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HYPERBOLIC DISCOUNTING AND ECONOMIC
POLICY!?

Benedek Nagy?

Introduction

It is @ commonly used and simple decision rule istaunted cash flow analysis that
given two mutually exclusive investment projecks bne yielding a higher positive net
present value is to be carried out (net presentevaking the sum of all the net cash
flows in connection with the given project discoehtto present). Investment projects
can, however, generate external benefits too owveltipte periods, the discounted

values of which can also be incorporated to giveeasure of an overall welfare effect
of the project. The primary issue | am going toeistigate in this paper concerns the
method of discounting: if we acknowledge the findingsesfoerimental economics, then
instead of conventional exponential discountingéntain situations it might be more

appropriate to apply a more psychologically adeguiscounting model. | will argue

that this can be the case with the external benefitinvestment projects envisaged
above.

In the first section of this paper | review theadisnting models devised to account for
time preference, discuss their connections, andulzk the difference between the
results obtained with using other models for presafue calculations. Based on the
results, in the second section | show that theedifices arising from using different
models will be even more emphatic when we applgdh®models for calculating present
values of annuities or flows of yields. To my knowledge the alternatimeodels
competingwith the exponential model have not so far beeriegto this field. As in
the first section, here too | present the diffeemnarising from the application of the
other models. In the third section | show that whil may be appropriate to continue
using the exponential model in certain situatianspthers the alternative models may
prove more appropriate. From a firm’s point of vjamhen profit maximising in the
strict sense is necessary, it is reasonable tdhesexponential model to calculate the
present value of a given investment’s revenuescasts of different time periods, since
by depositing the resulting net cash flows in akhahe firm will receive exactly this
much compensation, or by using its own funds wiltefo exactly this amount of
interest. This is the basis for the NPV rule. Framonsumer’s point of view, however,
other motives than the plain monetary ones migdd play an important role. If a given
decision yields not only material (i.e. monetaty)f also other kinds of welfare yields
(like utility or consumer surplus), it is reasorald study how the concerned parties
discount these mentally realising or forgone yielddich can not technically be
transferred between time periods. In such casegdhernment might play an important
role as a regulator. In section four | explore faedields of application for this idea to

! The author wishes to thank Péter Kuba and Fereozsit from the University of Szeged, as
well as the two anonymous referees for their usefuhments. All remaining errors are of the
author’s.
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find the government is involved in decisions thatvén to take into account the
differences arising from the use of non-exponerdiiscounting. Section five offers
conclusions.

1. Alternativesto the exponential discounting model

| am going to examine to what degree the use demift discounting methods
influences the present value calculations of singjléy yields.

The discounted utility model appeared in econorhioking with Paul Samuelson’s
1937 paper “A Note on Measurement of Utility”, ahduickly gained popularity as the
method for comparing utilities arising at differgmbints in time. Samuelson writes:
“[Dluring any specified period of time, the indiwidl behaves so as to maximise the
sum of all future utilities, they being reducecctimparable magnitudes by suitable time
discounting. [...] The individual discounts futurélities in some simple regular fashion
which is known to us” (Samuelson 1937, p. 156). Tegular fashion known to us” he
mentions isxponential discounting.

Rachlin (2006, p. 425) quotes the entry of @gford Encyclopaedic Dictionary
explaining the broad meaning of discounting in tr@inal vein of Samuelson: to
“reduce the effect (of an event, etc.) by previagdgon”. In general, consequently, we
can speak of an effect of an initial actiod) (subsequently lessened) (by some

coefficient ¢). This lessening can be expressed either in thrauta X = AX , or in the
X
formulay = 0. The coefficient itself can be smaller or greater depending onrothe

variables, expressing in response to what and tat \@hgree the effect of the initial
action is lessened. In the exponential discountnoglel this coefficient depends on the

. . 1
interest rate, as in the formula= ——.
1+r

Although Samuelson introduced discounting originald compare futureutilities,
microeconomics subsequently used it in discountesth dlow analysis, as its name also
shows, in a more narrow sense to compare fudasle flows. In this caseX is a sum of
money receivable in the future (or the utility thef), x is a sum of money receivable in
the present (or the utility thereof), afiés a coefficient, the discount factor, using which
the value of the above two is equivalent for theislen maker. Now the exact value of
o0 is determined by two factors: The rate of integesstin exogenous parameter, and the
elapsed time as a variable (thatdss d). The more time elapses between the present
and the future, the smalléywill be, so a given present sum of money will espond

to a larger sum of money in the future, or a gifeture sum of money to a smaller
present one. In the case of the exponential modatam calculate the present value of a
given future sum of money using the two determinifagtor in the formula

o1
=

Conventional intertemporal choice theory treatsdiseount factor exponentially, which
means that the ratio of to X changes at a constant rate per unit of time. This
exponential discounting will result in preferenaamsistent in time: what is valued
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higher at a given point in time will at any lateoipt of time be valued higher.
Experimental economics shows that human subjectxperiments of actual decisions
repeatedly make decisions irreconcilable with thieir preferences are dynamically
inconsistent. The most famous experimentally sthidenomaly resulting from
dynamically inconsistent preferences is the notanpreference reversal (Kirby—
Herrnstein 1995). The problem of procrastinatiofisesr in connection with this
(Laibson 1997): This year | think that based oioretl calculations it is reasonable for
me to start saving heavily next year, but when gexstr actually comes around, | decide
not to, and postpone it one more year, not foregettiat | will act the same way one
year from now. Many fields of economics explore ttumsequences of dynamically
inconsistent preferences from under-saving andiaieft saving for retirement to over-
consumption and the exhaustion of non-renewableuress. These kinds of behaviour
cannot be explained with exponential discountingt they do make sense when
assuming a different discounting behaviour.

Multiple alternative explanations were devised tplain such phenomena. One group
of these, the one | am going to investigate helnanges the underlying discounting
model. Such is hyperbolic discounting or quasi-hyperbelialso known as beta-delta —
discounting (Phelps—Pollak 1968). These alternativedels account for dynamic
inconsistency by not only changing the discountdiadepending on the time elapsed
(decreasing it constantly), but by allowing timeitfluence the rate of this change as
well (basically, the discount rate). These altéugatnodels try not to part drastically
with the model previously applied, but rather mydind generalise .

Several generalisations exist that try to explastalint rate decreasing in time. One of
these generalises the discount factor of a givent o time of the exponential model
from &, = J" to a more generad, = 33" - this is the basic idea aiiscrete-time

quasi-hyperbolic discounting. According to this view the difference is attribhte to the
especially heavy discounting for the first perio8inother generalisation of the

exponential model yields the formu = oM _ this is the group afontinuous-time

hyperbolic discount functions. This view explains the differences by “distorteche
apprehension®.

Many experiments justify the usage of such altéveatmodels. Thaler (1981) uses
experiments to show that discount rates are chgngier time. He asked subjects to
state what amount of money receivable in one monthyear/ten years they consider
equivalent to a given amount of money now. Basethermearanswers he calculated

! Many alternative models exist, of which | only ws@roup giving explicit functional forms to
their discounting model. The alternative explanatiare thoroughly reviewed in Frederick et al.
(2002). This paper also mentions Subadditive distiog which is partly mathematised, but does
not give an explicit functional form for the diseding behaviour, in contrast to the models | am
using (this is why | do not study this one in mdegails: for more on subadditive discounting, see
Read 2001). Trope and Liberman (2003) mentionsredtate explanations for the notion of
preference reversal that use psychological factoch as attitudes, emotions and cognition, but
these are even less mathematised.

2 Right or distorted apprehension of time are corec#pt inspired many philosophers. | certainly
do not wish to tackle the philosophical interpretas of this question, but | will later return to
how the economist uses this term.
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required discount rates per annum, and got 345%h&one month condition and only
19% for the ten years condition. Instead of experits, Laibson et al. (2007) use field
data from actual choices to estimate the discounttfon and conclude that a quasi-
hyperbolic function fits the data better than apanential one with a short run discount
rate of 39.5% and a long run discount rate of 4.Bé&wenstein—Prelec (1992) derives
the generalised hyperbolic discount function thecaly deduced from the very fact of
preference reversal. Below | only present the bssconsequences in economic
applications that can arise if we have reason $arae the decision makers employ one
of the above alternative discounting models. | dowish to take sides in the question
whether economic decision makers in fact use ondherother model or which
describes their discounting behaviour better btiterawhat difference it makes if they
use the one or the other.

1.1 Discrete-time Quasi-hyperbolic discounting

As mentioned above, quasi-hyperbolic discounting fist used by Phelps and Pollak
in their 1968 paper. Laibson (1996) takes overftinetional form used by them, which
says that the discount factor for the O time period is one, and then the discounbfact

for any timet > 0 can be calculated a = B[d". If § = 1, we have exponential

discounting as a special case, but if £ > 0, then the resulting discrete-time discount
function with values {1,535, 6% p46°...} “mimics the qualitative property of the
hyperbolic discount function, while maintaining rho$the analytical tractability of the
exponential discount function” (p. 8). Such considiens must have led other authors
when they used laboratory experiments or data fastnal decisions to estimate the
parameters of the beta-delta discount function. Uigerlying assumption behind this
kind of discount function is that decision makeirstfdiscriminate between instant
versus delayed consumption, and only then do thely &t how long the consumption is
delayed. Any non-instantaneous consumption is inaely discounted heavily by a
factor of 5, but once this one-time heavy discounting is dfmeconsuming later, the
actual length of the delay does not matter verylmielta shows the extent of long run
patience (or impatience), and beta and delta tegeshow the extent of short run
patience (impatience). In the exponential case ietald be one, and so the decision
maker would be equally (to the extent shown byajegdatient or impatient on the short
and the long run. A beta smaller than one impliesngier impatience on the short run:
the decision maker is more impatient (less patientthe short run the smaller the value
of beta (relative to exponential discounting). Lang (im)patience, however, is shown
by delta: the nearer the value of delta is to mnquasi-hyperbolic discounting, the
more patient (or less impatient) the decision makeagain, relative to the exponential
model. Contrasting the exponential discount fumctidth the quasi-hyperbolic, we get
Figure 1 below. For the sake of easier handlingrinected the points of the otherwise
discrete quasi-hyperbolic function with the dottiee. The figure shows that given the
parameters there exists ta point in time when exponential and quasi-hypeidol
discount factors are equal.
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Figure 1: An exponential and a quasi-hyperbolic discount function

o)
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(3=0.97,=0.7)

1
1
: Exponential (5 = 0.91)

> t

t*=54
Source: own processing

According to the figure, if the exponential modei&te of interest is 10%, Videp =
0.91, while in the quasi-hyperbolic cgée 0.7 and, due to a smaller long run interest
rate, o, = 0.97, then thig* point in time is at 5.4 yearsThis means that if someone
who mentally discounts the future quasi-hyperbdijcaith the above parameters put a
sum of money in the bank with a shorter than 5.dryamaturity, he/she would now
value the amount of money receivable at the ensl tlean the money he/she had to
deposit in the bank now. With a maturity longer nh&.4 years, however, the
exponentially compounding money he/she would rexeitvthe end would seem more
appealing to the decision maker than the moneyhbelad to deposit notvThis
decision maker in the first 5.4 years would therefeequire more future money for a
given present money, or considers less present yntmébe equivalent to a given
present sum, than the bankor a period shorter than this the bank would
undercompensate the saver, for a period longer than this the bank would
overcompensate.

The above results can be obtained equating theouliscfactors of the different
discounting methods, getting

oo Inp

Ing,,-Ing,,’

exp

Y When calculating from the formula at what pointiafe the different discount factors are equal
we can arrive at fractions like in this case, whsrearlier | introduced this kind of generalisation
as a discrete-time function. Keeping this in mirahtinue to give and use fractional solutions.
21tis important to emphasise that these compasidwid only in the present, because of the
above mentioned important (but in this case distgdb notion of dynamic inconsistency
associated with non-exponential discounting. Theesaomparison made one day later may yield
the opposite result. Hereafter | am going to use ritteaning when | say decision-makers value
incomes or flows of incomes differently when disetad exponentially or non-exponentially.
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t* a * *
From the formula we can see that— >0, and < 0; moreover,
0 Foxp Myo

>0!

and sincer,,, > Iy, , t* also increases with the decrease of the diffexeretween the

two discount rates. In section 2 we will see whather relevance thig value has.
Table 1 shows the t* values for various combinatiof parameters. In the rows we
havesd and in the columng parameters for the quasi-hyperbolic discountiritp¥ang
Laibson (1996).

Table la: t* values at deq, = 0.952 (i.€.: req = 0.05)

S hyp\p 0,25 0,5 0,75 0,8
0,96 173,98 86,99 36,10 28,00
0,97 75,63 37,81 15,69 12,17
0,99 35,78 17,86 7,43 5,76
Source: own computation

Table 1b: t* values at dep=0.909 (i.e.: rep =0.1)

S hyp\p 0,25 0,5 0,75 0,8
0,96 25,44 12,72 5,28 4,10
0,97 21,38 10,69 4,44 3,44
0,99 16,26 8,13 3,37 2,62

Source: own computation

The main drawback of the beta-delta discounting eh@lthat it can not be interpreted
in continuous-time. Even though | sloppily drew theasi-hyperbolic discount function
as continuous on Figure 1, at least between thend the 1 time periods it is not even
theoretically clear how to make it continuous. Thisjor problem is solved by a
different kind of generalisation of the exponentiadel.

1.2. Continuous-time hyperbolic discounting

Cairns (2006) quotes the comparison of Albrecht aldber between different
hyperbolic models. The conventional model can beegaised by the following
formula:

X 1

X (@)

This generalisation states that the discount fadtmends on the interest rate and time;
not, however, the real progress of time, but on Hwsvprogress of time is apprehended
— this is the factor in the formula denoteddt).”

! Recall thatd,,. = 1 d -1
ecall thatQ,,, = —— andQ, , = —.
1+r,,, 1+,

2 Albrecht and Weber call thi& factor decision weight, implying that discount factor plays the
same role in intertemporal decisions as occurrenaiability in the theory of risky decisions.
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In the exponential model economic actors appretlibadorogress of time as it in fact
progresses. In this casét) = t. We have no more reason to assume that economic
actors behave this way than to assume that theyotlobut this is a good benchmark
assumption; all the more so because banks usdottmaila when calculating interest
and compound interest, and give people exactly thath compensation for their
patience as they would require if they apprehenthedprogress of time right. If an
economic actor has a different apprehension opthgress of time (mentally), then the
interest promised by a bank will over- or undercengate him/her for his/her patience.
Hyperbolic discounting models are examples of sumisapprehension of time,
inasmuch as they are special cases of the abovelat

In this paper | examine three kinds of alternatmiygperbolic discounting models. The
first is the model of Loewenstein and Prelec (1992% second that of Mazur (1987)
and the third that of Harvey (1995).

The discount factor in Loewenstein and Prelec’s ehaxd
hin(L+ gt)

, Which we get by settingr(t) = )
get by settingy(t) gin@+n

g=———
b @+gh)te
the Mazur model’s discount factor is

In(1+ gt)

1
0, =———, with the appropriate substitutior(t) = ,
tol+gt ot In(L+r)

and according to Harvey, the discount factor is

o :;h , whena(t) = hw.
L+1) In(L+r)

It can easily be shown that all the above discéactors increase ity so the more time
elapses in reality, the decision makers will alsel fmore time has elapsed. All of the
above discount factors will give 1 &t 0O; that is, whichever model we use, the present
is given the same weight. If we introduce the notid instantaneous discount rate at

time t, calculated as—— , then we can grasp growing impatience: this rate i
t

independent oft in the exponential case, while it decreased4 im all the other

hyperbolic cases (Laibson 1996).

1AIthougha(t) was introduced as a distortion in time-appretfmnbielow the formula fos(t) in

the Loewenstein—Prelec, the Mazur and Harvey mod#lsshow that it is determined among
other things by an economic factor external to deeision-maker: the rate of interest. From a
psychological point of view it is quite unacceptthat (for example) a grandmother would
apprehend the progress of time slower or fawtbr because the interest rate changes. It might be
more appropriate thus to refer #qt) as a factor describing how we should distort tilee
apprehension of an exponential discounter to &et the hyperbolic discounter in question.
Henceforth | am going to use the term “distort@detiapprehension” in this sense.

2 Instantaneous discount rate at time t will bellid)(in the hyperbolic case, atd (1 +gt) in the
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Among the above formulae, the Loewenstein—Preledeainis the most general, all the
others can be obtained from that by setting tharpaters appropriately. For this reason
my statements below will be made only for this mpdeut with appropriate
substitutions they are valid for the other modsisvall.

Hyperbolic models use the following apprehension tiofie, contrasted with the
exponential case (Figure 2.):

Figure 2: Apprehension of the progress of time as a function of time elapsed
a(t)

Exponential (r = 0.1)

. .Hyperbolie
«***"" (g=0.4;h=0.178)

t*=5.4
Source: own processing

Again we can determine thé& point in time by solvingu(t) =t. Since these functions
are defined continuously, interpreting a fractionault is not problematic now, in
contrast with the above quasi-hyperbolic case. difect meaning of thig* here is that
before this point in time the decision maker fdéete passes quicker than it really does.
Only one year has passed, but the decision malas fe as 2' Accordingly, the
decision maker will expect higher compensation tivaat the exponential model would
suggest, his/her discount factor will be lower, ethtomes to the same thing as in the
quasi-hyperbolic case: befarethe decision maker will be undercompensated, aftet
that overcompensated.

t* will depend on the parameters of the modeh andr.? Although we cannot give an
analytical solution fort* in this caset* will definitely be decreasing im, like in the
quasi-hyperbolic case, and increasinchjrwhile decreasing ig, implying that these
parameters might have the same functiofi asdo in the quasi-hyperbolic model.

Loewenstein—Prelec case.

Luatter all, I tried for 3 years! Seems like 30"Jesus says in the musidabus Christ Superstar.

2 |f such at* exists at all. At certain combinations of the aeterg andh it is possible thad(t)
and t will only have one common poimt: 0. In this case the decision maker is eithestantly
overcompensated independent of the time ({f) is always belowt), or constantly
undercompensated. It can be shown that this la#se is not possible: no such g and h
combinations exist which would make a decision maapprehend the progress of time
constantly faster than it really is. The formerecamuld mean the hyperboligt) goes constantly
under the exponential in Figure 2. This is the case for examplehik r, there will be no
intersection point except for the origin.
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The main problem with hyperbolic models from myrgaf view is that papers related
to these models only prove that experimental dd fiata analysed by them do not
imply exponential discounting behaviour. Mostly tla@momalies are explained by
hyperbolic discounting, but thg and h parameters of the discount function are not
estimated. The magnitude of these is undefineduth &in extent that we can find a
paper usingg = 4 andh = 1 in a hyperbolic discount function (Angeletdsaé 2001),
while another one uses= 1Fandh =5 - 18 (Laibson 1996).

Recapitulating, we can see that dynamically incziesi time preferences can be
grasped with models using discount rates depemaiinime, but can be formalised in
various ways, and different authors give differ&umctional forms to describe such
discounting behaviour. | have shown that compeosatifered by banks can be either
too high or too low relative to the required comgetion of the decision-maker,
depending on the parameters of the discount fumatsed in mental discounting. A
direct consequence is that we will arrive at défdr results if we use such non-
exponential discount functions as decision ruleantfif we assume the optimizing
decision makers use exponential discounting. Beha&l economics conducted many
experiments pointing out such anomalies: If the igien-maker discounted
exponentially, he/she should have chosen to get Aumtime x, but he/she instead
chose to receive sumd in timey. The same difference in mental discounting has to
result in similar differences when evaluating flogfsyields. In the next section | turn to
the analysis of this problem.

2. Non-exponential discounting flows of income

The mainstream literature of hyperbolic discountiagoncerned with evaluating and
comparing single payoffs. Experiments conducted $ealetermine the parameters of
the discount function by examining what smaller $atner receivable sum of money (
in the above terminology) is equivalent to whagetaeceivable but larger suX {n the
above terminology) — these are called matching ixgats —; or by examining which
of a predetermined sooner-smaller or later-largayoffs a decision maker would
choose — these are called choice experiments (R&aklofsma 2003).

| am more interested now in the comparison of flafisincomes instead of single
payoffs, according to the different discounting misd How would an economic actor
determine the present value of a regular flow ebme (or any other kind of “utility

flow”) due for a certain period of time? In thesfirsection | showed that if decision
makers discount the future not according to theoagptial but for example according
to the quasi-hyperbolic model, then the presenievalf a single payoff calculated with
the exponential model will be underestimated beftnee t*, and overestimated

thereafter. In this section | will show that thifeet will compound and result in an
increased distortion when calculating present valilows of income, and that this
distortion will consequently render the resultopfimising behaviour according to the
exponential model questionable.

! Although | will henceforth only consider the quasperbolic case; compared to the
exponential, due to its above mentioned qualitatbimilarity to the hyperbolic discount
functions, it is enough to show the arising proldefor this case. Using different hyperbolic
models would yield qualitatively similar results.
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Let us take the simplest case as an example, tlaperpetuity. Here the conclusion is
that the present value of a perpetuity discountgokeibolically will be equal to its
present value discounted exponentially if and d@nly

Z C |:Btexp = z C HBaLyp
t=1 t=1
Determining the sums and dividing by the constémw fof income, then rearranging,

f
we have 8 = 2

exp

Since hyperbolic models assume that the long rterdst rate is smaller than in the
exponential case, atis positive but smaller than one, combinationthef parameters
can exist where the equation holds. In the casmuofbinations of parameters when it
does not, that is is greater (smaller) than the ratio of the long imterest rates, the
present value of the perpetuity calculated with thesi-hyperbolic model will be
greater (smaller) than calculated with the expaaéntodel. Let us recall Figure 1! The
above calculations mean we are calculating whetreas under the two depicted curves
are equal. The figure shows it may be possible, as before pbimt t* the quasi-
hyperbolic curve is below the exponential, andraféeds above it. It is possible that the
negative difference between the areas under thai-yperbolic and exponential
curves before* is exactly the same as the positive differencevben them after*. It

is likewise possible that the negative or the pasitlifference is greater of the two.
Obviously the discounting parameters determine lviiie case is.

The two areas under the appropriate curves vaty twdnd thus we can determine the
time T , as that point in time in the case of which thespnt value of an annuity from

time 1 toT would be equal calculated exponentially or quagienbolically. Since the
exponential model underestimates the present valupayoffs befora*, this equality

can only happen at®l >t~

Likewise we can defind as the point in time in the case of which the gnévalue of

an annuity from time(f +1) to infinity would be equal calculated with the twwdels.
Again, since payoffs afte* are overvalued with the exponential model, thigiadity

will only hold at aT <t~

For this latter equality we can give a closed fdanihe formula according to the
above (and already simplified with the constanbme flow) is:

2.0%0= 2P0

t=T+1 t=T+1

! Actually, since the quasi-hyperbolic case is nontinuous — as mentioned above — it would be
more precise to speak of series instead of arederuncurve, and compare it with discrete-time
version of exponential discounting. This is thestawhy | used series instead of integrals in the
calculation.
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From whichf is:

In[ﬁ EL%’]
7= -

In9d,,, —InJ,,

Table 2 gives the values dt for some guasi-hyperbolic discounting parameters.

Table2a: T valuesfor Jep = 0.952 (i.e.: rep = 0.05)

S hyp\B 0,25 0,5 0,75 0,8
0,96 9,36 -3,36 -10,81|  -11,99
0,97 3,27 -7,42 -13,67|  -14,67
0,99 10,64 | -18,77| -2353]  -24,2d

Source: own computation

Table2b: T valuesfor dep=0.909 (i.€:: rop = 0.1)

S hyp \B 0,25 0,5 0,75 0,8

0,96 15153 | 64,32 13,31 5,19
0,97 49,50 11,64 | -10,50  -14,03
0,99 -5,49 -23,39| -33,87] -35,53

Source: own computation

Negative values mean that in the quasi-hyperbalgecthe present values of payoffs
after pointt* are so much higher than in the exponential casé this could not be
offset by lower present values before that: Quapierbolically calculated present value
will always be higher.

3. A potential field of application: investment plansyielding exter nal benefits

Until this point we saw the technical side of usingn-exponential instead of

exponential discounting. Next, let us turn to seevhat theoretical problems this can be
applied! First | show a simple numerical exampleni@ke my point. Let us imagine two

mutually exclusive investment projedsandB, which would generate flows of income

in the coming years for the investing firm accogdin Table 3.

Table 3: Cash flows (CF) of hypothetical investment projects A and B

year 0 1 2 3 4 5 6
CF@A) | -20 12 12 12 12 12 0
CE@®B) | -40 14 14 14 14 14 14

Source: own computation

Let us now calculate the net present value fortwee projects using an interest rate of
11% with the exponential discounting model! We fiNBV, = 24.4 >NPVg = 19.2,
which means that both projects have positive netsgmt value but it is higher for
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projectA. If the projects are mutually exclusive and weeraut the possibility for now
that two of projecB can be made, the profit-maximising firm will chqe®jectA.

Let us continue the above example and supposehéagirojects will in further years
generate external benefits to third parties. Wtitif third parties can not be included in
net present value calculations; however, they cam fa substantial part of the overall
welfare generated by any given project. Let proj@agenerate 9 and proje& 11
utilities, projectA in the years 6 through 20 and projBdin years 7 through 20. Let us
incorporate these welfare yields using exponemtistounting! As a result proje&
will still yield a higher overall welfare, 62.8, W projectB only 60.3. If we, however,
discount these external benefits for example withquasi-hyperbolic method usifig-
0.7 and an interest rate of 4.5%, tha is 0.957, we find that the overall welfare yield
of projectA is now 78.7 while for projedB it is 79.7. In this case, projeBt can be
considered to generate slightly higher overall amf There exist values of the
discounting parameters where the relation between exponentially calculated welfare
and hyperbolically calculated welfare reverses. This reversing is ultimately in
connection with how the different yields are distited relative ta*, that is, whether
the time horizon is right for the effects in conti@e with annuities mentioned in the
previous section to play out.

The first important issue is to see whether thigasion can arise for any plausible
values of the discounting parameters. | considarfitrther task to formalise the above
problem analytically to find how robust the resudtg. The discounting parameters of
the beta-delta discounting | used above, though,camparable to those determined
experimentally. Angeletos et al. (2001) use exatthses ando values, because “using
annual periods, these parameter values roughly hmatperimentally measured
discounting patterns” (p. 51). Another experimemfilfson et al. 2007) finds
surprisingly similar values for the parameters:etMSM [Method of Simulated
Moments] procedure yields an estimatggef 0.703, with a standard error [...] of 0.109.
[...] [for the other parameter one gets] an estinadii®= 0.958, with a standard error of
0.007. The estimated values ¢f and 6 imply a short-run discount rate of —
In(0.703*0.958) = 39.5% and a long-run discoune raf — In(0.958) = 4.3%" (p. 17).
The authors add about the result that “all of thestemates are statistically significant at
the 1% level” (p. 4). Of course, both sources asamine what other factors can
influence these parameters or how robust thesmatsts are, but use these values as
benchmark, which means for us that it is at leastunreasonable to calculate with such
values forg andd.! It is certainly not sure whether these parametggsstable of if they
can be aggregated to express the discounting hmlravi groups of people or society in
general. | suspect that it varies with individuatel even decision situations.

A next important question is whether it is justiie to use different discounting
methods to monetary yields than utility yields,c&irmoney income and the profit of the
firm will eventually buy utility. The reason why panential discounting is used in cash
flow analysis and the net present value theorhas banks use this kind of discounting
and compound interest calculation when they gatingpay interest. Firms therefore
have to be realistic and calculate with this modeén assessing their future obligations
or their opportunity costs. The exponential dis¢mgh method’s interest rate is an

! For this combination of parameters we would fihd 6.931 andf = -8.637.
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intertemporal rate of transformation for them emmabthem to transfer future money to
the present. However one plans to spread spendimgyrover multiple time periods to
ultimately yield utility, one is guaranteed to haw@ximum utility when following the
net present value rule. In contrast, future udfitiare by nature@ot transferable to
present: one can not borrow utility against a pectipe future income of utility. This is
the reason | differentiate between firms discountfature incomes and consumers
discounting future utilities, the former in an exgatial way, the latter in a non-
exponential way.

Recapitulating the section we can say that sitnat@an exist, where a difference in the
exponentially or non-exponentially discounted valeé flows of income does matter.
The remaining question is whether in real life aitons exist, that bring up the same
problem.

4. Non-exponential discounting and the gover nment asregulator

In the above example whether we use exponentiaborexponential discounting, the
profit-maximising firm will nonetheless choose pcj A, the one with higher net
present value. Whereas firms in my view can nadXpected to seek to maximise social
welfare, much less to use non-exponential discagnthe government can assume this
role. A government might find projed socially preferable over proje& if the
appropriate non-exponential discounting is applills the government might find it
in its interest to regulate the firm or to try terpuade it to choose the project yielding
higher overall social benefits while still remaigirprofitable. We have a problem
similar to regulating a monopoly where social wedfds to be maximised under
constraints on the monopoly’s profit. Is such anse® conceivable in connection with
investment projects?

William D. Nordhaus in his 1967 paper “The optinid¢ of a patent” describes a
situation exactly like this. In his case the goveemt can set the time for which it grants
a patent, that is, intellectual property protecttonan inventor. Once the government
sets this decision variable (how long a patentslifer what length of time a firm can
exclusively use and profit from its inventions)e tirm will decide how much it should
optimally spend on research and development. Imtbdel the profit maximising firm
will find that the longer it can enjoy monopoly hitg in the usage of its invention, the
more it is worth to spend on R&D. Longer patere Giranted by the government results
in higher R&D, which leads (in the model) to higlesst saving and more profit, which
will also be appropriable for a longer period ahé&i because the longer patent life
initially set. Our example above mimics these props. At the same time, even
because of the monopolistic power of the inventanted by the patent rights, the firm
also creates deadweight loss, which can only toanmsfnto increased consumer surplus
after the patent right expires. This increased gomws surplus is, however, external to
the firm (just as it was treated in the above nucaérexample), and only enters the
welfare calculations of the regulating governmentiécide the patent length. Thus the
circle closes: The longer the life of the patehg more innovation will result, which
will generate ever higher potential future consusw@plus gains to the consumers, but
they also have to wait ever longer to acquire shigplus because of the longer patent
life.
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The firm will decide about resource allocation t&OR based on expected profits,
whereas the government also takes into accountdiseounted value of future
prospective increased consumer surplus when séttnfife of the patent to optimal. If
the government not only takes this into account, dalculates it as the consumers
themselves (mentally) would, for example quasi-higpkcally, then its decision about
the length of patent life could change. For anyegilevel of R&D the optimal life of a
patent grant can be different when the associatlthre gains are taken into account
differentially discounted. The government as a l&mu can be able to internalise the
future welfare effects more appropriately for thenf

The above fictitious numerical example simplifieég problem to the extremes, but in
my opinion the theory of optimal patents is an appiate field to examine how the
usage of non-exponential discounting models maglifBeonomic policy. Nordhaus'’s
model formalises all necessary relations betweeanpdength and the firm’s decision
as to how much resources to invest in R&D, whatrret to the firm it will generate,

how this return relates to further external besefd the consumers. Author’s firm
determination is to incorporate non-exponentiakalisting into this basic model to
come up with a more formalised statement on howhnifference discounting non-

exponentially in an already well-established magelld make.

Summary

The aim of my study was to incorporate a behavioecanomic observation into an
economic application. Behavioural economics st#tias in experiments studying time
preferences subjects repeatedly make decisionsithadt match forecasts based on the
conventional assumptions. When choosing among aesemmaller and later-larger
reward the data fit better if we make differentumsptions about discounting behaviour.

The starting point of my study was to see how tatcal results of intertemporal choice
are modified if we take these different discountbehavioural assumptions as given.
To see this | used hyperbolic and quasi-hyperbdigzount functions to calculate
present values of annuities and perpetuities.n gf@wed how this present value varies
depending on the different discounting parametac that in turn the exponentially
discounted present value is either higher or lavan the non-exponentially discounted.

Transferring the obtained annuity present valuemfdae to investment project
evaluation, | showed that if utilities or costs@gated with an investment project are
accrued during a longer time, and it is reasonabldiscount these (or part of these)
non-exponentially, then this can influence the pegsent value and maybe even the
investment decision itself. | presented a fictifonvestment decision situation where in
the evaluation of two projects the exponential alisting favoured the one but the non-
exponential discounting the other investment pitojec

Finally | wanted to point out that such a situatismot only a play with numbers, but
can really occur: the logic of setting the optimatent life is identical.

My concluding qualitative statement was that ecoisopolicy-makers can encounter
situations when they are to be the actors thatitgheaccount the consequences of non-
exponential discounting, and also the actors thatpossibly incorporate these external
effects and make it count for the other economioradoo.
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HYPERBOLIC DISCOUNTING AND ECONOMIC POLICY

Benedek Nagy

University of Szeged, Hungary, 6722 Szeged, Kévé&w. 1., Nagy.Benedek@eco.u-
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Abstract: Economic policy-making often entails comparisomsen immediate costs
and flows of future benefits or immediate beneditsl series of future costs. Economics
has a tool to handle such comparisons: the preaadtfuture value calculations and the
net present value rule. Experimental economics,evew has strongly criticised the
method of exponential discounting applied in sualtdations. Based on experiments
for the sake of more psychological realism, thegppse alternative methods to the
exponential model: hyperbolic and quasi-hyperbdiscounting models.

The present paper has a twofold objective: ficstetiew these different models and the
relationships between them to show how the differeodels will yield different results
when calculating and comparing present values single future payment, but even
more if we compare present values of flows of featpayments. The literature has not
yet employed the hyperbolic and quasi-hyperbolidet® for such calculations. Second,
| point out why it is important to heed the findingf experimental economics
especially in the field of economic policy-making.
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