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Abstract

We assess individuals’ preferences for time paths of reductions in mortality risk
yielding a life-expectancy gain of about one month. In a survey of more than 1000 French
residents, we find substantial coherence and heterogeneity. We elicit pairwise preferences
between three perturbations of age- and gender-specific survival curves: transient (reduce
hazard for next ten years), additive (reduce hazard in all future years by subtracting a
constant), and proportional (reduce hazard in all future years by a common fraction). The
preference order implied by these pairwise responses is transitive for 85 percent of
respondents. The most common preference orders, accounting for more than half the
respondents, are strict indifference, proportional > additive > transient, and the inverse of
that ranking. These are consistent with globally risk-neutral, risk-seeking, and risk-averse
preferences toward longevity, respectively. Choices between one of these scenarios and a
latent version that provides no risk reduction for the first 10 or 20 years are consistent with
these risk postures. The mean and median consumption-discount rate are 12 and 5 percent
per year, respectively, and the average coefficient of relative risk aversion with respect to
financial gambles is about 0.5. Preferences toward the time path of mortality-risk reduction
are not strongly associated with individual characteristics, although respondents who are
older or exhibit higher consumption-discount rates tend to exhibit less longevity-risk

aversion.
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Interventions that reduce mortality risk differ in the time path over which risk is
reduced. Transient interventions reduce risk for a limited duration, e.g., the risk of fatality
during a particular airplane flight or road trip or during a disease epidemic, earthquake, or
other temporary condition. Other interventions offer a continuing risk reduction. The
reduction may be roughly constant as an individual ages or it may increase in proportion to
baseline mortality risk, which typically rises with age. Examples of a constant risk reduction
might include improvements in transportation safety or protection from relatively
exogenous risks (fires, earthquakes, hurricanes). Examples of a risk reduction that increases
with baseline risk include interventions that reduce risks of cardiovascular disease or cancer.

The effects of these interventions may be summarized using a variety of metrics,
e.g., the gain in life expectancy (“life years saved”), the reduction in mortality risk over some
defined period (“lives saved”), the expected gain in quality- or disability-adjusted life years,
or the increase in survival through some defined horizon (e.g., the five year survival rate).
However, each of these summaries provides incomplete information about the risk
reduction and individuals may have preferences over alternative risk reductions offering the
same improvement as measured by a particular summary. For example, McNeil et al. (1978)
found that 12 of 14 lung-cancer patients were risk-averse with respect to longevity for
periods of zero to 25 years; for many, choosing radiation therapy over surgery yields a
greater expected utility of longevity even though surgery provides both a larger five year
survival rate and greater life expectancy.

This study investigates individual preferences for reductions in mortality risk that
differ in how the reduction is distributed over time. It examines how these preferences are
related to characteristics of the individual’s preference structure: his risk posture (i.e., risk
aversion, risk neutrality, risk seekingness) with respect to longevity, discount rate, degree of
aversion to financial risk, and age-specific value per statistical life (VSL). The study applies
the risk-tradeoff approach, in which survey respondents choose between alternatives that
differ in health risk holding other attributes constant. Risk-tradeoff studies provide a useful
complement to contingent valuation and choice experiments in which individuals evaluate
tradeoffs between disparate dimensions (e.g., health risk and money). Because tradeoffs are
restricted to dimensions that are more commensurable, respondents may find it easier to
evaluate the choices and to provide more-valid responses. Risk-tradeoff methods have been

used to evaluate preferences for various health risks, including different causes of mortality



(e.g., Viscusi et al. 1991, Magat et al. 1996, Carthy et al. 1999, Chilton et al. 2006, Van
Houtven et al. 2006).

This study extends the work of Nielsen et al. (2010) who asked survey respondents to
choose between alternative improvements to their hazard functions offering the same gain
in life expectancy. Like Nielsen et al., we consider three primary changes to the hazard
function: transient (reducing risk over the next decade); additive (reducing risk by
subtracting a constant in all future decades); and proportional (reducing risk by multiplying
by a constant in all future decades). From the pairwise choices, we determine each
respondent’s preference ordering over the three scenarios. In addition, we investigate
respondents’ preferences between these three interventions and latent or delayed versions
in which the risk reduction does not begin for 10 or 20 years.

Our sample is considerably more general than that of Nielsen et al., who included
only 129 residents of Newcastle, UK who were approximately 40 years old. In contrast, our
sample includes more than 1000 individuals, aged 20 to 69 years, representative of the
French population. In addition, while Nielsen et al. studied preferences over risk reductions
offering a life-expectancy gain of 6 months, which requires a very large risk reduction,* we
asked survey respondents about a life-expectancy gain of about one month, which is more
realistically achievable.

We find substantial coherence and heterogeneity in preferences with respect to the
time pattern of mortality-risk reduction. Responses to the pairwise choices are consistent
with a transitive preference ordering for a large majority (85 percent) of respondents. The
most common preference orderings are consistent with global risk neutrality (23 percent),
risk seekingness (16 percent), and risk aversion (14 percent) with respect to longevity.
Preferences between one of these scenarios and a latent version (which offers no risk
reduction for 10 or 20 years followed by a larger transient, additive, or proportional risk
reduction offering the same life-expectancy gain) are generally consistent: risk-seeking
respondents prefer the latent scenario, risk-averse respondents prefer the original, and risk-
neutral respondents are indifferent. We find limited evidence of a systematic relationship

between preferences over mortality-risk reductions and individual characteristics.

1n a review of life-expectancy gains associated with various medical interventions, Wright
and Weinstein (1998) identified only two that offer gains as large as six months when
applied to the general population: quitting cigarette smoking and a significant physical-
exercise program.
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Unsurprisingly, individuals who are younger or have a lower discount rate are more likely to
exhibit risk-seeking preferences.

The paper is organized as follows. In Section 1, we present background information
on survival curves, preferences over longevity, and how we define the perturbations.
Section 2 describes the survey instrument and administration. Section 3 provides results,
including the patterns of pairwise choices, preference orderings, and regression models to

describe these results. Conclusions are in Section 4.

1. Survival curves and preferences

For an individual, let
f(t) be the probability density of dying at time t,
s(t) be the survival function (the probability of not dying before t), and

h(t) be the hazard function (the probability of dying at t conditional on survival to t).

Then
s =1~ [, f@dx, (1)
and
_ @
h(t) =55 (2)

Life expectancy at time 0 is the expected number of future life-years,

o0}

LE = ["tf(Ddt = [ s(Ddt, (3)

where the second expression can be obtained upon integrating by parts, noting that

d
f©) = =550,
Consider an individual who evaluates mortality risks by the expected utility of

longevity,

V= Eu(t) = [ f(Ou()dt, (4)
where u(t) is the utility of living until time t and is normalized so that u(0) = 0.

If u(t) is linear, the individual is risk neutral with regard to longevity and indifferent
among all survival curves with equal life expectancy. Alternatively, if u(t) is concave, he is
risk-averse with respect to longevity and prefers shifts to his survival curve that (holding life
expectancy constant) reduce uncertainty about the time of death (i.e., shifts that
“rectangularize” the survival curve, yielding a survival curve nearer 1 for t < T and nearer 0

for t > T, where T is the likely time of death). If u(t) is convex, he is risk-seeking with respect
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to longevity and dislikes shifts that rectangularize the survival curve (holding life expectancy
constant).2

In general, an individual’s risk preferences with respect to longevity can differ for
values of t in different intervals; e.g., he could be risk-seeking for short and risk-averse for
long values of longevity. Risk aversion, neutrality, and seekingness are characterized by
whether the second derivative of the function u(t) is negative, zero, or positive, respectively.
Higher-order derivatives may also be relevant, e.g., downside risk aversion (positive third
derivative; Menezes et al. 1980) characterizes a preference for survival curves where
uncertainty about time of death is smaller for earlier than for later dates.

Preferences for longevity may also depend on other attributes that vary with time,
such as health and consumption. Quality-adjusted and disability-adjusted life years weight
each time period by a factor that reflects health, with time lived in good health more
desirable than time lived in poor health (Pliskin et al. 1980, Hammitt 2013). Similarly, the
utility associated with being alive at time t may depend on consumption of goods and
services, and hence indirectly on wealth or income (Jones-Lee 1974, Hammitt 2000, 2002).
An individual can influence his future consumption opportunities by saving. Hence his
preference for a change to his survival curve that extends his life expectancy or increases
uncertainty about his time of death may depend on how much he has saved for future
consumption and the terms on which he can use annuities or other tools to manage the
financial risk of outliving his savings (Dréze 1962, Rosen 1988).

Although it is reasonable to assume individuals are weakly risk averse with regard to
wealth,® there is no such presumption concerning risk posture with respect to longevity.
Empirical evidence suggests some people are globally risk-averse, risk-neutral, or risk-

seeking with respect to longevity; for others, the degree and even sign of risk aversion may

% Note that risk posture with respect to longevity and discounting of future life years are
isomorphic (because increasing longevity requires adding years in the future). E.g., if an
individual discounts the utility of future life years at rate « (positive or negative) his utility
function for longevity exhibits constant absolute risk aversion ¢, i.e., u(t) = —sgn(a) -
exp(—at), where sgn(a) is the sign of a. Risk posture with respect to longevity and risk
posture with respect to wealth are not necessarily related (Hammitt 2013).

% If an individual is risk seeking with respect to wealth over some interval, he should
“linearize” the convex section of his utility function by accepting a financial gamble that will
shift his wealth outside of this interval; financial gambles that are nearly fair (e.g., roulette
wheels) or even more than fair (the stock market) are easily accessible. Fair lotteries on
longevity are more difficult to find.
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depend on the period (e.g., McNeil et al. 1978 found two respondents were risk-seeking for
the first few years and risk-averse for longer periods). In a survey of 10 Harvard health-
policy faculty members, Pliskin et al. (1980) found the following frequency of responses to a
single question about risk posture with respect to longevity: risk-neutral (4), risk-seeking (4),
risk-averse (2). In general-population surveys, Corso and Hammitt (2001) asked respondents
to make several choices between paired binary lotteries on length of life. In one survey, 14
percent made risk-averse and 11 percent made risk-seeking choices in all four questions; the
remaining 75 percent exhibited no global risk posture (N = 865). In another survey, 13
percent made risk-averse and 9 percent made risk-seeking choices in all five questions; the
remaining 78 percent exhibited no global risk posture (N = 610). As described in more detail
below, Nielsen et al. (2010) found about half their respondents exhibited no global risk
posture; the others were distributed as risk-neutral (6 percent), risk-averse (22 percent),

and risk-seeking (23 percent).
Preferences over survival curves

The value of any perturbation to an individual’s survival curve can be characterized
by its monetary value to the individual (Hammitt 2007). The monetary value may be his
compensating variation (i.e., his willingness to pay for the change, WTP) or equivalent
variation (i.e., his willingness to accept compensation to forgo the change, WTA).4 These
values depend on the time at which the individual learns of the shift and his ability to adapt
his consumption and savings plan to the new conditions. For small perturbations,
compensating and equivalent variation are nearly equal in theory, though they may diverge
substantially for larger perturbations (Hanemann 1991). For small perturbations, the
monetary value can be approximated as minus the present value of the change in mortality
hazard function multiplied by the individual’s age-dependent marginal rate of substitution

between income and mortality risk (VSL), i.e.,

W = [7 AR(Dv(Ds(Dp(D)dt = [J° Af (Dv(E)p(t)dt, (5)

* Note that when one perturbation (A) to the baseline survival curve is preferred to another
perturbation (B), the equivalent variation for A must be larger than the equivalent variation
for B but the compensating variation for A need not be larger than the compensating
variation for B. The difference arises because equivalent variation changes income in the
baseline scenario while compensating variation changes income in the perturbed scenario
and the marginal utility of income may depend on the perturbation.



where 4h(t) is the change in hazard, v(t) is minus one times® the individual’s VSL at date t,
and p(t) is his consumption-discount factor (Johannesson et al. 1997).

Expression (5) shows that the value of a change in hazard function to an individual
depends on the time path of the perturbation, the time path of his VSL (which may depend
on health, income, and other factors), and how he discounts future values (e.g., the value of
his consumption-discount rate, whether he discounts exponentially or hyperbolically;
Frederick et al. 2002). Although it is intuitive that a temporary decrease in the hazard
provides greater benefit (in the sense of increasing life expectancy) if it occurs sooner rather
than later, an individual may prefer a survival curve with a delayed reduction in the hazard if
the product of his VSL, survival probability, and discount factor at the later time is larger
than the corresponding product at the earlier time (Hammitt and Liu 2004).

Aversion to financial risk does not enter equation (5) directly, although it may affect
VSL. However, the relationship between financial risk aversion and VSL is ambiguous
(Eeckhoudt and Hammitt 2004) and so one cannot predict how a difference in financial risk
aversion will affect preferences over hazard functions. Financial risk aversion characterizes
the difference between the utility-discount and consumption-discount rates, as expressed in
the well-known Ramsey rule.®

From equation (4), the individual’s change in expected utility that results from a
change in his probability distribution on time of death Af(t) is equal to

AV = [ Af(Du(t)dt. (6)
Comparing equations (6) and (5) reveals that, viewed from time zero, the (time-dependent)
product of the individual’s VSL and consumption-discount factor is proportional to his utility
for living at t. Both functions serve to weight the change in mortality risk as a function of
when it occurs. The units are different, however. The weighting factor v(t) - p(t) in equation
(5) is measured in monetary units (e.g., dollars) and the weighting factor u(t) in equation (6)

is measured in utility units.

® The negative sign arises because VSL is conventionally defined as the inverse of the rate of
substitution between wealth and hazard, i.e., as the compensating variation for a change in
hazard.

6 U1 =0+1g, where uis the consumption discount rate, Jis the utility discount rate, g is the
growth rate of consumption, and r is the coefficient of relative risk aversion and also the
relative degree of aversion to intertemporal equality.
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The proportionality between u(t) and v(t) - p(t) reveals an isomorphism between risk
posture with respect to longevity and the present value of age-specific VSL. If v(t) is constant
and p(t) = exp(—at) corresponds to exponential discounting at rate ¢, then u(t) =
—exp(—at), i.e., it exhibits constant absolute risk aversion with absolute risk aversion equal
to a. If v(t) is constant and p(t) = t~" corresponds to hyperbolic discounting, then
u(t) = t17Y /(1 — y), i.e., it exhibits constant relative risk aversion with parameter y. Risk
neutrality with respect to longevity implies that v(t) is inversely proportional to the discount
rate; e.g., with exponential discounting at rate g, v(t) increases (in absolute value) at rate z.
Risk-seeking preferences with respect to longevity imply that VSL v(t) increases more rapidly
than the discount factor p(t) decreases.

Empirical evidence on how individuals’ VSL varies with t is mixed (Hammitt 2007).
Standard life-cycle models and some empirical studies suggest VSL rises then falls with age,
though the age at which it is maximized and how sharply it rises and falls are uncertain (e.g.,
Shepard and Zeckhauser 1984, Aldy and Viscusi 2007, 2008, Krupnick 2007). Hence it is
uncertain a priori what preference ordering over alternative perturbations to his survival

curve an individual may hold.
Perturbed survival scenarios

The scenarios we consider are constructed by altering the baseline hazard function
(which depends on the respondent’s age and gender). Let hy(t) denote the baseline hazard
function for a respondent with t measured in years from the present. The three primary

scenarios are the proportional, additive, and transient. The hazard functions are:

Proportional: hy(t) = ho(t) (1 —p) (7a)

Additive: ha(t) = ho(t) —a (7b)

Transient: h(t) = ho(t) — c forO<t<10 (7¢)
= ho(t) t>10.

The constant p = 0.0073. The constants a and ¢ depend on the baseline hazard (which varies
with the respondent’s age and gender) and are determined by the condition that the
additive and transient scenarios have the same life expectancy as the proportional

scenario.’ The value of p was chosen to balance several criteria, including yielding a

" Values of both ¢ and a increase with respondent age (but decrease as a fraction of current
hazard). For a 20-29 year old man (woman) values of ¢ and its percentage of baseline hazard
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realistically achievable increase in life expectancy and not producing values of a or ¢ that are
large fractions of the baseline hazard for any age group at any age.

We include perturbations of the three primary scenarios by introducing a latency
period of 10 or 20 years. For these scenarios, the hazard equals the baseline hazard hy(t) for
0 < t <10 (or 20) and takes the form specified above for t > 10 (or 20). The value of the
parameter corresponding to p, a, or c is determined by the condition that this lagged
scenario yield the same life-expectancy gain as the non-lagged version.

For the realistic baseline hazard functions we adopt (which are taken from French
life tables® and are monotone increasing with age), the primary scenarios can be ordered by
the Rothschild and Stiglitz (1970) risk of longevity (see appendix). This implies that all
(globally) risk-averse respondents should order the scenarios transient > additive >
proportional, all risk-seeking respondents should order the scenarios proportional >
additive > transient, and of course all risk-neutral respondents should be strictly indifferent
among the scenarios.’ Similarly, risk-averse respondents should prefer the primary version
of a scenario to its lagged version, risk-seeking respondents should have the opposite
preference, and risk-neutral respondents should be indifferent between the original and

lagged versions.

2. Survey instrument and administration

The survey was administered over the internet to a representative panel of 1246
French residents aged 20-69 years by the survey firm CSA. Data were collected in two
waves, a pilot test of 100 respondents (October 2013) and the full implementation of 1146
respondents (November-December 2013). Because there was only one small change to the
survey instrument between the pilot and full samples (described below), we pool the
samples for analysis.

After eliciting the respondent’s age and gender, the survey began with an

explanation of life expectancy as the number of additional years one might expect to live,

are 212Ee-5, 23 (183e-5, 51). For a 60-69 year old man (woman) they are 500e-5, 3 (443e-5,
5). Values of a and percentage of current baseline hazard for a 20-29 year old man (woman)
are 62e-5, 7 (51e-5, 14). For a 60-69 year old man (woman) they are 267e-5, 2 (223e-5, 3).

8 INSEE, Statistiques de I'état civil et estimations de population, Champ : France
métropolitaine, territoire au 31 décembre 2009, Tableau 68 - Table de mortalité des années
2007 — 2009, www.insee.fr.

® Global risk aversion and global risk seekingness are sufficient but not necessary conditions
for these preference orderings.



which depend on age and gender, and explained that decreasing mortality risk in any time
period would increase life expectancy. Next, the concept of a hazard function was explained
with a graphic illustrating the average chances of survival and death in each future decade
for a person of the respondent’s age and gender. Age classes are 20-29, 30-39, ..., 60-69; we
present the hazard for each decade of life beginning with the respondent’s next decade
(e.g., 30-39 for a respondent aged 20-29). This was followed by an explanation of the three
primary risk-reduction scenarios: transient (reducing risk during the next decade, “Program
X"), additive (reducing risk in all future decades by subtracting a constant, “Program Y”), and
proportional (reducing risk in all future decades by multiplying by a constant, “Program Z”).
As noted above, the proportional scenario reduced mortality risk by 0.73 percent in each
decade, which yields an increase in life expectancy of between 30 and 37 days (larger for
younger respondents who experience the smaller risk beginning at earlier ages). The risk
reductions for the additive and transient scenarios depend on age and gender and are
selected to yield the same life-expectancy gain as the proportional scenario for that
age/gender group. For each of the three scenarios, a graphic provides the baseline, change,
and new hazard function and the increase in life expectancy, together with short arguments
for and against choosing the scenario (see Figure 1 for an example).

Next, respondents were presented with the three pairwise choices between the
scenarios. The choice was presented using a graphic that shows the baseline hazard, and,
for both perturbations, the reduction in hazard and final hazard by decade and the gain in
life expectancy (see Figure 2 for an example). The choices were presented so that choosing
the first in each pair (or choosing the last in each pair) would yield an intransitive preference
order.™® Respondents who expressed a preference for one of the scenarios were presented
with follow-up questions in which the risk reductions by decade and life-expectancy gain of
the preferred scenario were sequentially reduced until the respondent indicated that she
preferred the other (unaltered) scenario or was indifferent between them; Figure 3 presents
the initial follow-up question for a respondent who expressed a preference for the additive
over the proportional scenario when the two had equal life-expectancy gains (37 days).

Following the pairwise choices between the transient, additive and proportional

scenarios, respondents were presented with a choice between one of the initial scenarios

0 The pairwise questions were presented as transient vs. additive, additive vs. proportional,
and proportional vs. transient.
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and a latent version of that scenario. In the latent version, there was no risk reduction for
the first one or two decades and the risk reduction in the following decades was increased
to yield the same life-expectancy gain as the initial scenario (the initial scenario and latency
period were randomized across respondents).

After the preference-elicitation questions, respondents were asked about
socioeconomic characteristics (e.g., completed education, household monthly income,
number of children and number younger than 18 years). These were followed by questions
to elicit financial-risk aversion and consumption-discount rate (described below), then by
gualitative Dospert-scale questions (Blais and Weber 2006) about the perceived riskiness of
various activities and how likely the respondent would be to engage in them (e.g., drinking
too much at a party, driving a car without fastening the seatbelt, unprotected sex). The
survey concluded with questions about health, life expectancy, and overall satisfaction with
life (and with various attributes, e.g., family, income) at present and in either 10 or 20 years
(using the same period as for the latent risk-reduction scenario). Current health was elicited
using the standard categorical scale (excellent, very good, good, fair, poor) and as a
numerical value between 0 (equivalent to dead) and 100 (excellent). Perceived life
expectancy was elicited as a qualitative response in comparison with others of the same age
and gender (much longer, longer, about the same, shorter, much shorter). Current and
future life satisfaction were elicited using a 10 point Likert scale.

Financial-risk aversion and time preference were elicited using a format developed
by Holt and Laury (2002) for risk aversion and by Coller and Williams (1999) for discount
rate. For risk aversion, respondents made 11 choices between a pair of binary lotteries
(arrayed as a table), reporting in each row whether they preferred lottery A, B, or were
indifferent between them. The monetary amounts were more similar in lottery A than in
lottery B and varied with stated household income (e.g., for respondents with monthly
household income of €4000 to €5000, lottery A offered prizes of €5400 and €3200 while
lottery B offered prizes of €9700 and €100). The probability of the larger amount in both
lotteries varied from 0 to 1 in steps of 0.1 (the complementary probability of the smaller
amount was also displayed).11 All respondents should choose lottery A in the first row,
lottery B in the last row, and should switch from A to B exactly once (possibly choosing

indifference for one transitional row).

Yin contrast, the probabilities in Holt and Laury (2002) start with 0.1.
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The questions for time preference were similar in structure. Respondents made 11
choices between receiving a monetary amount in one year or another amountin 11 or 21
years (the time period was matched to the 10 or 20 year version of the latent risk reduction
scenario and the first payment was in one year rather than immediate to limit any effects of
present bias). The monetary amounts varied with household income (e.g., the first amount
was €27,000 for respondents with income of €4000 to €5000) and respondents were told
the annual interest rate associated with each of the delayed payment amounts (rates were
0 through 30 percent). Again, respondents were expected to choose the near-term option
when the interest rate was zero and to switch from the near-term to the future payment at

most once as the interest rate increases, again possibly reporting indifference for one pair.12

3. Results

Table 1 provides descriptive statistics for the sample. Of the 1246 total respondents,
1024 answered all three pairwise choices between risk-reduction scenarios and are retained
for analysis. On socio-demographic characteristics, the respondents are representative of
the French general population aged 20 to 69 years. Average age is 43.8 years, 53 percent are
female, and mean household income net of tax is about €3000 per month. Our sample is
better educated than the general population aged 20-69 years (99 percent completed high
school or equivalent compared with 84 percent in the general population) and it includes
more office workers (31 percent vs. 21 percent) and fewer manual workers (5 vs.17
percent). The shares of other occupations, students, retirees, unemployed and those
outside the labor force (e.g., stay-at-home parents) and of residency by geographic region
are all within 2 percentage points of the general population. Respondents who did not
complete the pairwise choices were on average older (mean 47.7 years) and more likely to
be female (63 percent) than those who completed the survey.

On a scale from 0 to 100, respondents’ average self-reported health is about 75,
consistent with U.S. data (Hanmer et al. 2006). About 24 percent report they expect to live
longer than others of their age and gender and 14 percent report they expect to live
shorter. On average respondents expect their overall satisfaction with life to decrease over

time, with 64 percent reporting they are currently satisfied (i.e., current life satisfaction > 7

12 Using monetary amounts to elicit consumption-discount rate is problematic as
respondents can borrow or save at market interest rates and could reasonably accept all
rows offering a return greater than the market rate and reject all others.
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on a scale from 1 to 10) and 57 percent reporting they expect to be satisfied in 10 or 20
years (we asked about future life satisfaction for the same period as the latent survival

scenarios).
Pairwise choices

Patterns of choice between paired scenarios are reported in Table 2. The table
includes three panels, reporting the responses for each of the pairwise choices. For
example, Panel A shows the responses to the choice between the transient and additive
scenarios. Of the total 1024 respondents, 295 (29 percent) expressed indifference between
these scenarios, 448 (44 percent) preferred the additive scenario, and 281 (27 percent)
preferred the transient scenario. Of the 448 respondents who preferred the additive
scenario when both scenarios offered the same life-expectancy gain, 73 (16 percent)
switched to the transient scenario when the life-expectancy gain for the additive scenario
was reduced by 8 days, 74 (17 percent) switched when the life-expectancy gain was reduced
by 17 days, 103 (23 percent) switched when the life-expectancy gain was reduced by 27
days, and 131 (29 percent) switched when the life-expectancy gain was reduced to zero. Of
this last group, 11 respondents switched after initially choosing the scenario with zero life-
expectancy gain and receiving a message saying that scenario offered no gain over the
baseline.’® Finally, 67 respondents (15 percent) continued to choose the additive scenario
even when the life-expectancy gain was zero. Of these, 10 were in the pilot test (and hence
received no message reminding them that the chosen scenarios offered no gain). Panels B
and C show results for the other pairwise choices. In all three pairwise choices, about 40
percent of respondents preferred one scenario, 30 percent preferred the other, and 30

percent were indifferent.
Preference orders

Preference rankings over the three primary scenarios, derived from respondents’
pairwise choices, are reported in Table 3. Only 155 respondents (15 percent) made pairwise
choices that yield an intransitive ranking among the three scenarios. The modal ranking (235

respondents, 23 percent) is indifference among the three scenarios, which is consistent with

13 The sole difference between the pilot and final surveys was to include this message in the
final survey whenever a respondent chose a scenario with no life expectancy gain over one
with a positive gain.
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risk neutrality with respect to longevity. This is followed in frequency by proportional >
additive > transient (166 respondents, 16 percent) and the inverse ranking, transient >
additive > proportional (146 respondents, 14 percent). These rankings are consistent with
globally risk-seeking and risk-averse preferences for longevity, respectively. Combining
these three groups implies that just over half (53 percent) of respondents answered the
pairwise choices in a manner consistent with some global risk posture.

The other 322 respondents (31 percent) answered the three pairwise choices in a
manner consistent with a transitive ranking, but inconsistent with any global risk posture.
The most common of these rankings was additive > proportional > transient, expressed by
131 respondents (13 percent). Note that this ranking is consistent with the modal pairwise
choices shown in Table 2, though it is not the modal ranking. Other rankings are much less
common, the next most frequent being additive > transient > proportional, exhibited by 71

respondents (7 percent).
Tests for validity of responses

In any stated-preference study, one must consider whether the responses are
consistent with thoughtful decision making or may reflect inattention, misunderstanding,
hypothetical bias, or other factors. We present several lines of evidence concerning validity.

A first question is whether the pattern of responses is consistent with random
behavior. To evaluate this, note that respondents made three pairwise choices between the
primary scenarios and could choose among three response options (first scenario, second
scenario, or indifference). In total, 27 preference orderings are possible, of which 13 are
transitive. As noted above, the questions were presented so that respondents who followed
the easy strategy of always choosing the first alternative (or always the last) would reveal an
intransitive preference order. This should bias our results against finding transitive
orderings.

If respondents chose randomly among the three response options with equal
probability, the expected number of respondents producing transitive orderings would be
13/27 or 48 percent. The probability that the fraction of transitive orderings would be at
least as great as the realized fraction (85 percent) is infinitesimally small; the z-statistic to
test this hypothesis exceeds 20. Replacing the assumption that the probability of choosing

each response option is one-third with the assumption that the probability equals the
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realized frequency (0.37, 0.34, and 0.29 for first, second, and indifferent, respectively) yields
the same conclusion.

Second, for respondents whose preference ordering is consistent with a global risk
posture, choices between a lagged version of one of the three primary scenarios and the
original scenario are highly consistent with that risk posture. As reported in Table 3, among
respondents whose choices among the three primary scenarios were consistent with risk
neutrality, nearly all (96 percent) were indifferent between the original and lagged scenario;
of those whose choices were consistent with risk seekingness, 81 percent chose the lagged
over the original scenario; and of those whose choices were consistent with risk aversion, 77
percent chose the original over the lagged scenario.'*

Third, the pattern of preference orderings is similar to that obtained by Nielsen et al.
(2010). In contrast to our internet survey, in which we have limited ability to motivate
respondents, maintain their attention, or clarify any misunderstanding about the questions,
Nielsen et al. conducted their survey using methods that should yield greater attentiveness
and understanding. They interviewed respondents in-person (in groups of four to ten). In
addition, they preceded the elicitation with an incentivized gambling task designed to
familiarize respondents with the notion of a survival curve and the concept that winning in
one stage provides not only direct benefit but also the possibility of winning in later stages.
As shown in Table 3, Nielsen et al. obtained the identical ranking of preference orderings by
frequency except many fewer of their respondents than of ours expressed indifference over
the three perturbations (6 percent compared with 23 percent). This suggests that
respondents who were less thoughtful in completing our survey may have
disproportionately reported indifference among the scenarios.

Consistent with this hypothesis, median time to complete the survey is much shorter
for respondents who expressed indifference among the three scenarios and somewhat
shorter for those whose responses yield an intransitive pattern (as shown in the last column
of Table 3).15 Because respondents who report indifference are not presented with follow-

up questions in which the life-expectancy gain from the preferred scenario is sequentially

14 Results for the 10 year and 20 year lagged scenarios are similar; these are pooled in Table
3.

® Time to complete varies widely across respondents: the 5th, 25th, 75th, and 95th
percentiles are 4.85, 9.08, 20.43, and 68.15 minutes, respectively. Respondents were not
required to complete the survey in a single session and a few completed it over multiple
sessions spanning more than a day.
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diminished, we expect they will finish more quickly on average. However, the large
difference in the median time to complete (8.35 minutes vs. 14.23 minutes for all
respondents) suggests many of these respondents rushed through the survey and were

presumably less thoughtful about many of their responses.
Financial risk aversion and discount rate

We estimate financial risk aversion and discount rate using two alternative
approaches. First, we estimate the two concepts jointly, following Andersen et al. (2008).
Second, we elicit the concepts separately for each respondent to obtain values we use in
regression equations to explain variation in longevity-risk preferences across individuals.

The joint estimation yields a coefficient of relative risk aversion r = 0.830 (robust
standard error = 0.040). This value is slightly larger than Andersen et al.’s estimate for their
Danish sample (r = 0.741, standard error = 0.048). One difference is that we estimate r
assuming a baseline of zero whereas Andersen et al. assume a baseline of 117 DKK. Our
estimated utility-discount rate, o= 1.25 percent (standard error = 0.32 percent), is much
smaller than Andersen et al.’s estimate (0= 10.1 percent, standard error = 0.8 percent).
Several factors may contribute to this difference. First, we elicited discount rates using
choices between paymentin 1 orin 11 or 21 years while Andersen et al. used choices
between payments in 1 or 6 months. For any but the smallest positive interest rates, the
difference in payoff between the early and late dates is enormously larger in our survey
than in Andersen et al. This effect may be accentuated by the larger amounts at stake in our
survey, between €3000 and €50,000 depending on income compared with 3000 DKK (on the
order of €500). Additionally, there may be a framing effect because the annual interest rates
included in the table of choices presented to respondents are lower in our survey (0 to 30
percent) than in Andersen et al. (0 to 50 percent). Finally, market interest rates, which may
provide a reference level or outside alternative to respondents, were smaller at the time of
our survey (autumn 2013) than that of Andersen et al. (June 2003).

We estimate respondent-specific values separately, because joint estimation does
not converge for all individuals. We estimate individual values only for respondents who
answered the financial-risk-aversion or discount-rate questions in a logical manner, i.e.
switched from the lower- to the higher-risk gamble, or from the early to the late payment,
at most once as the probability of the larger payment or the discount rate increased. The

individual value is estimated as the midpoint between the values that yield indifference in
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the rows immediately before and after the individual switched (or the value that yields
indifference for the row in which he reported indifference).

As shown in Table 1, the sample mean coefficient of relative risk aversion r = 0.46.
About 16 percent of respondents are approximately risk neutral, 68 percent are risk averse
and 16 percent are risk seeking with respect to money.16

The sample-mean consumption-discount rate ¢ = 11.81 percent per year,
substantially larger than the utility-discount rate reported above (1.25 percent). Equal
fractions of respondents (12 percent) always chose the delayed payment (¢ < 1 percent) or
payment in one year (¢ > 30 percent). The median discount rate is about 5 percent and 85

percent exhibit rates less than 20 percent.
Preference orders and individual characteristics

To identify whether preference rankings can be predicted from respondent
characteristics, we estimated multinomial-logit models. Table 4 reports estimates of a
model where the omitted category is strict indifference. As shown in the table, older
respondents tend to be less likely to prefer either of the rankings for which the transient risk
reduction is ranked last, which is consistent with a plausible interest in not postponing risk
reduction. Similarly, respondents with a larger discount rate are less likely to choose
rankings in which the transient scenario is last.

Larger household income is strongly associated with choosing almost any preference
ordering except strict indifference. The largest estimated coefficient is for the risk-seeking
preference ordering, but the coefficients for the risk-averse and the additive > proportional
> transitive scenario are nearly as large. More education (completing college) is associated
with a preference for the risk-averse and other-transitive orderings. Perceived life
expectancy (compared with others of the same age and gender) and current and future life
satisfaction show little effect, although a few of the estimated coefficients are significantly
different from zero.

We tested other variables for inclusion in the regression, including estimated

financial risk aversion, gender, number of children in the household, current health, and the

¥ The respondents classified as approximately risk neutral switched from the safer to the
riskier lottery at the row consistent with risk neutrality. r > 1 for 28 percent and r < -1 for 2
percent of respondents.
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Dospert-scale measures of risk perception and risk-taking behavior. These variables showed

no significant effects.
Intensity of risk preference

As summarized in Table 3, slightly more than half the respondents made choices
consistent with a global risk posture with respect to longevity. Of these, 235 were risk-
neutral, 166 risk-seeking, and 146 risk-averse. We examine the extent to which these
choices are consistent with a constant relative risk aversion (CRRA) utility function,

u(t) = t177 /(1 — y), or a constant absolute risk aversion (CARA) utility function,
u(t) = —sgn(a) - exp(—at), where y and a are the (respondent-specific) coefficients of
relative and absolute risk aversion with respect to longevity, respectively.

Each respondent’s degree of risk aversion can be estimated from the questions in
which the life-expectancy gain of the preferred scenario was decreased until the respondent
switched to the other scenario (Table 2). For the 235 respondents whose choices were
consistent with risk neutrality, y = a = 0. For the others, the point at which they switch from
one scenario to the other as the life-expectancy gain of the preferred scenarios is decreased
provides a bound on the degree of risk aversion. For example, if a female respondent aged
20-29 years chooses the proportional over the additive scenario when the two have equal
life expectancies, maintains that choice when the life-expectancy gain of the proportional
scenarios is decreased by 8 days but switches to the additive scenario with the gain is
reduced by 17 days, her (risk-seeking) choices are consistent with a CRRA utility function
with y between -0.79 and -2.47 and a CARA utility function with o between -0.02 and -0.05.
For each respondent, we obtain three intervals from the three sets of pairwise choices and
classify an individual’s choices as consistent with a CRRA or CARA utility function if and only
if these three intervals intersect. For respondents who are not risk neutral, the degree of
risk aversion is bounded by the intersection of these intervals; we estimate regression
models using maximum-likelihood methods assuming a normal error term.

Of the 146 respondents whose choices are consistent with global risk aversion, only
60 made all three pairwise choices consistent with a CRRA utility function and 57 made

choices consistent with a CARA function. Similarly, of the 166 respondents whose choices
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are consistent with global risk seekingness, 63 made choices consistent with a CRRA utility
function and 47 made choices consistent with CARA utiIity.17

Table 5 reports regression models that describe how the estimated values of y and a
vary among the respondents whose pairwise choices are consistent with CRRA or CARA
utility functions. Overall, younger and higher-income respondents are less averse to
longevity risk. We find few significant associations with other variables, including education,

number of children in the household, future life satisfaction, or consumption-discount rate.

4. Conclusions

Overall, we find that respondents to an internet survey are able to answer questions
asking them to choose between alternative perturbations of a baseline survival curve
yielding a life-expectancy gain of about one month with a substantial degree of coherence.
For the three pairwise choices, 85 percent provide answers yielding a transitive preference
ordering. The probability of obtaining such a large fraction of transitive orderings if
responses were simply random is negligibly small. Moreover, of the 53 percent of
respondents whose pairwise choices imply some global risk posture with respect to
longevity (risk neutrality, risk aversion, or risk seekingness), 87 percent answer the question
choosing between one of these scenarios and a lagged version consistently with that global
risk posture.

We find a high degree of heterogeneity among individuals’ preference orderings, but
this heterogeneity is not well-explained by available socio-demographic characteristics,
preference characteristics such as discount rate and financial risk aversion, or other
variables such as judgments about current and future life satisfaction or general risk
perceptions and risk-taking behavior. We find that older respondents and those who
express higher consumption-discount rates are less likely to choose preference orders in
which the transient risk reduction is ranked last, consistent with an interest in not delaying
risk reduction. Higher-income respondents are less likely than others to express indifference
(risk neutrality) across scenarios. Similarly, among respondents whose choices are
consistent with a CRRA or CARA utility function, older respondents are more risk-averse and

higher-income respondents are less risk-averse than others.

1 Respondents whose choices are consistent with CARA utility are not a perfect subset of
those whose choices are consistent with CRRA utility.
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Direct choice between alternative hazard functions provides information about
preferences over longevity risk that complements the information provided by studies of
how VSL varies with age (e.g., Shepard and Zeckhauser 1984, Aldy and Viscusi 2007, 2008,
Krupnick 2007). As described above, the utility function for longevity is proportional to the
product of the individual’s consumption-discount factor and age-specific VSL, i.e., the
present value of future VSL. Risk aversion with respect to longevity implies that the present
value of future VSL decreases with t, i.e., VSL decreases with age, is constant, or increases
more slowly than the discount rate. Conversely, risk-seeking preferences toward longevity
imply that VSL increases more quickly than the discount rate. Risk neutrality implies the VSL
grows at exactly the discount rate. The large share of respondents whose preference
orderings are consistent with global risk neutrality or risk seekingness toward longevity (39
percent) suggests that patterns of increasing VSL over a substantial age range may be
common in the population, and hence the notion that VSL is proportional to remaining life
expectancy (equivalently, that the value per statistical life year, VSLY, is independent of age)
is not accurate for many individuals (Hammitt 2013). Moreover, the heterogeneity of risk
posture with respective to longevity suggests there is a high degree of heterogeneity in how
individuals anticipate their VSLs will change with age or in their discount rates or patterns.

In summary, these results suggest that there is substantial heterogeneity in
preferences over time paths of mortality-risk reduction. Conventional measures of the
benefit of mortality-risk reduction such as life years or quality-adjusted life years gained, or
a value per statistical life with a fixed pattern of age-dependence (including constant), are
not likely to provide accurate measures of the value of life-saving interventions to most
individuals. This suggests that heterogeneity in how people value different time-paths of risk
reduction should be considered in policy evaluation alongside other sources of

heterogeneity in valuing mortality risk (Viscusi 2010).

Appendix

The three primary scenarios are ordered by the Rothschild and Stiglitz (1970) risk of
longevity; the proportional scenario is riskier than the additive scenario which is riskier than
the transient scenario. In addition, the lagged version of each of these scenarios is riskier

than the original version.
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To see this, recall that Rothschild and Stiglitz (1970) define a lottery R as riskier than
a lottery Q having the same mean if lottery Q second-order stochastically dominates R, i.e.,

satisfies the integral condition

t t
Joo Fowdu < [~ Fp(u)dp (A1)
Vt, where F;is the distribution function for lottery i. Because the survival function s(t) =1 —
F(t) (see equation (1)) and is defined only for non-negative t, the integral condition (A.1) is

equivalent to

[y sodu > [ sp(u)du (A.2)
vVt = 0. The survival function can be expressed as a function of the hazard,

s(t) = exp [— foth(u)du]- (A.3)
Substituting (A.3) into (A.2) yields

fot exp|— foﬂ ho(T)dt|dp = fot exp|— fou hg(t)dz]|dp. (A.4)

Because our scenarios have equal life expectancy, expression (A.4) is satisfied with equality

in the limit as t—c=. To show that scenario R is riskier than scenario Q, it suffices to show

that (A.4) is satisfied as an inequality for 0 < t < oo. For our scenarios, we can show that
there exists a value t* such that hq(t*) = hg(t*), for 0 < t < t*, hq(t) < hg(t), and for t > t*, hq(t)
> hg(t). Hence expression (A.4) is satisfied.

Recall the baseline hazard hy(t) is monotone increasing in t for all age/gender groups
in our survey. Because the scenarios have equal life expectancy, the parameters of the
hazard functions (defined in expressions (7a) — (7c)) satisfy ¢ > a > p. Moreover, values of the
parameters of the lagged scenarios corresponding to ¢, a, and p are each respectively larger
than the corresponding parameters in the original scenarios. Hence, for small t, h7{t) < ha(t)
< hp(t) and hj(t) < h;j(t) where hj, is the hazard for the lagged version of scenario i. For large t,
each of these inequalities is reversed, and for some t* (depending on the scenarios), each of
these inequalities is an equality. Substituting these hazard functions into expression (A.4)

proves the result.
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Program X: All of the reduction in mortality risk is obtained in the next ten years.

Argument in favor of Program X:

PROGRAM X

“I want to increase my chances of making it to older ages. Therefore I would like to get most of the risk reduction early in my future life.”

Argument against Program X:

“My risk of dying in the next ten years is so low that a risk reduction in these ages doesn’t matter much to me.’

’

Future
Decades

Age: 40-49

Age: 50-59

Age: 60-69

Age: 70-79

Age: 80-89

Age: 90-99

Risk of dying
(out of 100 000)
Before the
reduction

909|||

2“ |

4332

9 087

27 176

72274

Risk Reduction

in Program X -220 0 0 0 0 0
(out of 100 000) Increase
Program in life
X New expectancy
Risk of dying = 37 days
after the 689 2279 4 332 9 087 27176 72 274
reduction
(out of 100 000)

Figure 1. Presentation of transient scenario (“Program X”) for females aged 30-39 years.




CHOICE BETWEEN PROGRAM Y AND PROGRAM Z

The figure below shows program Y vs program Z:
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Figure 2. Presentation of choice between additive (“Program Y”) and proportional (“Program Z”) scenarios for females aged 30-39 years.




YOUR CHOICE BETWEEN PROGRAM Y AND PROGRAM Z

You did not like program Z so much. We will now make program Y worse and see how much worse we should make it so that you switch to

program Z.
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Figure 3. Presentation of follow-up choice between additive (“Program Y”) and proportional (“Program Z”) scenarios for females aged 30-39

years who chose additive scenario in Figure 2.




Table 1. Descriptive statistics

Definition Observations Mean  Std dev Min Max

Age Years 1024 43.83 13.38 20 69
Female 1if female® 1024 0.53
Children <18 yrs  Count 1024 0.65 0.97 0 5
Income Euros/month 956 2970 1563 500 > 8000
Education 1if college degree® 1024 0.37
Health Level 0 (equivalent to dead) — 100 1024 75.45 16.68 0 100

(excellent)
Life expectancy 1 if shorter than others® 1024 0.14

1if longer than others® 1024 0.24
Life satisfaction 1 if satisfied (> 7 on 1-10 1024 0.64

scale)®
Future life 1 if satisfied® 1024 0.57
satisfaction
Discount rate Percent per year 872 11.81 12.74 <1 >30
Financial risk Coefficient of relative risk 444 0.46 0.58 <-1.28 >1.17

aversion

aversion

Notes: a. Variable = 0 otherwise. Income reported by interval (< €1000, €1000-2000, ..., > €8000). Top interval

coded as €8500.



Table 2. Pairwise choices

Panel A
Life-expectancy gain Additive Transient

N Percent N Percent
G 448 (44) 281 (27)
G-8 73 (16) 62 (22)
G-17 74 (17) 57 (20)
G-27 103 (23) 87 (31)
0 131 [11] (29) 34 [10] (12)
Never switch 67 [10] (15) 41 [6] (15)
Indifferent 295 (29)
Panel B
Life-expectancy gain Proportional Transient
G 414 (40) 316 (31)
G-8 67 (16) 58 (18)
G-17 61 (15) 48 (15)
G-27 102 (25) 79 (25)
0 132 [4] (32) 79 [4] (25)
Never switch 52 [17] (13) 52 [5] (16)
Indifferent 294 (29)
Panel C
Life-expectancy gain Additive Proportional
G 432 (42) 293 (29)
G-8 82 (19) 85 (29)
G-17 91 (21) 55 (19)
G-27 127 (29) 50 (17)
0 87 [8] (20) 64 [6] (22)
Never switch 45 [6] (10) 39 [7] (13)
Indifferent 299 (29)

Notes: G denotes the original life-expectancy gain (30-37 days), which depends on respondent age
and gender. For life-expectancy gain G and for number indifferent, percentages are N/1024. For
other life-expectancy gains, percentages are N/number choosing that scenario when both life-
expectancy gains are G. Numbers in brackets are: for life-expectancy gain = 0, the number who
switch only after a warning; and for never switch, the number from first wave (who did not
receive a warning).



Table 3. Preference orderings

Choice between original and latent scenario®

Risk posture Original Latent Indifferent Nielsen et al. (2010) Median time to
Preference order (global) N Percent N Percent N Percent N Percent N Percent complete (minutes)
Prop ~ Add ~ Trans Risk neutral 235 (23) 1 (0) 8 (3) 226 (96) 8 (6) 8.35
Prop > Add > Trans Risk seeking 166 (16) 26 (16) 135 (81) 5 (3) 30 (23) 16.41
Trans > Add > Prop Risk averse 146 (14) 113 (77) 30 (21) 3 (2) 29 (22) 17.69
Add > Prop > Trans None 131 (13) 57 (44) 69 (53) 5 (4) 22 (17) 17.42
Add > Trans > Prop None 71 (7) 45 (63) 19 (27) 7 (10) 11 (9) 15.93
Other (includes weak) None 120 (12) 47 (39) 56 (47) 17 (14) 18 (14) 15.86
Intransitive None 155 (15) 57 (37) 54 (35) 44 (28) 11 (9) 12.30
Total or average 1024 (100) 346 (34) 371 (36) 307 (30) 129 (100) 14.23

Note: a. Results for 10 and 20 year lagged scenarios are pooled.



Table 4. Predicting choice pattern (multinomial logit, omitted category is strict indifference = risk neutral)

Prop > Add  Trans > Add

> Trans > Prop Add > Prop Other
(risk seeking)  (risk averse) > Trans Transitive Intransitive
Age Years -0.031%** -0.011 -0.026** -0.011 -0.011
(0.010) (0.010) (0.010) (0.010) (0.010)
Education = 1if college -0.078 0.671%* 0.321 0.435* 0.205
degree (0.266) (0.266) (0.278) (0.262) (0.276)
Life expectancy = 1if more than 0.569* 0.325 0.276 0.324 0.316
others (0.292) (0.319) (0.315) (0.311) (0.313)
=1 if less than -0.076 0.428 -0.428 0.079 -0.659
others (0.361) (0.326) (0.427) (0.325) (0.407)
Life satisfaction = =1 if satisfied -0.315 -0.020 0.047 -0.588** -0.487
(0.297) (0.301) (0.330) (0.289) (0.306)
Future life =1 if satisfied 0.464 -0.182 0.437 0.180 0.354
satisfaction (0.292) (0.292) (0.317) (0.286) (0.301)
Income €1000/month 0.787*** 0.549** 0.571** 0.278 0.388*
(0.224) (0.225) (0.238) (0.207) (0.221)
Discount Rate Percent/year -0.031*** -0.010 -0.027** -0.023** -0.003
(0.010) (0.009) (0.011) (0.009) (0.009)
Constant -4,825%** -4.348** -3.907** -1.607 -2.881%*
(1.689) (1.695) (1.787) (1.549) (1.666)
Observations 806

Notes: ***, ** * denote statistically significantly different from zero at 1%, 5%, 10%, respectively.



Table 5. Risk-aversion parameters y and o (interval regression)

(1)

(2)

(3)

(4)

CRRA CRRA CARA CARA

Age 0.04172*** 0.04105** 0.00060** 0.00044
(0.01392) (0.01636) (0.00026) (0.00030)
Income -0.53303* -0.90362**  -0.01694*** -0.01085
(0.30450) (0.37002) (0.00592) (0.00681)
Female 0.22956 0.18980 -0.00408 0.00180
(0.36651) (0.38746) (0.00694) (0.00711)
Education =1if college 0.79819* -0.00051
degree (0.43357) (0.00781)
Children < 18 yrs 0.22728 0.00132
(0.19984) (0.00353)
Life expectancy =1 if more -0.76596 0.00309
than others (0.48924) (0.00905)
=1 if less than 0.41025 0.00650
others (0.54910) (0.00982)
Life satisfaction =1 if satisfied 0.82346* -0.00705
(0.47411) (0.00851)
Future life =1 if satisfied -0.51216 -0.01095
satisfaction (0.47944) (0.00846)
Discount rate 0.01313 -0.00024
(0.01486) (0.00027)
Constant 0.78629 2.94885 0.10527** 0.06679
(2.54197) (2.89242) (0.04994) (0.05365)

Observations 365 324 313 274

Notes: ***, ** * denote statistically significantly different from zero at 1%, 5%, 10%,

respectively.



