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Abstract

This paper proposes a new way to think about happiness. It distingbisine=en
stocks and flows. Central to the analysis is a concept wénedibnic capital’. The
paper sets out a model of the dynamics of wellbeing in which iteedhlocks are
smoothed by the drawing down of hedonic capital. The model fits themmatound
in the empirical literature: the existence of a stablel lei/evellbeing and a tendency
to return gradually towards that level. It offers a theory of hedonic adaptation.
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Hedonic Capital

1. Introduction

Movements in wellbeing seem to exhibit a form of mean-reversion. aHumeings
recover from bad life events and get used to good ones. This phenomenon is
sometimes referred to as habituation or hedonic adaptation.

Why is it that human beings can spring back indomitably frombdisaand other
adversity? How can winning a large sum of money in a lottexg te little extra
wellbeing? Anecdotal reports of such facts are commonplacecéntryears, formal
evidence for the existence of hedonic adaptation has begun to groweceAt
conceptual and empirical literatdreow includes Frederick and Loewenstein (1999),
Clark (1999), Argyle 2001, Di Tella et al (2001, 2003), Wu (2001), Menzel et a
(2002), Easterlin (2003), (20054, b), Lucas (2005), Lucas et al (2003, 2004), Rayo and
Becker (2004), Clark et al (2004), Di Tella, Haisken and MacCullaéb%), Dolan

and Kahneman (2005), Keely (2005), Oswald and Powdthavee (2005), Wilson and
Gilbert (2005), Kahneman and Sugden (2005), Lyubomirsky, King and Diener
(2005), Lyubomirsky, Sheldon and Schkade (2005), Ubel et al (2005), Weinzierl
(2005), and Gardner and Oswald (2006). An early exposition was provided by
Duesenberry (1949).

Adaptive behavior creates difficulties for economic theory. Ecastsmare familiar
with the idea that the marginal utility from something declia®g is consumed more
heavily. They are unused, however, to the notion that the sheer pafssimg might
alter people’s utility. In contrast to its centrality in psycuyl textbooks, almost no
attention is paid to adaptation in current economics textbooks. fiigl@ among
economists is partly because most are unaware of the accedhdaidence in
applied-psychology journals. But it is partly deeper. It is becagsnomists find
unsatisfying the notion that, for unspecified reasons, human beingsa hraterence

level that depends on current experience. In the adaptation litetatiesumption

1 There is a related literature on other kinds ofparisons. Recent research includes Burchardt
(2001), Senik (2004), Hopkins and Kornienko (2004jftmer (2005), Brown et al (2005), and
Alpizar, Carlsson and Johansson-Stenman (2005jlieEwork is discussed in, for example, Easterlin
(1974), Layard (1980), Frank (1985), Babcock, Wand Loewenstein (1996), and Akerlof (1997).



has been that happiness is given by a utility function u = u(x — x*), where x might be a
variable like income or health, and x* is some comparison or pasenek level that
automatically follows the actual level of x. The gap x-x$pends endogenously --
and in this way better income or health can slowly cease toegiva utility. Such a
model of adaptive behavior, many economic theorists would arguejriteresting.

First, it does not go beyond a restating of the observation to be twdersSecond, it

gives no account of the richness of individual behavior in response to shocks.

This paper suggests a way to think about adaptation. It constructs & ohaohe
individual's psychological structure. It then shows that the freonle can replicate

the observed mean-reversion of wellbeing. The model achievesbyhissing
methodological principles that are familiar to economists and withnwmatking an
endogenous reference level. As in the innovative work of Robson (1996, 2001), we
view behavior as moulded by biology and nature. More broadly, our fatisk
within an emerging area of research at the border between sh®lides of
psychology and economics (see, for example, Kahneman, Wakker and 18&m (

and Kahneman 2003).

At the heart of the formal modeling is a simple idea: to undedsteellbeing it is
valuable to distinguish between stocks and flows. Although it seatngal to view
happiness as a flow variable, there is agreement in thetditerthat some of the
important determinants of wellbeing have the nature of stocks.eXxample, Carr
(2004) writes

"people with large social support networks and stronger social bonds with
members of their networks have better physical and mental heaitér f
illnesses and less depression, recover more rapidly from phyisiesis

and psychological problems, and have a lower risk of death."”

We propose a new concept, hedonic capitalter sections denote this by the symbol

k. We view k as the stock of coping resources available to an individhen
negative utility shocks hit individuals, they draw upon their k. Wedaaspecified
its exact empirical foundations. Significant social relationshyjth friends and

colleagues may form one component of hedonic capital; our definition edsb



include health, self-esteem, status, and meaningful work. These #r@gtocks in

that they rely on past inputs and are carried across time periods.

Hedonic capital is to be thought of as the psychological equivalethietphysical
capital used by firms. Just as machines produce output, hedonic papitates a
flow of hedonic resources which might be termed hedonic energypdait that this
energy can be used either (i) to generate wellbeing tod&i) ¢ invest in hedonic
capital to produce wellbeing in the future. Hedonic capital tbgsther the present

and the future.

A machine that makes baked-bean cans depreciates as time fBssasour model,
does hedonic capital. To keep the level of hedonic capital constargnhoemgs
have to invest some of their mental resources in order to maithigiin stock of

hedonic capital.

Using a formal description of such a psychological structure hathie paper presents
in a mathematical form, we show how evolution would rationally ‘desan
individual to respond adaptively to life events. Our focus is on thérgnbutcome
of evolution, namely, the individual decision rules that are optimal fieom
evolutionary standpoint. The paper shows that an individual so designed would:

- use hedonic capital to smoéttihe response of wellbeing to life events

« exhibit a steady-state level of wellbeing

- display adaptive behavior in response to shocks to permanent changes in

the stock of hedonic capital.

The formal analysis also suggests, first, that the lower isetlet of hedonic capital
the more volatile is an individual’s wellbeing level and, second,thuate with low

hedonic capital find it more difficult to recover from negative events.



The paper takes the modeling task to be to understand how human beingerhave
to be hedonic adapters. It does not assume that a particular mamanwhooses to

adapt. For the person, adaptation is instinctive. Nature is tbaabtlecision-maker

and has chosen it for human beings.

In the model developed below, happiness can be thought of as the return o hedoni
capital. This interpretation is usefully evocative. Never#glsuch an interpretation
needs to be treated cautiously. A more accurate statemenk iwhegplained with

the later algebra, is that some of the return on hedonic capital will be takenamthe f

of current happiness while the remainder is invested to produce igllive later

periods.

2. Adaptation in the Literature

Although it is not easy to explain why there is such a divide agleptation between
economists and psychologists, Oswald and Powdthavee (2005) suggest twa possibl
reasons. First, the early empirical evidence was vieweddryoenists as debatable.
One of the literature’s most-quoted papers, for instance, is Brickman et al.(108i88)
sometimes claimed in the literature that these authors prove that lottergrsvare no
happier than non-winners and paraplegics are as happy as able-bodieduaislivi
On closer inspection, Brickman et al (1978) actually report datahioh disabled
people do have lower life-satisfaction scores than the able-bodiethiamifference,
when compared to a control group, is statistically significartoaventional levels.
Moreover, lottery winners do have higher life-satisfaction scdras the controls,
although the null hypothesis of no difference cannot be rejected &%hkevel.
Second, one part of the psychology literature proposes the so-cafledodint
hypothesis’, which is the idea that people adapt completely tehdeks. Rightly or
wrongly, economists view this position -- that utility effechiveannot be altered by
outside events -- as sufficiently implausible that they haven bbeathe to give

credence even to the idea of partial adaptation.

2 The smoothing in our framework is not merely tseally equating of marginal utilities across time,
as, say, in models of the Friedman permanent-indante



The paper by Frederick and Loewenstein (1999) is one of the masirtraductions
to hedonic adaptation. Another term used in the literature is tafeadaptation’,

which, following Wilson and Gilbert's (2005) definition, is where affee responses
weaken after one or more exposures to a stimulus. A valuable gistusiith

examples, is given in Lucas et al (2003). Earlier evidence ¢aigtied in Argyle
(2001) and Diener et al (1999). Easterlin (2003, 2005a, b) argueadtnatition is
generally incomplete, namely, that people do not merely automaticalhcédack to
a baseline level of happiness. Clark and Oswald (1994) find some eviokepartial

adaptation by the long-term unemployed. Adaptation is also destuiss the

overviews by Oswald (1997), Diener et al (1999), Frey and Stl29€24, b), Van
Praag and Ferrer-I-Carbonell (2004) and Layard (2005).

A recent paper by Di Tella, Haisken and MacCulloch (2005) has proviuee
evidence. Using individual panel data on 8000 people living in Germany1fé&dh
to 2000, the authors estimate the size of the effect on happinessptétanh to
income and to status. They cannot reject the null hypothesis thae Eetapt totally
to income after four years. By comparison, significant statestsfiremain after this
time. In the short-run (the current year), a one standard deviati@aggcm status is
associated with a similar increase in happiness to an incoédg®6 of a standard
deviation in income. In the long run (the past four years), a one stiaddeiation
increase in status has a similar effect to an increased than 300% of a standard

deviation in income.

In important theoretical contributions, Rayo and Becker (2004) and Wilsdn a
Gilbert (2005) consider why and how human beings adapt. The fitstes€, by
economists, likens hedonic adaptation to the ability of the eye to adfostreasons

of self-preservation -- to changes in the amount of light. RayoBscker set out a
mathematical model of how Nature might, in the underlying spiRafson (2002),

have designed human beings’ emotional responses to behave a simildRay@ and

Becker see happiness as a kind of innately adaptive measuring rod. The secqnd paper
by psychologists, thinks of individuals as learning to change whattttewlly attend

to and how they react. Wilson and Gilbert suggest that hedonic adiapgtanot

merely the adaptation that is conventionally found in, for instance, anaksi

sensory or motor systems. The authors argue that affectieidteon is provoked



by something else. It stems, instead, from the need and dbdityhumans have to
make sense of the stimuli around them. Wilson and Gilbert laynoAR&A model -

- attend; react; explain; adapt -- to explain habituation.

Further evidence is offered by Riis et al (2005). These autept remarkable
evidence consistent with the phenomenon of adaptation. Using an edologica
momentary-assessment measure of mood, the authors find that, dixsoite
apparently impaired lives, hemodialysis patients are no less hidugpoy healthy
people. The authors suggest that patients in the sample haelg Ealgpted to their
condition; they show that, in a forecasting task, healthy peoplto fanticipate this
bounce-back in wellbeing. Affective forecasting is known to be irepe(Gilbert et

al 1998, 2002; Ubel et al 2005). Other investigators, such as Clark (198%) eCél
(2004), Stutzer (2004) and Layard (2005), have begun to accumulate evidengce and t
consider the economic implications of how people adapt. Kahneman andnSugde
(2005) discuss the policy implications of allowing for adaptation »pegenced
utility. Di Tella, MacCulloch and Oswald (2001, 2003) study adaptatiamabbnal
happiness to movements in real income. By estimating dynamidatgjahey find
evidence that the wellbeing consequences of shocks to gross domestict pr
eventually wear off. They suggest a way to use differencdiegsdo solve out for a
steady-state level of habituation. Conceptually and matherigtittee adaptation
literature might be seen as related to writings on halihdtion, such as Carroll
(2001), Carroll et al (2000) and Carroll and Weil (1994), and, more bro@adhew
research on preferences such as Frey and Meier (2004).

Three building blocks lie behind the paper’'s proposed framework. Onleis t
distinction between stocks and flows; a second is the concept of a pwaduciction
for happiness; a third is the notion of investment in hedonic capitathodgh
unfamiliar to economists, antecedents of each can be found in the psgychbl

literature.

Headey and Wearing (1991) point to the difference between stockBows -- with
stocks arising, in their view, from “stable personality chareties” and flows from

“events”. The authors postulate a link between higher levels tifck and higher



levels of a person’s wellbeing. Heading and Wearing also digheseeed for a

dynamic equilibrium model in which

“each person is regarded as having 'normal’ equilibrium levelsfef li
events and SWB, predictable on the basis of age and persofuailty.
when events deviate from their equilibrium levels does SWB change.
Unusually favourable events enhance SWB; unusually adverse events

depress it.”

In this vein, a component of our model is a production function whicraiesphow
hedonic capital produces wellbeing. Ormel et al (1999) describmelchanism by
which wellbeing is generated. They use a social production funtcakmg the
inputs to be a range of personality characteristics andvdats, and the output to be
wellbeing, and suggest, as we later do, that there are dmmgisnarginal return to
the inputs. Ormel et al also have a concept of emotional investthegtmake a
distinction between activities that immediately satisfypal @nd those which increase

potential for future production.

3. The Model

This section provides a formal model of a person’s psychologicattste and
describes how, in an uncertain world, evolution might optimally deskhgn t
individual's response to emotional shocks. Assume that a human being v a
given level of psychological coping resources. This stock is hed@pitag.
Hedonic resources can be used in two ways. They can be takeppasess today or
invested in hedonic capital to produce greater wellbeing tomorrowas8ymption in
our framework, an increasing and concave function captures how hedgitil ¢s

transformed into happiness.

Let k represent hedonic capital. Define y, which might be cabedmic energyas a

flow concept that measures the output produced by hedonic capital.



Define a variable v to capture random life-events. We assureethens to hedonic
capital are diminishing, i.e. 0 < 1. A parameter z represents different individual
types. For simplicity, the production function of hedonic energy is asstontake a
constant-elasticity form:

V=2 v (1)
The principal ideas go through in more general settings.
The flow of hedonic energy y in period t can be used by an individudieimative
ways. One is directly to produce wellbeing, h, this period (i.e.akenthe individual
happy). The other use is in the form of an investment activity, eenuiw by i.
Such activities involve forgoing some wellbeing in order to increhsestock of
hedonic capital in the future.
The emotional budget equation is:

Yo =h +i; 2)
which is an accounting relation. Finally, investment of hedonic erlesgls to an

increase in the stock of k, while depreciation reduces that.stsstume that hedonic

capital depreciates at raie Then its law of motion is described by the equation:

ky=(1=0)k +i,  (3)

These three equations provide a compressed description of a human being’s

psychological structure.

We are interested in the possible existence of a set of heed-laehavioral rules that

might emerge from a Darwinian-like process. These are tddngght of as the

3 Another name for hedonic capital might be emoti@apital. This term is occasionally used,
although in a slightly different way, in the sodgical literature (Reay, 2004).



solution to a principal-agent problem in which the principal, ‘Natureresponds to

the process of evolution. Nature shapes the characteristics of the individual.

Why should the wellbeing of an individual matter to evolution? We popitsitive
link between happiness and reproductive success. There is a wideuii on the
connection between wellbeing and a range of variables related abitie to leave
large numbers of offspring. Lyubomirsky et al (2005) assert ateelation between
wellbeing and a range of positive individual characteristicsgeS&gom and Miller
(2004) show that stress is associated with a suppressed immuera.systreview of
much of the medical and psychological evidence is given in Wilswoh Gswald
(2005).

Assume that miserable agents breed less. This might begdstifia number of
ways, but a natural one is that unhappy agents put little wergltheir own safety
and hence die more often. The risk of a low breeding rate is aicatigremely low
levels of happiness (the limiting case being complete distdgasafety, or suicide),
so that, for efficiency reasons, Nature will put particulargheion avoiding severe
unhappiness. There are also lower and upper limits to the numb#smfng an
individual can have. To capture these ideas in a simple way,suemaghat Nature
can be thought of as having concave preferences.

Given the complexity of an individual’s psychic make-up (the marfereifit factors
which contribute to its hedonic capital), the individual has an informadtazheantage
over the evolutionary process. Rather than specify the detailediatecules
governing each source of wellbeing, and each possible type of shogirtbipal
chooses a set of decision rules for aggregate measured wgllbdien the principal
leaves the agent -- who is better informed -- to act giheset background rules.
Evolution thus moulds the background characteristics of human beingsduaivi

agents make day-to-day decisions.

Nature’s objective is the maximization of a concave function of iddali wellbeing

levels

10



maxE i In(h.;) (4)

{h, =0

where E is the expectations operator. This maximizat®saubject to the constraints
imposed by the psychological structure of the individual, described above by
equations (1) to (3). The assumption of logarithmic preferences by Nature is for

simplicity; it can easily be generalized.

4. Solving the Model

We can write Nature’s maximization problem in standard dyngmigramming
language as a choice of the current level of hedonic capitabnditonal on an

optimal choice of next period’s hedonic capital (denoted by a prime on k), where
V(k,v):rr}(ax{ In[(l—é)k+zk”+v—k]+,8EV(k 'V )} (5)

in which the term in square brackets is the current level of happiness as a function of
today’s k and tomorrow’s k.

The first-order condition, an Euler equation, is

1 1

—=pLEr'— 6

C=pE ()
where

r=(1-0)+azx* (7)

At the margin, there is a choice between taking an extra umieddnic energy as
happiness today or investing it to produce happiness tomorrow. Thendfstue of
the Euler equation is, given our assumption of logarithmic utilityjrtheginal benefit
of the extra unit of happiness in the present period. The right handfsedgiation

(7) is the marginal benefit of the happiness tomorrow that wouldabeed from

investing the extra amount. If one unit is invested in hedonic capiay, it gives r

11



units of hedonic energy tomorrow, comprising the hedonic energy prottooedhat
unit, @zk“™* and the un-depreciated part of the uhit,d. To convert this from units

of hedonic energy into utility terms, it is weighted by thegival utility of happiness

tomorrow.

It is useful to have a benchmark. Hence consider a steadyastateo events, so
v=0. In such a steady-state, we can shihat the level of hedonic capital is constant
and given by:

S

where this steady-state level of hedonic capital depends, ofecaurghe underlying
parameters of the system. It is an increasing function bezefficiency with which
hedonic capital is used. It is a decreasing functiof, dhe rate at which hedonic

capital depreciates.

Here the parameter z is a feature of individuals’ psychologitake-u§. The
parameter plays the role of indexing idiosyncratic charadteyjstnd it abstracts from
the complex interaction of genetic and developmental factors which produceg™happ
individuals (with high z) or unhappy ones (with low z). We do not invatgigvhat
determines z. Instead, the paper later examines how individiedponse to

emotional shocks can differ with high or low values of z.

The parameteb is the rate at which hedonic capital depreciates. This combines

features of an individual's make-up (perhaps how good they are atingugt

4 The choice of a unit discount factor might seeecsl. However, we are describing evolution’s
problem, not an individual’s. It is not possibdelte sure if the evolutionary process discounts the
future.

Sina steady state with constant well-being, equafb) impliespr = 1. Using this in
equation (7), and rearranging, gives (8).

6 Will the psychological structure described by dmres (1) to (3) be optimal from the point of view

of evolution? The concave form of the relationdeen happiness and offspring implies that evolution
is “risk-averse”; i.e., with the same mean levehappiness, a smooth path gives more offspring ahan
volatile one. This will mean it will be optimalrf@volution to design a smoothing mechanism such as
that provided by hedonic capital. We could modtéd explicitly by specifying a stochastic processes
for life events, then letting evolution choose Hagiable z, and hence the steady-state level dftied
capital. We do not do this, and continue to tales xogenous, mainly because we are unable to

12



relationships) with features of society. In a society wittorgfr community
attachment and low geographical mobility, hedonic capital might deprecetevaer
rate. In a fragmented and highly mobile society, it might be more diffuofaintain
attachments. Then hedonic capital will decay more quickly.

Because hedonic capital depreciates, it will be optimal in tbdeffor the individual
to use some of the hedonic energy to maintain the stock of hedonial.cgpo the
steady-state is also characterised by a constant leveledtment in hedonic capital -
- at a level just enough to keep the level stable and make up fecddin. These
maintenance activities might be viewed as representing thgyepet into, say,

keeping up friendships and relationships.

The steady-state level of hedonic capital, when combined withptbduction

function, (1), gives a steady-state level of wellbeing:

h=%*-3k  (9)

Equation (9) conveys the paper’s first finding. The model producesadysstate in
which happiness and hedonic capital are constant. In this sensejotied’s
assumptions lead to the “set-points” commonly described in the psyacadlog

literature (e.g., in Diener et al 1999).

Our characterisation of the emotional steady-state can be aigédotv light on a
widely cited empirical observation -- the so-called Eastgyinadox. This is the
finding that, while GDP in the West has increased dramatioally the last 50 years,
measured wellbeing has remained roughly constant. Seexdonpée, Easterlin
(1974) and, on modern data, Blanchflower and Oswald (2004).

A number of points emerge. First, there is no direct relationdsgtvincome and
wellbeing in our model. Some consequences of increasing GDP, swuaidedg-

available health-care, better education and insurance, mightdehe parameter z
increasing between different generations of individuals. Tligldvtend to increase

guantify the process for life events. The parametdy matters to the extent that it gives steadyes

13



the steady-state level of wellbeing with time. Howeverh#d& growth in GDP is
accompanied by an increasing rate of depreciation of hedonic caiteth as higher
mobility and the breakdown of traditional communities and roles s abilld offset
the increase in a. Then the net movement of wellbeing would bardeed by the

relative magnitude of the two effects.

The preceding section characterised an individual’'s psychologieatysstate in
terms of the underlying parameters of the model. We think ofpyshological
steady-state as being perturbed by shocks. These shocksmépresnts which

affect the emotional state of an individual.

There are two channels, in this model, through which external evdhienice the
individual. The first is a one-off change in the level of aspeis hedonic capital.
Unemployment, divorce and disability are in this category. Thensechannel is a
temporary event which has no direct effect on the level of hedapitatbut requires
some psychic resources. Such events might be a temporary illness of the ihdividua
someone close to them. Real-world events will, of course, oftercbmnlination of
these two types, but for clarity we analyse them in ismiatiThe following sections
describe how an individual who has been optimally hard-wired by #&wolwould
respond. In reality, life events can often be anticipated, eitttmube they depend
partly on an individual’s behavior, or because the individual can form &tjmers
about the future, which means that wellbeing changes beforevii@. In what
follows, however, we assume for simplicity that the events aogemous and

random.

In this framework, human beings differ along various dimensions. PAlsierd, an
individual type is indexed by three parameteysthe rate at which hedonic capital
depreciatesq, the degree of diminishing returns to hedonic capital; ah®ifferent
values of these parameters are to be thought of as descrilfergritypes of people.
The only effect of z is to change the steady-state levelseofdriables. As long as

shocks are small relative to the steady-state, z does eot #fE model's dynamics.

hedonic capital in relation to which life-eventg dlarge” or “small”.

14



We choose the two remaining parameters so that the impulse respoodaced by
our model replicate the known data as closely as possible. Néesstheis useful to
bear in mind that current empirical studies do not have enough data fmimake
such choices completely reliable. Wellbeing in, say, the timessplots of Gardner
and Oswald (2006) appears to have a half-life of approximatelyear (i.e. it takes
a year for the level of wellbeing to decay to half of ithigaon impact). Taking the
base time period to be a month, our model replicates thisowillb andé=8%. That
value for parameted means that 8% of an individual’'s hedonic capital will decay
each month. In other words, without investment, roughly two-thirds o$ttiek of
hedonic capital will have been lost after a year. This mawy segh, particularly in
comparison with physical capital. But it represents an ewrease: a complete lack
of investment in hedonic capital would imply an absence both of int@naatith
other people and of meaningful activity. Solitary confinement iropngould be one

extreme example.
It is necessary to specify a process for the stochaatigble which describes the path

of life events. It is here assumed that shocks are random budt@et;sand follow a

first-order autoregressive process

V=pvate  (10)

wherep is a number between zero and one, aisda white-noise shock. The value of

p does not affect our qualitative conclusions, so for simplicity we set it to 0.5.

5. Sketching the Time Paths of Happiness h and Hedonic Capital Nefiative and

Positive Shocks

What does this model predict about dynamics?

7 There are two other parameters relating to thduéwoary process. The first, nature’s discount
factor, is here normalized to unity. The second& tiegree of concavity of the relation between
happiness and offspring, we have taken to be &ulogfion.
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Negative shocks to life come in two forms here. Each indudaptiae behavior,
although of slightly different kinds. The time paths, derived from nigalesolution,

are depicted in Figures 1 and 2.

Figure 1 sets out what happens in our optimization model to the ttngjecf
happiness -- first falling and then bouncing back upwards -- aftdl ia the level of
hedonic capital. In this case what is being studied is the impact of an aflerapeht
which destroys part of an individual's k. Potential examples o sun event might
be divorce, disability or unemployment. The Figure mimics the acda@ttern

observed in empirical research.

The shock in Figure 1 is modelled as a one unit fall in the levieédbnic capital at
time t = 0. The baseline level of happiness, set to 1.00 fotyclagpresents the
steady-state. In the Figure, there is only one external ndftuen the individual.

Everything else is determined by the individual’s hard-wired decision rules.

Happiness therefore adapts. It returns asymptotically toatsngt point. Step by

step, the mechanics are as follows:

1. The reduction in hedonic capital means:

(a) the marginal return to investing in new hedonic capital increases

(b) the level of hedonic energy available to the individual decreases.

2. When deciding to allocate the lower level of hedonic energy leetwe

wellbeing and investment, the proportion devoted to investment rises.isThis

because of the higher marginal return.

3. So wellbeing falls by proportionally more than it would were itwent
constant, but hedonic capital increases. Current-period wellbefogegone

for future wellbeing.

4. In the next period, hedonic capital is higher than on impact, liubeiow the

steady-state. Thereafter, steps 1 — 3 repeat themselvesthwitinarginal

16



return, and hence investment, falling, but still being above theysttate.
This continues in each period until all the variables are badhkeat dteady-

State.

How might this process be conceptualized? Life has worsened. individual has
lost part of his or her hedonic resources. As a result, the indiyidisilenergy into
building up new resources to restore the lost hedonic capit&ingrdisability as an
example, he or she forgoes some parts of the hedonic capitabtssaeith physical
ability. In response, hedonic resources are diverted into re-cdirgjrube lost

capital.

Not all of life’'s blows are permanent. As illustrated in Fegar it is straightforward
to use the framework to study the effect of a life-event whechporarily requires
some of the individual's hedonic energy, but has no long-run effects. x@mpde
might be a short-run illness of someone close to the individual. Afieh a
temporary shock, wellbeing will again deviate from the stesdie. The return path

in Figure 2 is more highly smoothed than the jagged pattern of Figure 1.

Technically, Figure 2 models a one-off negative event that gldetreases in size
over time. If hedonic capital was constant in the face of the shoelstory would
end here: the individual's wellbeing would simply follow the path of liteeevent.
When people have a stock of hedonic capital, however, the response ofngellbe
shown by the curved line in Figure 2, is different. It reads imitially, but more in
later periods. This is a reminder of the underlying property of hedmpital: it is
optimally used to iron out part of the individual’'s responses to lim#s. In this
fashion, we have the paper’s third principal result. When a bad shdassthe
individual allows the stock of hedonic capital to fall, so freeing egiohic energy to
deal with the event. When the event has died away, the indivielnailds hedonic

capital.

Figures 3 and 4 are the opposite. They turn to the case of life’s ups rather than downs.
Now the individual becomes happier, but the burst in happiness gradubslisvaly,
and wellbeing tends asymptotically back towards the steady stat.00. These

Figures thus correspond to the obverse of the bad shocks of Figures 2. and
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Although it should be emphasised again that the underlying nature of tthese
shocks is different -- the former is a one-off permanent change and tha Istiéadily
diminishing one -- the general structure of response in happinésgures 3 and 4
has the same adaptive form (though the structure of Figure 4 &t@m the fact that
the event is temporary). Initially, happiness is running flat galtihve steady-state
level, given by unity, 1.00. Then it lifts abruptly. After that, thésea slow
‘habituation’.

Why does the change not make the individual permanently happier?eaBecr
returns to hedonic capital will mean that growth in k does not bring abdarge
enough increase in y to sustain the depreciation implied by a penthahigher level
of capital. Therefore, although investment in hedonic capital goegsearptes shock,
it does not increase by enough to cover the higher depreciation irhpltbe greater
level of hedonic capital. Put intuitively, if hedonic capitatreases, more hedonic
resources are required to maintain the new level of hedonic cagialeupon less is
available elsewhere. But such a shock has lasting effecteeonomposition of
hedonic capital. After the life occurrence has died away, thg-riam level of

hedonic capital is the same, but its composition is different.

Because they lie behind the happiness time paths, the trajectbhedonic capital,
k, are also of interest. Figures 5 and 6 set out those for ittee g@od shocks as in
Figures 1 and 2 (we omit the equivalent bad-shock cases). Tdwhéng role of k

emerges in a clear way.

What happens to hedonic adaptation if there is some lower bound on hedatail? capi
This is potentially important. Such a lower bound might corresporftetodncept of
depression. For an individual whose psychological make-up means #aely-state
level of hedonic capital is well above the lower bound (representachigh value of

z or a low value o®), and who faces only small shocks, a lower bound will be
irrelevant. Only a long sequence of negative shocks would bringhdnadual’s
level of hedonic capital near to it. Nevertheless, consider sanebo has a steady-
state level of hedonic capital that is not far from the lower botemtdsented by a

low value of z or a high value @). If a further bad, but temporary, life event hits
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this individual, he or she will use hedonic capital to smooth its effect. The petson wi
initially allow their stock of hedonic capital to fall. But tlegposes the individual to

a risky situation. If in the next period there is another negatnock, the amount of
hedonic capital might drop to the lower bound, with grave consequencesheS
individual hoards hedonic capital, meaning that the event is not smootedchs
The same is true of a person subjected to a sequence of negjaickes: if these
shocks are large relative to the size of the stock of hedoni@akdpé extent to which

they can be smoothed will decline with each shock.

This implies a further result: the extent to which k can be usethboth life events is
a declining function of its level. To put this in different langaamdividuals’

psychological resilience is dependent on the level of hedonic capital.

For this reason, our model has two implications for such resilierust, the larger
the steady-state level of an individual's wellbeing, the mordiel@shuman beings
will be. People characterized by a high value of z and/or a Idue &t 6 then
correspond to what Block and Kremen (1996) describe, without using a fowdal,
as “ego-resilient”. Those with low value of z and/or a higlug ofd will be “ego-
brittle”. Second, a series of positive shocks will, in a sense, raakmdividual
emotionally stronger. He or becomes better able to absorb the effa negative
shock. In a cumulative way, positive shocks can buffer a negative Dhete is
indeed evidence of such buffering in the psychology literaturariekson (2001)
writes that "individuals who experienced more positive emotions theersobecame

more resilient to adversity over time".

Need it be the case that happiness goes back, given a long enoughtspanto the
original steady-state? That is the extreme ‘set poirtvvidiscussed in detail, for
example, in Fujita and Diener (2005)). The answer, however, is no.eHghows
how our model can generate a return to a lower permanent levehppiness.
Sufficient conditions to obtain this result are that both hedonic tdpitand the
efficiency parameter z drop at the same time. In thig,da® life phenomena occur

at time t=0, and, although the person recovers much of the originebfdwappiness,
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the steady-state level of wellbeing is permanently lowean th@0 even as t extends

indefinitely beyond period 18 marked on Figure 7.

In principle, as Oswald and Powdthavee (2005) and others have pointed @ibndeci
makers such as judges in legal compensation cases will sometimes need todake a vi
on whether happiness is fully mean-reverting (that is, returiteglly to the value
1.00). Paradoxically, although the issue is conceptually of fundamep@itance to

this field, and has been the subject of intense debate in theicahfierature (such

as in Easterlin 2003), in many practical cases it may noemattether there is, say,
90% or exactly 100% adaptation. Imagine, for example, that Tirkeures 1 and 7

is in years. Then, given data in which there is some measurement féeraa, decade

it may be impossible statistically to detect reliably diféerence between the settings

of Figure 1 and Figure 7.

Finally, there are four potential roles for income in our model. First, as wesded

in section 3, increased income can have direct effects on the steady statéwelkel
being by increasing the steady-state level of hedonic capital througiafopke,

better health care or risk diversification. Second, an increase of incomeransgh&n
individual's sense of status, a component of their hedonic capital. Such effetts will
transient in our model, however, as will those of any one-off increase in hedonic
capital, even without the peer comparison effects that are empiricalbytiamt in
evaluation of status. Third, income can help to buffer negative shocks by giving an
individual more opportunities to invest in new hedonic capital. Fourth, although we
have not included it in our model, a natural potential extension would be to think of a
subsistence level of income -- a level below which an individual’s ability to gmplo
their own stock of hedonic capital declines. The model provides a fairly general
framework in which to think about the relation between income and happiness, and
each of income’s four roles has potentially testable predictions.

6. Generalizing the Framework

For clarity, we have assumed that the only determinants dbeuadj are the level of
hedonic capital and the life-events that strike the human beifg. use the

terminology of Ormel et al (1999), our social production function costanly a
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single factor of production. We have alluded to the idea that themaany types of
hedonic capital, and that adaptation to life events might involve sulrgfituttween
types in the way described by Ormel et al (1999). Also, tmght be an important
factor in the production function. Wilson et al (2005) suggest thatiimeeded to
“make sense” of new events. All these factors could be incorploirste our model
by replacing Equation 1 with a production function that distinguishes eeatw

different types of capital and allows for other influences on wellbeing.

What if the ease with which individuals can invest in hedonic cagé@pénds upon
the level of hedonic capital? The intuition here would be thatarguably easier to
make friends if one has lots of them. We could include this in our nbgdedding a
production function for investment, showing how both hedonic energy and hedonic

capital are needed to produce new hedonic capital.

The framework assumes that investment in hedonic capital and cuyeeiot
wellbeing are strictly exclusive uses of hedonic energy. Otloeceptions are
possible. Our model relies on there being some trade-off betetegeent period
wellbeing and investment. But it would be straightforward to extBedmodel to

allow the assumption that investment directly generates some wellbeing.

With such extensions, the model would be able to make predictions abouh&éow

dynamic response of wellbeing to life events varies with the type of individual

Another feature of the analysis here is a division of life-evarid two types — those
with a permanent effect on the level of hedonic capital and thote omly a
temporary effect. Neither permits permanent effects ontdealg-state: neglecting
the lower bound, hedonic capital and wellbeing will always adjusk bactheir
baseline. However, as in Lucas et al (2004), there is reasotideebhat some of
life’'s occurrences (for example, marriage) have a permagiéett on wellbeing,
although the size of the permanent consequences may be smailénghaemporary
consequences. As captured in Figure 7, this would correspond hereife et
leading to a change in the parameter z on how efficiently hedonic capital is used.

21



The paper has modelled decision rules that Nature could hard-warendividuals.
What if the opportunities to take the action prescribed by those arkesnot
available? After some hedonic capital is destroyed, it bal optimal for the
individual to build up a new stock to replace that lost. If thezenaropportunities to
do this (as an extreme case, return to the example of a prigonsolitary

confinement), the level of k, and hence h, will fall to the lower bound.

An interesting asymmetry emerges. Adjustment back to thelysstate after a
positive shock to hedonic capital happens mainly because of deprecidtich, isv
independent of investment opportunities. Yet adjustment from a negativk say
require investment in new types of hedonic capital. Hence itbeiklependent on
opportunities for such investment being available. This potentially some way to
explaining the observation that, while income does not have lamgstin the mean
level of wellbeing, it can buffer the response of wellbeing tegative shock (Smith
et al (2005)). Income creates opportunities for investment in hedgmialcaThat
allows an individual to recover from a negative shock, but income haile no

significant effect on the response to a positive shock.

7. Conclusions

This paper explores the dynamics of wellbeing. It sets éaaal theory of hedonic

adaptation.

Although the model is abstract, the paper’s motivation is précti€ae aim is to
fashion an internally consistent framework that can make senskeopuzzling
resilience and adaptability of human wellbeing. Hedonic adaptatccurs when
shocks -- winning the lottery or becoming disabled, for exampleaduglly wear off.
There is now much evidence for such a phenomenon. Yet adaptive besfavier
sort creates fundamental conceptual problems for the subject of dcenats

existence has been largely ignored by economists.

We propose a new concept, a person’s level of hedonic ¢dpit#lis defined in the

paper as the stock of psychological coping resources availallee tondividual.
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Happiness is then akin to a retdiran hedonic capital. We argue that the key
characteristic of hedonic capital is that it can be drawn down @risass (or,
correspondingly, built up in better times). In the same genpmal as Rayo and
Becker (2004) and Wilson and Gilbert (2005), the paper analyses the aaturoots
of habituation. In our framework, however, hedonic capital binds tagetaeresent

and the future.

The paper provides a mathematical model of wellbeing in which Nafptimally
designs human beings’ reactions in such a way that bad life-shoelsnoothed by
the depletion of hedonic capital. Good life-shocks lead, equivaléatly,happiness
response that is damped and mean-reverting. Our framework ntimaiksy facts of
the empirical wellbeing literature: (i) the existence stable mean level of wellbeing
and (ii) adaptation towards that level. Depending on the exact assnsnpiade, the

model leads to full or partial adaptation.

Just as the psychology and economics literatures now examine dappness, Sso,
we would conjecture, will it become possible to study empiridaltylevel and rate of
change of hedonic capital. To do this, it will be necessary toeswemeasurements,
and to ask different kinds of questions than those in existing surveymseT

measurements and questions will explore the nature of mental stocks.

8 As explained earlier, this intuitive statement hobe tempered by the more precise technical one
that hedonic capital in the model is both usecttorent wellbeing and to create future wellbeing.
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Appendix

A Two Period Model

The paper has relied largely on numerical solution. As a pedaj@gi, it is helpful
to give simple analytical results for a two-period version of the model.

Nature designs human beings. In each period, Nature’s ‘utilitgnisncreasing
function n(h), where h is the happiness of the agent. Assume tha cgrjdave and
differentiable. Let there be two periods. Assume there ds@ount factor, beta.
Nature then maximizes a discounted sum of two utility levelssu/g, moreover,

that this mini-society has an initial endowment of hedonic enebgnote it as y. It

can be converted into a flow of happiness today or invested to créate @f extra
happiness in the second period. Denote the amount of emotional endowment held
over to the second period as k. Assume that happiness in trelgesriod is given

by a concave ‘production’ function f(k). In this 2-period frameworl, filmctional

forms and the discounting assumptions are more general than in thepenioit

model of the paper.

These assumptions lead to the following. Nature maximizes avenaaghted sum

of agents’ happiness levels across the present and the future:

W=n(hy) +Gn(h) (A1)

where the hedonic energy budget constraint is

y=h +k  (A2)

and happiness in the second period depends solely on the emotional end®ftment

over from the first period so that

h=1(k. (A3)
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This framework, with just two periods, can prodube appearance of a form of
hedonic adaptation (a tendency to a form of meaarsgon). High happiness is
followed by low happiness. Low happiness is fokawby high happiness. To
establish this, note that the structure can be eded into a single-variable
maximization problem in which k, the amount of #r@lowment put into investment,
which becomes the level of hedonic capital in thalfperiod, is optimally decided by
Nature. The exogenous parameter here is y, wisclthe size of the starting

endowment.

The problem is then that of finding a turning pamthe function
W=n(y-k)+pn(f(k))  (Ad)

S0 at an interior maximum

aw
ok

=-n'(y-k)+ ' (f(k)f'(k)=0. (A5)

This first-order condition defines Nature’s ratibaenount of investment in the future,
k, given a starting endowment, y. Let the resglimplicit function be rewritten as

k=k(y). Asy increases, the optimal amount of oaihcreases. Its gradient follows
from the cross-partial of Nature’s maximand in agua(A4). That cross-partial’s

sign is given by

sign%:sign—n"(y—k) >0 (A6)
y

where, in general, the inequality will hold strctlso the implied k(y) function is

strictly increasing in y.

From the first-order condition, (A5), we know that

ey = W (hy)
K)=——-. A7
£'(k) w(h) (A7)
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A natural benchmark case is that of equal happimessch period: = hy. Hence
define a value of y*, and by monotonicity an imgdlik* value, that corresponds to
this case and also satisfies equation (A7). HKtiaightforward to check that y* is
unique. The value of k* so defined is, from eqoiatfA7), the value of k that solves

pA'(k)-1=0.  (A8)

There is an associated y*. At y* and k*, happingsshe presentdis identical to

happiness in the futurg.hHappiness is steady through time.

To see how a kind of hedonic adaptation then emnsemnsider what happens if we

move away, either up or down, from the benchmarktpo

Case |I: The happiness path with an endowment gritate v*

Now imagine a society that is richer in emotionatl@vment. Such a society has a
level of y > y*. It therefore has a second-perimtonic capital stock k > k*. But
then, by equation (A8) and the first order condit{é\5), it follows that

") _,
n'(h)

(A9)

Given strict concavity of the happiness productfanction, this inequality holds
strictly, so that h> hy. In this case, therefore, happiness starts mdhe first period

and drops in the second.

Case llI: The happiness path with an endowmentihessy*.

Alternatively, consider the case where y<y*. Ther k*. By strict concavity of

f(k), we have
pf'(k)>1  (A10)
and thus

) 5y (A11)

n'(h,)
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so that the optimal levels of happiness are suahhh< hy. In this case, happiness

starts low in the first period and rises in theoset

A form of wellbeing reversal is found in Cases dah Good times, or in other
words a large endowment of y, act to trigger theeapance of adaptation -- a
retrenchment in happiness -- withlielow k. In the second period, happiness drops
below that in the first period. Bad times have tipposite character. They result in

hpless than h In the second period, happiness is higher thahe first period.

This framework does not have the generality ofrthdti-period model of the paper
but it provides an intuitive statement and easylyéical derivation. Below the

surface, it is once again concavity and optimizaagcross-periods, along with the
assumption of hedonic capital, that together leactional habituation. Although the
existence of discounting affects the exact hapginesfile through time, it can be
checked algebraically that the discount factorlfitee not what accounts for the

existence of adaptation.
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Figurel
The Time Path of Happiness after a Negative Shock to Hedonic Capital (a one-

off shock to k)
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Figure2

The Time Path of Happiness after a Negative Shock to Hedonic Energy (a slowly
dissipating shock toy)
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Figure3
The Time Path of Happiness after a Positive Shock to Hedonic Capital (a one-off

shock to k)

1.10

1.08

1.06 -

Happiness

1.04

o2 \

1.00

-6 -4 -2 0 2 4 6 8 10 12 14 16 18

Figure4
The Time Path of Happiness after a Positive Shock to Hedonic Energy (a slowly

dissipating shock toy)
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Figure5
The Time Path of Hedonic Capital after a Negative Shock to Hedonic Capital (a

one-off shock to k)
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The Time Path of Hedonic Capital after a Negative Shock to Hedonic Energy (a
slowly dissipating shock toy)
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Figure7
The Time Path of Happiness after a Negative Shock to Hedonic Capital and a

Declinein its Efficiency Parameter (a one-off shock to k and permanent fall in z)
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