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Motivation |: Life expectancy

® Large and increasing difference in life expectancy by SES

e Differences are exaggerated by increasing selectivity of lower ed. groups, but
differences remain after adjusting for this
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Figure 1: US MALE LIFE EXPECTANCY AT AGE 25, 1989-2016

Source: Authors’ calculations based on CDC data.
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Motivation Il: Income

® The wage gap between males with post-college education and high school
dropouts rose from 1979 through 2005
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Figure 2: TRENDS IN COMPOSITION-ADJUSTED REAL LOG WEEKLY
FULL-TIME WAGES BY EDUCATION, 1963—-2005 (MARCH CPS)
Source: Autor et al. (2008, REStat)
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Introduction

® |nequality is multi-dimensional: education, wealth, health, etc...
® Many of these “factors” are both drivers and outcomes of life-cycle inequality

e Aim: To propose a framework for studying how (heterogeneous) individuals
accumulate human capital, assets, and health deficits over the life cycle.

- Heterogeneity in initial endowments: learning ability, access to schooling (SES),
initial health deficits

- Productivity growth and medical progress as drivers of (i) development over time;
(i) inequality
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® Individuals maximize their life-cycle utility

E
V(S E,RT) = /Oe_ptu(c(t),O,gzﬁ)S(t)dt
+/Re_”tu(c(t),/(t),O)S(t)dt

+/R e tu(c(t),0,¢)S(t)dt

@ with c: consumption, I: labor supply, S: survival (streams)
@ and E: duration of education, R: retirement age, T: a terminal age.
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® Individuals maximize their life-cycle utility

E
V(1S ERT) = /e—ﬂfu(c(t),o,¢)5(t)dt
0

+/Re—pfu(c(t),/(t),O)S(t)dt

+/R e tu(c(t),0,¢)S(t)dt

@ with c: consumption, I: labor supply, S: survival (streams)
@ and E: duration of education, R: retirement age, T: a terminal age.

® subject to

dynamic state

depending on

impacting

survival

health deficits
human capital
financial wealth

mortality

health care + initial defs

education + health defs + learning ability
cons + health care + education

remaining life exp
mortality + depr hum cap
earnings

ditto

5/16



® Individual heterogeneity with respect to their endowment
@ health deficits at birth (tantamount to frailty)
@ learning ability

© disutility of attending school ¢ (tantamount to parental aversity to schooling and
other access barriers)
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® Individual heterogeneity with respect to their endowment
@ health deficits at birth (tantamount to frailty)
@ learning ability

© disutility of attending school ¢ (tantamount to parental aversity to schooling and
other access barriers)

® These determine selection into three educational categories (primary, secondary,
and costly tertiary)

® Sequential solution of the model to obtain optimal
@ laws of motion for consumption, labor and health care (over the life-cycle)
@ retirement age
© longevity
@ choice of schooling
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Numerical analysis

® In the numerical analysis we

@ consider random draws (> 25,000 for each scenario) from three distributions of
parameters: ability , disutility of schooling — reflecting family background—, and
initial health deficits
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® In the numerical analysis we

@ consider random draws (> 25,000 for each scenario) from three distributions of
parameters: ability , disutility of schooling — reflecting family background—, and
initial health deficits

@ calibrate the benchmark to reflect US economy/demography for birth cohorts
1910-1970

© Three targets: (i) evolution of life expectancy 1910-1970; (ii) health care
spending share for the cohorts 1910-1930; (iii) Educational distribution for 1910
cohort: Primary=48%, secondary=43%, postsecondary=8% (Data from
Edu20c.org)

@ explore the role for life-cycle outcomes across and within cohorts of two secular
trends: skill-biased productivity growth and medical progress (=increasing
effectiveness of health care in curbing deficits)

® two counterfactuals: one without productivity growth, one without medical progress

® Note: Medical progress has been calibrated such that medicine explains < 50%

of the increase in life expectancy
7/16



Results: Lifecycle profiles |
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Figure 3: Labor Income: US birth cohorts 1910 (red) and 1960 (blue).
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Results: Lifecycle profiles Il
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Figure 4: Assets: US birth cohorts 1910 (red) and 1960 (blue).
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Results: Health care expenditure

+ Health care spending increases over time both within and across educational groups
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Figure 5: Cohort health care spending share by educational attainment. Source:
Authors’ simulations and Hall and Jones (2007) (red diamonds).
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Results: Health care expenditure

 Productivity growth raises the health care spending share (Hall and Jones, 2007;
Fonseca et al, 2013; Frankovic and Kuhn, 2018)
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Figure 5: Cohort health care spending share by educational attainment. Source:
Authors’ simulations and Hall and Jones (2007) (red diamonds).
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Results: Health care expenditure

 Medical progress as a similarly potent driver of health care spending (Fonseca et al,
2013; Frankovic and Kuhn, 2018)
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Figure 5: Cohort health care spending share by educational attainment. Source:
Authors’ simulations and Hall and Jones (2007) (red diamonds).
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Results: Life expectancy

« Average LE increases faster for individuals with postsecondary education than
for individuals with primary education
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Figure 6: Life expectancy at age 14 by educational attainment. Source:
Authors’ simulations and Bell et al. (1992) (red diamonds).
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Results: Life expectancy

« Medical progress accounts for a sizeable share of the rise in average LE
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Figure 6: Life expectancy at age 14 by educational attainment. Source:
Authors’ simulations and Bell et al. (1992) (red diamonds).
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Results: Life expectancy

+ Productivity growth leads to an increase in the price of health and dampens
increase in life expectancy across education groups
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Figure 6: Life expectancy at age 14 by educational attainment. Source:
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Results: Wellbeing in benchmark

® Wellbeing measure: Maximized life-cycle utility V/(c*,1*,S* E*,R*, T*)

Cohorts
Education 1910 1920 1930 1940 1950 1960 1970
Primary mean 0,967 1,023 1,072 1,103 1,127 1,151 1,176

std.dev 0,024 0,028 0,036 0,043 0,049 0,050 0,041

Secondary mean 0,984 1,040 1,086 1,119 1,141 1,183 1,224
std.dev 0,026 0031 0035 0044 0051 0065 0,082

Tertiary  mean 1,050 1,111 1,180 1237 1275 1333 1,406
std.dev 0027 0040 0056 0070 0099 0134 0,180
Average  mean 1,000 1,058 1,112 1,153 1,181 1222 1,269

stddev 0,026 0,033 0042 0052 0066 0,083 0,101
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Results: Wellbeing in benchmark

Wellbeing measure: Maximized life-cycle utility V/(c*,1*,S* E*,R*, T*)
® Strong increase in wellbeing throughout but...

® ..increasing disparity across education groups and

...within education group, in particular the tertiary (Selection!)

Cohorts
Education 1910 1920 1930 1940 1950 1960 1970
Primary mean 0,967 1,023 1,072 1,103 1,127 1,151 1,176

std.dev 0,024 0,028 0,036 0,043 0,049 0,050 0,041
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Results: Role of medical progress and productivity

growth

® Both medical progress and income growth contribute to increase in wellbeing,
but...

Cohorts
Scenario 1910 1920 1930 1940 1950 1960 1970
Benchmark
mean 1,001 1,058 1,112 1,153 1,181 1,222 1,269

std.dev 0,026 0,033 0,042 0,052 0,066 0,083 0,101

No Medical Progress
mean 0,988 1,038 1,076 1,099 1,111 1,132 1,157
std.dev 0,021 0,023 0,023 0,024 0,022 0,023 0,022

No Productivity Growth

mean 0,921 0,956 0,983 0,995 1,007 1,031 1,059
std.dev 0,025 0,031 0,038 0,043 0,054 0,070 0,083
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Results: Role of medical progress and productivity

growth

® Both medical progress and income growth contribute to increase in wellbeing,
but...

® ...medical progress provides a much stronger boost to inequality

Cohorts
Scenario 1910 1920 1930 1940 1950 1960 1970
Benchmark
mean 1,001 1,058 1,112 1,153 1,181 1,222 1,269
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Conclusion

® We have developed a framework for analyzing the increase in within-cohort
inequality in wealth, life expectancy and wellbeing
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Conclusion

® We have developed a framework for analyzing the increase in within-cohort
inequality in wealth, life expectancy and wellbeing

® Qur framework accounts for compositional effects and selectivity through a set
of initial endowments (learning ability, initial health deficits, and effort cost of
schooling)

® Both medical progress and productivity growth turn out to be strong drivers of
increases in life expectancy (here medical progress is stronger) and wellbeing
(here productivity growth is stronger)

® Medical progress a much stronger propensity to widen disparities, presumably
by triggering strong selection into education groups
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Thank you!

This project has received funding from the Austrian National Bank
(OeNB) under Grant no. 17647.
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Results: Educational attainment

« Strong educational expansion implies strong selection effects
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Figure 9: Educational distribution: Birth cohorts 1910-1970. Source: Authors’

simulations.
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Results: Educational attainment

+ A strong Ben-Porath effect: Absence of medical progress eliminates returns of

education
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Figure 9: Educational distribution: Birth cohorts 1910-1970. Source: Authors’
simulations.
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Results: Educational attainment

+ Medical progress is key to explain the increase in education
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Results: Lifetime income
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Figure 10: Cohort lifetime labor income by educational attainment. Source:
Authors’ simulations.

14/16



Results: Lifetime income

+ Case (b) The increase is due to productivity growth
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Figure 10: Cohort lifetime labor income by educational attainment. Source:
Authors’ simulations.
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Results: Lifetime income

+ Case (c) Flat incomes in the absence of productivity growth
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Figure 10: Cohort lifetime labor income by educational attainment. Source:
Authors’ simulations.
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The individual

B Survival and health deficit accumulation:

® Survival as a fourth state as in Kuhn et al. (2015), Schiinemann et al. (2017) and
Dragone and Strulik (2018)

S =—u(D,z)S with §(0,z) =1, (1)

where z denotes the birth cohort.
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B Survival and health deficit accumulation:

® Survival as a fourth state as in Kuhn et al. (2015), Schiinemann et al. (2017) and
Dragone and Strulik (2018)

S =—u(D,z)S with §(0,z) =1, (1)

where z denotes the birth cohort.

® Health deficits accumulation: Dalgaard and Strulik (2014)
D = By(D — A(E)h" — 7q) )

with A(E)/A(E) = gn/(1+ agt) (decreasing medical progress), n € (0, 1) returns
to health care investment, D(t) < D, D(T) = D.

heterogeneous initial health deficits: D(0) ~ v¢ + U(aq, aq)
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The individual (cont’d)

B Health-dependent human capital:

. OHY —§(D)H for t <E,
H =
—§(D)H for t > E,

E length of schooling, @ learning ability level, §(D) = xD? depreciation of

human capital, and v € (0,1) return-to-scale of education

heterogeneous learning ability: 6 ~ U(6, 0)
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The individual (cont’d)

B Assets accumulation:

ra— c — pph — puu(D, z) — TU,(E) for0 <t <E,
a=qra—c—pyh—p,u(D,z)+w,(D,E|0)¢ for E<t<R, (4)
ra— ¢ — pnh — pup(D, z) for R<t<T.

where TU,(E) is the tuition cost of attending college and the wage rate is
given by
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The individual (cont’d)

B Assets accumulation:

ra— c — pph — puu(D, z) — TU,(E) for0 <t <E,
a=qra—c—pyh—p,u(D,z)+w,(D,E|0)¢ for E<t<R, (4)
ra— ¢ — pnh — pup(D, z) for R<t<T.

where TU,(E) is the tuition cost of attending college and the wage rate is
given by

log w:(t, D, E|0) = log H(t, D, E|0) + g(E)(z+t) + fo + Bi(t — E) + Ba(t — E)*. (5)

Parameter g(E) is the education-specific labor-augmenting technological progress
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The individual (cont’d)

B Instantaneous utility: For simplicity’ sake we define

u(c,0) >0

o(")

u(c(t),0) — ¢ for0 <t <E,
u(t|¢) = q u(c(t), £(t)) for E<t <R, (6)
u(c(t),0) +p(t) for R<t<T,

instantaneous utility as in Murphy and Topel (2006)

disutility of attending school: heterogeneous access
utility of leisure during retirement (with ¢’ > 0, ¢” > 0)
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The individual (cont’d)

B Instantaneous utility: For simplicity’ sake we define

u(c(t),0) — ¢ for0 <t <E,
u(t|¢) = q u(c(t), £(t)) for E<t <R, (6)
u(c(t),0) +p(t) for R<t<T,

u(c,£) > 0 instantaneous utility as in Murphy and Topel (2006)
10} disutility of attending school: heterogeneous access
() utility of leisure during retirement (with ¢’ > 0, ¢” > 0)
m Lifetime utility:
T —
V(0i6) = [ & P S(euleié)de with &~ U(0.5). ™)
0

p  time discount factor
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Optimal life-cycle allocation

® Value of schooling (VOS): Willingness to pay for H units of human capital

WP () = /R e "7y, (s, E|0)l(s)ds > 0 for t € (E, R). (8)
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Optimal life-cycle allocation

® Value of schooling (VOS): Willingness to pay for H units of human capital

R
W(t) = / e (s, E0)¢(s)ds > 0 for t € (E, R). ®)
t
® Value of life (VOL): Willingness to pay for saving one’s life
T
S _ —r(s—t) u(s)

t) = e ds > 0. 9
v = [ e ©)
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Optimal life-cycle allocation

® Value of schooling (VOS): Willingness to pay for H units of human capital
R
W(t) = / e (s, E0)¢(s)ds > 0 for t € (E, R). ®)
t

® Value of life (VOL): Willingness to pay for saving one's life

ws(t) :/t —r(s—t) l:’((s))d > 0. (9)

® Value of health deficits (VOD): Willingness to pay for avoiding the
accumulation of health deficits

—P(t) = =P (T)e PIT D)
+ / e PO [ (D()) (67 (5) + pu(s)) + 8 (D())"(s)] ds < 0. (10)

® Health care investments
h(e) = (9m (~02(0)) 240 ) (11)
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Optimal life-cycle allocation (cont’d)

1. The laws of motion for consumption, labor, and health care:

¢/c=oc(r—p— (D)), (12)

0/t = o (We/w: +p—r + p(D)), (13)
H . ’ S / H

h/h=(1—n)" (r—ﬁd+2— - ACIG +_’::L),+5(D)¢ ) . (18)
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Optimal life-cycle allocation (cont’d)

1. The laws of motion for consumption, labor, and health care:

¢/c=oc(r—p— (D)), (12)

0/t = o (We/w: +p—r + p(D)), (13)
H . ’ S / H

h/h=(1—n)" (r—ﬁd+2— - ACIG +_’1’:D)+5(D)¢ ) . (18)

2. Optimal retirement age

uc(R*[@)w:(D, R*, E|6)(R") = ¢(R") — auv(U(R")). (15)
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Optimal life-cycle allocation (cont’d)

1. The laws of motion for consumption, labor, and health care:
¢/c=oc(r—p— (D)),
(/¢ =0 (ve/wz + p — r + u(D)),
A py (D) (¥ +p) + (D)

h/h=(1—n)_1<r—ﬁd+A o —D
2. Optimal retirement age
uc(R*[@)wz(D, R*, E|0)((R") = ¢(R") — ayv(¢(R")).

3. Optimal longevity and the value of health deficits

H(T*) =0, D(t) < D, and D(T*) = D.

) |
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Optimal life-cycle allocation (cont’d)

1. The laws of motion for consumption, labor, and health care:

¢/c=ac(r—p— D)),
(/0 = o) (Wz/wz + p — r + u(D)),

h/h=(1—n)_1<r—ﬁd+2—:i:— —D
2. Optimal retirement age
uc(R*|¢)wz(D, R™, E[0)U(R™) = p(R") — cuv (£(R")).
3. Optimal longevity and the value of health deficits
H(T*) =0, D(t) <D, and D(T*) = D.
4. Optimal length of schooling

E* =argmax V(E, T*,R*,c* £, h*).
ECE

#(D) (¥° +pu) + 5'(D)w”> .

(17)
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The individual (cont’d)

® From Mitnitski et al. (2002) we have

Bu
D— Ba
u(0.2) =) + o, (224) (18)
6% ]
= Using the health deficit model gives
H(D(8),2) = 3(2) + a1 5 R0, (19)

where Re(t, z) is the “rejuvenation rate” at age t for the cohort z

0 <Re(t,z) = Pa / A(s + 2)h(s)"e Pesds < 1. (20)
0
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The individual (cont’d)

Let's assume a permanent medical breakthrough £ at time 7 is given by

At) = {,A for t < T, (21)
A+E& fort>T

Then, the relative marginal impact on the mortality hazard rate of a permanent
medical breakthrough £ at time 7 is

¢ ou(t) {0 for t < T,
= f: h(s)"e Pdsds

B (t)
€ o R (1 - AL“(t) ) for t > .

(22)
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The individual (cont’d)

Figures/MedBreakthrough. jpeg
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The individual (cont’d)

Figures/LongElasticity. jpeg
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Optimal life-cycle allocation

® Current-value Hamiltonian:

S(u(c) — @) + Aa(ra— ¢ — pnh — puu(D))
+)\h(9H7 — HDzH) + )\D,Bd(D — AR" — ’Yd)
—Asp(D)S

Su(c,?) + Xa(ra+ Hwl — ¢ — pph — pup(D))
—AhIiDzH + )\Dﬂd(D — Ah" — ’Vd)
—Aspu(D)S

S(u(c) + ) + Aa(ra — ¢ — poh — pup(D))
+ApBa(D — A" — 4) — Asp(D)S

schooling period,

23
working period, (23)

retirement period.
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Calibration

B Three targets:

1 Health care expenditure for 1910 birth cohort is 10% of total lifetime income,
whereas for 1930 birth cohort is above 15% of total lifetime income: = A(0)
(initial medical technology)
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Calibration

B Three targets:

1 Health care expenditure for 1910 birth cohort is 10% of total lifetime income,
whereas for 1930 birth cohort is above 15% of total lifetime income: = A(0)
(initial medical technology)

2 Evolution of life expectancy: = A(t, E) = A(0, E) exp{fot & —ds}, where gy

ltags

(medical progress)

3 Educational distribution for 1910 birth cohort: Data taken from Edu20c.org:
{Primary=48%, secondary=43%, postsecondary=8%}.
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Calibration (cont’d)

- Initial endowments (¢, 6, Dy) are randomly drawn from uniform distributions
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Calibration (cont’d)

- Initial endowments (¢, 6, Dy) are randomly drawn from uniform distributions

- The combination of initial endowments (¢, 8, Dy) influence the schooling
decision — Selectivity (Less-educated individuals are more likely to come from worse
socioeconomic backgrounds)

Figures/MBO. jpeg
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Table 1: Model parameters

Preferences

IES on consumption

IES on labor

Utility weight of labor
Discount factor

Initial utility of retirement

Mortality and health deficits
Natural rate of aging

Senescence rate
Minimum mortality rate
Makeham component
Maximum health deficits

¥o
Y1

Ba

ag

Yd

Brm
log(arm)
lm(z )
D

0.6000
0.2000
15.0000
0.0000
0.5000
1.8559

0.0430
0.0031
0.0200
0.0737
-8.2630

0.2200

Prices

Productivity growth

Rate of growth of health prices
Interest rate

Initial price of health services
Initial price of emergency care
Initial tuition cost

Human capital

Returns to experience

Returns to experience-squared
Depreciation of human capital
Returns-to-scale to education

Health investments
Health technology
Returns-to-scale of health

8h
Pn

Pm
To

B
B2

Yh

0.0150
0.0225
0.0400
$674
$9103
$11951

0.0904
-0.0013
0.1500
0.6500

0.000547
0.2000
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Results: Life expectancy

Figures/HealthToInconilgfrepdsal thToInconfkilgfreydieal thTolncome.

(a) Benchmark (b) No medical progress + (c) Medical progress +
productivity growth no productivity growth

Figure 14: Health spending to lifetime income by cohort. Source: Authors’
simulations.
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Results: Life expectancy

Figures/LEe14AvO.

jpe

&igures/LEel14Av6.|jpe

&'igures/LEel14Av7 .|jpeg

(a) Benchmark

(b) No medical progress +
productivity growth

(c) Medical progress +
no productivity growth

Figure 15: Cohort—life expectancy at age 14. Source: Authors’ simulations and
Bell et al. (1992) (red diamonds).
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Results: Retirement age

Figures/RetAv0. jp

@

g |Figures/RetAv6. jpeg | Figures/RetAv7. jp

)

g

(a) Benchmark (b) No medical progress + (c) Medical progress +
productivity growth no productivity growth

Figure 16: Retirement age by cohort, 1910-1970. Source: Authors’' simulations.
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Results: Lifetime income

Figures/LifeTimeIncouilgirejpdg feTime InconftilgifrefdgifeTime Income.

(a) Benchmark (b) No medical progress + (c) Medical progress +
productivity growth no productivity growth

Figure 17: Cohort—lifetime labor income. Source: Authors’ simulations.
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Results: Value of life (VOL)

Figures/VOLAvO. jp

(0]

g |Figures/VOLAvV6. jpeg | Figures/VOLAV7. jp

)

g

(a) Benchmark (b) No medical progress + (c) Medical progress +
productivity growth no productivity growth

Figure 18: Value of life (VOL) by cohort.

Source: Authors’ simulations and Costa and Kahn (2004) (red diamonds).
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Sensitivity analysis: Health care

Figures/HealthToInconigujpesy Heal thToIncom&i3sjpesy HealthToIncome:

(a) Infectious diseases (b) Diff. edu. on health (c) Skill-biased technolog-
ical change

Figure 19: Cohort health care spending share by educational attainment: Birth
cohorts 1910-1970. Source: Authors' simulations.
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Sensitivity analysis: Life expectancy

Figures/LEel41.jp

0]

g

Figures/LEe143. jp

Figures/LEel44. jp

(a) Infectious diseases

(b) Diff. edu. on health

(c) Skill-biased technolog-
ical change

Figure 20: Life expectancy by educational attainment: Birth cohorts
1910-1970. Source: Authors’ simulations.

)

g
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Sensitivity analysis: Educational attainment

Figures/EduDist1.

jpe

d'igures/EduDist3.|jpe

&igures/EduDist4.|jpeg

(a) Infectious diseases

(b) Diff. edu. on health

(c) Skill-biased technolog-
ical change

Figure 21: Educational distribution: Birth cohorts 1910-1970. Source: Authors’

simulations.
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Sensitivity analysis: Retirement age

Figures/Retl. jpeg Figures/Ret3. jpeg Figures/Ret4. jpeg

(a) Infectious diseases (b) Diff. edu. on health (c) Skill-biased technolog-
ical changes

Figure 22: Retirement age by educational attainment: Birth cohorts
1910-1970. Source: Authors’ simulations.
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Sensitivity analysis: Lifetime income

Figures/LifeTimeInconigujpesy/LifeTime Incom&i3ngpesy/LifeTimeIncome:

(a) Infectious diseases (b) Diff. edu. on health (c) Skill-biased technolog-
ical change

Figure 23: Lifetime income by educational attainment: Birth cohorts
1910-1970. Source: Authors’ simulations.
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Sensitivity analysis: Value of life (VOL)

Figures/VOL1. jpeg

Figures/VOL3. jpeg

Figures/VOL4. jpeg

(a) Infectious diseases

(b) Diff. edu. on health

(c) Skill-biased technolog-
ical change

Figure 24: Cohort value of life by educational attainment: Birth cohorts
1910-1970. Source: Authors’ simulations.

16/16



Dimensions of inequality: Income

B The wage gap between males with post-college education and high school
dropouts rose from 1979 through 2005

& A Males

,I,I, o

8

=

£

? -

g o

=

5 o

A y ;

1963 1968 1975 1981 1987 1983 1999 2005
HS Dropout ~ —=—s=—=

ses-geeee Some College  —-a—- Exaﬁiy Gnlaqe
— = — Paosi-College

Figure 25: TRENDS IN COMPOSITION-ADJUSTED REAL LOG WEEKLY
FULL-TIME WAGES BY EDUCATION, 1963—-2005 (MARCH CPS)
Source: Autor et al. (2008, REStat)
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Calibration (cont’d)

035

o o>
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(a) Birth cohort 1910 (b) Birth cohort 1970

Figure 26: Impact of the initial endowments on educational attainment.
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