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Abstract
Individual observations of risky behaviors present a paradox: individuals who take the
most risks in terms of hazards (smoking, speeding, risky sexual behaviors) are also less
likely to take risks when it comes to innovation, financial risks or entrepreneurship.
Existing theories of risk-preferences do not explain these patterns. From a simple
model, we argue that many decisions involving risk have a temporal dimension, and
that this dimension is often the main determinant of individual choices. In many real
life instances, risk taking amounts to damaging the individual’s capital (whether
embodied capital, financial capital, social reputation, etc.), which would affect her over
a long period of time after the risky decision. In evolutionary terms, the marginal cost
of this type of risky behavior depends on the relative importance of the future in the
individual’s fitness (e.g. her time horizon). Because the cost of a degradation of their
capital will be paid for an effective shorter period of time, individuals with short time
horizons will give less importance to this degradation. This approach explains patterns
of behaviors observed across socio-economic groups and put forward new approaches to
prevent hazardous behaviors such as smoking.
Keywords: Behavioral Ecology | Risk Taking | Time Discounting
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Risk-seeking or impatient? Disentangling variance and time in hazardous
behaviors
Introduction
Individuals constantly have to make decisions involving risk such as choosing between
different investment options, deciding whether to wear a helmet, or selecting a career.
These decisions are similar in that their outcomes are not deterministic; instead there is
some variance in the possible payoffs. Given the prevalence of situations where payoffs
are uncertain in daily life, there has been considerable interest in how humans make
decisions involving risk. Empirical evidence has shown that individuals differ in the
degree of risk they take. An individual who is more risk seeking will accept more
variance to increase the expected value of payoffs, while an individual who is more risk
averse will prefer to have lower variance, even if it comes with a lower expected value of
payoffs. Risk seeking is studied in many different contexts such as recreational sports,
health-related behaviors or gambling preferences. A central question in behavioral
sciences is: what factors determine the level of risk individuals are likely to engage in?
The risk literature and its paradox
The standard view in the literature argues that all kinds of risky behaviors, from
investing in the stock market to wearing a seat belt, can be understood through risk
preferences (Frey, Pedroni, Mata, Rieskamp, & Hertwig, 2017; Lejuez et al., 2002;
Rabin, 2013; Schonberg, Fox, & Poldrack, 2011). According to this view, differences in
the degree of risk aversion explain why some individuals are more likely to smoke, to
buy an insurance policy, or to select a lottery with higher variance in economic games.
In order to measure risk preferences, different tools have been developed: self-reported
propensity measures (e.g. questionnaires asking "how risk-taking are you?"),
incentivized behavioral measures (e.g. choosing between different lotteries), and
frequency measures (e.g. reports on smoking frequency). These different tools are used
interchangeably, as they are assumed to be measuring the same trait (Charness, Gneezy,
& Imas, 2013; Dohmen et al., 2011; Fouarge, Kriechel, & Dohmen, 2014). Empirical
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findings, however, show that different measures of risk often do not correlate (Anderson
& Mellor, 2008; Deck, Lee, & Reyes, 2014; Einav, Finkelstein, Pascu, & Cullen, 2012;
Menkhoff & Sakha, 2017; Pedroni et al., 2017; Refaie & Mishra, 2020; Vieider et al.,
2015). Some studies find a link between risk preferences measured through tasks and
real-life risky behaviors (Anderson & Mellor, 2008), yet many studies fail to find such
correlation (Armin, Becker, Dohmen, Huffman, & Sunde, 2016; Creswell, Wright, Flory,
Skrzynski, & Manuck, 2019; Islam, Smyth, Tan, & Wang, 2019). Although the lack of
correlation between risk preferences and risky behaviors could be due to poor methods
of measurement, these findings also suggest that risk preferences may not be the sole
factor determining risky behaviors.
The ‘behavioral syndrome literature’, which classifies individuals into either a ‘fast’
risk-seeking group or a ‘slow’ risk-averse group, adopts a similar stance (Del Giudice,
2020; Griskevicius, Tybur, Delton, & Robertson, 2011; Hill & Chow, 2002; Hill, Ross, &
Low, 1997; Mata, Josef, & Hertwig, 2016; Mathot & Frankenhuis, 2018; Mishra,
Barclay, & Lalumière, 2014; Sear, 2020). According to this literature, the degree of risk
aversion of individuals has been calibrated by natural selection to increase fitness in
their particular environment, which explains inter-individual differences in risky
behaviors. Being risk seeking is considered adaptive when living in deprived
environments because individuals may be unlikely to achieve their goal with a safe
strategy and may instead decide to maximize the probability of achieving their goal by
adopting a riskier strategy (Mishra, 2014; Mishra, Barclay, & Sparks, 2017; Mishra &
Lalumière, 2010). For example, studies of optimal foraging demonstrate that individuals
whose average expected return on foraging is below the starvation threshold may adopt
the riskier strategy to maximize the likelihood of survival (Caraco, Martindale, &
Whittam, 1980; Stephens D. W., 1981). The empirical literature in psychology and
behavioral sciences indeed shows that deprived individuals tend to be more violent
(Brezina, Agnew, Cullen, & Wright, 2004; Shaw, 2005; Wells et al., 2019), take on
riskier jobs (Leigh, 1986; Orrenius & Zavodny, 2009; Sterling & Weinkam, 1990), and
engage in riskier health behaviours (Brennan, Henry, Nicholson, Kotowicz, & Pasco,
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2009; Droomers, Schrijvers, Stronks, van de Mheen, & Mackenbach, 1999; Everson,
Maty, Lynch, & Kaplan, 2002; Hanson & Chen, 2007; Hersch & Viscusi, 1998; Hiscock,
Bauld, Amos, Fidler, & Munafò, 2012; McLaren, 2007; Pampel, Krueger, & Denney,
2010; Pill, Peters, & Robling, 1995). Based on this evidence it is now widely accepted in
the evolutionary psychology literature that risk seeking is part of the "behavioral
constellation of deprivation" (Pepper & Nettle, 2017).
However, economic studies offer evidence, on the contrary, for high risk aversion
amongst deprived individuals. For example, when presented with different lotteries or
with different investment decisions, deprived individuals are more likely to select the
outcome with the smaller variance than wealthier individuals (Amir, Jordan, & Rand,
2018; Refaie & Mishra, 2020). Field studies offer similar findings when looking directly
at people’s financial decisions or willingness to take risks related to innovation or the
adoption of new technology (Banerjee & Duflo, 2011; Binswanger, 1981; Haushofer &
Fehr, 2014; Miyata, 2003; Mosley & Verschoor, 2005; Tanaka, Camerer, & Nguyen,
2010; ?). Table 1 outlines the type of risks taken, respectively, by high SES and low
SES individuals. Low SES individuals appear to be both systematically more risk
taking in certain domains and systematically less risk taking in others. How can we
make sense of these seemingly contradictory findings?

A missing factor in understanding risk taking
Psychologists have attempted to explain these results by arguing that risk preferences
may be domain specific (Figner & Weber, 2011; Nicholson, Soane, Fenton-O’Creevy, &
Willman, 2005; Weber, Blais, & Betz, 2002), or that risk preferences have a stable and
an unstable component, similarly to other psychological traits (Frey et al., 2017;
Highhouse, Nye, Zhang, & Rada-Bayne, 2017). In this article, we offer a different
explanation for the patterns of risk taking observed, namely that risk preferences are
affected both by the variance and the temporality in the potential payoffs, as
represented in Figure 1. Individuals with shorter time horizons will often engage in
risky behaviours, seemingly displaying risk seeking preferences, when in fact they are
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only looking for short-term rewards. As a result, behaviors such as smoking or speeding
do not reflect a preference for higher risk (i.e. higher variance in outcome), but a
preference for sooner rather than later benefits (i.e. short term time preferences). In the
next section, we develop a model which integrates the time horizon of individuals in
their decisions to take risks.

Steep temporal discounting leads to the neglect of hazards
Risk Preferences and marginal returns
Risk preferences are defined as the individual preferences over the variance of outcomes.
The degree of risk aversion, i.e. how willing an individual is to trade lower expected
returns to obtain a smaller variance, depends on the marginal benefit of a particular
outcome. An individual with diminishing marginal returns will be risk averse as each
additional unit will lead to a smaller increase in fitness (the second glass of orange juice
as compared to the first, for example). In this case, the individual will prefer the
outcome with the least variance (one glass of orange juice for sure rather than two
glasses of orange juice with a probability p = 12 ). Most outcomes, from the quantity of
food consumed to the traits of potential sexual partners, have diminishing marginal
returns (Kenrick, Sundie, Nicastle, & Stone, 2001). As such, we should expect
individuals to have concave preferences. Individuals who are closer to saturation in a
specific domain, will thus be less risk averse than individuals who enjoy large marginal
benefits.

Time preferences
Risky choices that individuals face in ecological settings differ not only in their variance,
but also in their temporality. For example, smoking may or may not lead to cancer,
whereas non-smoking keeps one healthy with a high degree of certainty. These two
alternatives therefore differ in the variance of their outcome, i.e. smoking is riskier than
non-smoking. Smoking, however, also happens to have a delayed cost – a greater risk of
cancer in 30 years – for an immediate benefit, while non smoking comes as a small cost
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today (refraining to smoke) for a positive outcome in the future (lower probability of
cancer). The two alternatives therefore also differ in the temporality of their payoffs.
One has a short term while the other has a long term benefit (and inversely for costs).
Beyond this specific example, many decisions involving risks have an impact on an
individual’s capital (whether embodied capital, financial capital, reputation,
relationships, etc.) and thus will affect an individual over a long period of time. As a
result, the cognitive mechanisms that monitor the degree of risk we engage in must take
into account both the benefits (costs) of each possible outcome and the time when these
benefits (costs) will occur.
Let us start with an extreme case to illustrate our point. We assume that the life
expectancy of an individual is 80 years. If that individual has a car accident and dies at
70 years old, then she will forego 10 years of expected life. If the same individual has a
car accident and dies at 30 years old, she will forego 50 years of expected life. In
evolutionary terms, the marginal cost of the car accident is proportional to the
difference between the life expectancy and the age at death (10 years or 50 years
respectively, see Figure 2), as each year of life lost is a year during which the individual
will not be able to increase her inclusive fitness by producing more offspring or helping
relatives (Clark, 1994; Wolf, van Doorn, Leimar, & Weissing, 2007). Hence the cost of a
fatal accident in evolutionary terms depends on the residual reproductive value of an
individual. We implicitly follow this reasoning when we feel that a child’s death is more
tragic than the death of an elderly person.
A similar reasoning can be applied to all cases of risk-taking, even when they do not
lead to such an extreme outcome as death. In evolutionary terms, the cost of an injury
or, more generally, of a degradation of one’s capital, always depends on one’s time
preferences. Let us consider the example of wearing a seat-belt. The cost of wearing a
seat-belt during a given car ride is paid right now as a mild discomfort during the ride.
The cost of not wearing a seat-belt, on the other hand, does not come to the individual
on the ride in question. It will accrue to him on every day and at every instant of his
future life, where he suffers from having an injured body. Conversely, the benefit of
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wearing a seat-belt accrues over time as an individual enjoys a healthy, non-injured
body everyday following a potential accident. Individuals differ in their time horizons,
some individuals will have immediate needs they must satisfy (short time horizon),
while others can afford to invest in their future (long time horizon). Individuals who
discount more steeply the future will care less about the long-term impact of the car
accident on their health and thus take on more hazardous risk.
We apply this model to the case of wearing a seat-belt while driving (Figure 3).
Imagine an individual is sitting in his car and has to decide whether to fasten his
seat-belt (option A) or not (option Ā). For simplicity, and without loss of generality,
let’s assume that if the individual fastens his seat-belt, he insures himself against all
potential injuries in a crash. Wearing a seat-belt, however, comes with an immediate
cost c (e.g. because it takes time and causes discomfort during the ride). The total
fitness payoff F (A) of option A is therefore −c plus the temporal integration of the
future productivity π of the individual, which will have remained intact either way, as
the individual is protected by his seat-belt. Let us assume that individuals have a
discount rate δ ≥ 0, with higher values representing more present orientation. We can
therefore write the expected payoff of option A as:

f (A) = −c +

Z ∞

πe−δt dt

0

= −c +

π
δ

If the individual decides to select option Ā, on the other hand, he saves the cost c of
fastening his seat-belt, but he might be injured in the event of a crash. For simplicity,
let us assume that if he crashes without his seat-belt on he will be injured with
certainty. The cost of the injury will lie in a decreased productivity, π − ∆π, every day
of his life following the crash (e.g. because he cannot use one of his legs). Let us assume
that the injury heals at a rate γ, and denote p the probability of a crash occurring. The
payoff for selecting option Ā is:
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f (Ā) = (1 − p)

Z ∞

−δt

πe

dt + p

0

Z ∞

πe−δt − ∆πe−(δ+γ)t dt

0

∆π
π
= −p
δ
δ+γ
The difference in payoffs from selecting option A over option Ā is
∆π
. Therefore it will be adaptive for individuals to select option
f (A) − f (Ā) = −c + p δ+γ

A if

δ+γ ≤

p∆π
c

(1)

From equation (1) we can see that for an individual to select option A, p and ∆π must
be large, meaning that either there is a high chance of having an accident or the
corresponding injury will be very severe; or c must be small, meaning that the
inconvenience brought by wearing a seat-belt is small. In addition, individuals will also
be more likely to wear a seat-belt if γ and/or δ are small, that is recovery takes time
and/or the individual has a low temporal discounting. Inter-individual differences in
risk taking are therefore in part determined by inter-individual differences in temporal
discounting. Irrespective of their preference over the variance of outcome per se,
individuals who are more present-oriented tend to drive without a seat belt more often
than future oriented individuals. Where γ is very large, however, the effect of δ becomes
negligible. That is to say, if the individual recovers from the injury the following day,
her discount factor δ won’t matter.
Short time horizons lead to apparent preferences for risk
So far, the standard approach in evolutionary psychology has failed to provide an
explanation for the patterns of risk behaviors displayed across individuals. Our model
suggests that differences in time horizon of individuals will lead to differences in the
type of risks that individuals are likely to take. Individuals with short term horizons
will discount the long-term costs of certain strategies and therefore be more likely to
take risks which provide short term benefits for long terms costs, what we call
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hazardous behaviors. Conversely, individuals with short term horizon will discount the
long-term benefits of certain strategies and therefore be less likely to take risks which
provide a short term costs for a potential long term benefit, what we call venture
behaviors. The same individuals may thus be willing to take risks in the form of
hazards, but will not in the form of ventures.
A robust finding in both psychology and economics is that deprived individuals
discount the future more than wealthier individuals do (Adams & White, 2009; Bulley
& Pepper, 2017; de Wit, Flory, Acheson, McCloskey, & Manuck, 2007; Green, Myerson,
Lichtman, Rosen, & Fry, 1996; Griskevicius et al., 2011; Lawrance, 1991; Robb, Simon,
& Wardle, 2009). In the evolutionary psychology literature, these findings are explained
by collection risks and/or waiting costs. Individuals who have a high chance of dying
because their environment is unstable and dangerous might not be able to collect the
benefits of their investments (collection risk; Amir and Jordan (2017); Lee, DeBruine,
and Jones (2018); Pepper and Nettle (2017)). Individuals living in deprived conditions
might not afford to wait for a higher gain in the future because they need the benefits
now (waiting costs; Fawcett, McNamara, and Houston (2012); Mell, Baumard, and
André (2017)). As shown above, a steeper personal time discounting factor δ will result
in choosing the riskier option when negative payoffs are spread in the future, which
explains higher rates of smoking, risky sexual behavior, or risky jobs in low SES
individuals. Conversely, individuals with shallow personal time discounting will value
the riskier option more when positive payoffs are spread in the future, such as investing
in risky financial assets or becoming an entrepreneur. This accounts for the pattern of
risk taking observed across the socio-economic spectrum (Fig. 1).
Discussion
Proximate versus ultimate mechanism for risk management
The idea that an event that harms one’s body, property, or social capital, does not have
an outright cost but a cost spread over a long period of time is counter-intuitive. We
rather tend to think of car accidents or other bad outcomes as one-off events with large
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immediate costs. This is the result of the difference between costs in the proximate
sense – the negative valence of events as we perceive it, and costs in the ultimate sense –
the negative effect of these events on our fitness. The ultimate cost of a car accident is
spread over time as it consists in a long-term drop in productivity. Our psychological
mechanisms, however, evolved to value the total marginal effect of an event on our
life-time reproductive success, to guide our behavior. At the proximate level, we thus
tend to see accidents as having an immediate negative valence so that we avoid them.
This product of our psychology should not be confused, however, with the time frame of
fitness effects. Individuals differences in time horizon should also be reflected at a
proximate level in difference in risk perception. Individuals with short time horizons
should perceive hazardous behaviors as less risky than their more future oriented
counterparts. Similarly, long term oriented individuals should perceive investing
behavior as less risky than their present-oriented counterparts.

Measuring risk preferences
Our model suggests that risk preferences are affected both by the variance and the
temporality of payoffs. As a results, risk preferences measures which take into account
only one of these two factors are likely to be poor predictor of real-life risk taking. Our
approach helps explain why behavioral tasks such as choosing between multiple price
lists or the Balloon Analogue Risk Task (BART), are poor predictors of real-life risk
taking (Frey et al., 2017; Islam et al., 2019; Mata, Frey, Richter, Schupp, & Hertwig,
2018). These tasks measure only preferences for risk in terms of variance, but do not
capture the temporal preferences of individuals. For example, the price selection task
asks participants to select different lotteries where the payoffs are always occurring
immediately (Andersen, Harrison, Lau, & Rutström, 2006). Given there is no temporal
trade-offs in this task, it does not reflect the preference for immediate benefits at the
cost of potential long-term harm at play is hazardous behaviors. An individual may be
risk averse (in terms of variance) and therefore prefer the safer lotteries in economic and
psychology tasks, yet the same individual may also have a short time horizon and adopt
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hazardous behaviors. As a result, existing lab experiments measuring preferences over
variance will often be poorly correlated to real-life risk taking.
Similarly, cognitive neurosciences have relied mostly on economic games such as
lotteries or the Balloon Analogue Risk Task to identify a network of brain regions that
respond to risk (Helfinstein et al., 2014; Li et al., 2020; Qi et al., 2015; Sela, Kilim, &
Lavidor, 2012; Suzuki, Jensen, Bossaerts, & O’Doherty, 2016; Wei et al., 2016). Yet,
given these tasks only measure preferences over variance, they do not predict real-life
risk taking. In order to identify the separate underlying cognitive and neural
mechanisms involved in real-life risk taking, researchers should distinguish between the
variance path and the temporal path that both affect decision making. By varying the
temporal horizon of a decision involving risk, neuroscientists can identify the role of
temporal discounting separately from preferences over the variance of outcomes in risky
behaviors. For example, participants should be asked to choose between lotteries with a
large sure gain today and potential costs in the future, or a lottery with a smaller gain
today but no cost in the future.

Consequences for public policy
Understanding risky behaviors such as smoking, speeding, or risky sexual practises as
the result of a short-term strategy rather than a gamble, allows for better policies.
Informing individuals about the long-term risk of smoking may not be effective if most
smokers are present oriented. Instead, insisting on the immediate benefits of quitting
may prove to be more effective. Similarly, reducing immediate costs to mitigate risk
such as allowing for insurance payments to be spread in time or offering free preventive
care, may be useful to encourage individuals to reduce the amount of hazards they
expose themselves to. In addition, interventions that manipulate the time horizon of
individuals may also be effective in reducing hazardous risks. Evidence show that
Episodic Future Thinking, a method shown to increase the time horizon of individuals,
is effective in reducing smoking in adults (Daniel, Said, Stanton, & Epstein, 2015) and
snacking in adolescents (Stein et al., 2016).
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Limitations and future directions
Although we question the assertion that deprived individuals have a systematic
preference for outcomes with a high variance, there are some instances where this could
be the case. Evolutionary models, such as the optimal foraging model presented by
Stephens (Stephens D. W., 1981), demonstrate that in situations where an individual
has a very high chance of falling below a critical threshold, it is optimal to adopt a
risk-seeking behavior to maximize the probability of staying above the critical
threshold. This principle is illustrated by the behavior of football players in the last
minutes of a game (Gonzales, Mishra, & Camp, 2017). Players in the loosing team
might take more risks than usual, such as taking the goalie out of the end zone, to
maximize their chance of scoring. In this type of desperate situation, only the high
variance strategy has a chance to pay. This is not the case, however, in most real-life
situations faced by low SES individuals. Someone who chooses not to brush their teeth,
to postpone a medical appointment, or ride a motorcycle without a helmet is not
gambling their life in the hope of a major breakthrough that would result from these
behaviors. Rather, they are simply trading a long term cost (bad health) for an
immediate benefit (not wasting time). The risk seeking strategy described by Stephens
(Stephens D. W., 1981) comes into play only in rare situations where the choice is not
repeated and survival is at play. Consequently, we argue that the behavioral
constellation literature should consider removing risk-seeking and replacing it with
short-termism as the leading cause for hazardous behaviors in deprived individuals.
From our model, a new typology of risk emerges: in addition to variance-oriented risks
defined by the variance of outcomes, hazardous behaviors are defined by trading short
term gains for potential long term losses (e.g. smoking, speeding, lying, etc.), and
venture behaviors are defined by trading short term losses for potential long term gains
(e.g. becoming an entrepreneur, adopting new technology, etc.). Although, in
psychology, risk-seeking is often associated with negative outcomes such as the
degradation of one’s health, risk-seeking may also sometimes lead to positive outcomes.
For example, entrepreneurs who are more risk seeking are often more successful (Macko
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& Tyszka, 2009). There is often a trade-off between more conservative strategies with
lower variance and lower expected returns and more exploratory strategies with higher
variance and higher expected returns. These trade-offs are ubiquitous in one’s life:
should you have dinner in your favorite restaurant or try a new one? Should you mate
with an existing partner or seek a new one? Although this exploration-exploitation
dilemma has been often conceptualized in terms of a variance-expectation trade-off, we
argue that the temporal dimension is equally important. Adopting an exploration
strategy may delay the time when returns can accrue. Individuals who cannot afford to
wait may therefore not be able to adopt such a strategy. As a result, these individuals
may be stuck in a local optimum. We suggest that further studies should be conducted
to test the impact of time horizon on exploration and innovation.
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Table 1
Patterns of risky behavior by socioeconomic status
Risky Behaviors
Type of risky behavior
Risky financial investments

High SES

Low SES

High

Low

Reference
Haushofer & Fehr, 2014; Miyata, 2003; Mosley & Verschoor, 2005

Cigarette and alcohol con-

Low

High

sumption

Droomers,
Stronks,

Schrijvers,
van

de

Mheen,

& Mackenbach, 1999; Everson, Maty, Lynch, & Kaplan,
2002; Hanson & Chen, 2007;
Hersch & Viscusi, 1998; Hiscock, Bauld, Amos, Fidler,
& Munafò, 2012;

Pampel,

Krueger, & Denney, 2010
Violent behavior

Low

High

Brezina, Agnew, Cullen, &
Wright, 2004; Shaw, 2005;
Wells et al., 2019

Entrepreneurship

High

Low

Banerjee

&

Duflo,

2011;

Nielsen, Keil, & Zeller, 2013
Dangerous Jobs

Low

High

Leigh,

1986;

Orrenius &

Zavodny, 2009; Sterling &
Weinkam, 1990
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Figure 1 . Two views of the determinants of risk taking. The standard approach only
studies the impact of variance on risk taking behavior. The approach we propose takes
into account both the variance in payoffs and the temporality of payoffs. As a result,
two types of risk emerge: present-oriented risks and future oriented risks.
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Figure 2 . The marginal cost of death depends on the future reproductive value of the
individual

Figure 3 . The marginal cost of injury depends on the time horizon of an individual.

