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Introduction

Every day we are making decisions involving trade-offs between
short-term benefits and long-term benefits. At the same time,
we tend to be remarkably inconsistent in our choices.

• Smokers may be very careful in choosing pension plans.

• Frequent exercisers may not get regular medical
check-ups.

• People who run up large credit card bills may never drive
in excess of the speed limit.

We are also constantly changing our minds.

• We plan to go on a dietary regime, but we break it when
the desert trolley appears at the restaurant.

• We plan to clean the garage at the weekend, but end up
watching a football game.
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Intertemporal choices relate to decisions involving trade-offs
between costs and benefits occurring in different time periods.
Economists have been interested in such decisions. The
current model that is used by most economists, as well as by
governments and firms, is the Discounted Utility Model
(DUM) originally proposed by Samuelson in 1937.

The model specifies an intertemporal utility function
Ut(c1, ..., cT ), which describes the utility at time t of the
consumption profile (c1, ..., cT ) starting at period t and
continuing to period T . The model incorporates the general
axioms described previously. The functional form is the
following:

Ut(c1, ..., cT ) =
∑T−t

k=0D(k)u(ct+k) where D(k) = ( 1
1+ρ

)k.
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Ut(c1, ..., cT ) =
∑T−t

k=0D(k)u(ct+k) where

D(k) = ( 1
1+ρ)

k

• The term u(ct+k) can be interpreted as the person’s
instantaneous utility function, meaning their perceived
well being in period t+ k.

• The term D(k) refers to the person’s discount function,
meaning the relative weight that the person attaches in
time period t to their well-being in period t+ k.

• Finally, the term ρ refer’s to the person’s discount rate,
meaning the rate at which they discount expected future
utilities.
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Example

We can consider the utility profile (20, 20, 20). It is assumed
that the model is discrete and that the utilities are all received
at points in time at the end of each period, rather than
being continuous flows throughout each period. This may
appear unrealistic but the DUM may be modified to transform
it into a continuous time-model - the utility function becomes
an integral of a negative exponential function. If the consumer
discounts future utility at the rate of 10% per year, the current
utility can be calculated as follows:

Ut(20, 20, 20) =
20

(1+0.1)
+ 20

(1+0.1)2
+ 20

(1+0.1)3
= 49.74.

The calculation illustrates an important feature of the DUM; it
closely resembles the compound interest formula used in
calculating net present values.
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Features (Criticisms) of the DUM

• Integration of new alternatives with existing plans
If a person is offered some prospect A and the person
currently has the consumption profile (ct, ..., cT ), then,
that person must now estimate the new consumption
profile with the new alternative (c′t, ..., c

′
T ). This may not

be so easy as it looks! For one, people do not possess
such advanced mental abilities, and for another, people
may just be not willing to reformulate their consumption
plans every time a new prospect is encountered.

• Utility independence
It is assumed in the DUM that discounted future utilities
are summed up. However, this ignores the possibility that
people may prefer a flat or rising utility profile to a falling
one.
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Features (Criticisms) of the DUM (Cont.)
• Consumption independence

A person’s welfare in any time period is independent of
consumption in any other period. As Frederick,
Loewenstein and O’Donoghue (2002) state:

Consumption independence says that one’s preference between an
Italian and Thai restaurant tonight should not depend on whether
one had Italian last night nor whether one expects to have it
tomorrow (p. 357).

• Stationary instantaneous utility
The DUM generally assumes that the instantaneous
utility function is constant over time, meaning that the
same activity yields the same utility in the future, viewed
from the future, as now. People apply a projection bias;
that is, exaggerate the degree to which their future
preferences will resemble their current ones.
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Features (Criticisms) of the DUM (Cont.)

• Stationary discounting
It is assumed in the DUM that people use the same
discount rate over their lifespans. In contrast, there is
considerable evidence that discounting rates vary
according to age. Read and Read (2004) and Harrison,
Lau and Williams (2002) found that older people discount
more than younger ones, and that middle-aged people
discount less than either group.

• Independence of discounting from consumption
All forms of consumption are discounted at the same rate.
However, there is evidence to point out that different
products are discounted at different rates, and even
different attributes of products are discounted differently.
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Methodology
How do investigators measure discount rates?

• Choice tasks
This is the most common experimental method for
eliciting discount rates. Subjects are typically asked to
choose between a smaller, more immediate reward, and a
larger, more distant reward. The obvious disadvantage of
this technique is that it only provides a lower or upper
limit to the discount rate (e.g. if you prefer $110 in one
year to $100 today, this merely tells us that their discount
rate is at most 10%.

• Matching tasks
Subjects give open-ended responses which equate two
intertemporal options (e.g. they may be asked how much
money they would require in one year to be equivalent to
receiving $100 now).
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Empirical EstimatesTABLE 1 (Cont.)

Study Time Range Annual Discount Rate(s)
Annual Discount

Factor(s)

Maital & Maital 1978 1 year 70% 0.59
Hausman 1979 undefined 5% to 89% 0.95 to 0.53
Gateley 1980 undefined 45% to 300% 0.69 to 0.25
Thaler 1981 3 mos. to 10 yrs. 7% to 345% 0.93 to 0.22
Ainslie & Haendel 1983 undefined 96000% to ∞ 0.00
Houston 1983 1 yr. to 20 yrs. 23% 0.81
Loewenstein 1987 immediately to 10 yrs. –6% to 212% 1.06 to 0.32
Moore and Viscusi 1988 undefined 10% to 12% 0.91 to 0.89
Benzion et al. 1989 6 mos. to 4 yrs. 9% to 60% 0.92 to 0.63
Viscusi & Moore 1989 undefined 11% 0.90
Moore & Viscusi 1990a undefined 2% 0.98
Moore & Viscusi 1990b undefined 1% to 14% 0.99 to 0.88
Shelley 1993 6 mos. to 4 yrs. 8% to 27% 0.93 to 0.79
Redelmeier & Heller 1993 1 day to 10 yrs. 0% 1.00
Cairns 1994 5 yrs. to 20 yrs. 14% to 25% 0.88 to 0.80
Shelley 1994 6 mos. to 2 yrs. 4% to 22% 0.96 to 0.82
Chapman & Elstein 1995 6 mos. to 12 yrs. 11% to 263% 0.90 to 0.28
Dolan & Gudex 1995 1 month to 10 yrs. 0% 1.00
Dreyfus and Viscusi 1995 undefined 11% to 17% 0.90 to 0.85
Kirby & Marakovic 1995 3 days to 29 days 3678% to ∞ 0.03 to 0.00
Chapman 1996 1 yr. to 12 yrs. negative to 300% 1.01 to 0.25
Kirby & Marakovic 1996 6 hours to 70 days 500% to 1500% 0.17 to 0.06
Pender 1996 7 mos. to 2 yrs. 26% to 69% 0.79 to 0.59
Wahlund & Gunnarson 1996 1 month to 1 yr. 18% to 158% 0.85 to 0.39
Cairns & van der Pol 1997 2 yrs. to 19 yrs. 13% to 31% 0.88 to 0.76
Green, Myerson & 
  McFadden 1997

3 mos. to 20 yrs. 6% to 111% 0.94 to 0.47

Johanneson & Johansson
  1997

6 yrs. to 57 yrs. 0% to 3% 0.97

Kirby 1997 1 day to 1 month 159% to 5747% 0.39 to 0.02
Madden et al. 1997 1 week to 25 yrs. 8% to ∞ 0.93 to 0.00
Chapman & Winquist 1998 3 months 426% to 2189% 0.19 to 0.04
Holden, Shiferaw & Wik 
  1998

1 yr. 28% to 147% 0.78 to 0.40

Cairns & van der Pol 1999 4 yrs. to 16 yrs. 6% 0.94
Chapman, Nelson & Hier
  1999

1 month to 6 mos. 13% to 19000% 0.88 to 0.01

Coller & Williams 1999 1 month to 3 mos. 15% to 25% 0.87 to 0.80
Kirby, Petry & Bickel 1999 7 days to 186 days 50% to 55700% 0.67 to 0.00
van der Pol & Cairns 1999 5 yrs. to 13 yrs. 7% 0.93
Chesson & Viscusi 2000 1 year to 25 yrs. 11% 0.90
Ganiats et al. 2000 6 mos. to 20 yrs. negative to 116% 1.01 to 0.46
Hesketh 2000 6 mos. to 4 yrs. 4% to 36% 0.96 to 0.74
van der Pol & Cairns 2001 2 yrs. to 15 yrs. 6% to 9% 0.94 to 0.92
Warner & Pleeter 2001 immediately to 22 yrs. 0% to 71% 0 to 0.58
Harrison, Lau & Williams
 2002

1 month to 37 mos. 28% 0.78
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Empirical Estimates by Publication

Year

one must recognize the influence of
many considerations besides pure time
preference.

6.1 Confounding Factors

A wide variety of procedures have
been used to estimate discount rates,
but most apply the same basic ap-
proach. Some actual or reported in-
tertemporal preference is observed, and
researchers then compute the discount
rate that this preference implies, using
a “financial” or net present value (NPV)
calculation. For instance, if a person
demonstrates indifference between 100
widgets now and 120 widgets in one
year, the implicit (annual) discount
rate, ρ, would be 20 percent, because
that value would satisfy the equation
100 = (1/(1 + ρ))120. Similarly, if a
person is indifferent between an ineffi-
cient low-cost appliance and a more
efficient one that costs $100 extra but
saves $20 a year in electricity over the
next ten years, the implicit discount
rate, ρ, would equal 15.1 percent, be-
cause that value would satisfy the
equation 100 = Σt = 1

10 (1 ⁄ (1 + ρ)) t20.
Although this is an extremely wide-

spread approach for measuring discount
rates, it relies on a variety of additional
(and usually implicit) assumptions, and is
subject to several confounding factors.

6.1.1 Consumption Reallocation

The calculation outlined above as-
sumes a sort of “isolation” in decision
making. Specifically, it treats the ob-
jects of intertemporal choice as dis-
crete, unitary, dated events; it assumes
that people entirely “consume” the re-
ward (or penalty) at the moment it is
received, as if it were an instantaneous
burst of utility. Furthermore, it assumes
that people don’t shift consumption
around over time in anticipation of the
receipt of the future reward or penalty.
These assumptions are rarely exactly
correct, and may sometimes be bad
approximations. Choosing between $50
today versus $100 next year, or choos-
ing between 50 pounds of corn today
versus 100 pounds next year, are not
the same as choosing between 50 utils
today and 100 utils on the same day
next year, as the calculations imply.
Rather, they are more complex choices
between the various streams of con-
sumption that those two dated rewards
make possible.

6.1.2 Intertemporal Arbitrage

In theory, choices between tradable
rewards, such as money, should not re-
veal anything about time preferences.
As Victor Fuchs (1982) and others have
noted, if capital markets operate effec-
tively (if monetary amounts at different
times can be costlessly exchanged at a
specified interest rate), choices be-
tween dated monetary outcomes can be
reduced to merely selecting the reward
with the greatest net present value
(using the market interest rate).28 To
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28 Meyer (1976) expresses this point: “. . . if we
can lend and borrow at the same rate . . . , then
we can simply show that, regardless of the funda-
mental orderings on the c’s [consumption
streams], the induced ordering on the x’s [se-
quences of monetary flows] is given by simple dis-
counting at this given rate. . . . We could say that
the market assumes command and the market rate
prevails for monetary flows.”

380 Journal of Economic Literature, Vol. XL (June 2002)
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Time Preference

We have seen the very wide disparity between different
measures of the discount rate. The primary reason for the
variability is the existence of confounding factors in the
measurement of time preference.

• Consumption reallocation
When discount rates are calculated it is normally assumed
that rewards and losses are consumed immediately at the
same point in time that they are received, and that they
do not affect the pattern of consumption at other time
periods. Ideally, the calculation of discount rates should
take into account the effects of rewards and losses on the
whole lifetime pattern of consumption.
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Time Preference (Cont.)

• Concave utility
The majority of empirical studies involve monetary
rewards, and base their calculations on monetary
amounts. Assume that a subject is indifferent between
$100 now and $150 in 5 years (i.e. the discount rate,
assuming no consumption reallocation, is 8.4% a year on
the basis of the monetary amounts). However, it may be
that the $150 has only 30% more utility than the $100,
which implies that the discount rate is actually 5.4%. This
shows that utility discount rates are lower than monetary
discount rates when utility functions are concave.
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Time Preference (Cont.)

• Uncertainty and inflation
Most studies ignore the effect of uncertainty and inflation.
Future costs and rewards are invariably associated with
uncertainty in practice. In experimental studies,
investigators assure subjects that delayed rewards will be
delivered with certainty, but whether subjects believe this
is very much questionable. In addition, in practice, people
are likely to discount future monetary rewards according
to their experiences and expectations of inflation.
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Time Preference (Cont.)

• Visceral factors
The prospect of an immediate reward may stimulate
visceral factors that temporarily increase the attraction of
the reward. Frederick, Loewenstein and O’Donoghue
(2002) argue that if these visceral factors increase the
attractiveness of the immediate reward without affecting
its enjoyment (decision utility rather than experienced
utility), then “they are probably best viewed as a
legitimate determinant of time preference (p. 383).” On
the other hand, if visceral factors do affect experienced
utility, then “they might best be regarded as a
confounding factor.”
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Time-Inconsistent Preferences

The basic trade-off in intertemporal choice is between a benefit
that will arrive ‘smaller-sooner’ (SS) versus ‘larger-later’ (LL).
The essence of this kind of self-control problem, which we can
refer to as temptation, is that when the SS benefit is still
some way in the future, people make the decision to forego it
in favor of the LL benefit; however, as time moves on and the
proximity of the SS benefit becomes more immediate, the SS
benefit also becomes more appealing, and people ‘yield to
temptation’ and reverse their previous decision.
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Time-Inconsistent Preferences (Cont.)

When payoffs are negative, involving costs, the SS versus LL
trade-off relates to a different kind of self-control problem:
procrastination. An example is starting a project that
involves a deadline; if it is started earlier the cost is relatively
small, but if it is delayed then the cost is larger in terms of
greater effort and added stress. In this case, when the SS cost
is some way in the future, people prefer SS to LL; however, as
time moves on and the SS becomes immediate, people tend to
switch to preferring LL and put off starting the project.
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Empirical Studies on Time-Inconsistent Preferences

Experimental studies have shown the phenomenon of
time-inconsistent preferences in a more precise and
quantitative manner. For example, Ainslie and Haslam (1992)
reported that “a majority of subjects say they would prefer to
have a prize of a $100 certified check available immediately
over a $200 certified check that could not be cashed before 2
years; the same people do not prefer a $100 certified check
that could be cashed in 6 years to a $200 certified check that
could be cashed in 8 years (p. 69).”

This implies that the discount rate used by the subjects is
greater over the short time horizon than over the long time
horizon.
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Hyperbolic Discounting

Strotz (1955) drew attention to the case of declining discount
rates; that is, people tend to be impatient in the short run,
using a higher discount rate, and become more patient over
longer periods of time. This phenomenon is referred to as
present bias, and has led to hyperbolic discounting.

The first formal model involving hyperbolic discounting was
constructed by Chung and Herrnstein (1967), and was later
developed, in particular, by Laibson (1996, 1997, 1998).

Recall that the DUM has a discount factor that can be
described by D(t) = δt. This is referred to as an exponential
discount function. Thus, if a person has a utility function
u(x0, ..., xT ), the utilities in the periods 0, 1, ..., T are
discounted by 1, δ, ..., δT .
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Hyperbolic Discounting (Cont.)

The original hypebolic discount function introduced by
Chung and Herrnstein (1967) took the form of D(t) = 1

t
.

Phelps and Pollak (1968) used a modified version of this
function, referred to as a quasi-hyperbolic function. This is
described below:

D(t) = 1 if t = 0

βδt if t > 0.

In general, β < 1, implying that the discount factor between
the current period and the next is lower than the discount
factor in later periods. Thus, it can be said that β measures
the degree of present bias. In the limiting case where β = 1,
the quasi-hyperbolic function reduces to the exponential
function.
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Revisiting Ainslie and Haslam (1992)

The primary implication of hyperbolic discounting is that time
preferences will be inconsistent. We have already seen that
there is empirical evidence of that.

Let us assume that subjects have β = 0.6 and δ = 0.9.

Assume further that they are faced with the choice between
receiving $100 today versus $200 in 2 years.

V($100 today)= 100

V($200 in 2 years)= 0.6(0.9)2(200) = 97.2

The same subjects are faced with a choice of $100 in 6 years
versus $200 in 8 years.

V($100 in 6 years)= 0.6(0.9)6(100) = 31.9

V($200 in 8 years)= 0.6(0.9)8(200) = 51.7
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Final Remarks

• We can also see how the (β, δ) model describes a
procrastination situation, by considering the mirror image
of the problem above and changing both payoffs into
negative ones.

• The reason for the effectiveness of (β, δ) model lies in the
assumption of the higher discount rate between the
current period and the next, but a constant discount rate
thereafter.

• The model fits empirical findings well, mimicking the
qualitative property of the hyperbolic discount function.
DellaVigna (2009) summarizes several studies that
support the (β, δ) model.
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