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1. Introduction

» Empirical studies on health and retirement but only few
theoretical works on the relationship between health and retirement

> simultaneous decision on health and retirement

A
longevity (life-cycle) income
& &
morbidity/productivity returns to health
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» Literature: Bloom et al. 2007 “A Theory of Retirement”
d’Albis et al. 2012 “ Mortality transition and differential
Incentives for early retirement”
Galama et al. 2008 “Grossman’s Health Threshold and Retirement”

However:

Bloom et al. 2007, d’Albis et al. 2012:
exogenous variation of health on retirement

Galama et al. 2008:
endogenous health but do not connect it to survival
(only morbidity/productivity effect)
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In this paper:
longevity — health - retirement nexus

with endogenous health (morbidity and mortality) +
endogenous retirement decisions

Investigate

the relationship between (optimal) health and retirement when
health relates both to

mortality/survival => pull for longer working life
morbidity/disutility of labour => push for longer working life

the implications of health-related moral hazard when annuity
returns do not adjust to individual health (Davies & Kuhn 1992,
Philipson & Becker 1998)
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2. The Model

Objective: maximize lifetime utility
2 phases of life: working life + retirement (at age 1)

utility in first phase (t < 1): u(c(t)) —v(t, S(t))

utility in second phase (t > 1): u(c(t))

benefit from consumption c: u(c(t)) u' >0,u”"<0,u’(0) =+
disutility from work: v(t,S(t)) v, >0,v,>0

Disutility from work is responsive to health S(t): Vs <0,vs 20

with the boundary case: vs =0
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Health:

Stock of health = survival through age t S(t) with S(t) =—u(t,h(t))S(t),S(tg) =1

Mortality = rate of depreciation W in health care h  p(t,h(t)) <0, upp >0,
#h (t,0) =—0

Moral hazard within the annuity market:

Annuity return: r—+0n(t) + (1 — O)pu(t. h(t)) with 6 € 0,1]
with r = market interest

0 = 0 = Perfect annuity market: individualised return

0 = 1 - Moral hazard: individual takes return as given

In equilibrium: p(t) = pl(t,h(t))
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The Full Model

T

Mnax . E_PtS(t)(u(c(tj)—y(t,S(t}))dt+/T.Te_PfS(tju(c(t))dt

subject to

Alt) = w(t)— C(tj +(r+00+ (1—0)u)A(t), Alty) =0 fort<rt
A(t) = —c(t) —h(t (r+9,u+ (1—0)u)A(t), AT)=0 fort>r1
S(t) = —n(t,h(t)S ( ), S(to) =1

With p = rate of time preference

Two state variables: Assets A(t)
Health S(t)

Three controls: Consumption c(t)
Health care h(t)
Retirement T

First-best allocation: =0
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3. Optimal allocation

Consumption: te(c” (1)) —  r(s=t)
ue(c* (s))erls—t)
1 .
Health: _ — it
MUECIL
Retirement: v(t, S(m)
= w(7")

uo(e (7))

From Euler: ¢ (t) = coel"=P)E=10)
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Euler: MRIS = compound interest

Cost of increasing S(t) by one unit
= Value of health/survival

Value of disutility = earnings
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Value of health (VOH) = WTP for an increase in S(t) at age t

o p e v T —re—eyS(8) ule(s)) —v (s, 5 (s))
Working life : vit) =Yt < ,]_ft e 50 2o (2 (3)) ds

Gross surplus of _ra—t) 2 (8) ulc(s))
survival TJc S(t) uc {c{SﬂdS
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Value of health (VOH) = WTP for a small reduction in u at age t

S _ T S(s)ule(s)) —vi(s, S(s))

Working life : ) - =w(t< T =j r{s—t) d

J vi(E) vt =) . ; S(t) u.(c(s)) :
Gross surplus of _r(a—t)2(8) ule(s)) ;
survival S(t) ue (e(s))
Value of morbidity ——— —f e‘”‘“*'d{s_] S{Sjy‘?%ds
reduction : S(t) ue(c(s))
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Value of health (VOH) = WTP for a small reduction in u at age t

Working life : v (t)

Gross surplus of
survival

Value of morbidity —

reduction

with
Human wealth: H (t)

Future expenditure E(#)
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(e(s)) —v(s,5(s))

u.(c(s))

ds

. T S(s)u
— < ) = r{s—t)
=vlE<T) jt ) S(t)

_ria—ty2(8) ulc(s))

e 50 m {c{sjjd5+{l —0)[H(t) — E(t)]
B TE—rfs—uS{S:' S(s)rg .
. S(t) ue(e(s))

'(8)ds

R )
ria—t]
[ IO

T 8(s) :
—rla—t)] =\ )
[ e 50 le(s) + h(s)|ds
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Value of health (VOH) = WTP for a small reduction in u at age t

Working life : A - —pt<n)= [ ere-n28)ulels)) —v(s,5(s))
J viE) o =vltsT) ft ’ S{t_l u.(c(s)) ds
Gross surplus of _r(a—t)2(8) ule(s)) _
: d 1-8)[H(t)—-E(t
survival M{SH s+ ) [H (t) (2)]
Value of morbidity —, — [ ¢=mle=t)2 Sls) Sls)vs ds
reduction t S(t) uelels))
with
. v . " —ris 1']5{5:' )
Human wealth: H{t) : = [ e ——w (5) ds
t J{ﬂ
. T _ g
Future eXpendItUI’e E{tl zf E—rLa—z] Iﬁ{‘sjl [Iﬂ' |:5| —|—h{5}] d.ﬂ
t *—”*‘{ﬂ
T
: sty 2 (5) ule(s))
Retirement: At - =w(tzT =[ ris=t) ds—(1—@)E(t
v (2) Y(t =) e 50 uE{ESIIS (1—-6) E(t)
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Life cycle complementarity between

HEALTH and CONSUMPTION
HEALTH and RETIREMENT

RETIREMENT and CONSUMPTION
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Properties of health care :
- Complementarity with (future) health if and only if 6=1:

~

tT]=6"" rle- )St)>o

S(t) -

- Complementarity with (past) health if morbidity matters

oh t)
ohl(t

u(nE)fvs T SVss g0 S(8) s .

Tﬂt e [to,t) = 1= S0

- Complementarity with consumption

ah(t > Z') e(r—p)(t—to)-lje—p(s—t) S(S))[_ Ulcc n gjds >0

oo - S(t)\  ug
onh(t < 7) _ A(r=p)t—t)  a—pls- - —r(r— )S(r)awz(t) >0
ocy S(t) ocg
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- Complementarity with retirement:

hit=7)_,
or <0 =0
1 A
* ! * ! * e
M:_e‘r(f*—to)s(r )[VSS(T )+ QV(T ’S(T ) >0 < 7(v,S)> 6
ot S(t) | U Ue |

where  7(v,S):=-vgS)V

Result 1:

(i) First-best 8=0: Pre-retirement health is complementary with retirement age.

(i) Second-best 6=1: Pre-retirement health is complementary with retirement age if
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4 Moral Hazard in the Annuity Market

Assumption: A(t)>0 holds for all t.

Then,... %g):—[H(t)—E(t)]:A(tbO@A(t)>0

Result 2: Exogenous retirement (Kuhn & Davies 1992, Philipson & Becker 1998)

For a given level of retirement, moral hazard in the annuity market A health
expenditure and W consumption for all t.

Result 3: Endogenous retirement

For an endogenous level of retirement, moral hazard in the annuity market A health

expenditure for all t, A the retirement age and

() W consumption for all t if the disutility of labour is relatively unresponsive to
health but...

(i) A consumption for all t if the disutility of labour is relatively responsive to
health
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optimality locus

M (co,7) == w (1) — v(r) =0

uc(cﬂel:r_le:T_tﬂ))

feasibility locus

AU (CU?T, h) — Lj @(S;tﬂ)'w (S) ds — L:(b(g’tﬂ) (C(S) + h (5)) ds = 0
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Case (i): vg=0

A, (c,,T.h*>h)=0

A, (c,.T, h*)=0

I S . T AL (¢, T.he<h®)=0
» M(c,,t=0  This allocation contradicts
o complementarity
o0 ‘ dh/dc,>0 and dh/dT<0
0 o together with dh/d8>0

Excessive health care => under-consumption
Mitigated (but not overturned) by an increase in retirement age.
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Case (i1): vg<O

A, (c,,T.hb>h®)=0

A, (c,,T, h®)=0

M(c,,t,hs>>h)=0

M(c,,t,h®)=0

>
fb
Cp —> C

Morbidity reduction => magnifies expansion of working-life
=> |f strong enough => generate scope for extra consumption!
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5. Numerical Results

W_p BT b6 o=15
ulelt)) = b+ 5— ’ from HMD (1990-2000)
, e = . [h(t)t =T
ult, hit)) = plf)olt, hi(t)) ot hit) =1— 1“.' —1_7T z=30: T=110

w(t)= 52,630 (US average earnings 2000); r=p=0.06; a=0.2
Case (i): v(t)=v(S(h™(t))) from case (ii) => identical (ex-post) disutility

Case (ii): v(S)=2(1-5) z-bar=6.5
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6 scenarios

v(t,S) = v(t) v(t,S) = v(S)

first best (0 =0, t = 1t™) 1.1 2.1
moral hazard, exog. retirement (0 =1, © = ™) 1.2 2.2

moral hazard, edog. retirement (0 =1 , t = 159) 1.3 2.3

¢ —E Vi
ienna Yo W .
) | N~ ittgenstein Centre
Institute for Mathematical Methods in Economics " Ins“tute Of oo &
Economics ‘ Demog I'ap hy ST FOR DEMOGRAPHY AND
GLOBAL HUMAN CAPITAL

Austrian Academy of Sciences



Consumption:

Case (i): v(t)

CansUmpion
T T

4754

4752

e

4T4E

47441
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Case (ii): v(S)

consumption
T T

4575

4 585

1 1 I 1 1 1 1 1 1 I
20 30 a0 S0 &0 T 30 a0 100 110

First-best: solid (scenario 1.1 and 2.1)
Moral hazard...with fixed 1: dashed (scenario 1.2 and 2.2);
..with endogenous T: dotted (scenario 1.3 and 2.3)
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Health:

Case (i): v(t) Case (ii): v(S)

hiealth Investmarts nealth Invastments

1 1 1 1 1 1 1 1 L
20 30 40 = &80 70 &0 o0 100 110

First-best: solid (scenario 1.1 and 2.1)
Moral hazard...with fixed 1: dashed (scenario 1.2 and 2.2);
...with endogenous T1: dotted (scenario 1.3 and 2.3)
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7. Conclusions

» Life-cycle framework to study in a unified way retirement & health (both
with a mortality and morbidity dimension)

» Moral hazard on the annuity market => excessive health care.

» Weak morbidity => excessive working life and under-consumption

» Strong morbidity => excessive working life and over-consumption (due to

‘productivity effect’). Moral hazard is ‘magnified’.

» Mandatory / Early retirement as a second-best policy aimed at curtailing
moral hazard
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Thank You
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