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ABSTRACT. We model happiness as an innate incentive mechanism molded by
natural selection. The metaphorical objective is to motivate the individual to-
wards seeking goals that favor genetic replication. The end result of this evolu-
tionary process is a mean-reverting happiness function that is based on a context-
dependent reference point. This reference point will incorporate all information
that is valuable in terms of assessing the individual’s performance, which in turn
leads to a process of habit formation and peer comparisons. Based on principles of
optimal incentives and statistical inference, the model delivers a unified account

of several stylized facts surrounding the hedonic experience.

1. INTRODUCTION

Extensive studies have confirmed that happiness is no straightforward conse-
quence of our objective conditions. Central to the psychological experience is the
fact that these objective conditions are evaluated via a frame of reference that hap-
pens to change over time —e.g., Kahneman [2003]. From an economic standpoint,
two phenomena are of particular interest. The first is the process of habituation,
whereby permanent changes in our material conditions tend to create only transi-
tory hedonic effects. This process has been documented for a number of variables,
ranging from income to climate to the quality of the view from a condo —Brickman
and Campbell [1971], Brickman, Coates and Janoff-Bulman [1978], Frederick and
Loewenstein [1999]. The second phenomenon concerns social comparisons. Namely,
the level of satisfaction derived from virtually any material outcome, and even
from our physical state, is constantly influenced by what is achieved by our peers
~Scitovsky [1992], Diener and Fujita [1996]."
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ings. See Kahneman, Diener, and Schwarz [1999] for a comprehensive review of the current

happiness knowledge.
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These phenomena can be described by means of a subjective “reference point”
that serves as a benchmark against which our current material conditions are com-
pared. The comparison will establish weather an outcome constitutes a success
or a failure, thus leading to either positive or negative feelings. Habits and peer
comparisons can be interpreted precisely as changes in the reference point. In the
psychology literature, the reference point has also been associated to the individual’s
level of expectations, which fits the observation that positive and negative surprises
have a large impact over the hedonic experience. A constantly shifting reference
point is also consistent with what is perhaps the most striking feature of happiness:
its temporary nature.

The formation of habits and social comparisons has been documented in every
known human culture. They are also present in young children. Habituation and
envy, for example, are part of Brown’s [1999] list of human universals. More gen-
erally, the psychological studies on happiness also deliver consistent results across
countries and time. As a result, it is reasonable to assume that the basic mecha-
nisms of happiness are innate; from which we can conjecture that these mechanisms
served an evolutionary purpose in the descent of our species.

We develop a model that organizes the above happiness facts in an attempt to
uncover their evolutionary rationale. The theory we propose is that the reference
point serves as an optimal incentive device in a moral-hazard agency problem rep-
resenting the process of natural selection. In this agency problem, natural selection
serves as a principal that designs the happiness function of the individual. The
metaphorical objective of this principal is to motivate the individual, via happiness,
towards seeking goals that favor genetic replication —a simple example is rewarding
the individual for having sex with an appropriate mate. The individual, in turn,
simply seeks high levels of happiness; but in the process he also serves as an agent
to genetic replication.

The solution of the optimal incentive problem faced by the principal represents
the end point of the evolutionary process, where the world is populated exclusively
by individuals equipped with optimal happiness functions. Throughout the analysis,
we limit attention to this end point of natural selection. Frank [1987], and Samuelson
and Swinkels [2002] develop additional applications of this type of agency approach
—their purpose, however, is not the study of happiness.

The central assumption of the theory is the existence of a physiological constraint

that imposes an upper and lower bound on the levels of happiness that can be
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experienced by the individual.? An analogy employed in the psychology literature
is that happiness is like blood pressure —Wilson, Gilbert, and Centerbar [2002].
There is a healthy range for each, while the particular level experienced at any
given moment depends on current needs. In the case of blood pressure, these needs
are a function of physical activity. In the case of happiness, the current needs arise
precisely from its role as a motivation device, whereby some outcomes are punished,
and others rewarded. When these bounds on happiness are combined with a limit
on how the function can be rescaled, happiness becomes scarce as an incentive
instrument, implying that it must be sparingly employed.

The solution to the optimal incentive problem is a mean-reverting happiness func-
tion that is based on a context-dependent reference point. The unifying principle
set forth is that the reference point optimally aggregates all information available
towards assessing the individual’s current performance. Habits and envy correspond
to particular cases of this process, wherein past outcomes and peer success enter
the reference point via their information content in terms of the individual’s current
potential.

The most distinctive feature of the agency approach is a difference-in-differences
result, which implies that the process of habituation extends to peer output as well.
A manifestation of this result is that permanent increases in peer output leading to
envy have only temporary effects. Equivalently, this result can be interpreted as a
habit that occurs at the level of the individual’s relative social position, as opposed
to her absolute income alone. In section 5, we contrast this result with the existing

happiness evidence.

2. CORE MODEL

We are interested in the end-point, or steady state, of an evolutionary process.
During this process, the object over which natural selection operates is the shape
of the individual’s happiness function. The shape of this function is information
contained in the individual’s genes. The sole objective of the individual is to maxi-
mize her level of happiness, but in the process of pursuing this goal she will incur in
actions that favor the multiplication of her genes to a greater or lesser extent. Over
the long-run, due to selective pressures, only those happiness functions that best

serve this ultimate purpose of genetic multiplication will dominate the population.

2The constraints can be viewed as either physical limits on the process generating emotions, or

a physiological cost of extreme emotional states —e.g., Sapolsky [1999].
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Crucially, when we speak of the evolutionary end-point we refer to the ancestral
hunter-gather environment and the suitable adaptations developed back then. In
the modern world, in contrast, the rate of environmental change has dwarfed the rate
of evolutionary adaptation, resulting in a level of mal adaptation in many respects.
Our approach will be relevant to the extent that the adaptations developed in the
ancestral enforcement are still present in our innate characteristics today.

We model this evolutionary end-point in a stylized way, for which we provide
a primitive foundation in the following section. Consider an individual, called the
agent, that lives for only one period. The choice variable is the level of effort she ex-
erts towards achieving happiness. Denote this effort by e € R. Effort stochastically
determines the realization of a level of output y € R. This output is intended to
represent a one-dimensional summary of “proximate” evolutionary goals. Namely,
those tangible goals that favored the ultimate evolutionary goal of genetic replica-
tion during the ancestral environment. Common examples include wealth, health,
and sex, as well as the well-being of friends and kin.

After output y is realized, the agent experiences a level of happiness V(y) € R,
which is meant as a summary of emotions. We assume that the function V is
bounded below and above. In particular, V(y) € [0,1] for all y. These bounds
represent a physiological constraint. When selecting her level of effort e, the agent’s
objective will be to maximize the expected value of happiness, conditional on effort,

minus a shadow cost of effort:

(1) max E[V(y) | e] —e.

e

As explained in the following section, this shadow cost of effort will not represent
an emotion itself. Rather, it will describe the opportunity cost of the resources
employed in the pursuit of output.

The happiness function V' will be designed by a metaphorical principal, repre-
senting the process of natural selection. The objective for this principal will be to
maximize the expected level of y, via the incentives provided by V towards a high
level of effort. The problem faced by the principal is mathematically equivalent to a
moral-hazard agency problem, where the level of effort is hidden from the principal,

and V represents an incentive payment for the agent. Letting e* represent the effort
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selected in equilibrium by the agent, this problem becomes

(2) max Ely| e’
s.t.
(1C) e" = arg max E[V(y) | e] —e,

V(y) € [0,1] for all y.

The resulting happiness functions, which we call efficient, will be the output of the
model.?

We begin by specifying a technology relating effort to output. Suppose y =
7(e)+z, where 7 is smooth, concave, and increasing; and z is a zero-mean exogenous
shock with a smooth density g that is increasing over R_ and decreasing over R, .
Notice that m(e) corresponds to Efy | €], the principal’s objective. Let F(y | e)
denote the conditional c.d.f. for output, with density f(y | e).

We attack this incentive problem via a first-order approach (Rogerson [1985]),

where the effort incentive constraint for the agent (1C) is replaced by the constraint

0

(FOC) SEV(y) | =120,

This new constraint represents the first order-condition for the agent when select-
ing her level of effort. The inequality is present because the constraint will only
bind in the direction of less effort.* Once (FOC) takes the place of (IC), observe
that a necessary condition for efficiency of a happiness function is that, given the
equilibrium level of effort e*, this function solves maxy 2 E[V (y) | e*]. Otherwise,
(FOC) could be relaxed and the level effort increased, a contradiction to the fact
that V was efficient. Intuitively, this requirement means that the incentive potential

of happiness has been fully exploited.

3In the results that follow, the bounds on happiness always bind, suggesting that the evolution-
ary process will presumably act on these bounds. However, provided some type of bounds remain,

this process will simultaneously favor the happiness functions that best exploit the available range.
4This first-order approach is valid as long as F(y | e) is concave in e, which in turn is guaranteed

when 7 is sufficiently concave. We assume that this is the case.
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For future reference, notice that E[V(y) | e*] can equivalently be written as

E[V(y) | m(e*)], and therefore this necessary condition for efficiency can be ex-

pressed as
®) max =- B[V (y) | n(e")]
(1C) s.t.

V e [0,1] for all y.

Conversely, any happiness function that solves problem (3) will also solve the
original problem (2) provided the first-order approach is indeed valid. In which
case, problem (3) characterizes all efficient happiness functions.

Before solving this problem, we take a technical detour in order to motivate our
setup. We do so by developing a more primitive model that serves as an equivalent
dual problem delivering the same happiness functions. After doing so, we return
to the above agency setup, which will provide considerable intuition for the results

that follow. The reader can feel free to skip to section B.
A. Selecting a course of a action

Consider a more primitive problem where, instead of selecting a level of effort,
the agent must decide upon a course of action x € X. We allow X to be an arbitrary
metric set, where the distance between any two courses of action z and 2’ is given
by d(z,z'). Before selecting x, the agent will observe a random variable «, which
summarizes the current state of nature. The combination of x and « generates a
probability distribution over output y, which describes proximate evolutionary goals.
This distribution is given by the conditional density f(y | z,«), which is known
by the agent.® Suppose the evolutionary process metaphorically ranks different

distributions f according to their first moment [yfdy = Efy | f]. In other words,

5As an example, suppose the agent is searching for food via the recollection of fruit. Output
will represent the amount of fruit she obtains, whereas the resource allocation x is the strategy
followed in this pursuit. The set X is intended to represent the myriad courses of action that an
individual can take in reality towards achieving a specific goal —these are meant to represent even
the smallest details, from traveling in a particular direction to climbing a particular tree using
a precise sequence of steps. In practice, the value of each one of these actions will depend on
the state of conditions currently faced by the individual —like the presence of a fruit in a specific

location. The shock a represents these conditions.
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output y serves as aggregator that maps a functional space of distributions f into
a single dimension, thus establishing a means to compare them.

The agent, in contrast, ranks distributions f using a different aggregator, called
happiness, which is a function V' : y — R. In particular, the agent’s rank is
determined by [V (y)fdy = E[V(y) | f].° After y is realized, happiness V (y) will be
physically experienced by the individual. As such, we assume that V(y) is bounded
above and below.” Notice that E[V (y) | f] serves as the agent’s “decision utility”
—a function of actions— whereas V' (y) corresponds to her “experienced utility,” from
which decision utility is constructed. We return to this point in our concluding
remarks.

In order to establish a link with the principal-agent model of the previous section,
we assume the following technological structure: (i) y = Ely | x,a] + z, where z
corresponds to the zero-mean exogenous shock described above, realized after z is
selected.® (ii) Ely | z,a] has a unique maximizer, denoted by z*(a). And (i)
Ely | z,a] can be expressed as Ely | d(z*(«),x)], which is smooth and decreasing

in d.?

SNotice that this setup corresponds to expected utility theory, where the Bernoulli utility over

outcomes if given by V.
"Notice also the assumption that V does not depend on the particular selection of z. In practical

terms, this means that the individual is rewarded for actually finding some fruit, not from searching
in any specific location. In the other extreme, the agent could be rewarded whenever she follows the
exact optimal course of action z*(«), regardless of the realization of y. This would be equivalent
to building an automata that is hard-wired to select x*(«) upon observing any state . Important
examples of this type of process include non-conscious automated responses such as our hear-beat
—see also Samuelson and Swinkles [2002] on urges. But for many other decisions, this type of hard-
wiring has been replaced by a happiness reward system based on a project’s success —presumably
due to the complexity of the environment together with the complexity of the set of feasible courses
of action. In the present discussion, these are the decisions of interest.

8In this case, the distribution of y is derived from the distribution of z, given by g(z). Namely,
fylza)=g(y— Ely| z,al).

9These technological assumptions are made for analytical simplicity. A weaker version of (iii)
that delivers the same results is that the optimized expected output, given by Efy | *(«), o, is
independent of «.. In other words, the state a determines only the optimal course of action, not
the highest possible level of expected output that can be achieved. The original formulation of

(7it) simplifies the exposition.
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Since x only affects the distribution of y via the distance d, we can express the
agent’s objective as

(4) max E[V(y) | d(z*(e), )]

T

s.t.
reX,

where V' was previously molded by natural selection. Importantly, the expression
EV(y) | d(z*(«), x)] is merely a mathematically simplified way of expressing the
agent’s objective. Underlying this expression is the fact that the agent literally
ranks different courses of action z according to the distributions f(y | z, ) they
generate, and the subsequent aggregation process [V (y)f(y | z, a)dy."

Consider now the evolutionary problem of selecting a happiness function V' € [0, 1]
that maximizes Ely | d| subject to the decision process in (4). It turns out that a
large family of happiness functions will guarantee that (4) leads to the selection of
z*(a). Indeed, this will be true for any happiness function such that E[V (y) | d] is
decreasing in d.!' Moreover, this property will hold for any arbitrary rescaling of
V, allowing, for example, for happiness functions that are arbitrarily flat. However,
this set of functions can be sharply refined by introducing a bound on the precision
of the happiness instrument.

For this we return to the agent’s ranking of alternative courses of action. Suppose
that when evaluating x via the aggregation [V (y)f(y | z, @)dy, the agent makes a
small random error €(x) —e.g., a random computational error. Thus, when deciding
between z and 2/, she will compare E[V (y) | z, a]+€(z) against E[V (y) | 2/, a]+€(2’)
and select the action for which this expression is larger. Consequently, even when
E[V(y) | d] is decreasing in d, the agent will not necessarily select z = z*(«). We
are interested in happiness functions that minimize the evolutionary cost of this
type of mistake in the limit as the errors € approach zero. These functions, in turn,

will coincide with the happiness functions that solve the original problem (2).12

10T other words, feelings V' are literally used to evaluate alternative courses of action. Damasio

[1994] presents neurological evidence supporting this view.
HConsider, for example, any function such that: V(y) = 1 whenever y > %, where 7 is an

arbitrary threshold, and V(y) = 0 otherwise. In such case, the agent’s objective E[V (y) | d] equals

the probability that the shock z exceeds ¥ — E[V (y) | d], and this probability is decreasing in d.
12For this analysis we require the technical assumption that, for all a, * () is an accumulation

point of X. This simply means that there exist values of x arbitrarily close to x*(«).
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Consider the problem of minimizing the likelihood that the agent ranks an = #
z*(«) higher than z*(«). Letting 6 = d(z*(«), z), this problem is equivalent to that
of maximizing the difference between E[V (y) | d = 0] and E[V (y) | d = 6]. Using a
first-order Taylor expansion, we can express this difference by

EWV() | d= 0]~ EV(y) | d= 8~ —-BV(y) |d=0] -5
As the random errors € become small, so will the distance between z*(«) and any
x selected with positive probability. Thus, the relevant values of ¢ will also become
small. In the limit as 6 — 0 the above approximation becomes exact, and the hap-
piness functions that minimize the likelihood of a departure from z*(«) correspond
to those that maximize the derivative — 2% E[V (y) | d = 0].

Intuitively, the evolutionary advantage of a high derivative —ZE[V (y) | d = 0] is
that it increases the likelihood that a potential deviation away from x*(«) is actually
perceived by the agent as costly. In this sense, a happiness function that maximizes
—Z2E[V(y) | d = 0] will also maximize the incentive to remain close to z*(c).

Now observe that we can express the agent’s objective as E[V (y) | Ely | d]], and

therefore

0 0 0
—%E[V(?J) | d=0] = —%E[?J | d=0] o[y | d]

from which it follows that the maximization of —ZE[V(y) | d = 0] is equivalent to

the maximization of mE[V(y) | Ely | d = 0]].

Thus, after a normalization of the units in problem (2), so that 7(e*) = E[y | d =

E[V(y) | Ely | d = 0],

0], the maximization of —Z&E[V (y) | d = 0] will be equivalent to the maximization
of ZE[V(y) | m(e*)], which arises from problem (2). In both cases, the objective
is to maximize the marginal responsiveness of the agent’s objective to changes in
expected output at the point where the latter equals its highest possible level. In
other words, the exogenous cost of effort in problem (2) plays the same role as
the random optimization errors; both of which lead to the selection of happiness
functions that are maximally responsive, in expectation, to changes in the agent’s
decision. The appendix below describes a further connection between problems (2)

and (4) by means of a dual formulation of the latter.
B. The Happiness Reference Point

We return to the original principal-agent problem (2), and proceed to characterize

the efficient happiness functions that maximize the derivative ZE[V (y) | m(e*)],
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where 7(e) = E[y | €], and e* is the equilibrium level of effort. Letting f(y | 7) =
g(y — ), this derivative is given by

5 [ V@] Dy

- /V@MMymwvmy

m=m(e*)
=l/vwn—yw—www}@.

Since ¢'(z) is assumed to be positive for all z < 0 and negative for all z > 0, the
term in brackets in the last integral is negative for all y < 7(e*) and positive for all
y > 7m(e*). As a result, the derivative is maximized by setting V' (y) = 0 —the lower
bound- whenever y < 7(e*), and V(y) = 1 —the upper bound —whenever y > 7(e*).
The value of V(mw(e*)) is immaterial, and for concreteness we assume V(0) = 1.
Observe that up to a zero-measure set, this function is unique.'®

The expected value of output m(e*) = Ely | e*] serves as a reference point.
Whenever y exceeds this expectation, the agent is rewarded with the highest level
of happiness, and whenever y falls short, the converse occurs. In other words,
happiness is fully determined by the sign of the surprise. This function corresponds
to the limiting case of the utility functions in prospect theory —Kahneman and
Tversky [1979]- where the marginal impact of a surprise is always decreasing, i.e.,
utility is concave to the right of the reference point, and convex to the left.!* In
the limiting case, the size of the surprise is irrelevant. This shape is analytically
convenient, since the entire function is summarized by its reference point.!®

This efficient happiness function has a direct interpretation in the agency frame-
work. Under the first-order approach to the agent’s effort constraint, the purpose
of V' is to maximally deter a marginal deviation away from e*. This is illustrated
in figure 1. The upper panel graphs the distribution of y conditional on effort.
This is a single-peaked function centered at E[y | e]. The bold line represents the

distribution when the agent follows her prescribed level of effort e*. Consider now

13These extreme rewards arise because the agent, by construction, is risk-neutral with respect
to happiness, and happiness is costless to the principal within the bounds. Analogous rewards

arise in Levin [2003] under relational contracts.
4For example, minor favorable surprises (such as finding some trivial amount of money) have

a sizable impact on reported well-being. See Schwarz and Strack [1999].
15Smoother happiness functions would arise if, instead of imposing an upper and lower bound

on happiness, we assumed that there is a benchmark level of happiness that is physiologically
optimal, and that deviations from this level are increasingly costly. See Wilson et al. [2002] for

an analogy with blood sugar, as opposed to blood pressure.
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f(y| )¢
g(0)
> Y
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0 > Yy

F1GURE 1. The First-Order Approach

a marginal deviation to e < e*. This deviation will cause the distribution to shift
to the left, as shown by the dashed function. As a result, the density of all values
of y < Ely | e*] will increase, while the density for all values of y > Ely | e*] will
decrease. As shown by the lower panel, in order to maximally deter this marginal
deviation, the principal will punish all values y < E[y | e*] using the lowest possible

level of happiness, and reward all other values with the highest possible level.l6

3. DYNAMIC ENVIRONMENT

We now extend the core model to a dynamic setup, where the agent lives for
multiple periods t = 1,2... For simplicity, we identify each period with the length
of one project. At the beginning of period ¢, the agent selects a level of effort e; —or
a course of action z; in the dual problem presented above. This effort determines

a distribution function f; over different levels of output y;, which can represent

16This happiness function can also be interpreted as implicitly performing a Neyman-Pearson
statistical test, based on y, against marginal effort deviations. The null hypothesis for this test is

113 *

e = e*,” an the rejection region is given by y < Efy | e*].
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anything from successfully collecting food to finding a sexual partner to helping a
friend. In a modern environment, it could also represent, for example, successfully
saving for future retirement. We assume that i, serves as a sufficient statistic for
the impact of e; over the ultimate evolutionary goal, which simply means that
alternative distributions f; can be evaluated, without loss, via their impact over
y; alone. Thus, in the metaphorical principal-agent model, we assume that the
objective for the principal in period ¢ is given by Ely; | fi].

As in the core model, the agent ranks different distributions f; via a happiness
function V;, which aggregates each distribution f; into a single dimension. Happiness
will be experienced at the end of the period, after y; is realized; it will now be
a function of y; —the evolutionarily relevant objective— together with a vector of
additional information €2; that is available to the agent at the time happiness is
experienced. As explained below, this vector €2; will include information of past
levels of output y;_s, as well as the levels of output produced by the agent’s peers,
both of which will be technologically linked to ;.

The period-t objective for the agent is given by

(6) HE?XE[W(%’ Q) | e] — e

This formulation assumes that the agent selects e; based on its impact over current
happiness alone, without additional reference to future levels of happiness V.
(Formally, this corresponds to a multi-self framework, where one self is alive every
period.) This by no means implies that the agent is myopic in the sense of not caring
about her future material well-being, it simply means that any impact that her
current actions have over the future will be evaluated via current emotions based on
y¢. This represents, for example, an individual that saves for her retirement precisely
because it leads to a contemporaneous psychological reward. More generally, this
process corresponds to a view of the human intertemporal decision process wherein
current intertemporal decisions are based on current emotional rewards, not on

intertemporal trade-offs of emotions.'”

17Such view is closely related to the phenomena of emotional anticipation, whereby news about
future material outcomes will have an immediate emotional effect. Notice, on the other hand,
that an individual that cares only about current happiness will be, by construction, fully myopic
terms of intertemporal trade-offs of happiness. If offered, for example, an € > 0 increase in current
happiness, followed by a one-unit reduction in happiness for every subsequent period into the

indefinite future, this agent will always accept. Why? Precisely because she will feel e happier if
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We proceed with several examples where the efficient happiness functions are
built with habits and/or peer comparisons through the vector €2;. These effects will
arise via the technological process behind #;. For concreteness, 3; can be interpreted

as income. For all the technologies considered, ¥, will be determined by
(7) Ye = Elye | e, ] + 2,

where the shock z; is i.i.d. across time, and follows the single-peaked distribution ¢
described above. The problem for the principal, for each period t is given by
0
—EVi(y:, Q2 0
m‘/%x e, Vi (e, ) | €]
s.t.

Vi(ye, Q) € [0,1] for all y; and Q,

which corresponds to the maximization of Efy, | e, €] subject to the first-order
condition for (6).

As in the static model, the happiness function solving this problem will have a
one-step shape. The conditional expectation Ely; | e}, %] will serve as a reference
point. Denote this reference point by ;. After y, is realized, the agent will experience
happiness V; = 0 whenever y; falls short of 7;, and otherwise she will experience
Vi=1.

Example 1: A Markovian Habit

Suppose the world is populated by a single agent, and output is given by y, =
7(er) + 0y, where 0, follows the Markovian process 6; = 6; 1 + z;. In this case, for

every period t, the efficient happiness function will have a reference point 7; = v;_1:

Proposition 1. Under the above Markovian technology with a single agent, for

every t, the efficient happiness function is given by

V(y y 1): 1 Zf ytzyt—h
e 0 if ye <y

Proof. The expected value of output for period ¢, conditional on e; = e}, is given
by 7(e;) +6¢—1. Since output follows a single-peaked distribution around this mean,

the efficient happiness function has one step and a reference point equal to 7; =

she accepts. These type of trade-offs, of course, are not offered in practice: real-world trade-offs

are based on material outcomes, not emotional experience.
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m(ef) +60¢_1. In equilibrium, #;_; can be inferred from y;_; using the equality 6, ; =
yi—1 — m(€ef_1). As a result, the reference point can be expressed as y; = mw(e}) +
yi—1 — m(e;_1). It remains to show that ef = e} ;. The equilibrium effort can be
inferred from the agent’s first-order condition, which must hold with equality. In
order to obtain this first-order condition, notice that the expected value of happiness
is equal to the probability that output y; = m(e;) + 6,1 + 2; exceeds the reference
point ¥ = m(ef) + 0;—1, which in turn is equal to prob{z; > w(ef) — m(e;)} =
| O(Z:)_W(et) g(z)dz. The first-order condition for the agent therefore becomes

™

2 Wi ] -1 = gtn(e) ~ i) ~ 1= 0

From which it follows that the equilibrium levels of effort solve, for all £, the equality

g(0)7'(e;) = 1, and therefore €] =€} ;. 11

The argument behind the proof is the following. Using the equality ;1 =
m(ef_;) + 041, current output y; can be expressed as w(e;) + 61 + 2 = 7w(er)
+ yi—1 — m(ej_y) + 2. Moreover, the additive structure of the random shocks will
imply that the equilibrium levels of effort remain constant across periods, so that

e;_, = e;. Therefore, we can write
(8) Y = Y1 +mler) — w(ep) + z

From (7), Ely; | e, Q4 corresponds to y;—1 + m(e;) — w(e}), with € = ;1. The
optimal happiness reference point equals Ely; | e, §)] evaluated at e; = e}, which
finally reduces to y;_1, the best predictor of ;.

This result can be readily interpreted within the optimal incentive framework.
From (8), when assessing marginal effort deviations, the principal can restrict to
the measure y; — 7;_1, which is her best source of information regarding the agent’s
current behavior. In addition, notice that a marginal effort deviation will affect
Ys — ys—1 in exactly the same way as a low realization of z; —i.e., both these effects
are indistinguishable for the principal. Consequently, even though in equilibrium
Yt — Ys—1 = %, the principal must punish the agent following low realizations of z;
and vice versa. The result is a happiness function that provides the lowest payoff

whenever y;, —1y; 1 = 2; < 0, and vice versa, which is equivalent to setting a reference

point Uy = ;1.
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This example provides a stylized theory of the process of habituation, or hedonic
adaptation, whereby the agent becomes accustomed to her current material stan-
dard of living —e.g., Frederick and Loewenstein [1999].1® As in prospect theory, the
carrier of happiness is the change in output, not its absolute value. In practical
terms, this means that the agent will experience positive feelings if she manages to

improve her standard of living, and vice versa. This type of process has been well

documented, and is especially acute when it comes to income.'?

Under this technology, the process of habituation and the formation of expecta-
tions are one and the same: the habit continuously guarantees that the reference
point 7; is equated to the expected level of y;, so that only the random surprises
have an effect over happiness. The result is a mean-reverting process in the level
of happiness, where its expected value is the same every period, regardless of past
levels of output. Only the sign of the random surprise z; will determine whether

current happiness turns out to lie above or below its long-term mean.

FExample 2: Static Peer Comparisons

BFrederick and Loewenstein [1999] suggest the following functions for the process of hedonic
adaptation: 1. Persistent strong hedonic states can be destructive, hedonic adaptation may help
protect us from these effects. 2. It may increase our sensitivity to, and motivation to make, local
changes in our objective circumstances. 3. It may prevent the continued expenditure of energy in
futile attempts to change the unchangeable and redirect motivation to changes that can be made.

The conceptual addition of our theory is the notion of a statistically optimal use of the available
information as a means to evaluate the individual’s current performance. Under this notion,
adaptation becomes one particular component of an efficient incentive mechanism, and therefore
can be formally unified with the process of peer comparisons, as well as the role of expectations.
Notice also that the objective of motivating the individual towards achieving local improvements
in his circumstances is different from the objective of deterring local deviations away from the
ideal course of action, which is the device we focus on. The latter is precisely the device that will

allow us to unify habits and peer comparisons.
19To be sure, the purpose of our theory is not to describe the process of hedonic adaptation.

Rather, our goal is to attempt a formal theory for its reason of being. By this we refer to a theory

that goes beyond the following type of argument, which essentially assumes the result:

e The hedonic intensity of a number of stimuli fades away with time because the neural process
adjusts to these stimuli. As a result, only differences in the status quo create a hedonic effect.

Habits are a manifestation of this process.
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Suppose the world is populated by a continuum of symmetric agents indexed
by i —each one with her own principal. The output for each agent is given by
yi = 7(el) + 0, where 0, = T'; + 2i. The first component of the shock, I';, represents
an aggregate shock which is shared by all agents. The second component, z!, is
an individual shock that is i.i.d. across agents, and follows the distribution g. We
assume that the shocks 91 are independent across time, and that the population
mean across the individual shocks 2! is equal to zero —i.e., an exact law of large
numbers applies. We are interested in a symmetric steady state of the evolutionary
process where every single agent is equipped with an efficient happiness function
that maximizes her level of effort. Dropping the ¢ superscript, the efficient happiness
function for each individual will have a reference point y; = ¥,, where 7, is the

average output across agents:

Proposition 2. Under the above static technology with multiple agents, for every

t, and every agent, the efficient happiness function is given by

1 Zf ytzytv
0 if ye <Yy

V(?Jta@t) = {

The argument is the following. In a symmetric environment where every agent
follows the same level of effort e}, we can write y! = 7(ef) + [y + 2i. By averaging
across all individuals, this implies I'; = 7, — 7(e}). Again dropping the ¢ superscript,

the output for each agent can be expressed as
(9) ye =T, +mle) —mley) + 2.

Using (7), Ely: | e, $] now corresponds to g, + m(e;) — m(e}), with Q; = 7,. Recall
that the optimal happiness reference point equals Ely; | e;, (] evaluated at e; = e,
which in this case reduces to ¥,.

In terms of optimal incentives, we can see from (9) that the most informative
variable for the purpose of assessing effort becomes the difference y; — ¥,, which in
equilibrium is equal to the shock z;. Consequently, happiness will be a function of
this surprise alone, and will follow the same mean-reverting process described in
the previous example. A subtle difference is the fact that 7, does not correspond
to the agent’s ex-ante level of output expectations. In fact, when e, is selected, 7,
has not yet been realized. Rather, 7, reflects the agent’s ex-post output potential

as measured by the conditional expectation Ely; | e:, 7).
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The carrier of happiness is now relative income y; — 7,. This comparison can be
interpreted as a negative externality caused by peers. However, it is not an exter-
nality in the conventional sense. The reason why 7, enters the happiness function
is because it filters out the aggregate shock I';, and thus increases the statistical
power of the happiness incentive device. As a result, peer effects are not intrinsically
related to the absolute level of peer output. Rather, they arise because of the tech-
nological interdependence that exists across peers. The resulting incentive device is
analogous to a relative performance scheme inside a firm. By tightening the con-
nection between effort and reward, it’s effect is to magnify the cost of withdrawing

effort.?0

Example 8: A Markovian Habit and Dynamic Peer Comparisons

The most distinctive implication of the agency approach arises when habits and
peer comparisons are combined. We begin with a simple output process that com-
bines the technologies from the two previous examples. The output for each agent is
given by y; = m(e;) + 0;, where 6, follows the Markovian process 6; = 6;_1 + 'y + ;.
The difference with example 1 is that the innovation 6; — 6;_; is now determined by
both an aggregate and an idiosyncratic shock; and the difference with example 2 is
that these shocks are now fully persistent.

The efficient reference point will not be the mere sum of y;,_; and ¥,. Such a
reference point would imply that the carrier of happiness is the difference between
the increase in output Ay, = y; — y:—1 and the average peer output y,. This would
imply comparing an innovation against an absolute level. Rather, the carrier of

happiness becomes the difference in differences

(10) Ay, — Ay,

20Robson [2002] and Samuelson [2003] develop alternative evolutionary arguments in order to
account for relative concerns. Samuelson shows that relative concerns leading to imitation can be
used as a substitute for cognition when the latter cannot be fully trusted. Robson, on the other
hand, points out that if utility, a function of fitness, can only attain a limited number of values,
then the highest value will be reserved for the level of fitness associated to the evolutionarily
optimal choice. Moreover, if this fitness level changes across time, as signaled by peers, then it
will be desirable to adjust the utility scale. Both authors abstract from the more general study of

happiness —e.g., mean reversion, surprises, and habits.
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This result is obtained by noticing that, in a symmetric equilibrium where efforts

are constant across time, output can be expressed as
ye = wle) +0 1 +Ti+ 2z
= Y1+ Ay, +7(er) — 7(er) + 2.

The key step is that I'; equals the change in average output Ay,. Again using
expression (7), E[y: | e, §2] now corresponds to 1 + Ay, + m(e;) — w(e;), with
O = (y4—1, AT,). The efficient reference point therefore becomes y; = E[y; | e}, (%]
= Y1 + Ay,

Proposition 3. Under the above Markovian technology with multiple agents, for

every t, and every agent, the efficient happiness function is given by

1 if ye >y + Ay,

V b - 7A_ ==
(o1 41, £3,) { 0 if ye <ye1 + AT,

As in the previous examples, the carrier of happiness, Ay, — Ay,, will equal the
idiosyncratic shock. Happiness will therefore preserve its mean-reverting feature and
its exclusive dependence of the sign of the random surprise. The novel implication
of this example is the fact that average peer output is lagged with a negative sign.?!

This difference-in-differences result can be interpreted in two alternative ways.
The first is that the process of habituation also occurs at the level of peer output.
Consider a sudden and permanent increase in 7,. This increase will initially shift
the reference point to the right, with a likely decrease in happiness, which can be
interpreted as envy. But after one period, 7, will enter the reference point with a
negative sign, shifting it back to its original level so that envy is gone. After one
period, the agent has successfully coped.

The second interpretation is that the agent cares about her relative social position
Y:—7, as in example 2; but, in addition, she experiences a habit in terms of this social
position. The habit means that her social position enters as a lagged term ;1 —7,_,
in the reference point. As a result, the carrier of happiness becomes the change in
Tekeyis that the reference point must be informationally efficient. Thus, whenever there
is a habit, there must exist a positive intertemporal correlation in the level of output. But, in a
symmetric environment, this means that there must also exist a positive intertemporal correlation
in the level of aggregate output. This in turn implies that 7, must contain redundant information
regarding shocks that occurred in the past —in the above example notice that ¥y, = I't + v,_1,

and only I'; is valuable information. In order to eliminate this redundant information, aggregate

output is lagged.
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social position, a second difference as well. Notice that both interpretations share
the feature that the process of adaptation extends beyond the agent’s own material

conditions in a way that encompasses the conditions of her peers.

4. Murti-PERIOD HABITS

We conclude the model by presenting a more general result that encompasses
the above propositions. Suppose output for each agent is given by vy, = 7(e;) + 0y,
where 6, follows the more general linear process 6, = > o, v,0i—s + 't + 2, for
some coeflicients 7y,. The summation allows for rich intertemp_oral correlations; while
I'y + z; represents the period ¢ innovation, with the assumption that z; is i.i.d.
across individuals with density g, and I'; is an aggregate shock common to all
individuals. No restrictions are imposed over the distribution of I';. This recursive
process accommodates any invertible ARMA process in which both the random
innovations I'; + z;, and the levels of output y;, are lagged for an arbitrary number
of periods.

Under this linear structure, the model remains highly tractable. Consider a sym-
metric environment where every agent is equipped with the same happiness func-
tions. Combined with the linear structure, this implies that the equilibrium efforts
are constant across periods and agents. Consequently, output for period ¢, as a

function of e;, can be expressed as

y = m(er) + Z Vsbi—s + Tt + 2

= mle) + ) Valyis — (e + {?t =€) = DVl — W(eé‘_s)]} + 2

= yt + Z’Ys[yt—s - yt—s] + 7T<€t) - 7.‘—(6:) + Zt,
s>1
where the term in curly brackets corresponds to I';. Following the representation in
(7), it follows that Ely: | e, ] =y + D g1 Vslt—s — Yes| + m(er) — 7w(ep), with
QO = <yt_1,yt_2, 3 Yy Y > The efficient reference point therefore becomes y;
= Ely: | e, %] =7, + 2321 YslVis — Up_s)-

Theorem 1. Under the above linear process for output with general intertemporal

correlations, for every t, and every agent, the efficient happiness function is given
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V(yt Qt) = L Zf Y 2 yt + 2521 Vs [yt—s - yt_s],
| 0 if g < Y+ 2521 Vs[yt—s - yt—s]'

The carrier of happiness is now the generalized difference in differences

Ye — Z VslYt—s — [yt - Z ’Ysyt—s] :

s>1 s>1
The lagged term > ., v,y—s corresponds to a habit, now a function of a more
comprehensive past. This habit is subtracted in order to eliminate any component
of y; that is associated to past output as opposed to current effort e;. Crucially, in
this symmetric environment, any intertemporal correlation also impacts aggregate
output. The lagged sum ) ., 7,7,_, is therefore subtracted from 7, as a means
to enhance its informative value. This lag can again be interpreted as a process
of habituation to peers. Moreover, since exactly the coefficients v, are employed,
the general prediction is that any reference point that depends positively on past
output as well as current aggregate output, must simultaneously depend negatively

on past aggregate levels.

5. HABITUATION TO PEERS

Perhaps the most characteristic implication of the present agency approach to
happiness is that habits are accompanied by peer effects lagged with a negative
sign. Here we contrast this implication with the existing happiness evidence. We
limit attention to income, a variable known to cause particularly fleeting effects. We
proceed by interpreting the available evidence within a stylized formal model. In
particular, suppose that the carrier of happiness at any given date is the difference
between current income y; and some time-varying reference point y;. Suppose, in
addition, that this reference point can be expressed as a linear function of past
income together with the history of aggregate levels:

U = Z QsYi—s + ATy + Z BTy
s>1 s>1
We impose no ex-ante assumptions over the coefficients ay, A, 3,. Rather, we wish
to translate the available happiness evidence into simple restrictions over the values
that these coefficients can take.
Consider the experiment of increasing the level of income of every individual in a

given country by a constant level ¢ for every period into the indefinite future. What
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is the long-term effect of this increase? Assuming this country had a sufficiently
high level of income to begin with, a number of studies suggest that the change
will have no impact at all —see Frederick and Loewenstein [1999] for a review. In
the U.S., for example, real per-capita income increased by a factor of four between
1970 and 1990, but Myers and Diener [1996] find no change in average happiness or
satisfaction. For poor countries, however, the existing studies do suggest a positive
effect. Consequently, we interpret this evidence as an indication that the experiment
will have a non-negative long-term effect over happiness. In terms of the coefficients
of the linear model, this implies that over the long run, 7; cannot increase by more

than ¢, which delivers our first restriction:

(S1) dagtA+> B <1

s>1 s>1

Next, consider the experiment of increasing average output 7, by c units while
leaving y; intact. What is the short-term effect of this impact? It is well known that
peer comparisons are a central component of income satisfaction —see Argyle [1999]
for a review. These effects have been measured, for example, among co-workers,
where the best predictor of income satisfaction is typically wage inequality. In some
cases, individuals are even willing to receive a lower income as long as they receive

more than a rival group. We interpret this effect as
(52) A > 0.

Finally, consider the experiment of increasing the income of a single individual
by a constant level ¢ for every period into the indefinite future. What is the long-
term effect of this increase? Provided income is sufficiently high to begin with, the
evidence again suggests that this change will have a minimal long-term effect —e.g.,
Easterlin [1974], Duncan [1975].?* Following Brickman and Campbell [1971], this
process has been called the “hedonic treadmill.” In terms of the model, this means
that over the long-run, y; will increase by approximately ¢ units as well, delivering

our third stylized restriction:

(S3) Zas ~ 1.

s>1

22For example, Clark [1999] shows evidence that job satisfaction is tightly related to increases

in salary, not absolute levels.
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By combining (S1) — (53) we obtain

B, <1=) a—Am-A<0.

s>1 s>1

Thus, whenever A is sufficiently different from zero, we must have ) ., 3, <0, as

predicted by the agency model.?

6. CONCLUDING REMARKS

Since so many decisions are motivated by emotional rewards, it has always been
tempting to equate utility and happiness. These two notions, however, need not
coincide. Following Kahneman [1999], we can conceptually distinguish “decision
utility,” which refers to utility in the standard choice-theoretical sense, from “ex-
perienced utility,” which describes the hedonic experience. Our model includes a
link between the two. Experienced utility corresponds to happiness, which is an
emotional state that arises after the outcome of a project is realized —this outcome,
for example, can represent the amount of fruit collected during a gathering project.
Decision utility, on the other hand, describes a ranking among all the alternative
physical courses of action in which the individual can engage during this project —for
example, climbing a particular tree. These actions, per se, are not the carriers of
happiness. The link between the two types of utility is the following, decision utility
is constructed by computing an expected value of happiness conditional on each al-
ternative course of action. This computation amounts to transforming a functional
space of conditional distributions into a one-dimension measure: the aggregating
device is happiness. Consider a modern example. Suppose an individual is offered
two alternative shirts and must select one. Suppose the function of the shirt is to
attract a mate in a party later that day. Following our framework, decision utility
will rank the two shirts by means of ranking the more primitive actions of physically
grabbing one shirt instead of the other. This ranking, in turn, will be determined by
the expected value of happiness created by each shirt, where happiness is a function
of the outcome of the project: whether or not the mate was secured.

Our objective is not to present a comprehensive description of the existing pat-
terns and determinants of happiness. This would be a daunting task for any formal
model. Rather, our intention is to set forth an agency-based mechanism that can

account for some basic components of the hedonic experience. We propose, for

23Tt can even be argued that A ~ 1, which is consistent with the evidence that, in wealthy

countries, the process of economic growth has a minimal impact over happiness.
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example, that habits and peer comparisons enhance the statistical power of the
happiness incentive device. This can explain, for instance, why peer income can
adversely affect an individual’s reference point and thus lower her satisfaction. Our
claim, to be sure, is not that peer income will always reduce the level of happiness.
An obvious example is when our interests happen to be aligned with those of our
peers —such as the case of friendship and kinship. Indeed, the evolution of humans
is widely believed to have been based on intense reciprocal relationships —formally,
the project of helping a friend would be modeled in the same way as the project
of gathering fruit. In the model, contemporaneous peer success always hurts the
individual precisely because in the examples we consider their interests happen to
be unrelated —while their output technology is not.

The modern study of happiness has been closely accompanied by the study of
hedonic predictions, namely, the degree to which individuals hold accurate intuitive
models of the determinants of their own future tastes and feelings. The consensus
among psychologists, for example, is that the average individual has profound de-
ficiencies when it comes to these intuitive models —e.g., Gilbert et al. [1998], and
Wilson et al. [2000], see also Loewenstein and Schkade [1999] for a review. Ex-
amples include underestimating the extent of hedonic adaptation as well as biased
perceptions regarding the long-term determinants of happiness. Given the inherent
complexities of this type of phenomena, we have opted to model the individual as
a collection of multiple selves, one for each period. Each self faces one project,
and responds to her happiness function alone —importantly, these projects can be
forward-looking themselves, such as helping a friend, or saving for future retirement.
The result is a happiness function that can be expressed exclusively in terms of ma-
terial outcomes, therefore avoiding the complexities, for example, of stating current
feelings as a higher order-function of future feelings, which in turn can depend on
subsequent feelings, and so on. In this sense, the model is silent with respect to the

formation of hedonic predictions.

7. APPENDIX: A DUAL PROBLEM

We wish to describe a connection between problem (4) in section 2.4, based on
the selection of z, and the original problem (1), based on the selection of e. For this
connection, we must place a restriction over the structure of X. Suppose the agent
can invest resources in a continuum of projects indexed by s € [0,1], and = is a

function that maps [0, 1] into R, . The value of z(s) represents the level of resources



24 LUIS RAYO AND GARY S. BECKER

invested in project s —e.g., time. In addition, the agent faces the budget constraint
[ x(s)ds <1, ie., X equals the set of functions z for which this inequality holds.
We proceed by constructing a dual problem to (4). Suppose that the agent is
hypothetically given control over the size of her resource budget. Denote the size
of this budget by e, which determines the maximum size for [ x(s)ds. Denote the
optimal course of action by z*(«, e), which may depend on the size of the budget.
Expected output is now given by Ely | d,e], which is assumed to be increasing in
e, and also decreasing in d. Finally, suppose the agent faces a marginal cost A of
expanding this budget, so that her problem becomes
(5) max E[V(y) | d,e] — Ae

s.t.

/ 2(s)ds < e.

By selecting A\ appropriately, problem (5) becomes equivalent to problem (4), i.e.,
when )\ is equal to the Lagrange multiplier associated to the underlying constraint
e < 1. Notice that A will be positive whenever E[V (y) | d, €] is increasing in Ely |
d,e], which we assume is the case —this condition is satisfied by all the happiness
functions derived above.

Next, define m(e) = E[y | d = 0, ¢], and replace the objective in (5) by Ely | 7(e)].
As a result, the problem of selecting e becomes max, E[V (y) | m(e)] — Ae; which,
after a normalization of A, corresponds to problem (1). The conclusion is that
problem (1) can be interpreted as a dual problem for the more primitive (4), where
effort represents the total resource expenditure.

Although (5) and (1) mirror each other, the evolutionary problem based on (5)
is not equivalent to the evolutionary problem based on (1) —namely, problem (2)
above. The reason is that, in problem (2), the selection of V' occurs while taking
the shadow cost of effort as given; whereas, in problem (5), the implicit shadow
cost of resource expenditures is itself a function of V. However, under the random

computational errors € assumed in section 2. A, both approaches become equivalent.
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