p;. Matrix inversion beats
simulation.



THE VALUE OF LIFE AND THE RISE IN
HEALTH SPENDING*

RoBerT E. HALL AND CHARLES 1. JONES
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u(c)=5b +



xa,t = f(ha,t; a’ t)'



(12) VAN, = max E Na,tu(ca,t’ xa,t) + BV 1(Nyiy)

subject to

(13)

(14)

(15)
(16)
(17)

{hatsCat} g =0

2 Na,t(yt - ca,t - ha,t) = Oa

a=0
1
Na+1,t+1 =(1- E Na,t’
NO,t = N,,

xa,t = f(ha,t; a7 t)

Vi1 = €5y,



log %,, =log A, + 6, (log z,+1og h,,+log w,,).
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The Interaction of Public and Private Insurance:
Medicaid and the Long-Term Care Insurance Market

By JEFFREY R. BROWN AND AMY FINKELSTEIN*
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W, =(W,+ A, +min[B, .,X,,| - P, — X,, — C,,)(1 + ).



Wi =W — max(W — W,0) + (C, — C)](1 + 7).
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FIGURE 1. WILLINGNESS TO PAY FOR PRIVATE LTC INSURANCE
(3100 daily benefit, market load)



200

150 A

100 A

Willingness to pay ($000s)
o

|
a1
o

—100

a1
o

140.9

88.7

30 40 50 60 70 80 90
Wealth percentile

FIGURE 2. WILLINGNESS TO PAY FOR PRIVATE LTC INSURANCE
(Comprehensive benefit, zero load)




TABLE 2—MEDICAID: IMPLICIT TAX AND COMPLETENESS OF COVERAGE

Medic_a id share of Willingness to pay for
expected present discounted value. (EPDV) Implicit tax Net load actuarially fair (0 load)
of total long-term care expenditures - . . S
on private on private policy to top up Medicaid
Wealth No private insurance ~ With private insurance  insurance insurance ($ thousands)
percentile 1) 2) 3) (@) 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 33
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 0.71 352
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



TABLE 2—MEDICAID: IMPLICIT TAX AND COMPLETENESS OF COVERAGE

Medicaid share of
expected present discounted value (EPDV)
of total long-term care expenditures

Willingness to pay for
Implicit tax Net load actuarially fair (0 load)

on private on private  policy to top up Medicaid
Wealth No private insurance ~ With private insurance  insurance insurance ($ thousands)
percentile (€))] 2) A3) “) 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 0.80 043 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 —0.06 for women.
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(GENERAL FRAMEWORK

Hours: h(\, w)
Consumption: c.(A, w) and ¢, (A, w)

Employment rate: n(A, w)

3/30



SEARCH AND MATCHING

30



EMPLOYMENT CONTRACT

Employers pay workers w; for each hour of work in period ¢

Employers collect an amount y; from a new worker

5/30



TECHNOLOGY, HOURS, AND CAPITAL

F(Ht; K, 77t)
OF (nh, K)
o0H

OF(nh, K)
oK

:wt

:Tt
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MARKET TIGHTNESS—ZERO PROFIT
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FAMILY PREFERENCES AND DECISIONS

ntU(c&t, ht) + (1 - nt)U(cu,t, 0)

V(Wu??t) =
max {n:U(cet, ) + (1 —ne)U(cuy, 0)+

ht,Ce,t,Cu,t
E 5V(<1 + Tt)[Wt — NyCeyt — (1 - nt)cu,t]—
d(ne) (1 — ne)ye + wynghy, miega) }
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STATE VARIABLES

ov ov
= —_— = E
)‘t (5(1 + Tt) aWt+1

_ OF(nh, K)
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HOURS AND CONSUMPTION

Uh(ce,ta ht) = —\wy
Uc(ce,ta ht) - )\t
Uc(cu,ta O) = >\t

These define c. (A, wy), h(A, wy), and ¢, (A)

10 /30



COMPENSATION BARGAIN

Markoff assumption: y(\, w)

Reservation level in utility:
U(ce,h) — Ulcy, 0) + AM(—ce + ¢y + wihy)

in purchasing power:

R\ w) = —U(Ce’h);U(C”“O) — Ce + Cy + wihy

Nash bargain: y(A, w) = (1 — v)R(\, w)

11 /30



EMPLOYMENT FUNCTION

n(y(Ae, wy))

or

'I’L()\t, 'LUt)

12 /30



FRISCH PROPERTIES

Intertemporal substitution in consumption, C(Ap, Aw)
Frisch labor-supply response, Hy(Ap, Aw)

Consumption-hours cross effect, Ca(Ap, Aw)

5/30



INFORMATIVE PRIORS CENTERED ON

Frisch elasticity of consumption demand: —0.5
Frisch elasticity of hours supply: 0.9

Frisch cross-elasticity of 0.3

16 /30



PRIORS

Parameter Interpretation Mean Loweest value Highest value

B Frisch own-price -0.50 0.6 04
clasticity of consumption

B Frisch cross-price 0.30 0.0 0.6
clasticity of consumption
Frisch wage elasticity of

b . . 1.

B hours 0.90 0.8 0

B E]vasuclly of employment 050 00 10
with respect to

B E]vastlclly of employment 1.00 00 20
with respect to w

o Variance of latent A 2.15 03 4.0

o, Variance of latent w 2.15 03 4.0

» Correlation of % and w -0.70 -0.9 05

GZL Va‘rmnce of consumption 1.00 05 15
noise

o Variance of hours noise 0.30 0.2 0.4

&, Variance of employment 0.25 01 04
noise

& Variance of productivity 075 03 2

noise

o



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
1.000

Productivity




POSTERIOR DISTRIBUTION

Prior Posterior Posterior
Parameter Interpretation Prior mean standard standard
e mean .
deviation deviation
B Frisch own-price 050 0.12 049 0.07
elasticity of consumption
Bon Frisch cross-price 0.30 0.36 0.53 0.09
elasticity of consumption
P Frisch wage elasticity of 0.90 012 0.95 0.06
hours
Elasticity of employment
B with respect to % 0.50 0.61 0.73 0.15
B Elasticity of employment 5, 121 1.60 033
with respect to w
o Variance of latent 1. 2.15 224 3.58 0.72
o, Variance of latent w 2.15 224 1.14 0.57
P Correlation of A and w -0.70 0.24 0.72 0.13
62( Variance of consumption 1.00 061 L8 023
noise
o Variance of hours noise 0.30 0.12 0.35 0.05
&, Variance of employment 025 0.18 025 0.11
noise
& Variance of productivity 075 055 L5 012

noise

e



INFERRED GROWTH
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-4

ACTUAL AND FITTED VALUES

—Consumption
—Fitted consumption

2 —Hours
~——Fitted hours

3
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—Employment
—-Fitted employment
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—Productivity
~Fitted productivity
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THE BURDEN OF THE
NONDIVERSIFIABLE RISK OF
ENTREPRENEURSHIP

Robert E. Hall
Susan E. Woodward
Stanford.edu/~rehall



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



JOINT DISTRIBUTION OF VENTURE
LIFETIME AND EXIT VALUE
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Fraction of Exits

MARGINAL DISTRIBUTION OF EXIT
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CONDITIONAL DISTRIBUTION

Fraction T
-
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0.0 +—
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FrAcCTIONS OF ToTAL EXIT VALUE BY
EXIT-VALUE CATEGORY

Fraction of Total Value
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FrAcCTIONS OF ToTAL EXIT VALUE BY
VENTURE LIFETIME
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ENTREPRENEUR’S ATTITUDE TOWARD
RISK




ENTREPRENEUR’S DYNAMIC PROGRAM

U(Wt(At)) =

1
&aﬁ[u(ct) i (1 = s )U(Wera (A — ) (1 +7) + w))

+ T Ex UW*((Ar —c)(147) + Xeg1))] (1)

1+7r

UmﬂmnzljrquIfj




PARAMETERS

Constant relative risk aversion: 2
Venture salary: w = $150, 000
Post-venture compensation: w = $300, 000

Starting assets: Ay = $1 million



Career equiivalent wealth, millions of dollars

CERTAINTY-EQUIVALENT CAREER
WEALTH
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CERTAINTY-EQUIVALENT VALUE OF
THE VENTURE OPPORTUNITY

Certainty-equivalent of
Compensation at  entrempreurial opportunity,
Coefficient of non- millions of dollars
relative risk entrepreneurial
aversion, y job, thousands of ~Assets at beginning, millions

dollars per year of dollars

1 5 20

0 300 4.4 4.4 4.4
0 600 33 33 33
0 2,000 -1.9 -1.9 -1.9
0.9 300 12 1.6 2.3
0.9 600 0.1 0.7 13
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




Millions of dollars
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Millions of dollars
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Millions of dollars
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Initial Assets, Millions of Dollars

Possibly an
entrepreneur even
if w* 2 $700,000

SORTING

Entrepreneur if w* <
$700,000

Entrepreneur if
$500,000

w* <

Entrepreneur

0.00

0.25 0.50 0.75

f T T T T T
1.00 1.25 1.50 1.75 2.00 225 2.50
Coefficient of Relative Risk Aversion

if w* < $300,000

275

3.00



EqQuiTy DEPLETION FROM
(GOVERNMENT-GUARANTEED DEBT

Robert E. Hall
Stanford.edu/~rehall



PROMPT CORRECTIVE ACTION?

Federal Regulators 33/,

g{ (o( 3

Close ANB Financial

By DAMIAN PALETTA
AND PAULO PRADA

WASHINGTON—Federal reg-
ulators closed ANB Financial Fri-
day, marking the third financial
institution to fail this year amid
what regulators have warned
might be a tumultuous time.

The $2.1billion bank, of Ben-
tonville, Ark., is the second-big-
gest federally insured bank to
fail since 2001. ANB, which
opened in 1994, had touted itself
asone of the first Internet banks.
As of Friday afternoon, the
bank’s Web site was no longer
working.

The biggest recent failure

was NetBank, a $2.5 billion Al- .

pharetta, Ga., bank that was
closed last year and also strug-
gled with an Internet banking
model.

The Federal Deposit Insur-
ance Corp. said ANB’s nine of-
fices would reopen Monday as
branches of Pulaski Bank and
Trust Co., with deposits trans-
ferred to that bank.

ANB came under regulatory
scrutiny in June 2007 as its as-
sets grew but-its capital shrank,
in part because of a surge in de-
linquent loans. The Office of the
Comptroller of the Currency,
which regulates ANB, required
the company to hire a new senior

loan officer and raise capital,
among other things.

In January, the bank and its
parent company, ANB Banc-
shares Inc., entered into a sepa-
rate regulatory agreement with
the Federal Reserve Bank of St.
Louis, consenting to improve its
capital.

The bank’s delinquent loans
and leases surged to $394 mil-
lion at the end of 2007, up from
$40 million at the end of 2006. It
had roughly 200 employees. The
0OCC blamed “unsafe and un-
sound practices” for the bank’s
failure.

ANB had $1.8 billion in depos-
itsas of Jan. 31. Pulaski is taking
on $212.9 million of ANB’s in-
sured nonbrokered deposits and
will buy $235.9 million of the
bank’s assets. The FDIC said the
failure would ¢(OSTITs federar de-
POSIE insurance fund $214 mil-
Jir

Bank regulators have pub-
licly warned that the rate of insol-
vent banks is expected to pick up
this year. The FDIC is recruiting
retired employees to help handle
an increased workload.

There have been two other
bank failures so far in 2008, both
small Missouri banks. Three
banks failed in 2007, following a
record two-year span in which
no banks failed.

o

30



PROMPT CORRECTIVE ACTION?

ANB came under regulatory
scrutiny in June 2007 as its as-
sets grew but-its capital shrank,
in part because of a surge in de-
linquent loans. The Office of the
Comptroller of the Currency,
which regulates ANB, required
the company to hire a new senior

loan officer and raise capital,
among other things.

In January, the bank and its
parent company, ANB Banc-
shares Inc., entered into a sepa-
rate regulatory agreement with
the Federal Reserve Bank of St.
Louis, consenting to improve its
capital. '



PROMPT CORRECTIVE ACTION?

‘ANB had $1.8 billion in depos-
itsasof Jan. 31. Pulaski is taking
on $212.9 million of ANB’s in-
sured nonbrokered deposits and
will buy $235.9 million of the
bank’s assets. The FDIC said the
failure would ¢ost its Tederal de-
posit insurance fund $214 mll-

lion. _




EXAMPLE OF A HISTORY FROM THE
MODEL

Default Default
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EXAMPLE OF A HISTORY FROM THE
MODEL

Real consumption
(right axis)

Nominal interest
rate (left axis)

Default

Default

a1

6
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BASIC GROWTH MODEL

K'=(147) (K —c¢)

1—v

V(K) = max — . + BV(K')
V(K)=VEK'™™
1—
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PATH

Assume: (1+7)3 =1

r ~
1+7r
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DEBT

Invest
+7r d

Repay D
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CAPITAL REQUIREMENTS

D <(1—-a)pK
unless earlier debt is greater

but D < pK

11/30



THUS,

D = min(p(1 + r)K, max(D, (1 — a)p(1 + r)K))

=K —
Q p 1—|—7"d

Return: max(p'(1+r)K — D,0)

12 /30



LAWS OF MOTION

. D
K=01-2)Y1+nrK+ zly

D'=(1-2)D

3/30



CONSUMER’S DYNAMIC PROGRAM
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CALIBRATION

v=2
r = 0.05

a = 30 percent
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DISTRIBUTION OF ANNUAL PRICE
CHANGE RATIO
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THE CHANCE OF FREE CONSUMPTION




EULER EQUATION

/ oo d(p'/p)TdF(p'[p) = ¢
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DISTRIBUTION OF LEVERAGE RATIO
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Chosen Leverage Ratio

1.20

1.00

0.80

0.60

0.40

0.20

0.00

post bailout

CHOSEN LEVERAGE RATIO

>
0
S}

© @ o4 M © ® o4 ® © ©
v v 9 9 © © ~ ~ o~
©o o & © ©o ©o ©o ©o o o

Leverage Ratio Coming into Period

<
@
[S]

0.86

0.89

0.91

0.94

0.96

0.99

20 /30



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
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CONSUMPTION GROWTH RATE AS A
FUNCTION OF THE LEVERAGE RATIO
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NOMINAL INTEREST RATE AS A
FUNCTION OF THE LEVERAGE RATIO
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EXPECTED FLOWS AS FUNCTIONS OF
THE LEVERAGE RATIO

12 4

1.0 - New debt

0.8 | Repayment of debt with

interest

0.6 -

04 1 Return of equity

Flow as a Ratio to Value of Capital

New equit
0.2 - quity
Net outflow

0.0
Guarantee

-0.2
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FLOWS AS FUNCTIONS OF THE PRICE
RATIO WHEN PRIOR LEVERAGE IS 0.85

Flow as a Ratio to Value of Capital
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Consumption as a Ratio to Capital
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