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A Intertemporal decisions

All of the analysis so far is static. But the most interesting cases are dynamic and deal

with uncertainty and evolution. We can write X = (X1, X2, . . . ,XA) and associate the

superscript with age a. (This changes the notation, but in a fairly obvious way. Each Xa

can be a vector itself.) Time preference is a weighting of early consumption (e.g., X) over

later consumption. Thus, in a time-separable case letting V be lifetime preference at age 0,

V =

A∑∑∑
a=0

(
1

1 + ρ

)a

U(Xa), (1)

where ρ is the discount rate. ρ > 0 means you prefer early utility to later utility. Plato

sees this as a defect (Protagoras). Koopmans (1960) and Koopmans et al. (1964) show

that as A → ∞, a positive ρ must occur or else the consumption pattern generated will be

nonsensical; an extreme case is someone who never consumes, always deferring consumption

at a because utility will be even higher at a + 1. The parameter ρ embeds the concept of

patience into preferences. This is distinct from time consistency, which is discussed below.

One area where there appears to be disagreement concerns the relationship between self-

control and the value of ρ. Economists would typically not relate ρ to self-control and rather

regard it as a feature of preferences in the same way that a taste for apples versus oranges

is a feature of preferences. The notion of a tradeoff between maximizing long run versus

short run utility suggests a view that higher values of ρ leads to lower average utility over

the lifetime. The reason an economist would object to this is that average utility does not

represent a natural objective. Philosophers might possibly link ρ to self-control as well,

based on the argument that a high value of ρ is not one an agent should wish to have for his

preferences, Further discussion of relationship between ρ and self-control might help clarify

disagreements and even lead to some convergence of perspectives.

Associated with these preferences is a constraint set
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C(X1, . . . , XA) = Y. (2)

This parallels the constraint set in the static case. However, one important difference is

that the relative prices of goods will be date-specific. One reason why this will be so involves

interest rates. Postponement of a unit of consumption today can, other things equal, lead

to greater consumption in the future if the real interest rate on the savings associated with

the postponement is positive.

One can think of U(Xa) as the utility that the person gets from bundle Xa at time a. One

way to think of conflict in choice–the self-control problem–is to think of the sub-utility U(Xa)

as the agent’s period a preference for goods. If the agent only lived in period a they would

consume all of Y in a. Since the agent lives A periods, consumption in a has consequences

for other periods. It is the consequences of actions today for my actions tomorrow that is

an essential feature of the self-control problem.

This utility is a special case of a more general utility:

V = (U1(X1), U2(X2), . . . , U t(XA)). (3)

Each U j(Xj) is the utility (valuation) in period j. In period j this is the agent’s utility

of bundle Xj. You can think of these as “short run” utilities, and the preference function

may differ across periods (tastes may change with age, family responsibilities, etc.).

In a dynamic setting, new phenomena can arise. The agent has a bundle of resources

Y to distribute over the lifetime. The agent uses up resources each period. (We consider

creation of resources below.) What is consumed in period 1 will reduce the amount of Y for

future periods. One can think of V as the master utility (the long-run self). If P 1 is the

price vector in period 1, then (P 1)′X1 is the consumption in 1. What is left over for future

periods is Y − (P 1)′X1.

This model provides a context for Fudenberg and Levine (1989). Think of U j as the

2



utility of the short run person who only lives in period j. Left to their own devices, j

takes everything. What stops them? The long-lived agent with preferences V has long-run

preferences. But even with long-run preferences we have a problem. The master V can deal

with each short run only if they remain the same master.

But suppose the master changes period by period. How can this be? One way is to have

multiple masters, e.g., V 1, V 2, . . . , V A. Then they may reverse or try to reverse the plans

made by the previous masters. If the “self” is associated with V , different selves can have

different V j in different periods. Self-control is a problem. This is a version of Jekyll and

Hyde. One self resists the choices of another. Earlier selves have priority over later selves

because they have access to the resources first. Their decisions affect the resources left to

later selves. The later selves may regret the early selves, but they have no control until their

time has come. Notice that earlier selves can have negative time preferences towards the

later versions of themselves (the U j). One can spice this up by using U j,k(Xk). Thus master

1 might value U1,A(XA) a lot. They would leave a lot to master 2. Master 2 might not value

the future and leave little to master 3.

Such a model produces regret. But it leaves open the question of why the selves change,

or even what self-control means. Many strategies are available to take actions that permit

earlier selves to restrict the set of actions that later selves can take (Pollak, 1968).

A central question is how V changes when we go from period 1 to period 2 (and obviously

to higher periods). In the additively separable model, (10), the problem is simple:

V 0 =
A∑

a=0

(
1

1 + ρ

)t

Ua(Xa). (4)

V 1 =
A∑

a=1

(
1

1 + ρ

)a−1

Ua(Xa). (5)

These preferences are linked since
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V 0 = U0(X0) +

(
1

1 + ρ

)
V 1. (6)

This is a theory of self and its evolution. What is nice about (4) and (5) is that the

evolving self has no regret if Ua(·) = Ua′(·) for all a and a′. That is, as the master changes

from “0” to “1”, they make the same decision about all future consumption decisions at “0”

that they do at “1”. This is called time consistency of consumption choices.

But suppose that Ua′(·) = g(a′, a)Ua(·) for a general g(a′, a) or more generally that

Ua(·) = U(Xa, Xa−1), etc. Then the person may have regret, i.e., the decisions made by one

master do not accord with the decisions made by another. However, there is no guarantee

that there will be regret. Becker and Murphy (1988) are an example of a model of this type

without regret. (See general conditions in Johnsen and Donaldson (1985).)

The constraint set can have a dynamic aspect to it. Choices today might enhance capac-

ities tomorrow as in Cunha and Heckman’s (2007) technology of skill formation. My actions

today might bolster resources for tomorrow. Thus, choices can be depleting or enhancing of

resources tomorrow.

Temptation and salience are discussed in behavioral game theory. We present an example

of a dynamic game, which is a minor modification of the discussion in Camerer (2003).

Assume as before that long run utility at time 0 is V 0 =
∑∞

a=0

(
1

1+ρ

)a

Ua. The rules of

the game are as follows. At time 0, I choose to either act in a trustworthy way or in an

untrustworthy way. At 0, the world assumes I am trustworthy. If I choose to be trustworthy,

my utility at a is R; if I act in an untrustworthy way, my utility at a is A > R. However,

if I act in an untrustworthy way at 0, the world will assume that I am untrustworthy in all

future periods, and I receive utility P < R in all future periods, regardless of what I do. It

does not matter whether I am trustworthy or not in the future if I am untrustworthy today;

there is no forgiveness. If I am untrustworthy today, my lifetime utility is
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V 0 = A+
1

ρ
P. (7)

If I am trustworthy today and in all future periods, my lifetime utility is,

V 0 =
1 + ρ

ρ
R. (8)

The infinite horizon assumption provides a mathematical simplification in the sense that

if I elect to be trustworthy at t, I will be trustworthy in all future time periods; in other

words, it allows us to ignore strategies of being honest today, and cheating tomorrow, etc.

Trustworthy behavior is chosen at a if

1 + ρ

ρ
R ≤ A+

1

ρ
P. (9)

Rearranging terms, trustworthy behavior requires that

A−R

R− P
≥ 1 + ρ

ρ
. (10)

This makes intuitive sense. When R − P is large relative to A− R, then I should forgo

the short run gain to being untrustworthy for the long-term benefits.

When will I fail to make the optimal decision to be trustworthy? One possibility is that I

make errors when A−R is large. This would be an example of salience leading to nonoptimal

decisions. Behavioral game theorists prefer to work with something like A−R
R−P

as a measure of

temptation. The ideas of temptation and salience embedded in this example are interesting

because they give a natural source of salience and temptation: location in time. The general

issues of intertemporal consistency and akrasia are discussed in Robb (2022). There is no

special reason to link the two. People may have multiple preferences and there is no reason

to prefer one set of preferences to another. It’s a a matter of the analyst’s preferences and

has no value in explaining choices.

5



B Uncertainty

Uncertainty can arise in two places: in preferences or in constraints. Future selves may be

unknown, even for the same master (i.e., for master 1, U1,j(Xj) may be unknown for j > 1).

Future costs may also be unknown. If I take an action under information set Ia, in period

a the arrival of information in period a + 1 may cause me to regret the decision I took in

a. An agent can anticipate regret and still be perfectly self-controlled. It is just that nature

has changed his world.

We can have “shocks” to preferences: Ua(Xa, θa) and prices P a(ωa). More generally, the

cost function may shift in response to shocks. The ex ante wise decision may be the ex post

unwise one. It is likely that this is always true.

Thus we can write E(V a(Xa)|Ia) as the expected (anticipated) utility at time a given

the information set Ia and the choice Xa. This is a complicated object since it implicitly

requires that one calculates the probabilities of future choices given the current one and the

constraint set. Regret at a+ 1 for a given choice X̃a is defined as

max
Xa⊂Ωa

E(V a(Xa)|Ia+1)− (V t(X̃a)|Ia+1). (11)

Expected regret at time a is

max
Xa⊂Ωa

E((E(V a(Xa)|Ia+1))− E((V a(X̃a)|Ia+1))|Ia). (12)

This will equal 0 if X̃a solves maxXa⊂Ωa E(V a(Xa)|Ia). But the latter means that the

choice at a is optimal given available. This is what it means to say that expected regret is 0

for optimal choices, i.e., there is no anticipated regret in the sense in which we have defined

the term.

To make this concrete, suppose that I do not know how much I will like my kid in future

periods. This can give rise to regret, but I do the best I can with what I know Ia. Note that

the sub-components of Ua can have lexical arguments. So can the components of V a. This
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is an extreme case of time preference.
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C Summary Tables of Economic Preference Develop-

ment

8



T
a
b
le

C
.1

R
at
io
n
al
it
y
of

ch
il
d
re
n
’s
ch
oi
ce
s

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

9



T
a
b
le

C
.2

T
im

e
p
re
fe
re
n
ce
s

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

10



T
a
b
le

C
.3

R
is
k
p
re
fe
re
n
ce
s

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

11



T
a
b
le

C
.4

S
o
ci
al

p
re
fe
re
n
ce
s
-
A
lt
ru
is
m

an
d
E
ga
li
ta
ri
an

is
m

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

12



T
a
b
le

C
.5

S
o
ci
al

p
re
fe
re
n
ce
s
-
A
lt
ru
is
m

an
d
E
ga
li
ta
ri
an

is
m
-C

on
ti
n
u
ed

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

13



T
a
b
le

C
.6

S
o
ci
al

p
re
fe
re
n
ce
s
-
T
ru
st

an
d
R
ec
ip
ro
ci
ty

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

14



T
a
b
le

C
.7

S
o
ci
al

p
re
fe
re
n
ce
s
-
C
o
op

er
at
io
n

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

15



T
a
b
le

C
.8

C
om

p
et
it
iv
e
p
re
fe
re
n
ce
s

S
o
u
rc
e:

S
u
tt
er

et
a
l.
(2
0
1
9
)

16



D Evidence of Personality Development from Longi-

tudinal Studies

Figure D.1 Personality domain model-implied change by gender from age 9 to 13

Notes: N = Neuroticism; E = Extraversion; C = Conscientiousness; A = Agreeableness; O = Openness to Experience. Source:
Brandes et al. (2021)
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Figure D.2 Model-implied changes for facets of Extraversion in early childhood (FSTPC)
and childhood/adolescence (FSPPD)

Notes: Shyness was reverse scored. Source: de Haan et al. (2017)
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Figure D.3 Model-implied changes for facets of Agreeableness in early childhood (FSTPC)
and childhood/adolescence (FSPPD)

Notes: Dominance, Egocentrism, and Irritability were reverse scored. Source: de Haan et al. (2017)
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Figure D.4 Model-implied changes for facets of Conscientiousness in early childhood
(FSTPC) and childhood/adolescence (FSPPD)

Source: de Haan et al. (2017)

Figure D.5 Model-implied changes for facets of Emotional Stability in early childhood
(FSTPC) and childhood/adolescence (FSPPD)

Notes: Anxiety was reverse scored. Source: de Haan et al. (2017)

20



Figure D.6 Model-implied changes for facets of Imagination in early childhood (FSTPC)
and childhood/adolescence (FSPPD)

Source: de Haan et al. (2017)

Figure D.7 Estimated growth for the Big Five traits from ages 21 to 29 separate by gender

Notes: Age range is from 21 to 29 years old. Ages 21 to 29 were self-reported Big Five levels. Source: Wängqvist et al. (2015)
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Figure D.8 Estimated growth for the Big Five domains from ages 2 to 29

Notes: Age range is from 2 to 29 years old. Ages 2 to 15 were mother-reported Big Five levels. Ages 21 to 29 were self-reported
Big Five levels. Source: Wängqvist et al. (2015)
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E Evidence of Personality Development from Cross-

sectional Studies

Figure E.1 Cumulative average-level changes in personality throughout the life span

Notes: Total lifetime change represents cumulative size of change over life course (represented as standardized mean-level
changes). Source: Chernyshenko et al. (2018) adapted from Roberts et al. (2006).
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Figure E.2 Average levels of self-discipline and order across a lifetime

Source: Chernyshenko et al. (2018) adapted from Soto et al. (2011).

Figure E.3 Average levels of ideas and aesthetics across a lifetime

Source: Chernyshenko et al. (2018) adapted from Soto et al. (2011).
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Figure E.4 Average levels of assertiveness and activity across a lifetime

Source: Chernyshenko et al. (2018) adapted from Soto et al. (2011).

Figure E.5 Average levels of altruism and compliance across a lifetime

Source: Chernyshenko et al. (2018) adapted from Soto et al. (2011).
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Figure E.6 Average levels of anxiety and depression across a lifetime

Source: Chernyshenko et al. (2018) adapted from Soto et al. (2011).
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