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Abstract: To a certain extent, people adapt to the adveossequences of old age as well as to most other
undesired events. However, there is evidence tgesighat young people typically underestimater thkility to
adapt to it (Lacey, Smith and Ubel, 2006). Thisqragxplores the economic implications for healtestment
and saving decisions of this misprediction congideas a projection bias in the spirit of Loewemstei
O’Donoghue and Rabin (2003) in four small simple4meriod models. Under standard and general asgumspt
we show that when they view their future healtheleas given, this bias leads individualsuadersavef the
marginal utility of consumption increases with hiesdndoversavein the opposite case. When health becomes
endogenous, and when people must choose duringythigih between present consumption, saving antthhea
investment, their inability to predict adaptatiaadl them tmverinvestin their health at the expense of their
present and future consumption as long as the margtility of health does not depend significamiyw of the
consumption level.
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[. INTRODUCTION

No one escapes from the laws of biology. Ageintierently associated with a declining beauty, a
reduction of physical and cognitive functions, aa increasing probability of serious illnesses,
disabilities or loss of close relatives, not to tm@m nostalgia for the past. But ageing is not
systematically associated with declining utilitywe except the very last years. Among recent ssudie
for instance, Blanchflower and Oswald (2007) showed happiness of Americans and Europeans is
U-shape through the life cycle with a minimum indiie, after controlling for income and after
ruling out the possibility of a pure cohort effecEontrolling for more factors like marital status,
children, work status in particular, and excludsigple cohort effect again, Yang Yang (2008) found
an increasing path this time for AmericanBsychological studies like Carstensen et alib@%lso
indicate that at old age, the frequency of feebad or angry declines and when negative emotions
occur, they don't last as long or they are moresipasRoss and Mirowksi, 2008).

" Contact:serge.mace@icl-lille.ftel : 00 33 3 20 13 41 01. Institut CatholiqueLdke, 41 rue du Port, 59 016 Lille Cedex
(France)

! Johannesson and Gerdtham (1997) got the sameusan® on Swedish data; See also Afsa et Marcu@8jath French
data

2 As Easterlin (2006) noted, it's important to kéepnind that the previous results have been obdainecontrolling one
or more age-related variables like income or mestttus so that one cannot infer from the previiudies that happiness
automatically increases with age. If one looks atious sociological, psychological and economidistsi who do not
systematically introduce this kind of control vénlie there is no clear evidence about the exaat foir the relationship
between age and happiness. For instance, Argy@ljatbncluded to an increased path of happinessagé, Costa et al
(1987) to a constant path and Mroczek and Spir6%2f a mildinvertedU-curve with a peak at 65, higher than Easterlin
which placed it at 44. This lack of agreement cofm@s the different samples, countries, scalesranthodologies used
(happiness studies, life satisfaction studies, didenain approach, affect studies, cross-section&r@itudinal studies)
and from the difficulty to neutralize birth cohaffects, age effect or a selection bias due tchtgher mortality of less
happy people. This debate however does not affacpoint which is that declining health brought abby ageing does
not imply strong declining utility because peoptiajpt psychologically to it (see after).




Different factors have been invoked to explain tlukl age paradox”, in particular the increase in
financial satisfaction, the new leisure time aJa#afor retired people, or even the leaving home of
children. There is also actually an emerging cosssg in the literature around the idea that an
important part of the explanation lies in hedordajatation. To a certain extent, people actuallyrsee
to adapt to old age as well as to most events gwoddad that affect their life, probably because
adaptation or related phenomena like habituationesiience have been favoured in our genes by
natural selection. Considering only bad eventss & classical result of psychology now that people
tend to adapt at least partially for example todieap, illnesses, lower incomes, romantic brealoup
the death of a close relativeThere are different mechanisms through which [ee@ghieve this
adaptation. Concerning ageing in particular, insee¢hat older people, because of their shorter time
horizon, reassess their priorities in favour of iethate satisfying activities rather than pursingglo
term goald. They are also inclined to focus their attentisometimes unconsciously, to positive
informatior? confirming the common-sense idea tvigdom comes with age.

The other remarkable fact is that young people tenthderestimate their future adaptation to olel ag
as well as to most other events to which they &d8ytcomparing self-reported happiness of younger
and older adults with their estimates of happinasslifferent ages, Lacey H. P. and alii (2006)
showed for instance that despite that older adiig{slay the highest happiness, younger adults\aelie
that happiness decreases with age (from 30 tatif®)gh less when they think about themselves than
when they think about others. Put another way, pomtya of young people believe in what can be
labelled the « sad old age myth To reveal and explain this myth and other relagihg false
beliefs, psychologists have for a long time nowirdsf standard scales, like the Palmore Scarel
organizations like the American National Council e Aging produced during several years an
annual report on the “Myths and Realities of AgihgVe could also get a good clue of the strength of
this over-pessimist view of aging among young pedpf looking at all the efforts made in geriatric
medicine schools to correctit

To sum up, evidence indicates that 1) human bgingsess a general ability to adapt partially to old
age and 2) tend to have problems to anticipateritpietely. From an economic point of view, since
this double cognitive process modifies intertempquaferences of individuals through their life
cycle, it should have potentially significant ecamo implications that have not been explored yet to
our knowledge. The objective of this paper isdentify clearly in different small two-period model
(young/old) the consequences for saving and long-teealth investment of the difficulty for people
to correctly predict the evolution of their prefeces by considering it as a projection bias insihiet

of Loewenstein, O’Donoghue and Rabin (2003). In ynaespects, a two period-model is too
simplistic to thoroughly explore the consequendethe previous cognitive processes. However, it's
not a bad start given that we know only a few thieghpirically about the timing of adaptation and
virtually nothing about the evolution of the abjilibf people to predict it. And people often
spontaneously refer to the dichotomy (young/oldewhhey explain in casual conversations their
long-term financial or health investment. Evenhistsimple framework however, the conclusions are

% See in particular Brickman et al (1978) and Gille¢ral (1998) for two classical studi€swald & Powdthavee (2008)
for a recent one on disabilityykken, D. & Tellegen, A. (1996) for the strong siem of adaptation and Diener, Lucas &
Collon (2006) for a revised and nuanced versioadaptation.

* This is in substance the main postulate of theadfed “theory of socio-emotional selectivity” démped by Carstensen
et alii (1999).

® Charles, Mather and Carstensen (2003) and BuBgrstensen (2003) established experimentally taese

® This cognitive process is extremely general ongaira Gilbert et al (1998) showed for instance tmatividuals
underestimate their capacity to adapt to an elactiefeat, the failure to get a tenure at univgraitd even a romantic
breakup. See also Eastwick, Finkel, Krishnamurtl &oewenstein (2007) on this last point. It al§fe@s medical
decisions (Ubel et alii (2005) et Lacey et alD(B)).

" Laura L. Carstensen also call it “the misery myth”

8 palmore, E. B. (1998The facts on aging quiklew York: Springer

® National Council on the AgingAmerican Perceptions of Aging in the 21st Centurg NCOA’s Continuing Study of the
Myths and Realities of Agingvashington

1% Knapp & Stubblefield (2000)



not straightforward at first. If we underestimata duture adaptation to a declining health, will we
save more or less, invest more or less in our Ineaitd how does the substitutability between health
and consumption affects our choice?

Part 1l describes the formalism used to introduogky both adaptation to old age and the difficulty
for individuals to predict it correctly. Part llr@sents the consequences of this imperfect predicin
saving and health investment decisions. Under aranand general assumptions, we show that when
they view their future health level as given, thias leads individuals tondersavef the cross partial
derivative of the utility function between healthdaconsumption is positive amyersaveotherwise.
When health becomes endogenous and in the moreagenedel where people must choose during
their youth between present consumption, saving leeadth investment, peoptaverinvestin their
health at the expense of present and future consumgs long as the marginal utility of health does
not depend significantly of the consumption lev@lhen it does, positively or negatively, the
misprediction of adaptation has an undetermineglcefdn health investment and saving. Uncertainty
about the productivity of the health investmentglnet change the qualitative nature of the previous
results.

II. PREFERENCES
[1.1. Utility function

In this model, the individual’s utility at periodqwith t = 0,1), @ is given by:
U = u(cuhy)

where ¢is the consumption at the period t andhe « health » capital of the individual for threrse
period. More exactly, h must be understood her@ @agouth capital » defined as a synthetic indicato
of cognitive and physical aptitudes, beauty andthdhat are sooner or later inversely relatedni® t
biological age. With this definition, and becaubke reasoning is made with a typical individual,
whatever the efforts he makes to “stay young”, ikai preserve his health/youth (both terms are
considered synonymous here), he will end up witls leealth when old ;& hy. The utility function
has standard properties: For ¢ et h positwélc > 0 ,du/oh >0,02u/dc? < 0 and?u/ohz < 0. yis null
when either cor h are null. Finally, the utility function is concawgun, > Wr?. Since there is no
theoretical reason to favour one or the other, adiqular sign is assigned to the cross partial
derivative between ¢ and h which may then be p&sitiegative or null.

[1.2. Adaptation

The basic starting idea is that if the individudéapts at least partially to a declining “healthiisthas
two consequences:

i) He draws more utility from a given level of héahfter adaptation

i) The marginal utility of health after adaptatiaslower than what would be observed with
stable preferences. Having more physical abilitleser probability of being ill, looking
prettier is always a good thing, but it's reasorabl assume that it's less important if people
adapt.

There are two ways to model this double assumpfibe.first one is to modify the utility function by
assuming that the utility function after adaptatitet's note itu(.), is such that for any;cand h
positive

0 Ua(Cl,h]_) < 0 U(Cl- hl)
ahl ahl

u? (c,hy) >u(cy, )  and



The other possibility is to suppose that the wytilitnction is unchanged but because of adaptailbn,

happens as if the subjective level of health (ocgeed age), noted; hdoes not decrease as fast as
his objective level h(biological age). In this case, we’ve got:

0 u(cy, hz) 0 u(cy, hy)
o < oh, (1)

u(cy, hy) > u(cy, hy) and

This other way to model adaptatiorihat we will adopt now fits well incidentally witthe fact that
the gap between subjective perceived age and lalogge tend to increase as people get older (see
for instance Demakakos, Hacker and Gjonga, 2006).

The extent to which because of adapatiqélisrhigher than hdepends on the degree of adaptation. In
order to introduce it simply, we adopt the follogrisimplified linear simplification:

hi=h +a (h— hy)

Ho is the individual's exogenous level of health atipd O (youth)anda [ [0,1] is the degree of

adaptation. When = 0, no adaptation occurs angd=hh.. In the extreme case of a perfect adaptation
(a=1), the deterioration of health capital has ne&fbn the subjective perception of the individsal

that h = Fb In the intermediate normal case (< 1), h > hy and the double assumption about
adaptation (1) is satisfied.

[1.3. Quality of the prediction of adaptation

The second core assumption of the model is thatgy@eople underestimate their ability to adapt to
old age. In the spirit of Loewenstein, O’Donogh&abin [2003], young people makepeojection

bias in the sense that the prediction of their futurefgrences is biased by their present ones. As a
consequence, the utility predicted in the firstigebifor the second one and for a given level ofithea

h; is lower than the one that will be observed. Camtrto the authors however, this bias is not
formalized by a deformation of the utility functidout, building upon the previous formalism, by
assuming that the individual forecasts only a p&mn) O [0,1] of his degree of adaptatien The

predictedhealth level for t=1, Writteﬁlhis then given by:

My = hy + i (o — hy) wheredm = a(l — m) 2)

The parametem measures the degree misprediction of adaptation. The higher it is, theser the
individual's predicted preferences from initial snelfhe parameter,, is the degree opredicted
adaptation It increases witho but decreases with m. As long as 0 < m < 1, theglipted health

|
capital, h, lies between the true health capital after adimptah;, and the one that the individual
would have had without adaptation if his futureeasvere identical to his current ones, h

h?>ﬁ1>h1 fora>0and 0<m<1 3)

In other words, the person predicts the directibthe change involved by adaptatio%p(khl) but
a, O . . . .
underestimates its intensity;(h hy). This assumption also implies that:

* Appendix A compares the two ways of formalizingypttion using a linear specification



a 0
u(cy, hy) > u(c, hh) > u(c, ) foranyg >0

a 0

odu(c,hy)  ou(cy, hy)  du(c,h)
and so Y < om S on
The predicted marginal utility of health is lowdrah the one that would be attained without
adaptation but higher that the one that will ben¢wally observed after adaptation. The following
figure presents the typical intermediary case padial adaptation and of the partial predictioryon
of this adaptation0 <o, <a <1

Figure 1: Future absolute and marginal utilities when theivitual
underestimate their ability to adapt to old age
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ho h1
(young)

adaptation

With the previous assumptions and after introduergpnstant positive discount ra&tethe predicted
total utility of the person over the two period$cadated at time 0 is then given by:

U = u(co, o) + ﬁ u(cy, ) 4)

[ll. SAVING AND HEALH INVESTMENT DECISIONS IN TWO-P ERIOD MODELS
(YOUNG /OLD) WHEN PEOPLE MISPREDICT THEIR ADAPTATIO N

[11.1 Saving decision without health investment

To get a first intuition about the effects on saviof adaptation and of the inability of people to
predict it correctly, let us first assume a simpl®-period model where the interest rate (r), the
discount rated), the incomes for both periodsy(y:) are exogenousihe objective health levels for

both periods are also exogenous witk i, This last hypothesis for; lwill be abandoned afterwards.

However, it may not be too unrealistic for thoseogle who tend to have a fatalistic view by
considering that they can’t change many things aloeir future health level beyond a standard
health investment.

Let's note:hl the exogenous predicted level of health capit&rafdaptation. Using (2), we've g%)lt h

=h + dn (Fvo— h). Under the previous assumptions, and giventt®,program of the individual
follows as:



~ - 1 ~
Max| . o U(co,c1) =u(Co, h) +7 5 (s, hy)

subjectto  ci=vyi1+ (Yo— @) (1+1) ;@ 20etg2 O

The three equilibrium first-order conditions, soifint because of the concavity of of the
Lagrangian associated with this program are giweft b

aU!Coe, Flo’ e _
9 c “H =0

1 du(et hy Fo=o

1+0 0¢ i -

y1+ (Yo— @) (1+1) -G°=0
wherep®is the Lagrangian multiplier.

To examine the consequences on the saving dems$itire ability of individuals to adapt and of the
difficulty to anticipate it correctly, we just hawe express the equilibrium variables$, @;® et |f as
functions ofa, then derive the previous system of identities. ab&irt>:

Uy 0 -1 )(daddan 0
0 Uy -1 dCle/dC(m =] a
-1+r) -1 0 du/dam, 0
J
where Lh and QZ are the second partial derivatives 6frel$pective togcand g

2
and with a= i o°u

1+6 - (hO - hl)
0 moc,

Using Cramer’s Rule, we get:

de  a d da®  -a(l+r)
da,, ~ detJ an da, = detJ

The determinant of J is positieBecause r > 0,0@nd G vary in opposite ways for a0 and their
direction depends on the sign of a. Since the sfga is the opposite of the sign of the equilibrium
cross partial derivative betweepand h (written uy, now for simplicity), we conclude that

2 Because of the no satiety assumption with respeciand h, we can neglect here the positivity tairst on ¢ and

'3 precisely after deriving the equilibrium variableith respect tai,,,, we get
Up 06700m — diffda, =0 with Ups = d2u(co, hy)/dc <0
Upp 06,500 — diffda, = @ with U, = (1/145) duz(cy, hy)/dcs2 <0 and a = -(1/18) 92uld hoc, (ho —hy)
-(141) 0c /00, — 0¢,%00, =0

which can be written in matrix form as in the cahtext
' This matrix is not identical to the bordered Hassinatrix associated to the Lagrangian of the mnogsince by = Uy,
but Ly=Uxp-a



. dCle . . dCoe
SIgN| 4, ) = SIGN Un = - sign( . -

To understand the meaning of this equivalence, sgfirst that the marginal utility of consumption
increases with health capital.{r 0). Remembering that,, decreases when m (which measures the
degree of underestimation by the individual ofddsptation) increases, we get:

dCle dCle
o >0 and dm <0 for un>0

The future consumption level chosen by the indiglduill be all the higher thadt is high but m is
low. Actually, with adaptation, all happens ashétievel of health at the second period was higher,

which increases the utility of future consumptiardao the incentive to savedfu/oh;dc; > 0. As
long as they underestimate their degree of adapt€@ < m < 1) however, individuals do not raise
enough their saving. ThayndersavePut it simply, because they perceive that old affer all, will

not be so bad, they put more money aside for thdidays, but not as much as they would if they
correctly perceived their adaptation. We can surbyupriting:

o1 ( if no adapation) <Gt ( if mispredicted adapatiojl < ot ( if correctly mispredicted adapatioju
=0 1 O<ax<a 1 a=a

Consequences are inverted if the marginal utilitgansumption decreases with ageing. The saving
choice remains optimal (if we compare it with trefpct prediction case) only if the marginal uilit

of consumption does not depend on health. Thussigmeof the cross partial derivative plays a alci
role in this model and in the following ones. Alings equal and independently of the discount facto
does the individual prefer to consume more whersly@ung and healthy or older and less healthy ?
We will discuss briefly this point in the conclusio

[11.2. Health investment decision without saving

We now abandon the previous hypothesis of an exagefuture level of health by assuming that the
youth/health capital deteriorates between the texods at a rate which depends on the efforts to
preserve it. In traditional health demand mode# likrossman [1972], efforts include health goods and
services but also other activities like sport agiddre which also affect our long-term health.His t
model, we will refer only on the second type ofighle: the time invested in one’s health. By
working less intensively and by simply increasiqprés activities and leisure time, the individual
ends up in better health when old. It's better haaveto interpret this assumption by stating that
besides sports and leisure time, the individuakkhoyeality health goods (medicine, doctors sesjic
cosmetic products or surgery, healthy foods, etn..jhe simplified case where we exclude any
variation in their relative prices regarding to @tltonsumption goods. To model it, we suppose here
that at the first period, the individual must alte his time between his health production in
proportion®, and his labour supply for present consumptionrwpprtion8; = 1 - 6,. There is no
saving®. Specifically, we suppose that the (objective)thegroduction function follows as:

h]_ = h]_(eh)

15 we would get exactly the same qualitative resutisnaards by considering that saving is just comstpositive or negative but not
necessarily equal to 0. In that case the amoutitmef allocated to the labour market for presentscomption would be equal to 165 -

05 with 65 being the amount to time allocated to the laboarket for to earn a revenue allocated to saving.



with dhy/06y, >0 ;02h/06,2 < 0 . These hypotheses guarantee the concavityand so Uwith respect
to 6, andB. now. We assume that(0) = 0 andhy(1) < _h): Even if the individual allocates all his
first-period time to preserve his health, he wiltleup with less of it.

The predicted health stock is now given by:
. _
hy =hy(8r) + atm (Mo —ha(Bh))

The time which is not invested in health is usedh@nlabour market to earn an income which is spent
for present consumption. We assume that the consoumigvel of the first periodcdepends now
positively (and linearly) o.. We also put aside to start the possibility fax thdividual to transfer
consumption through periods so that with=c€; (constant).

Under these assumptions, the program of the indalics now given by:
- -1
Max | 8.6 U(Bc.8n) = uo(Be), ho) + 75 U(Cy, M(en)]

cYh
subjectto 6. +6, =1 and 6, =20 ;6,20

The 3 first order conditions, sufficient againtioé Lagrangian are given ¥y

du(Co, W) 9 Co(6)
dcoc, a8, M

1 ouE, by 0
145 gh, 00, F

1 = ece = ehe

0

Given the strict concavity assumptions tgr) andhy(.) and the linearity o€y(6.), the second-order
condition is satisfied. The equalization of the tirst equations implies that at the equilibriurnet
individual must be indifferent between the allooatiof one unit of time to the present
consumption/production and one unit of time alledatb health production for the second period.

To examine the consequences of a mispredicted atdapto lower health, we could follow again the
procedure used in Ill.1 by expressing the equilitrivariable®.’, 6,° et (f as functions oéi,, then by
deriving the system formed by the previous idesditM/e obtain again a 3 equations matrix system:

Uz O -1 ){doSdan, 0

0 Uy -1 dehe/d(]m =|b

1 -1 0 dp/dotm 0
J

whereU,; < 0 etU,, < 0 are now the second partial derivativet)(8.,0,)"" and

OU2(Cy, ﬁl)
9 hy2

ble = 1 oh (au(él-ﬁl) )

T 148 aeh 9 ﬁl (1'am) (HO - hl)j >0

16 Again also, the no satiety condition with respect &ind h allows us to neglect the positivity coaiat on6; and6y,
0

17 _aZugco,Ho)(a_co ¢ ouco. ) P8 _ o0, oL auzgélhl)(a_ﬁlj+au(elﬁl)az_ﬂ <o
1= "¢z 08 dc, a6z 0@ BITTE TR, \og oh 08y

18 This value for b comes from the derivation of teeand of the third order conditions with respeat ip

0 (1 Qu(E,h)on(8%ew) . _
30m (1+5 aﬁll =96, '“(O‘m)) =0




The determinant of J is positive. Using Cramerls,rwe’ve got:

e’ _ _b
da,, ~ detJ >0 (5a)
e _ b

And do. = detd <0 (5b)

Thus, as soon as the individual adapts (0), he no longer needs to allocate as much tinpeeserve
his health : 8,7da, < 0 and 6.° /da, > 0. Actually, adaptation reduces marginal wtitf health for
the second period for any level of health, whiduees the incentive to invest in it at the firstipa.
However, as long as the individual underestimalés adaptation (m > 0, which reduceg), he
overinvestsn his health. It's worth noting that the previaaenclusion is independent on the fact that
the marginal utility of health depends positivelyan the contrary negatively on the consumption
level. The cross partial derivative does not play eole in (5a) and (5b) because in this model, the
future consumption level being given, the individgannot modify it in order to influence the
marginal utility of health.

This rather surprising result may be stated simplihy spending so much time and money in
cosmetic creams and surgery, running under the aaith sweating in sports club if at the end of the
day, things are not that bad, thanks to adaptatdashould certainly do all those activities bugith
long-term effect on our utility is not necessardy important at we may think if we underestimate
adaptation. This conclusion holds as long of cotins¢ we're not victims of other cognitive biases
like for instance time-inconsistent preferenceifomediate gratification which would lead us on the
contrary to underinvest in our health.

Note : Introducing uncertainty on health investmeanoductivity

In the previous model, the individual was inacceisapredicting the gap between his subjective and
an objective anaertain health stock. Given that in reality, health inmesht possess a stochastic

component, it's interesting to ask whether thiseutanty changes the previous result and how. To
answer, let's model this stochastic component afthenvestment in the simplest way by considering
that the health capital of the second period, emittow, isa random variable defined by:

5 _
Remembering first that hl(eh) h1(8) + ap (ho —hy(6y))

(]
ah odh, 00 oh, 00 _
o =Mt Qo) gt Hhe=5pt o E+ (o)

which implies : 96,00,  °~ 86,0y

L ah, m) _ @1 &hy 98,
and 3, (aeh) Er <(1 ) * (10n) 56 2 5a,
The derivation of the previous condltlon with resip® a,,, let us wrlte

0
9 ucﬁ +iaua(@1_p_o
aeh

Lo 1+5 dhy 143 g h, 00, \06,) " dap,
1 ou (a_ﬁlﬁhe )ahl 1 6_u Oy |1 oy & 96y, du° -0
_’1+6312' 36, 0a,, * o= 13 o, (o8, " ) 382 a0 ) oty
1 (an)zaeh +6_uﬂ ®° 1 duoh, ho_py.Loudh dif _
= 143\ gR2 \08y) 00 T3 067 0ay T 140 9Re08, (0 W 1135 08 dam =
- 98, dyf oh
o9, O _ _1 dh
= Vg o, T P with b =75 38, ( )



o (6y) _{ h1(8y) - € with a probability p

P L hy(8y) + & with a probability 1 - p
with 8y : proportion of the time available at the firstripd that the individual chooses to
allocate to his health production in an uncertaintext.

and € >0 and such thd(1) + €< HO

No other hypotheses of the previous model are athrig/e’ve got the same accumulation function
h;(.) and we still have;c= C; (given). The individual must maximize his predatexpectedutility
over the two periods:

"0 _ -1 _
Max |ec,elp EU = U(CO(ec)u h)) + 1-8 E [U(C]_, l//]_ (ellJ)) ]
Subjectto 6.+6y =1 and 6,20 ;6,420

with E[u(elﬁ(ew))] = P Uy, M(By) - €) + (1-P)U(Es, My (By) +€)]

The term “predicted expected utility” needs a comin# simply says that the individual tries
to predict at the first period his adaptation tiutre lower endogenous health capital, whatever th
uncertainty attached to this future health capit@d[du/oy,;] can be equal, lower or higher than

au(cl,ﬁl)la ﬁl depending of the sign of the second derivativéhat function, that is the sign of the

third derivative of upu®(cy, ﬁl)/a ﬁf, sign which is directly linked to the type of riakersion and to
the existence or not of a prudent behaviour instirese of Kimball (1990). If the individual is prunde
(third derivative positive), he will makes a pretamary health investment in the same way he
constitutes precautionary saving when facing uagerfuture income. From our perspective, the
important point however is that given that the wyati level of time that must be allocated to health
production in a world of uncertainty, let's write@y* (calculated with m = 0), moves in the same
direction as the chosen levé|,f) depending on risk preferences, the individudll stierinvestsn his
health as long as he underestimates his abilitadapt to old age. Thus, uncertainty about the
productivity of the health investment does not ¢eathe qualitative nature of the previous results
synthesised in equations (5a) and (5b).

[11.3 Allocating between present consumption, healt investment and saving

We now put aside uncertainty on health investmedt@mplete the previous model by introducing
financial markets, that is the possibility for timelividual to use part of his wage earned at th&t fi
period to invest in financial assets at the exogeninterest rate r. We consider first that the @amho
of time allocated to the labour market for pressrisumption is constan®{= G_C where 0 <9_C <1

in order to see how misprediction affects for aegieffort, the sharing out between saving and healt
investment. This assumption could give sometimegad description of the actual behaviour of
people. It is abandoned in the general model.

[11.3.1 Health investment and saving for a fixed effort

With G_C constant, the amount of effort the individual meke improve his future either by saving or

by investing in his health capital is also constantl given by 1 e_c The individual has just to
allocate his time at the first period in a propamtd, to health investment, and the rest to the labour
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market in a proportio®s = 1 - 6 - 6 to save for the second period (or to borrovdf< 0). By
comparison with the previous model, we still have

o _
hy(Bn,0tm) = ha(Bn) + am (Mo —ha(Bh))

But now @ = Co(8¢) is fixed andt; is an increasing linear function 8e(dcy/dds = constant)

The individual’'s maximization program becomes:

Max) o o U (6,69 =Uu(co(80), 1) +1—}L6 U(C(689), KO)]

with 6. +86, +8:,=1 - 8,20 6,20

and the three (sufficient) conditions are:

1 dulc,hyon

145 gp, 08, M =0
1 9 u(cy, h) . B
% e 9c1/08s - i =0

8. -0, BL+1=0

Equalizing the first two conditions shows thatla equilibrium, the individual must be indiffereait
the margin between allocating one extra unit oftime to saving and health production. The impact
of am, on the equilibrium choice is more ambiguous. Ifapply the same comparative static analysis
as before, we obtain ndt

Q

de,® a-b q dés b-
da, — detd an

da,, detJ

o

where the general formula for a and b are siffilarthose found for model 111.1 and 111.2 and det J

0. Because b > 0 and a has the opposite sign afrdss partial derivatives betweenand ?1 it
follows that:

<0 and da,

i >
da, >0 if yh =0

If the marginal utility of ¢ does not depend on health, then adaptatior Q), which reduces the
marginal utility of health encourages the individt@ increase its saving at the expense of health
investment. This effect is reinforced here if thess partial derivative is positive, because itliegp
that adaptation which raises the subjective levdiaalth for a given effort also raises the marlyina
utility of future consumption. Returning to our e@nn with misprediction, it means that if the
individual fails to predict correctly this adaptati then he willunderinvest in financial assetzsit
overinvesin his health.

¥ The appendix B gives calculus details only forgeeeral model but there are very close to thoed hsre.

1 oh (a u(cy, ) i (lﬂm)MCb_ﬁlE (h — hl)) >0

1 —
20 5 - ——
27 gt (o) and b0, (o o
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This conclusion can be inverted when the crossgbakrivative isstronglynegative so thata— b > 0.
Returning to the derivatives, we can witte

o >0 and o

<0 if W strongly negative

In that casefor a given effortadaptation still reduces per se the marginakyolf health and so the
incentive to invest in it but now, it also redu¢ke marginal utility of future consumption and be t
incentive to save. In this model however, effoasnicrease future utility being constant and eqaal

1-6, the individual can’t reduce both. He must necélysehoose to reduce one and so to raise the
other. As a consequence, when the cross partisfadiee is significantly negative, the decreas¢haf
marginal utility of future consumption implied bygaptation for a given effort may be strong enough
sometimes to encourage the individual to savedadgo increase even more his investment in health.
This investment will not be sufficient however aad as the individual underestimates adaptation.

[11.3.2: The general model

In the general mode; is no longer fixed. The individual has now to ckedo allocate his time at the
first period in a proportioB;, to health investment, and the rest to the labcanket in a proportiof,
for present consumption and in a proportia 1 -6, - 6. for saving (or borrowing i6s < 0). With 3
variables, the maximization programs becomes:

ax | U009 = U(Co(80), 1) + 5 U(CA(69). F(8)]

¢yYh,Ys

There are now four (sufficient) conditions are:

9u(Co, 1) 3 Co(Be?) R

0 Gy 06 =0

1 0 U(C]_, H]_) a_ﬁ]_ e =0
14  9h, 06n -
1 9 u(cy, M) e _

145 o 0C1/00g - U =0

ece -ehe -ehe +1=0

By deriving a last time the equilibrium variablesttwrespect toa,, we get the final following
equation&*

L Indeed, the simple negativity of the cross padiatfivative is not enough to guarantee this resinite (a-b) positive
only if for equilibrium values, given a and b,
1 1 dh U(Cl hl' ou (Cl hl!
1+6 Uch(ho hl) 1+6ae( ah (1 ) 6h2 (hO_hl) >0
which implies after arrangement:

O
du/oh,.0h,/08
Uch > _1 . h_(l'am)

ho — hy

?2 Calculus details are given in appendix B

ou? (Cl hl)
0 h 2

>0
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d6c’° _ b(Uss — Usy) + a(Uy — Usy)
do, det J

d8r*  _ Uy (a-b)-blYs + aly

dopm det J

d6C _ Uy (b -a)-alhp+bUsy
dom detJ

With 011 <0, IJZZ <0, IJ33 <0, sign (ug = 032) = sign yn, Det J < 0, a and b taking identical forms
as in the two previous models.

By looking carefully at the signs of each term, van see that the direction of the change of the
equilibrium variables following a marginal changeni, is determined only if we make the hypothesis
that the marginal utility of consumption (respeetiv health) doesiot depend on the health level

(respectively consumptionhn that case in effect, a = 0, hen~cgez g 0 so that we’ve got:

do°  bUss . _ dB,°  -bUis- bUss <0 _ dos® _bUll>
do, ~ detJ ' da, =  detJ ' da,, ~detJ

The signs fo8s7/day, and @,7day, are identical to the previous model where we assuthatd, was
constant and where the individual was just allagpthe rest of his time at the first period between
health and saving. In this general model whgyés endogenous, we can now see that adaptation
unambiguously induces the individual to rasend so to reduce his global effort towards tharit
The time allocated to the labour market for sawsitifj increases but it is more than offset by the
reduction of the time allocated to health investing&onsequently, his inability to predict that
adaptation will lead him to overinvest in his hbatt the expense of his present and future
consumption.

The other result is that the consequences of agehana,, on equilibrium variables are no longer
determined when the marginal utility of consumptitapends significantly positively or negatively on
health capital: €.%da, d8,7da,and ds7da, may or may not, depending on the case, be positive
null or negative. In particular, adaptation does aatomatically encourage the individual to reduce

his efforts toward the future. We can’t be surd tl&ge/dam > 0 whether  is positive or negative.

If uch is strongly positive for instance, then it maygduessible for the individual to prefer to increase
both future health and consumption at the expenlseresent consumption. To solve this
indetermination, we are constrained to give moeegjgations to the utility function.

V. CONCLUSION

The tendency for young people to underestimate flaéire capacity to adapt to old age is a very
common cognitive process which should logicallyeefftheir intertemporal long-term choices. The
previous reasoning is a first effort to work ot mhain consequences on long term saving and health
investment decisions using unspecified utility fiime. It relies on a central double assumptionanf
individual adapts at least partially to the negatbonsequences of old age, he will draw more witilit
from a same stock of youth/health when old thanngobut the marginal utility of health will be
lower. For the individual, all happens as if, bessmof adaptation, the subjective level of healthtlyo
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does not decrease as fast as his objective leveletthese general assumptions, and in four small
models where depending on the case, the individllatates his time of the first period between
health investment and/or the labour market forgmesonsumption and/or saving, the three following
results are obtained:

i) When individuals take their future health as agiy and if the marginal utility marginal of
consumption increases with health, adaptationdcagke leads them to increase their saving. As long
as they underestimate this adaptation though,stwéng remains suboptimal and people undersave.
When the marginal utility of consumption dependgaieely of health, people oversave for
symmetric reasons.

i) When the individual must share out a fixed effowards the future between health investment and
financial investment (saving), then adaptation enages the individual to increase its saving at the
expense of health investment if the marginal ytibf consumption does not depend on the health
level. The explanation lies into the fact that @dtpn reduces the marginal utility of health whudd

and so the incentive to invest in it during thevpras period. As long as the individual underestasa

his adaptation however, he does not save enougloranide contrarpverinvestin his health. Put it
simply, people spend too much time and money imeds creams, surgery or sports because at the
end of the day, their long-term effect for utiliy not necessarily as important at people may think
when they anticipate adaptation. This effect iswfmeced if the cross marginal effect between
consumption and health is positive and invertedmihis sufficiently negative.

iii) When people must choose during their youthwiaetn present consumption, saving and health
investment, their inability to predict adaptati@adl them to overinvest in their health at the egpen
this time of theimpresentand future consumption, but only when the marguigity of consumption
does not depend on the health level. If it doesiogntly, the consequences of mispredicting
adaptation are no longer determined under a stdrmamot specified utility function.

In each case, the sign and the intensity of thescpartial derivative between consumption and healt
in the utility function play a critical role. Thew@e few empirical indications on the subject. dsin
studies on working accident, Viscusi & Evans (198@n Evans & Viscusi (1991) indicated that the
cross partial derivative is positive when healthederates significantly and negative when health
deterioration is only marginal. If this conclusioan be extended to the youth capital as it is ddfin
this article, this means that we should favourahsumption that the marginal utility of consumption
increases with health, at least for those who dgaing the most. Theoretically, it also impliest tine
partial derivative is not independent on the ides#t tndividuals have of their ability to adapt ahdt

it must perhaps be introduced differently than véiteimple exogenous parameterogs Many other
issues could be raised of course in particular b timing of adaptation and the need to treat it
through a life-cycle model. To go further, sometw conclusions of the previous models have also to
be tested empirically.

Whatever the possible future developments, the Hhofta sad old age” as well as the cognitive
processes that underlie it are well-establishedsfathe previous models showed that they can
amplify or correct the effects of other cognitiviedes identified in the literature like an unrdataly
high discount rate or time-inconsistent prefereftteimmediate gratification (Rabin and Donohue,
1999 for instance). These conclusions need to pred beyond this first work.

Appendix
A. Note on an alternative formalization of mispredcted adaptation: Deformation of the utility function

As indicated in the main text, adaptation and iidarestimation can alternatively be formalized aeformation of the
utility function. To model adaptation by using theame kind of linear indicator, let us considerftiwing specification:
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uz (c,hy) = ag(cy,he) + (1-a) uo(Cy, hy) witha 0 [0,1] and h < hy
and u; (¢,0) =0 since adaptation exists as long as the individualive.

a is the indicator of adaptation. Whan= 0 (no adaptationy;(ci,hy) = ug(cy,hy). In the extreme and unrealistic case of full
adaptation @=1), the level of health capital does not matter lmmger for utility anduy(c;,h;) = ug(ci,hg) when 0 < h<
ho.

Since by hypothesis; & h, fora > 0, we've got:
ug(cy,hy) > w(cy,hy) 0]
and looking at the marginal utility in presenceadfptationgu,/dh; = (1-a)dug/dh;, we conclude that
du,/oh; < duy/oh, (ii)
(i) and (ii) are the general standard desired pt@eto describe adaptation postulated in 11.2
Following Loewenstein, O'Donoghue and Rabin [2008§ can also model the underestimation of this &di@mn as a

projection bias with a simple linear specificattjnassuming that the person mispredicts her fuitiliey as soon as there
exists a constant i ]0,1] such that:

Up (C,hy) = m.ug(Cy,ho) + (1- M wy (cp,hy) for h<h
where y (c;,hy) represents the utility predicted at period Oderiod 1.

By substituting win the previous equation by its expression relabed we obtain:

Uy = MU(Cy, ho) + (1-m) frtg(C,ho) + (1-01) Ug(Cy, )]

and after rearranging: 1 & Om Ug(C1,hg) + (1 Om) Ug(Cy, h)
wherea,,, = a-ma is thepredicted level of adaptation.

After introducing a constant positive discount rétethe predicted total utility of the person ovee ttwo periods
calculated at time O is then given by

0 = ol ) + 75 Ua(cuy)
With  uy(cuhy) = tm Ug(ehg) + (1 -0m) Uo(Cr, hy)

In the central text, we supposed instead to modsprmedicted adaptation that all happens as if thgestive level of

health (or perceived age), note‘b tloes not decrease as fast as his objective (bi@bgical age). In this case, we ended
up with the following specification:

~ 1 O
U =u(Co, ho) +77 5 ulcr, )
o _
With  h=h; +ag, (hh—hy)
Calculus available under request show that appltiegsame comparative statics to the equilibrivvegiexactly the same

general formula for the derivatives of the equililon variables with respect ,, in all models and so the same results.
Thus the conclusions drawn in the general textatalepend on our “subjective level of health” hypastis.

B. Derivation of the 4 equilibrium conditions in the general model (111.3.2)

The four equilibrium conditions of the general modg.3.2) are given by:

ou(co, h) o) .
dc, o6, M

=0
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1 duc,hon

145 oh 06 M =0

1 duley,hy e

140 30 0c,/06g - | =0
ece -9he —9he +1 =0

By deriving the equilibrium variables with respéztr,,, we've got:

. 0 [0 u(Co(&(0m)), h])]

30, u(a)-O

du(co, hy) 9%cy(8, (O(m))] de;’ Qlf _
9 ¢ 062 doy, dog

—

[azu(co , hy) (OCo(Hce(O(m)))
0 2 0 6,
~ doS duf

- Ut da, aclxl; =0

10 u(cl,

. a [ )ahl(ehe)
1+d

or o6, m)]

ap®
“day,

9 L(ﬁ u(ey ﬁl))a_ﬁl +

1 39 (ﬂ
7 0o, 148\ ahm, )06,

1+ 9 k00t \06

1 & u ahl aeh

ahl i 02u_ 0c,005 L au
~ 145 ah 2 (69 00 m

1 dc,0h; 0890

L aZH) 1

6 hl 00,2

-h) 36,

02U 9c,00°
1+6 aclahl 00,00,

1 62u (ah 1 )2 00,8
~ 145\ ghy2\98y/ 9a,

- 905 du 1ahl(

Lkzaam da, ~ 1+390, \g

- Uzzaa 1+506, \9 by

Qe ﬁz (o m)

a’ _
do,

_[ 1 du(c, HQ acl ]
0o, 140 dcy

LL( u(cy, Hl)ac1)+ 1 (aujacl du 1 9 (@)
T 1+ 0

dc; 00, ) 9oy, 1+5\0cy) 98, © ac, 1+3 dcty, \96,

1 u (%2(19 1 u ac.oh, dg 1

1+d dcs?2 \06y/ day, Eahlaclﬁa_eh da, +1+E'> ah ac

et

L(_azu (ﬂj 1 ou ﬂ)ﬂse L_‘)ZU acy oy dBy®
1+ “da,

acz \08,) T 1+5dc, 062) da, | 140 ahlacl 36,96, da,
- doy° dose

; af 1
~ 2day, do,

Tdog,

+ Ugg

du(co, hv) 92cy(8)
0¢C 062

ouce, hy) aZhl(eﬂ)

. - 92u(co, h) (Aco(8L
With 0y =2 °)(03(e§e))

1 (Buee hy)( ahﬂ(eh"))
145 ahz \ 06, o, 062

Uy =

ahl
"1 9 h ¢- 06,

1 uah1
143 9h.208),

o .1 u(e.h) (acl(e:))z du(cy ) §%,(8)
#7146 ocy? 00, ac, 002
o - L (g, ) 3c,(8) 0ny(8)

28~ 1+ aﬁlacl aes aeh

U32

1)

ah, 96,

+ (10n) 8,2 0ty ) o =0

do,

1 u oh, du®
__D_- :0

(=) -5 h 00 ~doy,

)

a0 _
da, =0

- - <o

1 _ow au
T3 anae, ™~ ga, <O

da,

®)

<0

<0

<0
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d6” doy” dés _
* “da, do, doy, (4)

Equations (1~ 4) constitutes a four-equation system which caprieeented under a matrix form:

Usp, 0 0 -1Y / do/day, 0
0 Uy Uz -1 dehe/dam b
0 Uz Usz-1 dese/dam =l a

0

-1 -1 10 du¥/day,

Using Cramer rule gives:

0 0 0 -1
b Uy Usp -1
det| a Uz, Usz -1 _ _ _ _
a8’ _ 0 -1 10 _ b(Us3— Usy) + a(Wpy — Usp)
dan, — det J B detJ
Ui 0 0 -1
0 b Usp -1
detf 0 a Uz -1 _ _ _
de,® _ -1 0 -1 0/ Upy(a-b)-bUs+al;,
da, - det J B det J
Us O 0 -1
0 Up b -1
det[ O U, a -1 _ _ _
des -1 -1 00 _ U -a)-aldh+bU;,
dan, — detJ B det J
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