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Abstract

The subjective value given to time, also known e gsychological interest rate, or
the subjective price of time, is a core concephaliroeconomic choices. Individual decisions
using a unique and constant subjective interest wdt refer to an exponential discounting
function. However, many empirical and behavioraidsts underline the idea of a non-flat
term structure of subjective interest rates witteareasing slope.

Using an empirical test, this paper aims at idgmg in individual behaviors whether
agents see their psychological value of time deangaor not. A sample of 243 individuals
was questioned with regard to their time prefereaitéudes. We show that the subjective
interest rate follows a negatively sloped term cttree. It can be parameterized using two
variables, one specifying the instantaneous tineéepence, the other characterizing the slope
of the term structure. A trade-off law called “batang pressure law” is identified between
these two parameters. We show that the term steuadfi psychological rates depends
strongly on gender, but appears not to be linkead life expectancy. In that sense, individual
subjective time preference is not exposed tenapus fugieffect. We also question the cross
relationship between risk aversion and time prefege From a theoretical point of view,
these two variables stand as two different andpaddent dimensions of choice. However,
empirically, both time preference attitude and slspem directly influenced by risk attitude.
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I ntroduction

If risk aversion is an important feature of economand financial behaviors, the
attitude of an agent with regard to time is alsodiamental. The subjective value given to
time, also known as the subjective interest ratdhersubjective price of time, is identified as
a core concept of the microeconomic literaturas l& fundamental parameter, which enters
into economic or financial choices. We know thatichs are comparisons between pleasures
and pains (Benthantntroduction to the Principles of Morals and Legisbn, 1789), which
are estimated at different times, now and in thar&u The weighting factor of choices that
makes preferences is subjective utility. The tinmeshsion is rooted in the economic process
of choice because different periods are considelteds for this reason that we need to
consider not only a subjective interest rate taalisit future utility, but several subjective
interest rates allowing the definition of a subjeetor psychological discount function. There
is a difference between the subjective interes, nahich is a variable used by an agent to
discount his future utility, and the time prefererigyypothesis. The time preference hypothesis
refers to the idea that an agent hapr@ference for immediate utility compared with tufa
utility” (Frederick et al., 2002, p. 351). We assume lieae the economically rational agent
has a positive subjective interest rate. He distoftriure utility” As a consequence, the time
preference hypothesis implies that the rationaht@® needs to subjectively evaluate time,
(i) discounts future utility and (iii) developsset of multitemporal choices. Moreover, the
subjective interest rate is often submitted to dditaonal hypothesis: it is assumed to be
constant whatever the age of the individual ortiime horizon considered in the choice. This
is the standard micro-economic setting of individtiaoices. Combined with the hypothesis
of time invariance of preferences (involving timeparable utility function), it leads to the
classical model of maximization of the sum of distied future utilities, as introduced by
Samuelson (1937). Individual decisions using a wmignd constant subjective interest rate
will refer to an exponential discounting functiolm. equilibrium models of consumption-
investment, choices are specified with regard tee@esentative agent, which allows the

consideration of available aggregated variables.

! The opposite idea of a negative subjective intaas would be rather strange. Within such a fraork,
given the choice between food now and food tomortherindividual will systematically prefer foodnmrrow.
The agent will not accept any pleasure today. Higyuwill improve if he abstains from consumingéhe
abstracts from the real world today. This woulddifécult for an ordinary human being, unless héicpates
being able to come back from the dead



The hypothesis of a unique and constant subjedtiterest rate is very useful for
further modeling and empirical tests. Using markeuilibrium variables or the aggregate
values of investment of a representative agenasy.eHowever, it involves a very poor view
of intertemporal choice setting by individuals. Maempirical and behavioral studies
underline the idea of a non-flat term structuresobjective interest rates with a decreasing

slope. This hypothesis has to be crossed with iddal behaviors.

This paper aims at identifying whether agents Be& psychological value of time as
decreasing or not. We questioned a sample of 2#fi@idtuals in order to analyze their attitude
with regard to time. They were asked to give toetinifferent psychological values at
different points in the future. The difficulty here staying at the psychological value level
and not questioning a monetary value of time. Rublerest rates are social prices of time in
a market and they appear as alternative savingwesiment goods. Here, we want to
question not the utility of saving goods or final@ssets, but the intertemporal comparison
of personal utilities (wherever they come from)eTgsychological value of time derives from
the individual perception of choices between theent “self” of the individual at time t and
his future “selves” at times t+1, t+2...We show ttia subjective interest rates are specific to
each individual. They have a decreasing form catierath a negatively sloped term
structure. They can be parameterized using twovidigial parameters, one specifying the
immediate term preference, the other characterithirgslope. A trade-off law is documented
between the two parameters, which appear to foolvg-log relationship common to any
individuals. The term structure of psychologicdkenest rates does not appear linked with life
expectancy, but strongly depends on gender. Indalidubjective time preference does not

show atempus fugieffect.

Individual preferences are conditioned by few Jalga. A cross relationship between
risk aversion and time preference is often questiprt least on theoretical grounds. These
two concepts stand as two different and independiemensions. Empirically, time preference

attitude and slope seem directly influenced byuwaté with regard to risk.

The following paper is divided into 5 Sections. Tist presents a review of the
literature. Section 2 introduces the concept of fime and the questionnaire. Section 3 gives

the results and tests some assumptions. SectigtiMages the term structure of subjective
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interest rates. The determinant variables explgitie subjective interest rates are analyzed
in Section 5.

1-Theliterature

Samuelson (1937) developed a normative model @frtarnporal choice using the
discounted value of expected future utility. Thedds that an individual maximizes a set of
utilities at different current and future period®eferring to a “time separation” hypothesis,
each periodic and specific future utility can becgiunted. Individual choice will result from
the combination of the utility dimension (which itself influenced by the attitude toward
risk) and the time dimension. The individual psyolgical price of time, also referred to as
the rate of impatience, is an economic varigide seneeded to build economic choices.
Discounting the consequences of future decisionatithe heart of individual behaviors
according to the standard micro-economic theorye @gent considers globally current and
future expected utility, the latter being forecdstgsing available information. Samuelson
introduces an identical subjective rate of interegbich results in a simple exponential

discounting function in the standard microeconomaxdel.

Max E{Zé‘U(Ct)}
1)
0. annual constant psychological discount factor

Ci: consumption at period t
U(Cy): consumption utility

The Consumption Capital Asset Pricing Model (CCAPdBvelops the model of
intertemporal choices between consumption and tmea® seen as future delayed
consumption. Financial assets are tools to trangéaith in the future. Their expected return
allows the evaluation of the individual's future aith. Hansen and Singleton (1983) and
Breeden (1986) used a constant and unique psydbaldgterest rate. If we focus on pure

one period risk free assets, future wealth investehlis asset can be devoted with certainty to



future consumption. Hansen and Singleton showttiatisk free interest rate in the market
should verify:

r, =—logd+a.E, (Acl)—%aza2

c

(2)

The CCAPM model draws important conclusions. The oisk free interest rate
period is linear in the forecasted consumption gno¥e. The slope coefficient is equal to the
risk aversion coefficient. Equation (2) can be meeé to derive the expected growth of
consumption of the time horizon as a linear functd the equilibrium risk free rate in the
market. The slope is them= 1/a. The relationship between consumption growth aodesn
in risk free interest rates in the market defines élasticity of intertemporal substitution
(EIS). This measures the influence of a move irrgdt rates on the dynamics of the

consumption path. The standard “exponential EISived from (2) is:

oed ¢,) 1
ElS, =~/ %=>
a

o dlog(R) (3)

It follows that, in the standard exponential sgftof the time discount function, the
risk aversion coefficient and EIS are purely ineer3he exponential setting implies a
confusion between these two concepts. This is highlestionable since EIS captures the
attitude with regard to time (i.e. the relative limgness to accept a delay in consumption).
This is different from the attitude with regard #orisky future stochastic consumption.
Epstein and Zin (1989) underline the necessityntooduce a difference between the two
concepts: An important feature of these general preferensdbat they permit risk attitudes
to be disentangled from the degree of intertempaabstitutability. Following this
approach, Epstein and Zin (1991) and also Weil ) @&veloped models with no conceptual
link between the coefficient of risk aversion an& E

Looking back to neoclassical economists, the Vorsadi(1949) analysis of time

rationality appears at the same time very promising largely ignored. He states th#tis

2 Equation (2) was evidenced by Hansen and Singlgi®83) and Breeden (1986). A power utility funatie
used. This relationship is obtained assuming tbasemption and returns are jointly and lognormally
distributed. Lower case letters are logarithms. @drsumption volatility is assumed to be non cooddl.



no less impermissible to differentiate betweeroratl and allegedly irrational acting on the
basis of a comparison of real acting with earlieafis and plans for future actions. It may be
very interesting that yesterday goals were setdday's acting other than those really aimed
at today. But yesterday's plans do not provide itk any more objective and non arbitrary
standard for the appraisal of today's real actirftan any other ideas and norm$"Past
choices have been decided using given informatiotha time; a rational agent will use
different information to make a decision now. Bedwehe two, there are new facts and pieces
of information which are the ex post consequendegesterday’s choices. Von Mises adds
“Constancy and rationality are entirely differenttions. If one's valuations have changed,
unremitting faithfulness to the once espoused pples of action merely for the sake of
constancy would not be rational but simply stubBofnThe idea of time constancy is new

here.

Time is a specific dimension in the process of slearmaking. fn any case action
can influence only the future, never the preseat thith every infinitesimal fraction of a
second sinks down into the past. Man becomes awssoi time when he plans to convert a
less satisfactory present state into a more satisfg future state® Time is an economically
valuable dimension. Von Mises recognizes the timepence hypothesfsHe consequently
mentions that individuals give a psychological eata time and their impatience rate should
not be assimilated with the interest rates in tharfcial markets. Interest rates are the social
price of time and are used to compare alternatiresemption and investment opportunities.
The psychological interest rate is used to discsubjective evaluation by individuals in their
calculus, what he calls “economization”. For Vonsks, The economization of time is
independent of the economization of economic ga@ouk services. Even in the land of
Cockaigne man would be forced to economize tinmyiged he were not immortal and not
endowed with eternal youth and indestructible Healbhd vigor. Although all his appetites
could be satisfied immediately without any expemdiobf labor, he would have to arrange his
time schedule, as there are states of satisfacbicth are incompatible and cannot be
consummated at the same time. For this man, tow Wwould be scarce and subject to the

aspect of sooner and later®.The analysis of the variables which may expladivitual time

%0p. cit., chap 5, p.102-103.

* Op. cit., chap. 5, p.103.

® Op. cit., chap. 5, p. 100.

® Op. cit. chap 18, p. 481; “Time preference is garical requisite of human action”.
" Op. cit., chap 5, p. 102.



preference is very rich: remaining duration of lifeealth, youth will affect the level of the

subjective interest rates. This approach opensvtheto subjective interest rates, which are
variable through time for the same individual adoag to his expected duration of life or his
health. This is the first mention of a possiblanerstructure in the psychological value of
time. Later and independently, this theoretical diipsis was reinforced by empirical

research questioning the exponential discount foinct

Empirical tests were developed to see whether iddal subjective interest rates are
constant whatever the time horizon of the choideesE tests generally invalidate the idea of
flat impatience rates and lead to the conclusioa décreasing term structure. Thaler (1981)
was among the first to sustain that hypothesisumstioning individuals: “Which amount in
respectively 1 month, 1 year or 10 years would jymige equivalent to 15 dollars now?” The
median answers were $20 in 1 month, $50 in 1 yaad, $100 in 10 years’ time. Thaler
deduced a decreasing term structure of impatieateewith values of 345% for the one month
horizon, 220% for the one year and 15% for the d&ry.

Experimental tests of the psychological discoumiction have been made on human
individuals or animals by psychologists or psyats#s. Chung and Herrnstein (1961) draw
the conclusion that a decreasing hyperbola fitd thel time preference function of animals.
Considering human individuals, Ainslie (1992) andeilvenstein and Prelec (1992) model
discount functions such as the hyperbolic cuittg=(1+a.t)”*, with t being the time horizon.

These functions involve psychological interest @teses following the equation:

_:;t((l+ a.t)’y’”) y

Qran) e @+ad)

(4)

These curves are decreasing. The immediate sugeictierest rate is equal to the

parametey. Long-term psychological rates converge towaradzer

The decreasing term structure, as suggested byparlhglic model, would entail
overdiscounting the immediate future vis-a-vis flaedistant future. On the other hand, a flat
term structure wouldceteris paribusresult in overdiscounting the distant future. The

characteristics of hyperbolic (or any decreasindpjective term structure is that the long-term
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future accounts forelatively more in solving the dynamic choice problems tham $hort
term future. At the extreme, a myopic individuahavconsiders only the current period and
the one that follows, will need only a short-terracount rate for the next period and is not
concerned by the time inconsistency problem for amowperiods (Loewenstein et Prelec,
1992). Laibson (1996) suggests the use of a “dugserbolic” discount function, which
refers to two parameters: the standard discourfficeat 6 and a second paramefexl. At
period t=1, the discount coefficient fs5. The following coefficients are multiplied by the
unique B coefficients. This results in a discrete discofumction {1, 2.9, 6% B.5°...}.
Laibson (1996) shows that the EIS in a hyperbobclavis effectively lower than the inverted
value of the risk aversion coefficient He was one of the first to mention that economic
agents are more impatient when they undertake -ghont arbitrage than when they make

economic choices within a long-term horizon.

The behavioral dimension of the subjective interasts

The theoretical problem with a non-flat term stuetof psychological interest rates is
their time inconsistency. The sequences of econahmdices are ex ante incoherent, which is
not rational in the homo economicus setting. Thénwgd choices that are calculated for
period t using a discount factéft) are not the same as those that will be predeoree period
later using a factop(t-1) and discounted. Strotz (1956) underlined thatante the two
sequences of the consumption plans are dynamicalbherent. Time consistent setting of
present and future consumptions using the availalftemation implies that individuals
cannot be irrational. Therefore the (only) simpbduson is that psychological interest rates
should be constant. However, in a situation of dyicaime inconsistent plans, intertemporal
choices can also be analyzed as a conflict betw#fment economically calculating agents,
existing in the same individual. As Laibson (1996)nts out, the “self” who decides at time
t, enters into a strategic game with the optimizisglf’ at time t+1. The multiple “selves”
model is a way to cope with the “time inconsisténcgnsequence involved in non-flat
psychological interest rates. Multiple “selves” aspsychological concept that allows the
characterization of the peculiar nature of intepgenal choices (Frederick et al., 2002). On the
other hand, time inconsistency may also derive fenxmlving preference functions such as

“changing taste” preferences.



Thaler and Shefrin (1981) introduced the conceptnufitiple selves in a non-
formalized way, which did not lead to a testablpdthesis. They analyzed the consistency of
temporal choices in a theory of “self-control”. Tagent has two “selves” in a conflict. The
same individual is assumed to be at the same tim®lanner” who organizes his
consumption-investment choices looking at the ltamgy and a myopic agent making choices
on the very short-term horizon (a “doer”). The “doeptimizes looking only at the next
period. A conflict arises between the two differepties of preferences. Thaler and Shefrin
(1981) draw an analogy with agency conflict betwesmager and shareholders in a firm.
The agent’s “self control” is a way to reduce tloaftict between the planner’s self and the
doer’s self. The only way for the planner to modife myopic doer’'s behavior is to control
his behavior. This can be done either by modifyimg preferences, or by imposing
constraints or commitment rules to curb his choiddse devices to curb the behavior are
classically incentives or rules. For instance, Inglat the trade-off between consumption and
investment, incentives may influence the behaviothe myopic agent by giving a strong
moral and ethical value to saving. Self-limitatiarles may be set to limit consumption and
favor abstinence (equivalent to appetite supprésdan people who want to follow a diet
regime). Other rules may be commitments to savgwmng, for instance, rules to save a
given percentage of one’s income, or forbidding®aeing, or paying into mandatory pension
plans... Laibson (1996), referring to his “quasi-hyperbblgiscount function, shows under
restrictive conditions that the time consistencywditon can be met between economic
choices made by one’s “self” at period t and orfe&f’ at period t+1 in the future. The
economic rule the individual should follow is cortipke and is the same: at any period, the
individual should respect a saving rule and invegjiven deterministic percentage of his
wealth. This result needs to assume that the raretorn on investment is identical and

constant whatever the time horizon.

Kahneman (1994) introduces a distinction betweesci&lon utility”, which results
from choices consciously made by an individual, enprecisely the consequences of his
choices, and “experienced utility”. Experiencedlitytistands at the global level of an
individual's well being. The difference between ttweo refers to “basic” needs and the
psychological concerns of human beings (Frederical.e 2002). In a behavioral approach,
there are indirect utility elements that are exagesty given, received or inherited from the
context of the individual, or they may also be adiriect consequence of his choices. These

elements will depend on the context of the indigidwn previous choices, on pure random
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externalities and on tensions between the diffefsalves” that make a personality and a
character. The individual context links past taifetchoices. In the economic dimension, the
difference between “decision utility” and “expergenl utility” is a difference in linkage with

a decision made at time t; it suggests that thamtaneous utility function is not constant.

In a behavioral approach, “time separability” exiahd means that the individual can
identify the instantaneous utilities from which ¢en build his global utility: global utility is
“the temporal integral of some transformation oftams$ utility’.® Temporal aggregation
means that the individual can compare two instaadas utilities at different time periods by
evaluating which one has the most important hedwaige. We are still in a psychological
economic rationale of preferences. Kahneman e(1897) use the concept of value or
preference and not the one of discount coefficientsubjective time preference. This
“transformation” of the instantaneous utility seethsse to the idea of present value (art. cit.,
p. 391); but Kahneman et al. do not question thgreggation function which leads to a
cardinal global utility. Kahneman et al.’s (199%ian 3 recognizes the time separability of
these instantaneous utilities: for them, it is fameéntal that these instantaneous utilities are
“sufficient statistic”, “in that sense that alktinformation needed to evaluate the goodness of
an episode may be incorporated in its utility ge3ff On the other hand, Kahnenam and Riis
(2005, p. 8) add thatifne is the last human resource of his life and firway to use it at best
is an important goal both for the individual invety in his well-being and at the level of
social choices aiming at human well-béing.ccording to these authorstirhe is the last
human resource of a person’s life and finding a wayse it is at best is an important goal
both for the individual involved in his well-beiagd at the level of social choices aiming at
human well-being This leads to the idea of time preference oritpas psychological time
value. This also entails questions on the uppeit limth regard to aggregating future
instantaneous utilities. The end of human life isg®oa limit in the definition of his time
personality. The successors of the agent (his re@m|dglobal society...) are not his economic
“selves”. His identity will in the end die and beptaced by other actors and other
preferences. This does not imply that the agerdgferent to what can happen after his
death. He can derive utility in passing on wealtreconomic goods. His successors (if any
and ex ante identified) will have different persitress and preferences.

8 Cf. Kahnemaret al. (1997), p. 388.
° Cf. Kahnemaret al. (1997), p. 390.
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The idea of identity involves consciousness ofdfmacture of one’s preference: Is the
agent conscious of the stability/instability of H&sstes? Am | the same now as | was
yesterday? Will | be the same tomorrow? There am@any strengths of differentiation and of
continuity between the “selves” of the same indindwithin time as there are between
different agents who are close to each other andgliat the same time in the same social
group. In analyzing economic behavior, discountiagnporal preferences is as rational as
socially aggregating individual preferences. Acaogdo Frederick (2006):It may be just as
rational to discount one’s (self) future utilitysdao discount the utility of another distinct
individual, because the distinction between thegetaf one’s life may be as deep as the
distinction between individuals™

Experimental studies have privileged individual icke and answers. In that sense,
they convey more information than looking at aggted market data. Feather and Shaw
(1999) try to evaluate the leisure opportunity colsbeach sports. This cost is traditionally
estimated to be a fraction of the wage rate. A lgrobarises for individuals who are not
employed and have no observable wages. The demsarneidure will depend jointly on the
pure time preference and on the wage rate. The dieveted to work is not a discretionary
continuous variable that an agent may easily oggmieather and Shaw underline that the
“value of time” is not only given by a trade-off thithe wage rate; it also depends on other
hedonic variables. An estimate of the “shadow poickeisure time” is proposed by Lew and
Larson (2005) in their evaluation of the discreipnwage. This concept assumes that the
agent stands at his equilibrium between work amslte and can make a trade-off. The
evaluation of the leisure consumption is stochastid is empirically estimated with regard to
the consumption of leisure on Californian beachié® implicit prices of leisure time are very
different. They are high for employed or over-enyeld individuals, and lower for the retired,
the unemployed and students. Warner and Pleetérl)2@nalyzed the choices made by
60,000 American army members who were offered tiwce of either a life annuity or an
immediate indemnity on leaving the army. The adtllaate used to define the annual cash
flow was 17.5%, at a time when the interest rateretl in the financial market was 7%. The
annual cash flow choice appeared financially bettean the immediate payment. The
empirical study showed that half of officers anduard 10% of soldiers and civil employees

chose the annual installments. This result eviderceery strong individual preference for

10 Ct, art cit. p.674.
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the present time. The estimates of the psycholbgitarest rate of army members by Warner
and Pleeter were between 24% and 42%.

Shapiro (2005) made an empirical study of Americatividuals who benefited from
a free allocation of “food stamps”. These subsidiesgranted monthly. It was shown that the
caloric consumption of those receiving the foodmgia decreased by between 10 and 15%
during the month. This implies a strong short-tgneference. Calibrating a time preference
function of a logarithmic agent, Shapiro obtairdgady subjective time discount coefficient of
0.996. Under the hypothesis of an exponential distdunction, this is equivalent to an
annual discount coefficient of 0.23 on a one-yeatizZion, i.e. a subjective interest rate of
320% per year. This estimate is viewed as too girea Shapiro questions the exponential
subjective impatience hypothesis and uses the @ail§$996) quasi-hyperbolic function to
calibrate the data. With an estima@df 0.96, he concludes that a hyperbolic functien i
better suited to high interest rates on the slewitend of the time preference curve. Kurz et
al. (1973), using a simple questionnaire, conclutias the annual subjective interest rate is
within the 36% to 76% range. Thaler and ShefrirB()%also asked a very simple question:
“Which money bonus do you want now instead of a d6ilars bonus in a one year’s time?”.
They highlight the influence of conditioning varieb such as age, income level and marital
status. They insist on the relationship betweenaagkematurity: young people have to learn
and internalize the technique of behavioral setftan. Social categories are also important in
explaining the subjective interest rate. Thaler &tfrin evoke a decreasing structure of
subjective interest rates. In the long term, agan¢srelatively more patient: for instance, |
prefer two apples within 101 days from now than apple within 100 days. However, in a
short-term view, the rate of impatience is diffardnprefer one apple now than two apples
tomorrow. Frederick et al. (2002) collected theineates of subjective discount factors
resulting from thirty experimental studies. Thegssed these subjective values of time with
the time horizon of choices ranging from the vergrs-term (10 dollars now versus X dollars
tomorrow) to the very long-term (10 dollars nowstes Y dollars in 10 years). The average
discount factors (average subjective interest igtteyved an increasing (decreasing) structure
with the time horizon term structure. Fredericlaktpoint out that questions based on money
comparisons may be polluted with the idea of theerest rate, which is a social and
marketable price of time and not a subjective tpreference used by individuals to set their

personal choices.
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Many experiments and studies have tried to identifg conditioning variable
explaining individual time preference attitudeseTihfluencing variables are:

- Attitude of smokerssmokers have a psychological price of time, whigpear higher
as compared with non smokers (Bakeal, 2003, Kirby and Petry, 2004, Ohmuet
al., 2005).

- Alcohol dependencyalcoholics have a larger psychological price ofetinserious
alcoholics discount future gains to a greater extiean do former alcoholics (Petry,
2001, Bjorket al, 2004). The same is true for drug addicts (Brdteevensen, 1999,
Kirby and Petry, 2004)

- Age Young people are moderately patient (i.e. thexehalow psychological price of
time). Patience increases with age and senior pduple a larger psychological price
of time (i.e. a lower discount factor) (Greehal, 1994). Life expectancy appears to
influence and attenuate the relationship with age.

- Cognitive ability Frederick (2005) shows the influence of cognitakalities. In his
test, he uses an index of “cognitive refection” [CRCognitive Reflection T€&$t
which spans the difference of behavior betweenviddals who behave intuitively
without taking the time for reflection and thoseondct taking the time to analyze and
evaluate choices. The CRT index was crossed with lioe dimensions of time
preference and risk aversion using a sample of 83,A&&pondents. A positive
relationship between the CRT index and patience hgklighted: people showing
high cognitive reflection are also more patientink was identified with risk attitude:
people with a high CRT index are more prone to. risk

- Genderis a fundamental characteristic in the psycholalgialuation of time. For
instance, Frederick (2005) shows that women halevar CRT index (correlated
with impatience and a higher time preference) tinan.

- Risk aversionalso seems to play a role. According to Frede(R®05), there is a
common factor behind time preference and risk awerg his hypothesis is important
because it would mean that the two dimensionssif aiversion and time preference

may be linked in human choices.

2-The concept of free time and the questionnaire
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One important issue when dealing with individualeipreference is knowing whether
questions and choices have to be set in monetaty annot. Using a money equivalent
places the individual in a framework of consumptpower and leads to an underestimation
of the answer. People are systematically exposecbidusion with saving decisions and
interest rates. Comparing amounts of money nowlaed in the future is a saving choice and
that decision is polluted by the existing possipilbf deferring power consumption using
existing market interest rates. The pure time pegiee is independent of the content of
current and future choices between consumptionsanthg. We need to compare the utility
of consuming a product now and the utility of cangwg the same product in the future.
Cairns and Van der Poole (2000, 2002) first useesgonnaires with questions comparing
amounts of money. Later they privileged studieshaut any reference to money and
compared dealing with a disease now with the poggibf deferring its onset further into the

future..

The psychological value of time is the discountactdr applied to choice involving
the future. This element is crucial in the dimensad intertemporal comparison at different
times. The valuation ratio of two (utility) choicdses not have a value in itself; it has a value
relative to individual choices. It is not a genesald shared price; it is a subjective ratio that
should not be expressed in monetary units. Timeni®pen window for present and future
choices and, possibly, future utility. Deferring accelerating these choices expresses the
personal value given to time. The idea of “freeetins used to identify an extra opportunity
opened up to individuals to make new choices nowm @he future. It does not say anything
about the content of these choices. When compawogapples in the future and one apple
now, comparison develops within the framework @ thility of a given choice, i.e. to eat an
apple. This involves the specific utility of an &@for someone who is fond of apples or that
of another individual who hates apples. The idemafginal free time opens up the space for
new choices and additional utility independentlythaf content of the choice and the utility of
the decision made within this new deferred oppatyuio act economically. This free time is
a window through which to enter into new economarad behavioral choices. It is nugr se
a set of substantial choices. It may have no vaiués not automatically linked to the
consumption of goods, additional time to work dasa The unit is one hour of free time, not

its value in euros.
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An additional hour of free time at period t is caamgd with an additional hour of free
time later. The hypothesis of time preference mehas an hour of free time now is more
valuable than one hour of free time later in therfe. The relative ratio between the two gives

an implicit price, which is the individual’s subje® interest rate.

The gquestionnaire

The form is structured in four blocks of questionBhe questionnaire was
anonymously submitted to individuals. The firstddoof questions (block S) are questions
about the characteristics of the respondent. Ctarsiics are unambiguous: date of birth,
gender, place of birth, native languagésee Annex 1) Questions related to attitude and
behavior cover the perception of time, the imparégaf passing on something to one’s
children; three questions are devoted to attitudgarding risk and risk aversion (S21, S22,
S23). Two questions propose a traditional choidevéen playing an uncertain lottery and a
certain income. Personal attitude vis-a-vis th& s questioned on a scale between risk-

lovers and absolute risk averters.

The block A guestions introduce the idea of “frimef’. What we want to analyze is
the attitude vis-a-vis a pure space of time opesnpeconomical or behavioral choice. When
giving the form to respondents, we introduced thestjonnaire orally by saying: “imagine
that a day is now 25 hours instead of 24, whahésitnportance of that extra new hour for
you?”. We want to identify individual preference fan extra space of choices before these
choices are effectively made. In that sense, waatoneed to rely on rational assumptions
linked to choices. We are faced with choices amdu#luation of their utility. We want to
compare the preferences of this extra window otsgar new choices between, for instance,
now and X years in the future. Respondents weredagk compare a period of free time now

and a period of free time at a given time in therfe.

Al.-Would you prefer 1 extra hour of free time now2 hours of free time in 1 year's
time?

A2. -Would you prefer 1 extra hour of free time now5 hours of free time in 5 years’
time?
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A3. -Would you prefer 1 extra hour of free timeliryear’s time or 5 hours of free time in 6
years’ time?

A4. -Would you prefer 2 extra hours of free timelid years’ time or a period of 1 hour |of
free time now and 1 hour of free time in 20 yedirae?

A5. -Would you prefer 4 extra hours of free timelid years’ time or a period of 1 hour |of
free time now and 1 hour of free time in 20 ye#irae?

A6. -Would you prefer 2 extra hours of free timeSiryears’ time or a period of 1 hour [of
free time now and 1 hour of free time in 20 yedirae?

A7. -Would you prefer a period of 1 extra hour e time now and 1 hour of free time(in

20 years’ time or 2 hours of free time in 10 yedrse?

A8 -Would you prefer to have in 10 years’ time 2irgof extra free time for yourself or o
get in 10 years’ time a period of one hour of friege for yourself and 1 hour of free time for
one of your relatives?

Table 1 — Block A questions

(Answers with 3 alternative choices: first alteim@t second alternative and indifference
between the two choices. Indifferent choices waultlbe considered in the analysis)

Block B is a series of six questions on the re&atialue of one hour of free time in the
future compared with one hour of free time now. éNordinal choices are proposed linked
with a range of values expressed in number of hdtosinstance, item 3 refers to a range of
[2 to 6] hours. Respondents were asked to compaéiour of free time now and X hours in
the future. By checking item 3, the respondenh®asng that he considers one hour of free
time now to be equivalent to 2 to 6 hours in there. Different time horizons are questioned:
1 year ahead, 5 years, 10 years, 20 years, 30 gedrS0 years corresponding respectively to
questions B1 to B6. Questions B7 and B8 deal wittvature comparing a package of 15

hours of free time at two time horizons and 15 bawarded at a medium term horizon.

Questions B1-B6 are as follows: One extra houred time now is equivalent to how
many hours of free time in 1 year’s time (respeadiivb years, 10 years, 20 years, 30 years
and 50 years)? The answer should be one of thde€9eamt choices:

1- Less than 1hin 1y

2- Between 1h and 2hin 1y

3- Between 2h and 6h in 1y

4- Between 6h and 12h in 1y

5- Between 12h and 22h in 1y
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6- Between 22h and 36h in 1y
7- Between 36h and 52h in 1y
8- Between 52h and 78h in 1y
- More than 78h in 1y

The same gquestions were submitted again afteresgondent was asked to read a
mortality table. In the Block C questions, peopéal to compute their life expectancy taking
into account their date of birth and their gené&ch respondent had to calculate the probable
year of his death and his expected remaining duratf life from the present day. Then, after
being informed of his true average life expectamuestions identical to B1-B8 were asked

again (questions C6-C13).

Data

The sample was put together from answers from 24viduals. Two different
categories of people were questioned using thetignesire form. Most of the respondents
were students from the Paris Sorbonne UniversityeyTare following management and
business economics studies and are in the gradugéiar of their bachelor's or master’'s
degree. A sub sample of retired people aged 5800e mere interviewed in the French city of
Reims (26 people) and by sending the questionnbyewail to retired men and women in
rural areas of France (32 respondehtgjhey were members of a non-profit organization for
retired peoplé? Their average age was 67.1 years. The studersaupie (185 people) was
on average 22.1 years old. The two sub-sampleseayedistinct since we did not have any

respondents born in the 1958-1976 period.

The questionnaire was answered during the acadgeac 2007-2008. The global
average age of the whole sample was 32.8 yearheQbtal sample, 58% were women. Only
56 respondents (23%) had children (average numbechiddren was 2.03); 47 were
grandparents. 88 of the respondents (36.5%) ladytit about passing on something to their
children. Of the others, 106 (44%) said they wathithk about it. However, a minority of
19% claimed that they were not motivated by passm@nything to their children. Globally,

1 A total of 250 questionnaires were distributedhy Fédération des Ainés Ruraux to their members.

12| would like to thank for their support Mrs Reea®ossart, President of the association “Les peagghgrises”
located in Reims and Mrs Delphine Guillaume in geaof internal communication at the Fédération dietie
des Ainés Ruraux, www.ainesruraux.org.
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49% of the individuals considered that they had etbimg

valuable (i.e. capital or

knowledge) to pass on to their children.

average standard devy  min max N
Date of birth 1974.18 19.64 1920 1988 243
Gender 0.59 0.49 0 1 243
(0:men/1 women)
Number of children 2.03 1.06 0 5 56
Ability to speak another foreign 0.55 0.49 0 1 240
language fluently (0:yes/1:no)
Currently a smoker (0:yes/1:ng@) 0.85 0.35 0 1 240
Education level 4.16 1.14 1 6 242
Monthly financial expenses 2.29 1.42 1 6 240
category
(1 to 6)
Perception of the importance gf4.12 1.22 1 6 241
free time (ordered from 1, no to
6, of the utmost importance)
Financial planning horizon (1 tp1.73 0.88 1 4 243
4)
Planning to pass on capital and0.63 0.48 0 1 241
knowledge to children or other
relatives (0:yes/1:no)
View of level of importance of | 2.60 1.21 1 6 242
passing on capital and
knowledge (from 1 to 6)
Perception of risk attitude 3.40 1.34 1 6 243

Table 2 — Descriptive statistics of the sample

(Education level: answers from 1 (autodidact) tqn@aster's degree); Monthly financial
expenses by ordered categories: 1: below 300€ 6p twore than 2500€; Financial planning
horizon ordered from 1 to 4: 1 in coming monthgvér the next 10 years; View of level of
importance of passing on capital and knowledgenull, to 6, huge; Risk attitude: ordinal
value from 1, risk lover, to 6, absolute risk rejea.)

3-Results

Qualitative time preference

Questions Al to A8 aim at testing qualitatively tth@e preference hypothesis by

advancing two propositions. The respondent cae siqireference for one or the other or can
say that the two are equivalent. If the answendsffierence, it is withdrawn from the data.

We only consider choices expressed as preferequesstion Al tests the time preference
hypothesis by asking the preference of individisveen 1 hour of free time now (0) and 2
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hours of free time 1 year ahead (1). The average@n(indifference excluded) is 0.33. This
Is significantly above zero. The idea of a tradebaftween the present and the future can be
accepted if a price exists, i.e. a preference bbdr now vs. 2 hours tomorrow. The test of
equality of the A1 answer compared to a randomamesanswer of 0.5 is rejected. However,
the t-test assumes a normal distribution. Thisragsion is weak. We also consider a sign test
(proportion below 0.5=0.64, p-val:0.00). It confsrthe previous one.

A2 is the same question with a trade-off furthethia future (1 hour now vs. 5 hours
in 5 years). The average answer is 0.34. Thisgsifgtantly different and lower than a

random 0.5 answer.

The Al vs. A2 test allows the checking of a diffeze in pricing the future. The null
shows that the two means are not different. A prabove the usual significance levels does
not reject the null. The difference is not sigrafit (p-value of the t-test: 0.00). This test is
reliable because the Al-A2 difference is normarque-Bera statistic=64.90; p:0.00). This
means that 2 hours in 1 year’'s time are equivdleot different from) 5 hours in 5 years’
time. The sign test gives 82% of zero differenddse implicit discount factor (5/2=2.5) is
26% a year (for a 1-5y horizon).

Al corr. A2 corr. Alvs. A2 A3corr. A2 vs.A3

N 209 217 209 191 187
average 0.33 0.34 0.00 0.45 0.08
std dev 0.47 0.47 0.42 0.55 0.41
t-test -5.39 -4.94 0.48 -1.38 2.65
p-val 0.00 0.00 0.63 0.17 0.01
Sign test

Proportion 0.67 0.66 0.82 0.55 0.82
below 0.5

p-val 0.00 0.00 0.00 0.07 0.00

Table 3 — Results of the block A questions (I)

(corr.: corrected to eliminate indifferent choices)

Question A3 is the same as A2 but put forward lygdr. The average answer is 0.45.
The t-test and the sign test show that the anssveoi different compared with a random
answer of 0.50. It means there is indifference betwthe two terms of choices suggested in

guestion A3. We compared the answers to A2 to chdxether the results are the same. A3 is
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significantly different from A2. According to thetést, the hypothesis of difference is
accepted, but it is rejected looking at the sigst.tdhese results are contradictory. The
statistic A3 minus A2 is normally distributed (JBX66, p:0.00); we privileged the t-test.
This means that when the choice is put forward lggdr, the preference for the time closer to
the present date decreases. If the time preferbadebeen the same, i.e. if exponential
discounting were true, delaying the same choicé pgar should have given the same result
in questions A2 and A3. Here, the trade-off pre@ot the same. That result suggests a non-
flat subjective interest rate. A decreasing curb miake the short-term side of the trade-off
less attractive and place a larger weight on thg-term proposition. It is for this reason that
we get an average answer of 0.45 for question ARadnove 0.37 for question A3. However,
the two sets of choices are still coherent. TheaBpan correlation between A2 and A3 is

significant and positive (+0.65, p-val:0.00).

Question A4 tests the curvature of the time prefegefunction. It asks whether
individuals prefer 2 hours of free time within 18ays or a package of 1 hour now and 1 hour
within 20 years. If linearity prevails, under atftaurve, the two terms are equivalent, so the
answer should be the average of 0 and 1, i.eV0ebget an average answer of 0.66. The t-test
against 0.5 and the sign test confirm this resulbé significantly above a 50% probability.
By preferring the package, individuals have a desirg time curve preference, i.e. a

decreasing subjective price of time.

Question A5 modifies the term of the curvaturegites a greater weight to the
medium term choice (doubling it to 4 hours agathbkburs in question A4). The terms of the
package remain the same. The preference for theumeeérm time horizon choice (choice 0)
increases logically with an average answer of OR3ferring both to the t-test and the sign
test, this is significantly lower than 0.5. Questi5 is not meaningful in analyzing curvature
because the relative terms are not comparable antinear in [OR within??] a [OR the??]
time horizon. However, it confirms that individuaee time rational. The choice (0) in A5 is
logically better than the one proposed in A4. Udingar approximation and the results from
A4 and A5, it means that to get indifference betwXehours in 10 years’ time and a package
of 2 hours (one now and one in 20 years), we shgwiel (0.66-0.5)x(4-2)/(0.66-0.34)=1.00
hour more. This means 3.00 hours in 10 years’ tomapares with a period of 2 hours now

and in 20 years’ time.
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Question A6 is another way to test the curvatutee Thoice is similar to A5. The
package is the same, but the medium term propssaw 2 hours within 5 years (instead of
10 years in question A4). We expected that indiaiduwvith a preference for the present
would choose the first answer compared with ques#@. The average value is 0.39
compared with 0.66 in question A4. This is sig@hty below the random average answer of
0.50.

A4 corr. A5 corr. Ab6 corr. Advs. A6 A5vs. A6

N 173 173 175 157 163
average 0.66 0.34 0.39 0.25 0.05
std dev 0.47 0.47 0.49 0.48 0.40
t-test 4.41 -4.59 -2.86 6.66 1.58
p-val 0.00 0.00 0.00 0.00 0.12
Sign test

Proportion 0.34 0.66 0.61 0.71 0.85
below 0.5

p-val 0.00 0.00 0.00 0.00 0.00

Table 4 — Results of block A questions (II)

(corr.: corrected to eliminate indifferent choices)

We will now consider the difference A4 vs. A6; stmormally distributed (JB=10.14,
p:0.01). The difference between A6 and A4 is sigaiit. The results are not the same as
comparing A6 answers to those to the A5 questioheMtesting the hypothesis of different
means between A6 and A5, we reject it. Using a &gt we have a different conclusion with
an average probability of an identical median d#8%Ve will accept the conclusion of the t-
test on the basis that data are normally distribd®=78.82, p:0.00) and that the sign test is
less robust. This means that 4 hours in 10 yean® &re equivalent to 2 hours within 5 years.
The psychological (annual) interest rate for the05year horizon that emerges is, therefore,

14.9%. This is lower than the 26% average subjectte for the 1-5 year horizon.

We can mix the A4 and A6 results and use a linppraximation to find indifference
between 2 hours in the future and the package ¢+ 1h in 20 years’ time). We have:
(0.66-0.5) x (10-5)/(0.66-0.39) = 2.96 years. Timeans that 2 hours in 7.96 years’ time are

equivalent to the package and the package is dgunivep 3.00 hours in 10 years’ time (see
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above). The variation between 7.96 and 10 ye&29® years for an increase of 1.00 hours of

free time.

Question A7 is identical to A4 but presented inerse order. The answer should be
strictly opposite. We inverted the A7 answers tb @ average value of 0.54. This is not
significantly different from 0.5 (in contrast withe A4 question). The test of the difference
between A4 and inverted A7 shows a significant amekpected difference according to the t-
test (but it is not significant according to theyrsitest). However, the t-test should be
disregarded insofar as the A4 vs. inverted A7 Wdeias not normally distributed (Jarque-
Bera=1.53, p:0.46). The sign test shows no diffeeenThe Spearman rank correlation
coefficient between A4 and inverted A7 is 0.43. sTle significantly positive (p=0.00).
Hopefully, the same respondents are giving the sansver to similar questions in the

guestionnaire.

Question A8 is a test of altruism. After correctifon indifference, the average value is
0.72, closer to 1 (altruistic attitude) than top@rsonal individualism). The test vs. a random
0.5 value is significant. The Spearman coefficiets calculated to cross with curvature
(question A4). The coefficient is 0.01. This is nsignificant (p=0.30). Altruism does not
seem to be linked with curvature, i.e. temporalitythe subjective price of time. These are

two separate dimensions of human behavior.

A7 inv. A7inv. vs. A4 A8 corr.

N 177 157 183
average 0.54 0.14 0.72
std dev 0.50 0.52 0.45
t-test 1.28 -3.34 6.47
p-val 0.20 0.00 0.00
Sign test

Proportion below

0.5 (or equal to 0) 0.55 0.71 0.28
p-val 0.11 0.00 1.00

Table 5 — Results of the block A questions (I11)
(inv.: answers are corrected to eliminate indiffér@nswers and are inverted; corr.: corrected

to eliminate indifferent choices)
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Quantitative time preference evaluation

The direct price of time is tested through que&tiBt to B6 considering the “price” of
one hour of “free time” at different time horizohg, 5y, 10y, 20y, 30y and 50y. A measure
of the subjective price of time is built considegrithe increase in the relative value of one
hour of free time now and one hour later. If théjsative price of that hour increases, it
means that the time has a cost. We compared thadodl answers to question B1 (C1) with
the average answer to questions B2 to B6. If aividhaal answers, for instance, 2 to question
B1, it means he gives a value of 1 to 2 h of fireetin 1 year in the future compared with for
one hour of free time now. If the average answeéhéossame question, but deferred forward in
time (question B2) is 4, it means than the relatato of his personal time value is 6 to 9
hours compared to one hour now. We calculated puss{bly) negative slope of the
subjective interest rate as the difference betwkerB1l answer and the average relative ratio
resulting from questions B2 to B6. For instance, previous respondent will yield a value of
-2 (i.e. 2 at question B1 minus 4 at question BRis shows a time preference attitude with
deferred free time having less value than a neaegufree time opportunity. If the average
difference is negative, this indicates globally @sigive price for time (or a preference for
immediacy). Looking at the answers, the averagelevaf the subjective price for time
indicator is effectively negative (-1.49) and sigrantly different from null. The answer is
the same with the “informed” set of respondentse€pons C6 to C11 correspond exactly to
questions B1-B6. The answer to question C6 was aoaapin the same way to the average
answers considering a deferred horizon from 5 to/édrs (i.e. questions C7 to C11). The

average value of the informed price of time indicas significantly negative (-1.48).

Average time Average time
Questions B1 value B2toB6 C6 value C6-C11
N 228 207 225 207
average 2.24 -1.49 2.23 -1.48
std dev 1.65 1.65 1.70 1.75
t-test -13.04 -12.14
p-val 0.00 0.00

Table 6 — Results of block B and C questions

When informed of his true average life expectartbg, individual does not seem to

modify his answer regarding his subjective pricetiofe. The score decreases from 2.24
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(question B1) to 2.23 (question C6). The differehetween questions B1 and C6 is not
significant (t-test=-0.15, p:0.88). The same i®tfar the subjective price of time before and
after (t-test=-0.13, p:0.89). The two scores of jective price of time show a strong

correlation (Pearson correlation of +0.75, p:0.00).

4-The term structure of subjectivetime preference

We calculated the average answer to the subjegtige of time. Each question can be
answered from checking ordinal values from 1 (aritfree hour has a lower price than the
current free time hour) up to 9 (i.e. one free tihwar in the future has less value than 45
seconds today). Answer 1 is economically irratianalerms of time preference. It means a
preference for the future compared to the predentuld also mean that the respondent did

not understand the question.

The integer answers from 1 to 9 are trade-off nedavalues. The average ordinal
answers to each question have been converted uhjecsive interest rates using the mid-
range value. For instance, if a given individuad\aers 4 to question B2, he says that he will
ask for between 6 and 12 hours of future free tinyears ahead to be equivalent to one hour
just now. Taking the mid-point of 9 hours in 5 y&@dme, we derive an implicit subjective
price of time of 55.18% per yedt.

Taking the average value of the choices of theviddals, we obtain a collective time
value preference. Table 7 shows the average ansvitrsegard to the 6 time horizons. The
structure of the average psychological interessratearly decreases with the time horizon.
The short-term rate is 135.31% (1 year aheadedtehses to 5.80% (50 years horizon). The
data collected after delivering objective informoation life expectancy are similar. The term

structure of psychological interest rates decrefisees 117.53% to 5.97%.

Horizon (years) 1 5 10 20 30 50

Panel A Before information

13 Solving the equatiorfl+ X)° = 9.
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Av. ordinal answer 2.3904 2.9248 3.4509 4.0045 B%6374.9074
Av. number of future hours for one

free time hour now 2.4759 3.8119 6.2545 9.0360 12.0046.2593
Implicit subjective interest rate 1.4759 0.3069 002 0.1163 0.0864 0.0574
Panel B After information

Av. ordinal answer 24044 29381 3.4395 3.9452 %2304.9761
Av. number of future hours for one
free time hour now 25111 3.8451 6.1973 8.7260 413416.8086

Implicit subjective interest rate 1.5111 0.3091 002 0.1144 0.0846 0.0581
Table 7 — Estimate of average subjective intewdstsr

(Average ordinal: average of answers from 1 to theuit corrections of outliers; Average

number of future hours: number of future hours egjeint to one hour now calculated from

the average answer by interpolating the mid-rangth® ordinal answer (see Table A2 in

Annex); implicit subjective rate: annual equivaleate calculated using the maturity and the
ratio of the number of future hours compared to boer now; before information relates to

block B questions; after information relates toddloC questions; information delivered

between the two is the statistical mortality tabled the average life expectancy of the
respondent)

Before Information
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Figure 1 — Average estimate of subjective interatgs (Before information)
(Source: Table 3; fitted using an exponential mpdel
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Figure 2 — Average estimate of subjective interatgts (After information)

(Source: Table 3; fitted using an exponential mpdel

The fitted term structure of subjective interesesas calculated using an exponential

modelr(t) =ba'. The estimation is performed on average data frbable 7. Theb

coefficient is the instantaneous subjective interate to future free time one second in the
future. The fitted values are 55% (before and aftEarmation). The subjective price of time
is characterized by a negative slope in the temncttre curve. The log of the slope is a
yearly -5.37% (before information) and -5.39% (gfte

Looking at each individual, we transform his ordirmmswer to annual implicit
subjective rates using a correspondence tableAseex). We corrected outliers particularly
for wrong answers at question 1 about the relatat® of one hour in one year. Wrong
answers above 4 at question Bl (C6) will bias upwdre implicit rates and result in
abnormally high implicit rates. This may be dueatonisunderstanding of the question. We
decided not to remove these answers but to lingt tfaximum subjective rate to 500%.
Descriptive statistics of the term structure ofjeative interest rates of each respondent are

given in Table 8.

Variable N average slelv. Minimum  Maximum

AVl 228 1.397184 1.71372 0.001000  5.000000
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AV5 226  0.320404 0.33872 0.001000  1.390116
AV10 224  0.184333 0.16891 0.001000  0.546000
AV20 222 0.103912 0.08a45 0.001000  0.243382
AV30 221 0.074331  0.05¥57 0.001000  0.156298
AV50 216  0.048872  0.03362 0.001000  0.091043

Table 8 - Descriptive statistics for individual gediive interest rates
(Time horizon 1y, 5y, 10y, 20y, 30y, 50y; souradative price ratios from questions B1 to
B6, converted into annual interest rates usingtreespondence table A2 in Annex)

Looking at average values, the term structure sedeasly negative. It starts from an
average 140% for the psychological interest ratetlfie 1 year horizon. This high figure is
partly explained by possible errors in understagdire question and by outlier answers that
have not been removed. At the end of the term tstrecthe rate is 4.9% for a 50 year

horizon.

For each individual, we have a six point estimdthi® psychological time preference
structure. We fitted each individual term structusng an exponential two variable model.
Each individual’'s characteristic time preferenceidure can be defined using a couple of
parameters, which are the intercept instantanetdesest rate and the slope. Over the whole
sample, the average estimated parameter for tipe $00.96 (which corresponds to a log of
the slope of -3.60% yearly). The average estimatescept of the exponential model is 0.53

(i.e. a 53% instantaneous forward interest rate).

Average a Average b Average a Average b
coefficients coefficients coefficients coefficients
(before) (before) (after) (after)

Value 0.96446 0.5301 0.9650 0.5016

Correlation -0.57 -0.54

individual & andb; | (p=0.00) (=0.00)

Correlation

individuala; and | 0.09 0.07

life expectancy (p=0.18) (p=0.33)

Correlation

individual b; and 0.04 0.07

life expectancy (p=0.54) (p=0.36)

Table 9 — Individual fit of each individual ternrstture of subjective interest rates
(Fitted using am(t)=b.a' exponential model; before: without information;eaftafter true and
average information of statistical life expectancy)
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When we regress the individualestimates of the intercepts and the individugbato

a, we obtain a -0.567 coefficient of correlation. émg individuals, if someone has a strong
immediate time preference, his long-term time traffds smoother with a lower negative

slope with time horizon. This relationship is confed even if we add new information about
the “true and average” life expectancy. This rawraation indicates the existence of a
relationship between the instantaneous forwardestibg rate of the two parameters and the
slope of the term structure of time value; howettedpes not tell us anything about the form
of the relationship. The linear form is not the tbesse. We also tested a log-log form. That

gives a better fit with an Rralue of 0.573 (correlation of -0.76).

B o
Estimated coefficient -0.01322 -0.0663
p-value 0.00 0.00
R* 0.5727

Table 10 — Log(term structure slope) relationshipo=+f Log(instantaneous forward
subjective rate)
(term structure slope; astimates; instantaneous forward ratestimates; N=216)

0.15
©
2 0.1 o .
> *% o RX
2oos{ _* SO o e
3] 0 \ o *® 2
2 * * ® *>
- L J
g-o 05 ¢ a2
= * *
s ¢ ¢ o ¢ .

*

= -0.1 . S g
A e e &
=-0.15 1 .
o
-

_0-2 T T T T T T T T

-8 -7 -6 -5 -4 -3 -2 -1 0 1

Log(Inst. fwd subj. rate)

Figure 3 — Log-log relationship between individirdercepts and slopes

We will now derive some propositions.
Proposition 1: The individual’'s term structures sdibjective price of time are
decreasing. They are characterized by a coupleaohnpeters setting the instantaneous

forward interest rate and the decreasing slopeésgbérsonal term structure of interest rate.
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Proposition 2: A negative relationship exists betwethe two parameters that
characterize the term structure of subjective ratesndividual with a strong short-term time
preference balances this with a relatively smalkegative slope. He penalizes the deferred
future relatively less compared with an individuddose instantaneous short-term interest rate

is small.

As a result, a behavioral “law” may be formulatétbse with a high immediate time
preference have a relatively less demanding tinedepgnce in the deferred future. The
original time preference hypothesis needs to beeatnalized at a deeper level: the strength
of that preference does not result in an equalspresdirected toward the future. Time has a
psychological price, but a term structure existd tinifies the relative prices. This defines a
“balancing pressure law”: A balancing mechanisneagds over the horizon the pressure for a
time preference. Regarding the subjective pricamé&, when someone asks for a lot in the

very near future, he asks for a relatively lesseoant in the long-term future.

Influence of information on subjective intereseat

Introducing information refers to questions C5-Cvhich are similar to questions
B1-B6. Between the two sets of questions, the mdpat is informed of his average

statistical life expectancy as calculated fromdffecial mortality table.

We form the differences in the subjective interases for each horizon of 1 year, 5
years, 10 years, 20 years, 30 years and 50 yeaeseTdifferences are subjective interest rates
calculated before and after new information on tilne average life expectancy. We cross
these differences with individual characteristdge first used a simple univariate regression
and then a system of joint estimate to see whatitdvidual features may explain global
moves in attitude toward time preference. The tesuere negative. None of the individual
characteristics appeared to explain changes itu@dtitoward time. A large model with 16
explanatory variables was firstly tested througdineple OLS regressions. These variables are
the individual's characteristics. A restricted mbaath 5 explanatory variables in OLS
estimates gave the same result. A multivariate &tdiel of the difference of subjective rates

before and after information for horizons of 118, 20, 30 and 50 years was estimated with 5
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endogenous variables. This gave the same incomelusesults that no individual
characteristics would influence changes in subjecinterest rates. The effect of new
information on the shape of the term structureuttjective interest rates seems to be random

and on average null.

We analyzed directly the influence of informatiom the value of the two parameters
designing the individual term structure data Afteformation, the average of individual
intercepts decreases (50% vs. 53%) and the logeoslbpe remains on average the same (-
3.60% after vs. -3.60% before). A t-test of thdfeddnce between the intercepts before and
after rejects the hypothesis of different indivibualues (t-test=1.26, p-val: 0.21). We crossed

the difference in interceptg™®™™®— pa"e’

and life expectancy. We wanted to check whether
the level of new information modifies the instargans future psychological interest rate. The

correlation coefficient is close to zero and is s@nificant (see Table 11).

bibefore_ bafter aibefore_ arafter
Correlation  with
life expectancy -0.04 -0.18
N 207 205
p-value 0.58 0.01

before _ bafter

Table 11 — Correlation between the variations mittiercepb; and the expected

duration of life

A test of the difference between theslope after and before was performed. This rejies
hypothesis of different means (t-test=1.46, p-vall). We also crossed the difference in

before after
— 4

the g slope and the expected duration of life. We wantedheck whether new
information modifies the shape of the term struetof psychological interest rate. The

correlation coefficient is negative and significant

Modeling the term structure of subjective intemases

We characterized the subjective term structure byirdercept (immediate time
preference) and a slope. We tested whether aae#tip between the intercept interest rate or
the slope, on the one hand, and life expectancythenother, may exist. No strong or
significant relationship appears. A linear regresswith life expectancy confirms these

results as the parameters seem to share a commstacbvalue.
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Panel A - Before information - Dependent variahliée expectancy
Independent | Exp. slope Constant Exp. Intercept Constant
variable

Est. Coef 0.0003 0.9494 0.0021 0.4142
p-value 0.16 0.00 0.44 0.00

R’ 0.01 0.00

Panel B — After information - Dependent variabldéelexpectancy
Independent | Exp. slope Constant Exp. Intercept Constant
variable

Est. Coef 0.0003 0.9508 0.0027 0.3519
p-value 0.32 0.00 0.34 0.03

R° 0.00 0.00

Table 12 — Relationship between individual paransetd the term structure of subjective
interest rates and life expectancy

(Before information: source questions B1-B6; aft@ormation; source: questions C5-C11
after information and the true average life expecya N=198, “before” sample; N=192,
“after” sample; dependent variables are exponeiidividual estimates of the slopg dnd
intercept g

We used a restricted model with 3 explicatives #agédr regression with 16

explicatives is inconclusive). Results are givefiable 13.

Dependent Constant Gender Risk aversion Life expectan¢y F

variable

Individual slope| 0.94 0.01 -0.00 0.00 1.76
p-val 0.00 0.09 0.22 0.26 0.16
Individual 0.50 -0.29 0.09 0.00 4.44

intercept

p-val 0.01 0.00 0.01 0.20 0.00

Table 13 — Determinants of the term structure patars

(OLS regression, 3 explicative variables plus astamt)

The slope of the individual subjective price of éindoes not seem to depend on
individual characteristics. The regression of theps on exogenous variables is non-
significant. On the other hand, the level of theloept is a psychological piece of data which
interacts with risk aversion and gender. This satgyéhe need for further analysis but does
not depend on life expectancy. Another test compgarihe individual term structure
characteristics of slopes and intercepts was peaddrcomparing the two sub-samples of
students and retired people. A test of differenas @lso significantly rejected.

Retired people Students
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N 33 183
Term structure slope

Average value 0.9573  0.9659
t-test (p-val) -1.06 (0.29)
Instantaneous future time

preference

Average 0.4033 0.5530
t-test of difference (p-val) -1.57 (0.12)

Table 14 — Difference of subjective term structpaeameters between two sub-samples

Proposition 3: The term structure of the personatepof time is an invariant

psychological feature with niempus fugieffect.

Questions B7 and B8 were implemented to test thneatwre of the time preference.
The average value for B7 is 0.29 and is signifisabelow 0.5. The value of the barbell
package (1 year/10 years) is larger than the vallube medium term choice (5 years). This
confirms the above results showing that time pesfee is greater for a short-term time
horizon. However, the average answer between thQY package (0) and the medium 20
year term (1) is 0.52 and is not significantly drént from 0.5. Here, the two alternatives are
statistically equivalent. Questions C12 and C13 identical and are answered after the
delivery of information on life expectancy. The ukks are similar to questions B7 and B8
answered before new information. The new inforrmatioes not seem to influence the shape
of the curvature curve of time structure preferant®e confirm that the decreasing curvature

seems important at the short end of the persormaldt&ructure but not at the long end.

Analysis of risk aversion

Risk aversion is tested through three question® flilst two compare a package
resulting from playing a lottery and a certain val@Question S21 tests whether the expected
uncertain value above the certain one is prefei@eebstion S22 is the same but the expected
value is equal to the certain value. Risk aversmpleeshould choose the first answer (i.e. 0
compared to 1) for this latter question. The averampswer to S21 is 0.36. This is
significantly different from a random 0.5 answemoking at question S22, the average

answer is 0.14. This is also significantly differérom 0.5. This latter choice is closer to 0
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than to 1; i.e. it means that the certain valupreferred compared with playing the lottery.

This is coherent with the risk aversion hypothesibjch asserts that the certain value is

definitely preferred when the expected value ofyiplg the lottery is equal to the certain

value. The difference between the two answers S21isSpositive (+0.21) and significant.

S21corr. S22 corr. S21 vs. S22

N 229 236
average 0.36 0.14
std dev 0.48 0.35
t-test -4.33 -15.95
p-val 0.00 0.00
Sign test

Proportion below

0.5 (above 0) 0.64 0.86
p-val 0.00 0.00

Table 15 — Risk aversion

224
0.21
0.54

5.91
0.00

0.28
0.00

(corr.: corrected to eliminate indifferent answers)

We crossed the perception of risk as declared ivitluals (question S23) with the

answers to the lottery questions S21 and S22. \Weated that the self-perception of risk

attitude would be coherent with the risk aversi@naeasured by the answers about the

lottery. The answers to question S23 range from @, with an ordinal value increasing with

risk aversion starting from a risk lover’s attitu@@® to that of a risk avoider (6). Rational

individuals when choosing the lottery will be coiess of taking a risky position compared

with a no-risk choice. The S23 measurement inceeasth risk aversion. A logit regression

of S21 and S22 shows a strongly negative coeffidiaked to the risk attitude of S23. The

coefficients are negative: an increase in risk sieerdecreases the choice of the lottery and

increases the probability of choosing the certalue. Playing the lottery is coherently linked

with the perception of risk aversion (see Table Ijividuals are rational and coherent when

answering with regard to risk.

Estimated| p-val Pseudo R
Lottery S21 coef
S23 variable -0.24 0.00 0.09
Lottery S22
S23 variable -0.56 0.00 0.03

Table 16 — Logit estimation of playing the lottery
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An individual’s risk attitudes are crossed withiadividual's characteristics to explain
risk aversion. As explanatory variables, we intrmgultural and educational elements. A
binary dummy sets whether the mother tongue ofeéspondent is French or not. The same
question is asked regarding the native languaghioffather and his mother. A dummy
variable sets whether the location of the individuairthplace is France or not. We also
introduced a similar binary variable in order todiiout whether the birthplace of his father

(and/or his mother) is France.

Variables S21risky | p-value | S22risky | p-value | S23risk | p-value
lottery lottery perception

S2 — Gender -0.74 0.60 |-0.05 0.86 0.74 0.00

S12 — Smoker -0.33 0.14 -0.68 0.01 | 0.11 0.60

S14 — Education | 0.13 0.16 -0.31 0.02% -0.05 0.46

S15 - -0.84 0.29 -0.63 0.54 -0.08 0.88

Employed/not

S16 -Financial 0.09 0.36 -0.01 0.92 -0.03 0.70

expenses

S18- Financial -0.09 0.40 -0.26 0.11 -0.11 0.19

planning horizon

S19 - Passing 0.48 0.04 0.48 0.09* -0.22 0.21

something on to

heirs

S20 - Size of -0.04 0.61 0.05 0.64 -0.12 0.11

personal capital

French native 0.03 0.91 0.27 0.50 0.15 0.60

language/not

Father’s French | 0.21 0.69 -0.04 0.95 -0.74 0.06*

native language

Mother’s French | -0.32 0.51 0.21 0.74 0.79 0.03

native language

Birthplace -0.01 0.98 0.14 0.71 -0.26 0.34

(France/not)

Father’s 0.07 0.85 0.74 0.20 0.24 0.44

birthplace

(France/not)

Mother’s -0.16 0.66 -1.16 0.02 |-0.21 0.43

birthplace

(France/not)

Life expectancy -0.02 0.29 0.00 0.86 -0.01 0.42

LR 18.98 0.16 11.46 0.65 57.81 0.00

Table 17 — Determinants of risk attitude
(Dependent variables: playing the lottery S21 a@d, robit model; dependent variable S23
risk perception, ordered logit model)

34



Looking at S21 lottery, only two variables seemeiglain the risk attitude: gender
and the wish to pass on something to children. Womere found to choose the certainty
choice; the lower the wish to pass on somethinghitdren, the greater the probability of

choosing the lottery. The other variables are mgptiicant, especially life expectancy.

Looking at S22 lottery, the probability of choositng lottery is negatively influenced
by non smoker status, by education, and by thetfedttthe mother was born in France. Life
expectancy is not significant. These two logit esgions are globally very poor considering

the whole set of explanatory variables.

The S23 self-perceived risk attitude is explaingdjender (women are prone to reject
risky choices), and by the fact that the motheafgyuage is French: if yes, the risk is rejected.
Conversely, if the father's native language is Ergnindividuals are greater risk lovers.
Globally the risk attitude is a personal psychatagifeature and appears to have no
economical or social determinants such as wealtipl@yment status or education level. In
particular, risk attitude does not seem to depentif® expectancy. However, it is linked with
gender and cultural variables such as the factttlenative language of the father and the

mother is not the same.

5-Determinants of time preference

We will now try to explain the determinant variablef the individual time preference
curve.

Determinants of binary qualitative choices

In a first step, we will see whether some determimanay explain the binary choice

with regard to alternative time horizons. Firsthg tested a set of 16 explicative variables.

Dependent variable  Aldum p-value A2dun p-value ABdu p-value
Constant -0.70 0.71 -0.59 0.78 -2.65 0.25
S2-Gender -1.02 0.61 -1.18 0.0I" [-1.10 0.01
S12 — Smoker -0.32 0.49 -0.54 0.27 -0.59 0.29
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S14 — Education -0.14 0.41 -0.44 0.03*r  -0.29 0.20
S15 - Employed/not 0.91 0.49 0.65 0.69 2.33 0.14
status

S16 Financial 0.02 0.88 0.36 0.08 0.33 0.18
expenses

S18- Financial 0.29 0.14 -0.06 0.78 0.11 0.66
planning horizon

S19 - Passing 0.07 0.87 -0.54 0.19 0.38 0.41
something on to

heirs

S20 - Size of 0.08 0.91 -0.12 0.42 -0.01 0.93
personal capital

S23 - Risk attitude | 0.08 0.56 -0.02 0.91 -0.12 0.41
French native -0.80 0.19 -0.49 0.41 0.13 0.82
language/not

Father’s French 0.10 0.90 -0.38 0.67 -0.89 0.36
native language

Mother’'s French | -0.32 0.67 -0.24 0.77 -0.73 0.41
native language

Birthplace 0.87 0.13 1.06 0.06* 1.29 0.03
(France/not)

Father’s birthplace | 0.08 0.91 0.59 0.39 1.02 0.17
(France/not)

Mother’s birthplace| 0.02 0.97 0.02 0.97 0.43 0.56
(France/not)

Life expectancy 0.02 0.58 0.08 0.03 | 0.05 0.20
LR 14.72 0.54 35.20 0.60 [58.08 0.00°

Table 18 — Determinants of A1, A2, and A3 binargicks

(Logit model on A1, A2 A3 variables corrected framdifference)

Results are significant only to explain the A2 a®lchoices. The Al logit model is
not significant. Only the gender variable playsoker Questions A2 and A3 share the same
explicative variables: gender and birthplace. Pedyarn in France have a lower preference
for the short-term. They are more open to the &ittive notice that life expectancy and risk

attitude are not relevant to explain pure choiciék vegard to time preference.

If we use a system of simultaneous equations téaaxgointly A1, A2 and A3, we
obtain the same explicative variables. A 2LS syst#dnSUR estimates shows that gender,
birthplace and native language are significant.tidgithe risk variable, nor life expectancy

are significant when comparing binary time choices.

1% A probit model yields similar results.
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Independent variables
Dependent Gender French| Birthplace R°
variable native
language
Aldum -0.28 -0.25 0.24| 0.16
p-value 0.00" 0.06* 0.05
A2dum -0.26 0.19| 0.26
p-value 0.00" 0.09*
A3dum -0.19 0.23| 0.35
p-value 0.01° 0.04

Table 19 — SUR estimate of A1, A2 and A3 binaryices

(only significant variables at the 10% level arentiened)

Determinants of relative prices of time

We analyze here the individual relative pricesimiet resulting from a direct estimate
by an individual. The statistical method is an oedelogit regression to explain each of the
variables B1 to B6. The regressions are estimatdtbut constants, which are useless. Order
iIs needed because answers are ranked from 1 torf & high to a low price of future free

time).

Dependent Gender Risk aversion LR

variable

Bl 1y -0.93 42.81
0.00° 0.00~

B2 5y -0.76 29.62
0.02° 0.01

B3 10y -0.88 0.20 42.74
0.00° 0.07 0.00"

B4 20y -0.89 35.76
0.00" 0.00"

B5 30y -0.81 38.35
0.01 0.00"

B6 50y -0.58 0.19 31.60
0.04 0.07 0.00"

Table 20 — Determinants of the relative subjectixiee of time

(Individual ordered logit regressions, only sigeeint variables at the 10% level are
mentioned above the 15 tested independent variadgpendent variables are ordinal answers
from 1 to 9, explicative variables are S2 gendean{@) woman(1); S23 risk aversion attitude
from 1 to 6; life expectancy in number of yearsod2007; S12: smoker(0) non smoker(1);
S14: education from 1 self-taught to 6 master'srelegS16: income level; S18: planning
horizon from 1 to 4; S19: passing something onhitdoen; S20: size of personal capital from
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1(none) to 6(huge); native language French(l) nd@her's native language French(1)
no(0); mother’s language: French(1) no(0); birteptaFrance(1) no (0); father’s birthplace:
France(1) no(0); mother’s birthplace: France(1)0Mo(

Gender systematically plays a significant role.kRawersion is significant on two
occasions above 6. This result is new compared thighanalysis of binary choice. It is
important on a theoretical basis. It means th&tatitude and the time preference dimensions
are not orthogonal. A mild relationship exists.iUtduals who have a strong time preference
(high B values) also show a strong risk aversiooweler, these results are not strong and

conclusive, except in the case of gender.

We used a conversion factor that eliminates ostlierconvert the B1-B6 and the C6-
C11 answers in order to make explicit the tradebetiveen extra hours of free time in future
periods. We obtain different values of the implsuibjective interest rate for each individual.
Reference to implicit interest rates allows a lingtof the effect of outliers particularly for
answers to question B1. We performed a joint patacnestimate of a multivariate system of
6 equations using the SUR method.

Independent variables

Dependant Gender| Risk Life Education| Personnal Birth | Father's| R®
variables aversion| expectancy level planning | place | Birth

horizon place
AVlily |-0.70 | 0.26 0.01 -0.02 0.02 0.39 -0.06] 006
p-val 0.00 [0.00° |0.18 0.86 0.87 0.22| 0.81
AV55y |-0.12 | 0.04 0.00 0.01 -0.00 0.02 0.02 0.04
p-val 0.0 |o0.04 0.12 0.58 0.92 0.75| 0.70
AV10 10y | -0.07 | 0.02 0.00 0.01 -0.00 0.03 0.01 g.07
p-val 0.000 |0.02° |0.07* 0.33 0.92 0.38| 0.63
AV20 20y | -0.04 | 0.01 0.00 0.00 0.00 0.01 0.00 g.07
p-val 0.000 |0.08* | 0.13 0.15 0.92 0.43] 0.92
AV30 30y | -0.03 | 0.00 0.00 0.01 0.00 0.01 -0.00 0.07
p-val 0.00 |0.14 0.07 0.13 0.93 0.27| 0.94
AV50 50y | -0.01 | 0.00 0.00 0.00 -0.00 0.01 -0.01 g.08
p-val 0.0f" |0.07 0.08 0.06* 0.54 0.07 | 0.27

Table 21 — Determinants of the relative subjegtitiee of time (SUR estimate)

(Dependent variables are subjective interest rafeex transformation, multivariate joint
estimation of 6 equations, results of the constamtnot displayed, parsimonious model with
7 explicatives)
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We obtain the same mix of explicatives: gender, risgk aversion and, at a lower
level, life expectancy. Risk aversion is positivelgnificant five times out of six. However,
risk aversion seems to weight more on the shoetést rates. Life expectancy is moderately
significant and weights on the long-term part of term structure. So, the question of the

level and the slope of the subjective rates appegrsrtant.

Panel analysis
We used a panel analysis by stacking for each ighaial his 6 observations. The F-test
signals a strong individual effect. The means ofetirelative values are different between

individuals.
Pooled B1-B6 ordinal | Pooled subjective interest rates 1y-50y
answers

F-stat 1.76 3.50

degrees 242 242

p-value 0.00" 0.00"

Table 22 — Test for the individual effect (1458 j@abobservations)

We used a panel test with a random method to takeaiccount the individual average
answer. The random method gives an individual a@oaneffect around a mean value. A
fixed effect would imply 243 fixed constant coeiiots to take into account the individual
effect. Dependent variable sets are pooled B1-B8 pooled AV1-AV50. The latter
eliminates outliers. Explicatives are horizon migurgender, risk aversion, life expectancy,
planning horizon (S14) and the size of capital {SZ@e first explicative variable refers to the
time horizon of the relative subjective price ohd, i.e. 1, 5, 10, 20, 30 and 50 years. The
other explicatives are individual characteristicsl aare deterministic. A Hausman test to
distinguish between a fixed and a random effect madormed. This did not show any
difference in the estimated coefficients. The higpsts of a dependent effect with regard to
the explicative variables was rejected (at the Ipe/&.50 and 0.70). A fixed effect is not

necessary per se, and we used a random effect model

Dep. B1-B6 Dep. AV1-AV50
Explicatives Coef. p-value Coef. p-value
Constant 2.90 0.00*** 0.88 0.00***
Horizon 0.05 0.00*** -0.02 0.00***
maturity
Gender -0.83 0.00*** -0.15 0.00***
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Risk aversion 0.23 0.00*** 0.05 0.00***
Life expectancy| -0.01 0.50 -0.00 0.40
Planning 0.04 0.61 -0.01 0.82
horizon

Capital -0.01 0.80 -0.01 0.73

Table 23 — Panel estimates

(Panel estimates with random individual effectgped@lant variables are individual ordinal

subjective price of time B1-B6 for 6 time horizoasd subjective interest rates AV1-AV50

for time horizons from 1 to 50 years using the espondance table A2 in Annex, N=243;

independent variables are horizon maturity: 1, &, 20 30, and 50 years; gender: man(0)
woman(1); risk aversion attitude from 1 to 6; l@epectancy in number of years as of 2007;
planning horizon from 1 to 4; capital: size of garal capital from 1(none) to 6(huge)

We will now focus on a panel using subjective iaegtrrate factors. Direct B1-B6
answers are ordinal variables. If we look at tigmidicant independent variables, these are the
same across the six questions for a given individdarizon maturity explains significantly
the personal value of time. The estimated coefiicig positive in the direct B1-B6 answers.
We recall that the choices are ordered from 1 tw® a low time preference (1) to a strong
one (9). The coefficient is negative in the AV1-A¥8ependent variable, which is expressed
in terms of subjective interest rates. Both resuitdicate a term structure of subjective
interest rates decreasing with the time horizomdege is the first characteristic to influence
individual time preference. Women have a lower tpreference and a lower subjective value
of time. Men are more impatient. Risk aversiorthe second psychological attitude that
influences time preference. Risk averse people stilw at the same time a stronger time
preference. They prefer certainty and, all othengk being equal, immediacy. This
conclusion is important on theoretical grounds heedt suggests that the two dimensions of
time preference and risk aversion are not isolakéd result is in line with Frederick (2005),
who suggests the idea of a common factor behinditteeand the risk attitude of individuals.

Gender may be that common factor insofar as wetlsatnrt is linked with risk aversion.

Conclusion

This empirical study confirms the decreasing slajesubjective interest rates.
Individuals use a term structure to discount defitrchoice preferences. The psychological
value of time can be modeled and parameterizedyubkm intercept which is the immediate

time preference value and the slope of the deargasibjective interest rates. An exponential
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modeling fits the data successfully. A “balancedspgure law” between these two parameters
Is suggested.

The individual subjective term structure of intérestes seems weakly influenced by
social or economic characteristics of the individuafe expectancy does not seem to
influence the level or the shape of the psycholgialue of time. We found an absence of a
tempus fugieffect in the term structure of subjective intémages. Gender is a variable that
strongly influences the level of subjective intéreates. The attitude toward risk also
appeared as a determinant of time preferencedstiflhese two dimensions seem to interact.
The influence of risk aversion on the structurdimie preference weights more on long-term
choices than on short-term. This result contradibts pure intertemporal microeconomic
model, which separates the two dimensions. Thigestg the need to develop further tests to

analyze the disentangling hypothesis.
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Annex

Variables Answers

S2 — Gender O0(man)-1(woman)

S12 — Smoker Yes(0)-No (1)

S14 — Education 1 to 6 increasing with the levetadication

S15 — Employed/not (1) Employed or would be (irremployed
students)-not (0)

S16 Financial expenses From 1 to 6 increasing miththly range of
expenses

S18 - Financial planning horizon From 1 to 4 insheg@ with long term

planning horizon
S19 — Passing on something to heirs  yes(0)/ no(1)

S20 — Size of personal capital From 1 to 6 increpsiith size

French native language (1) yes (0) no

Father's (yes if French) nativg1l) yes (0)no

language

Mother's (yes if French) native(1) yes (0)no

language

Birthplace (1) France (0) others

Father’s birthplace (1) France (0) others

Mother’s birthplace (1) France (0) others

Life expectancy In years calculated according te tNED

(French National Institute of Demographi
Studies) 2007 table of mortality.
Table A1 — Respondents’ characteristics

c

Horizons 1y 5y 10y 20y 30y 50y

1 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
2 50.0% 8.4% 4.1% 2.0% 1.4% 0.8%
3 300.0% 32.0% 14.9% 7.2% 4.7% 2.8%
4 500.0% 55.2% 24.6% 11.6% 7.6% 4.5%
5 500.0% 76.2% 32.8% 15.2% 9.9% 5.8%
6 500.0% 96.1% 40.0% 18.3% 11.9% 7.0%
7 500.0% 113.2% 46.0% 20.8% 13.4% 7.9%
8 500.0% 130.5% 51.8% 23.2% 14.9% 8.7%
9 500.0% 139.0% 54.6% 24.3% 15.6% 9.1%

Table A2 — Correspondence between the ordinal assweuestions B1-B6 and C6-C11 and
implicit subjective interest rates

(Choice 1 leads to a negative time preferencairegative subjective interest rates, so they
were set close to a null interest rate; for the yaes horizon; choices above 3 have been
capped; interpolation is carried out looking at me-range of the ordinal answer choicel:1h;
choice 2:1,5h; choice 3:4h; choice 4:9h; choic&b;Thoice 6:29h; choice 7:44h; choice
8:65h; choice 9:78h; subjective rates are annualvabpnt rates)
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