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Abstract

This paper extends the standard two-period prevention model by incorporating
anticipatory emotions. We introduce an additional cost, referred as the emotional
load, which is endogenously determined by future risk but can be mitigated by cur-
rent preventive effort. We show that a more intense emotional load incentivizes the
emotional agent to increase investment in either self-insurance or self-protection. By
contrast, greater uncertainty sensitivity has an ambiguous effect: It depends on the
curvature of the emotional load function and wealth. When savings are substitutes,
the effect of these parameters may diverge, whereas they align when savings are
complements to risk prevention. Finally contrasting our setting with a setting with-
out uncertainty or emotions, we show that, under prudence, the introduction of a
zero-mean risk leads to a higher optimal level of self-insurance. Anxiety amplifies
the incentive to reduce risk by lowering present well-being.
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1 Introduction

Self-protection and self-insurance are two fundamental concepts in the economics of risk
management, helping to explain how individuals mitigate risks in uncertain environments.
Since the seminal work of Ehrlich and Becker [20], an extensive body of literature has
emerged to examine the determinants of optimal prevention. However, no existing analysis
has incorporated the impact of emotions on such decisions. Yet, a large literature has
shown that emotions play a significant role in decision-making processes (e.g., Loewenstein
and Lerner [36] and references included). The aim of this paper is precisely to investigate
whether immediate emotions affect savings decisions when future wealth is exposed to
uncertain losses.

The existing literature on prevention traditionally distinguishes between self-protection
and self-insurance activities. Self-protection refers to efforts individuals undertake to re-
duce the probability of a negative event occurring, while self-insurance involves actions
aimed at mitigating the consequences of such events once they occur. A central strand of
the literature performs comparative statics to analyze how changes in risk attitudes affect
optimal prevention. Early models focused on the role of risk aversion within a single-
period framework. Dionne and Eeckhoudt [16] showed that more risk-averse individuals
tend to invest more in self-insurance, but not necessarily in self-protection. Subsequent
studies (e.g., Briys and Schlesinger [5], Jullien and al. [32], and Huber [29]) provided
more nuanced results depending on a probability threshold. Later contributions have in-
corporated higher-order risk preferences, such as prudence. For instance, Eeckhoudt and
Gollier [18] demonstrate that prudent individuals may invest less in self-protection — at
intermediate probabilities of loss—than risk-neutral individuals.

Since Menegatti [41], the literature has been extended to two-period models, allowing
for a richer set of considerations, such as time preferences, consumption—saving trade-
offs, and the influence of additional risks on optimal prevention decisions. Menegatti and
Rebessi [42], as well as Peter [43], find that the results from the single-period setting gener-
ally continue to hold, even when endogenous saving is introduced. However, the presence
of other risks — along with the timing of their potential realization — may encourage
individuals to increase precautionary saving and/or preventive effort (e.g., Courbage and
Rey [10]; Eeckhoudt et al. [19]).

A further strand of the literature has applied the theoretical framework to health eco-
nomics (e.g., Courbage and Rey [11], Crainich and Eeckhoudt [12], or Liu and Menegatti
[34]). In this context, individual preferences depend on a second argument — health —
which becomes the variable exposed to risk. This literature explores how the interaction
between wealth and health considerations influences decisions related to risk management
and prevention.

However, to the best of our knowledge, most of the literature abstracts from the
role of emotions in shaping individual prevention decisions. Existing models typically
assume fully rational behavior, despite advances in decision-making theory and behavioral
economics have shown that individuals are subject to numerous cognitive and emotional



biases. Kahneman and Tversky [33] emphasized that people often make decisions based
on psychological reactions rather than objective probabilities. Only a limited number of
studies have incorporated insights from behavioral economics into the analysis of self-
protection and self-insurance. For instance, some of these works show that ambiguity
aversion increases the optimal levels of both self-protection and self-insurance (e.g., Alary
et al. [1], Berger [3], and Snow [44]). Conversely, Baillon et al. |2] find that probability
distortion may lead to underinvestment in prevention. More recently, Fujii and Osaki
[25] demonstrated that regret-sensitive individuals invest more in self-insurance when
the probability of loss is low, and less when it is high. To the best of our knowledge,
no economic study has explicitly examined how immediate emotions affect prevention
decisions. Yet, many real-life situations involving future risk and uncertainty are likely to
trigger emotional responses, which in turn may influence economic decision-making. This
paper aims to fill this gap.

To carry out our analysis, we consider emotions that arise prior to the resolution of
uncertainty, in line with the economic literature developed by Caplin and Leahy [6], and
Loewenstein et al. [38]. These studies focus on the emotions experienced at the moment
of decision-making, before outcomes materialize—commonly referred to as anticipatory
emotions, commonly refer to as anticipatory emotions. Indeed, emotions can differ de-
pending on when they arise relative to the time of the decision, and how they are linked
to either the decision itself or its outcomes. In many real-life situations, a (sometimes
long) period may elapse between the decision and the realization of uncertainty. During
this interval, individuals may experience immediate emotional responses associated with
possible future outcomes. For example, gambling players may feel excited anticipation
about the possibility of winning the jackpot before the draw takes place. Conversely,
someone who has undergone a medical examination may experience stress and anxiety
while awaiting the results. These feelings directly influence instantaneous utility and can
alter the intertemporal trade-off involved in decision-making. In this study, we specifically
associate anxiety with the possibility of incurring a random economic loss resulting from
the occurrence of a damaging event.

This paper develops a two-period model in which individuals allocate their initial
wealth between saving and risk management. Future consumption is uncertain due to
a potential harmful event, occurring with an exogenous probability. This uncertainty
creates anticipatory anxiety, which we refer to as the individual’s emotional load. While
risk-reduction efforts typically precede the realization of benefits, in our framework they
also influence emotional well-being by reducing the emotional load. We first examine a
benchmark case without savings. We show that an anxious individuals tend to invest
more in self-insurance activities than an emotional-free agent. Contrasting with a setting
with no uncertainty, the introduction of random economic losses leads to a higher level of
self-insurance, under prudence. We then extend this framework to include savings. We
show that self-insurance and self-protection increase with a more intense emotional load,
as well when the emotional agent is more sensitive to uncertainty under restrictions.



The paper proceeds as follows. Section 2 reviews the economic literature on emotions
and decision-making under risk. Section 3 introduces the two-period model of optimal
prevention, incorporating immediate anxiety and a potential random loss. In Section 4, we
develop our benchmark model when the emotional agent can also invest in self-insurance.
In Section 5, we analyze self-insurance and self-protection decisions when the agent jointly
chooses savings and risk-mitigation investments. In Section 6, we develop intuition for
our results by drawing on a recent decomposition of optimal self-protection in terms of
stochastic changes. Section 7 concludes.

2 Emotions and economic decisions

Emotions are inextricably linked to economic decisions. Economic choices — and their
outcomes — can trigger emotional responses, just as emotions can shape economic behav-
ior. The earliest economic analyses of emotions can be traced back to Hirshleifer [27] and
Frank [24], who both emphasized the role of emotions in cooperative interactions. Later,
Elster [21] and Loewenstein [35] highlighted the more complex role emotions play in the
evaluation and perception of costs and benefits. Since then, the literature on the interplay
between emotions and decision-making has expanded along three main dimensions: (i)
the role of emotions in social behavior, (ii) their impact on intertemporal choices, and
(iii) how emotions influence decision-making under risk and uncertainty.

The first strand of the literature builds on the pioneering work of Hirshleifer [27| and
Frank [24], focusing on commitment problems and, more specifically, on the role of anger
in motivating punishment. For instance, Bosman and van Winden [4], using a power-
to-take game experiment, show that negative emotions lead to high levels of resource
destruction. Similarly, Dickinson and Masclet [15] find that venting emotions reduces
excessive punishment. Hopfensitz and Reuben [28] report that anger can also provoke
retaliatory behavior from punished individuals. Finally, Drouvelis and Grosskopf [17]
compare the effects of happiness and anger on cooperation and sanctioning behavior in
a public goods game: They find that angry individuals contribute less than happy ones
and tend to impose harsher punishments. Taken together, these studies highlight that
individuals may make different choices under identical scenarios once emotions are taken
into account. More generally, Capra [7| demonstrates that mood influences strategic
behavior, further emphasizing the emotional foundations of decision-making.

The second body of literature explores the relationship between emotions and time,
and by extension, their influence on intertemporal choices. How individuals value time can
be strongly affected by their emotional states and moods. This line of research intersects
with the economic literature on time discounting, time preferences, and the psychological
notion of self-control. Indeed, a number of studies examine how emotions shape temporal
decision-making, particularly in the context of hyperbolic discounting (Loewenstein and
Prelec [37]). For example, Geoffard and Luchini [26] explain distortions in time perception
through the sequentiality of events, leading to the puzzling observation that individuals
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may sometimes prefer unpleasant events in the near future rather than in the distant
future. Similarly, Ifcher and Zarghamee [30] find that a mild positive affect significantly
reduces time preference, i.e., it decreases the preference for immediate utility over future
utility.

Finally, a substantial body of literature examines the influence of emotions on risk
attitudes and risk perception. As expected utility theory came under increasing scrutiny,
several alternative models were developed to better capture observed behaviors under
risk and uncertainty. These include weighted expected utility, prospect theory, and regret
theory, all of which incorporate emotional components into decision-making frameworks.
For example, Kahneman and Tversky [33] introduced key psychological principles such
as loss aversion and probability weighting, while Loomes and Sugden [39] formalized the
role of regret and disappointment /elation in shaping preferences. More recently, several
studies have focused explicitly on the direct impact of emotions on risk attitudes. Conte
et al. [8], for instance, show that specific emotions — joviality, sadness, fear, and anger
— can reduce risk aversion. Meier [40], using a large German panel dataset, finds that
fluctuations in emotional states over time significantly influence individuals’ willingness
to take risks. Fehr-Duda et al. [23| further show that women in a positive mood tend to
weight probabilities more optimistically, an effect that is less pronounced among men.

Surprisingly, however, the role of emotions in risk management decisions — such as
prevention and insurance — has received little to no attention. To the best of our knowl-
edge, no existing studies investigate how emotions influence preventive behavior. Yet, it is
reasonable to expect that individuals experiencing anxiety may engage in self-protective
actions to reduce the probability of a loss, or invest in self-insurance to mitigate its po-
tential consequences.

3 The model

We consider a two-period framework, where period 0 represents the “present” and period
1 the “future”. The individual is endowed with a certain initial income, denoted wqy > 0,
which is allocated between current consumption, ¢y, and savings, s. The level of future
consumption is endogenously determined by the return on savings, taking into account
the interest rate, r.

In period 1, the economic agent faces the risk of a hazardous event, which occurs with
probability p € (0,1). If the event occurs, it causes an uncertain economic loss, denoted L,
which reduces both future wealth and future consumption, ¢;. We refer to this situation
as the loss state. Conversely, the agent enjoys her entire (certain) wealth, resulting in
future consumption, ¢;. This is referred to as the no-loss state.

Assuming utility is of the same form in both periods and introducing a parameter
v € (0,1) to distinguish the weight of the present against the future, we so far get the
standard two-period utility:

EU = ~u(co) + (1 = ) [pPEu(é) + (1 = p)u(er)] (1)
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with wy = ¢ and wy = & — L in the loss state or ¢; = (1 +7)s in the non-loss state. We
moreover assume the standard properties: v’ > 0 and u” < 0.

In this setting, we introduce a new component by assuming that economic agents
experience ex-ante, or anticipatory emotions, in the present regarding future uncertain
outcomes. Such anticipatory emotions typically include fear, anxiety, or hope. In our
model, we focus on a representative agent who experiences anxiety, denoted ag, as she
faces uncertain future economic losses occurring in period 1, which negatively affect future
consumption, ¢;. The intensity of this anxiety depends on both the level of uncertainty
and the expected magnitude of the potential loss. Following Caplin and Leahy [6], and
Wiilde [46], we adopt the following specification:

ag = a (var(&), E(¢)) = var(é,) E(¢) 079, (2)

with ¢ € (0.5,1) an emotional-specific parameter.! This corresponds to the "personality
parameter” introduced by Wélde [46] to balance the weight of the variance as opposed to
the mean. We hereafter refers to as the uncertainty sensitivity. We further assume that:

da

Anxiety rises with a higher weight of the variance.

In the first period, the agent’s utility depends on two arguments: current consumption,
co, and anxiety, a. Since anxiety is a function solely of future uncertainties, we assume
an additively separable utility function of the form u(co) — ¢v(a), with ¢ > 0 a parameter
capturing the agent’s sensitivity to anxiety. The disutility generated by anxiety represents
the emotional load, reflecting the emotional impact of facing uncertain future outcomes.
We further assume that this emotional load is increasing in anxiety, i.e., v'(a) > 0.

All together, the total utility of the “emotional agent” is thus characterized as follows:
EU = 7 [u(co) — ¢v(a)] + (1 —7) [pEu(ér) + (1 = p)uler)] - (4)

In what follows, we will consider that the emotional agent will exert effort in the
present to either reduce the probability of damages, or mitigate the impacts of future
losses.

4 Basic framework with anticipatory emotions

As a benchmark, we first consider an emotional agent who cannot save for future con-
sumption, but instead receives an exogenous and deterministic endowment, respectively
wp in period 0 and w; in period 1. We focus on the case where the emotional agent may

'We reduce the set of parameters values to ensure that the variance outweighs the mean.



invest in insurance coverage at a unit price ™ to reduce the negative effect of uncertain
losses by an amount eL.? The optimization program reads as:

max  {EU(e) = v [u(co) — gv(a)] + (1 =) [PEu(cr) + (1 = plule)]},  (5)

e>0
subject to co = wy — e > 0, (6)
and &G =w, —(1—e)L > 0. (7)

with anxiety, a, defined following Eq. (2).
The optimal level of effort, e* > 0, is determined by the following first-order condition
for an interior solution:

aEU ’ ’ da ~
5e = 7 (-mn - o @G ) ol - (L) = )
with da  da  Ovar(t) N da  OE(é) <0, (9)

de — Ovar(é,) Oe JE(¢,) Oe

and adopting the notation uq for the initial period utility, u; for the future utility in the
loss state, and u; for the future utility in the no-loss state, respectively.

The first term of Eq. (8), —7u, < 0, is the standard marginal cost of insurance, i.e.
the loss of the first-period utility due to investment in insurance activities. The second
term, —¢v’ (a)fl—‘el > (, represents the marginal benefit of a decrease of the emotional load.
More precisely, this represents the feedback impact of a decreased random loss on the
current disutility because of a lower anxiety. The last term is then the marginal gain of
insurance in the next period if damage occurs. Rearranging Eq. (8) as follows:

p1=2E (LT)  ga'(a)
Yy - Tde ug

=T. (10)

We can see how the introduction of anticipatory emotions modifies the standard intertem-
poral tradeoff. In particular, the first term in the left-hand side (LHS) of Eq. (10) corre-
sponds to the marginal rate of intertemporal substitution. This reflects the rate at which
the individual is willing to give up one unit of consumption in the present in order to invest
in self-insurance in exchange for the expected benefits if a loss occurs. The second term
represents another type of substitution marginal rate, but balanced the marginal utility of
current consumption with the marginal reduction in emotional load due to anxiety relief.
It captures the feedback effect on anxiety from the decision to invest in self-insurance:
giving up one unit of consumption today secures an amount of consumption tomorrow,
which then marginally alleviates the burden of this feeling. As the direct effect of self-
insurance effort on anxiety, Z—Z, is negative, and the emotional load is increasing in anxiety,
v'(a) > 0, the second term of the LHS is negative. In other words, self-insurance provides

20Optimal self-protection choices are independent on anxiety, and thus align with standard results in
the literature.



emotional relief, adding value beyond its direct financial effect. The sum of these two
marginal rates must equal the unit insurance cost. Accounting for anticipatory feeling
fundamentally alters the trade-off between current consumption and self-insurance, as it
introduce a psychological benefit to investing in protection.

Now let us examine how self-insurance changes with emotions. We first totally differ-
entiate Eq. (8) with respect to the measure of the emotional load, ¢, and the sensitivity
parameter, (. This will respectively leads to observe the following:

de  EUy de  EUg
dp  EU. d¢  EU.’

with EU,., EU,s and EU,; the second derivatives of the marginal expected utility re-
spectively with respect to e, ¢ and (. Since the denominator corresponds to the second
order condition, which is assumed to be negative, the sign of both expressions will be of
the same sign of the numerator. As expected, an increase in the intensity of emotional
load, ¢, leads to higher investment in self-insurance. This results from the fact that
self-insurance reduces anxiety, which in turn lowers the emotional load. Thus, a more
emotionally sensitive agent finds it more valuable to protect against future uncertainty.
A higher sensibility toward uncertainty, ¢, has however an ambiguous impact. The
overall effect depends on the relative strengh of two opposing forces: The feedback effect
of increased anxiety sensitivity on the marginal emotional load, v” (a)%‘;—‘z, and the inter-

d%a

action effect between self-insurance effort and worries about uncertainty, 4~ c

Proposition 1 summarizes the previous discussion.

Proposition 1 An emotional agent invests a higher level of effort in self-insurance activ-
ities than a non-emotional agent. Moreover, she adjusts her optimal self-insurance effort
as follows:

i The greater the intensity of the emotional load (¢), the more she invests in self-insurance

activities, 3—2 > 0.

ii An increase in uncertainty sensitivity (C) has an ambiguous impact, and depends on the
agent’s wealth in the next period and the curvature of the emotional load function:

o When wealth satisfies wy > %(1—€)E(E), and the marginal emotional load is increas-
ing (V'(a) > 0), then effort in self-insurance increases with uncertainty sensitivity,
de >0
a = Y-

o Whenf wealth satisfies w; < %(1 —e)E(L), and the elasticity of marginal emotional-
induced disutility, —a - “\Y | is higher than 1, with v"(a) < 0, then effort in self-

(@)’

insurance decreases with uncertainty sensitivity, Z—Z < 0.

Proposition 1 highlights how the emotional load influences the decisions related to risk
reduction. The ambiguity of the impact of the parameter ( arises from two main sources:



the curvature of the anxiety disutility (v”(a) > 0 vs v”(a) < 0 vs v”(a) = 0), and
the interaction between risk reduction effort and worries about uncertainty, %;C < 0.
Specifically, we may observe a decrease in self-insurance effort even as anxiety increases.
This may occur when the marginal emotional load increases only slightly at high levels of
anxiety (when v(a) is a concave function), in combination with low future wealth level,
or low average economic losses. In such cases, the psychological benefit of additional
self-insurance may not be sufficient to outweigh its cost, leading to reduced investment in

protection despite higher emotional tension.

5 Anticipatory emotions & saving

We now turn toward a situation where the emotional agent may save money in the present
to consume in the future. On the contrary with the previous case, emotions may also affect
optimal choices of self-protection. In the first period, consumption level, ¢y, is derived
from an (exogenous) wealth, wy, net of saving, s, and effort in protective activities (self-
protection or self-insurance).

o = wWy—Te—S. (11)

Consumption in the next period, ¢;, is now determined by saving plus the interest rate ,
r, net of a random loss, L. In the remaining part of the section, we will have:

¢ = (1 +7)s — L under self-protection activities, (12a)
or & = (1+7)s — (1 — e)L under self-insurance activities. (12b)

Let analyze successively those two scenarios to examine how emotions affect risk re-
duction decisions with endogenous savings.

5.1 Optimal self-protection with saving

The representative emotional agent maximizes her expected utility by choosing self-
protection e > 0 and saving s > 0.

EU(s,e) = v (ulco) — dv(a)) + (1 =) [p(e) (Bus(cr)) + (1 — ple))ua] -
with respect to budget constraints (11) and (12a).

We obtain the first-order conditions:

O = (e @)+ 1=+ ) OB + (1= )] =0, (13
856[] = —ymuy + (L—7)p'(e) (Bl —wr) = 0. (14)

Egs. (13) and (14) respectively capture the familiar trade-off between benefit and cost of
self-protection and saving. Indeed, an investment in self-protection reduces first-period



consumption, but increases expected second-period consumption by lowering the prob-
ability of damage. Similarly, saving involves forgoing current consumption in exchange
for higher future wealth. However, we observe here that the marginal cost of saving in
term of foregone marginal utility is mitigated by the feedback effect of savings on the
emotional load, qbv/(a)Z—‘;. Since saving contributes to secure a higher amount of future
consumption, it decreases anxiety, % < 0, thereby lowering the emotional burden. This
emotional benefit may incentivize the emotional individual to save more than an emotion-
free agent. however, because she must allocate part of her wealth between self-protection
activities and saving, the increase in savings may crowd out self-protection, depending
on the relative strength of the emotional feedback and trade-off between both types of

investment .

Taking the total differentiation of Eq. (13), assessed at the equilibrium, we obtain:

de Bl  qufj+(1=7)(1+r)p(e) [ — ]

ds EU,. Uee

Since EU,, must be be negative, the sign depends on the sign of the numerator. Given
that both u{ and p’(e) are negative, the overall signs determined by the balance between
the expected marginal utility in the loss state and the marginal utility in the no-loss
state. Lemma 1 provides a sufficient condition. In other words, under a fixed budget con-
straint, if the emotional agent increases savings, this implies a reduction in self-protection
effort compared to an emotional-free agent. This reflects a reallocation of resources de-
rived by the emotional feedback on anxiety, which alters the standard trade-off between
precautionary saving and risk-reduction activities.

LEMMA 1 [t is sufficient that the representative agent is prudent to have self-protection
and saving substitutes.

Now, we examine the effects of a change in one of the parameter § = {¢;(} on the
optimal choices of self-protection and saving. We totally differentiate Eqs. (13) and (14)
with respect to the parameters of interest. Examining Eq. (14), we observe that the
emotional load does not directly affect the optimal condition for self-protection. Such
investment is consequently influenced by anxiety only indirectly.

Similar to the benchmark model, the effect of the intensity of the emotional load
is straightforward and is entirely captured by the feedback effect of savings on anxiety.
However, the effect of the sensitivity parameter, {, once again depends on the balance
between variations in anxiety caused by changes in the marginal emotional load due to
variations in savings, v” (a)fl—ZZ—‘Z, and the interaction effect arising from a simultaneous
change in risk protection efforts and uncertainty sensitivity, v'(a) dd;z.

Proposition 2 summarizes the different results

Proposition 2 An anzious individual will adjust her investment in prevention as follows:
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i A more intense emotional load (¢) decreases savings, % < 0, but increases investment

) d¢
in self-protection, < > 0.

7d¢

ii An increase in risk uncertainty sensitivity (C) may either increase or decrease savings
and investment in self-protection according to the following situations:

o If ﬁ > In (var(él)) + In(E(¢1)) and v"(a) < 0, then investment in self-

protection increases > 0, while savings decrease < 0.

) dC ) dC
o If 1—14 < In(var(éy)) + In(E(¢1)), and v"(a) > 0, savings increase, gz >0,

while decrease self-protection investemnt decreases, gz <0.

Proposition 2 outlines that the curvature of the function v(a) determines the impact on
optimal choices. Consistent with earlier findings, we observe that risk reduction efforts
increase with greater uncertainty worries when the anxiety-induced disutility grows at an
increasing rate.

5.2 Optimal self-insurance level with saving

Now turn to a situation where the emotional agent may invest in self-insurance in the
first period. The maximization programm now reads as follows:

max  EU = (up(wo) — ¢v(ag)) + (1 —7) [p (Bui(&1)) + (1 —p)us (e1)]  (15)

e>0,5s>0

with respect to the two budget constraints (11) and (12b).
The first-order conditions (for an interior solutions) are:

agEsU = (ung’(a)%) + (1 =1+ ) [pEE + (1= phua] =0, (16)
a(;EeU I (mg N W(a)%> (1 y)pE(ET) = o. (17)

Once again, the system of equations characterizes the optimal choices for saving and
self-insurance by equalizing the reduction in current utility to the expected gains of utility
in the next period for each monetary unit invested or saved today. However, we easily
observe that both decisions are influenced by the feedback effects of saving and self-
insurance on the emotional load. In both optimality conditions, saving, like self-insurance,
alleviates anxiety by securing a higher future wealth, thereby reducing the emotional
load in the present. In other words, these investments reduce the cost of postponing
consumption as reflected the negative relatlonshlps < 0 and d—“ < 0.

The relationship between saving and self-insurance is not straightforward. Indeed,
from Eq. (17), we get the following condition:

de U, =70 (V@R + (@) ) +p(1 - 7)1+ r)ED

ds EU.,, Uee
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The sign of % now depends on the curvature of the emotional load, v"(a). If v"(a) > 0,
it is evident that % < 0, given the denominator is negative and utility is concave. In
this case, saving and self-insurance are substitutes: Increasing one reduces the marginal
benefit of the other. However, when v”(a) < 0, saving and self-insurance might become
complementary. This specially arises when the condition below is verified:

d? " da da " 1— 1 Ei/
v/(@) a v <a> ds2de _'_ 1 < ’Y’ﬂ'uo +p( 7)( +T> ul < 0 (18)
deds \ v'(a) La ol
This scenario can only arise for v”(a) < 0. More specifically, it might occur when the
da da
emotional load is quite elastic, —= ((5)) dsde > 1.
deds

The comparative statics analysis is more complex in this situation. We however may
identify specific cases under which clear qualitative results can be derived.

Proposition 3 For the linear quadratic class of utility function, and if 7(1+7r) < E(L),
we can say that:

i An increase in the anxiety coefficient, ¢, leads to higher self-insurance expenditures and
lower savings:

@>O andﬁ<0.

do do

ii An increase in the sensitivity coefficient, (, leads to lower self-insurance expenditures

and higher savings, provided that v"(a) > 0 and 2(1 +1)s > 3(1 —e)E(L):

%>O and§<0.

dg dg

Although more restrictive, Proposition 3 further outlines the central role of the func-
tional form of the emotional load (in the second point). Moreover, this proposition empha-
sizes new conditions that hinge on the intertemporal tradeoff between costs and benefits
in the future. First, all results hold when the potential return from saving an amount
equivalent to the unit cost of self-insurance, 7(1 + ), is lower than expected economic
losses, E(f/) In other words, the emotional agent is more strongly incentivized to invest
in self-insurance rather to save. Conversely, for higher values of the sensitivity parameter,
the emotional agent is more inclined to save when the future return from saving is at
least one and half times the expected net economic losses (after accounting for insurance
effort).

Contrasting this proposition with Proposition 1, we find consistency: Risk reduction
through self-insurance increases with the sensitivity parameter when wealth is sufficiently
high and when the emotional load is convex (v”(a) > 0). In contrast, Proposition 2 out-
lines that self-protection increases only when the emotional load is concave. This high-
lights a key distinction between the two types of prevention mechanism under emotional
influence.
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6 A discussion on changes in risk

So far we have examined the impact of the intensity of emotions on preventive strategies.
We now would like to investigate the broader implications of introducing emotions. Here
the source of anxiety is the random economic losses, L. In the absence of uncertainty,
that is, when losses are perfectly known and deterministic, no anticipatory emotion arises:
Anxiety disappears (a = 0), and accordingly the emotional load vanishes as well, v(0) = 0.
Let us first briefly recall the standard two-period model without uncertainty, and therefore
without anxiety. For clarity, we limit our discussion to the benchmark case.

Ule) = yu(wo — me) + (L =) [pu(wr — (1 = e)L) + (1 — p)uwy)]. (19)
The optimal level of effort, e > 0, is determined by the following first-order condition:
U'(e) = —myu'(wy — me) + (1 — v)pLu'(wy — (1 —e)L) = 0. (20)

We first study the effect of introducing a random loss, L with E(L) = L.*> The optimal
level of effort, é > 0, is determined by the following first order condition, in the presence
of a random loss but still without anticipatory emotion, is given by:

E[U'(é)] = —myu'(wo — mé) + (1 — v)pE [Lu'(wy — (1 — é)L)] = 0. (21)

Following Crainich and Menegatti [13| or Yin and Meng [45], and by comparing Eq. (20)
with Eq. (21), we know that the optimal level of self-insurance, é, is lower (resp. higher)
than the level é if the optimality condition (20) evaluated at é is positive, U’(é) > 0 (resp.
negative, U'(é) < 0). Let us denote h(L) the right-hand side of Eq. (20) for e = é. By
the Jensen’s inequality, U’(é) > 0 (resp., U'(é) < 0) if h(L) is concave (resp., convex) in
L. Let us now compute the second derivative of h(L):

W'(L) = p(1 = 7)1 =€) [~uy + (1 — &) Luy’]. (22)

The sign of h”(L) thus depends on the sign of the third derivative, u}’. We can derive the
following Lemma.

LEMMA 2 Prudence is a sufficient condition for the introduction of a zero-mean risk on
economic losses to generate an increase in self-insurance, € > €.

Now, let us address the question of how the presence of an emotional load affects
investment in self-insurance. In our setting with anticipatory emotion, the optimality
condition Eq. (8) looks like Eq. (21) augmented by an additional term, —y¢v’ (a)i—z,
arising in the first period. In this context, the random variable is ubiquitous: It affects
both anxiety in the first period, and the utility associated with the loss-state in the
second-period. Comparing now Eq. (8) with Eq. (20), self-insurance effort should be

higher when the individual experiences negative anticipatory emotions. Indeed, assess

3This assumption allows us to capture an increase in risk.
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Eq. (8) for e = é, the condition reduces to —'yqzﬁv'(a)d?j—(j) > (0. Given the second order
conditions, we know that Eq. (8) is decreasing in e. Hence, to hold the equilibrium
condition, effort level must be increased. Consequently, an anxious individual invests
more in self-insurance than a non-anxious agent, e* > é. We can then conclude the
following Proposition:

Proposition 4 Under Lemma 2, the introduction of an emotional load leads to an in-
crease in self-insurance, e* > €, where e* denotes the optimal self-insurance level derived

from Eq. (8).

Proposition 4 shows that a prudent agent exerts less effort than an emotional agent
experiencing anticipatory anxiety in first period, in order to reduce the size of potential
economic losses in the future. In this context, the random variable is indeed ubiquitous:
The introduction of random economic losses implies a new risk in the second period,
and induces anxiety in the first period. The emergence of an emotional load reduces
well-being in the first period, and investing in a risk mitigation strategy serves the dual
purpose of reducing both future economic risk and current anxiety. Moreover, random
economic losses lead to uncertain future wealth if the loss-state occurs. These combined
effects incentivize the emotional agent to invest more in risk mitigation than a purely
prudent agent. This result is consistent with Proposition 1, which shows that the greater
the weight assigned to the emotional load, ¢, the higher the effort level.

An interesting point would have been to examine the effect for higher levels of risk.
Assuming an exogenous mean-preserving change in loss, L1, but an increase in the variance
var(L) < var(Ly), this consequently means that anxiety rises, as so the fear load, v(a).
This also implies a larger spread in future wealth in the loss-state. Following intuitions
provided by Proposition 4, we might expect an increase in effort levels.

7 Conclusion

This study extends the standard two-period model by explicitly incorporating anticipatory
emotions as part of the agent’s decision-making process. In addition to facing a future
risk of economic loss, the agent now experiences a present emotional load arising from the
anticipation of uncertainty. This emotional component, modeled through an emotional
load in the first period, modifies the agent’s preferences and alters the standard cost-
benefit trade-off of preventive effort. This anxiety is moreover endogenous: It can be
mitigated by increasing either future wealth and/or preventive effort.

Our main result shows that investment in prevention increases with emotions. We
specifically demonstrate that self-insurance and self-protection increase with a more in-
tense emotional load. Moreover, an emotional agent tends to invests more when she faces
random of economic losses than an emotional-free agent. One explanation stems from
the fact that anxiety is endogenous and can be mitigated by increasing preventive effort,
which amplifies the incentive to reduce risk exposure. Second, uncertainty sensitivity
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has an ambiguous effect, depending on the wealth level and the curvature of the emo-
tional load. Overall, the model reveals that emotional anticipations significantly influence
decision-making under risk. By integrating emotions into economic behavior, we obtain
richer comparative statics and a better understanding of the psychological underpinnings
of risk mitigation.

While the model provides valuable insights into the interaction between emotions
and risk prevention, there are several limitations. Indeed, a simple emotion structure
is introduced. We might extend this approach by incorporating temporal dynamics to
capture how emotions adapt over time. Second, a dynamic structure also allow to consider
how past experiences could trigger or modify anxiety for future. Third, we here assume
that the emotional agent know the distribution of the distribution of economic losses,
while she may have a biased risk perception. Specifically, we may assume that anxiety is
a source of risk distortion.

Despite these limitations, the model contributes to a deeper understanding of how
emotions shape risk-related behavior. This insight may have practical implications for
designing policies that account for emotional responses to uncertainty — especially in
domains such as health, safety, and climate risk.
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Appendix

General computations for Section 4

We have & = w; — (1 —e)L and a (var(é,), E(é1)) = var(é)SE(&)~1~9 > 0. We first observe that:

var(é) = (1 —e)?var(L), E(¢1) =w; — (1 —e)E(L), (23)
Owarle)) — _9(1 — eyvar(L) <0, 28 —g(L) > 0. (24)
We then deduce that:
da Oa  Ovar(é) Oa OE(é) _ (1—O)E(E)
de  Ovar(¢;)  Oe M JE(¢1) Oe a(var(er), E&)) ((1 DRy ) <0, (25)
Lo _ o war(@).E@)) (5 + (14)@(5))2 _ L aoE@?] (26)
de? Y 1-o) E(c1) (1—e)? E(21))? :

Examining the term in brackets of Eq. (26), we get that it is positive since 2¢ — 1 > 0 with ¢ € (0.5,1).

Proof of Proposition 1

First, computing the second derivative of Eq. (8), we get:

O’EU y 7 Lod2a . (da\®
ez ’V[ﬂuO—qﬁ(v(a)MJrv(a)(de)

O°EU ,, vda ) , da
900~ —yv'(a)— >0 with v'(a) >0 and —

de de
0°EU , . d?a da da

- _ >
9edC 79 (“ (@) Jeac v 0) g dg)

Remark that:

e da [ 2 +(1—()IE3(E) . 2 EW) _ldada 2 EW)
ded¢ —  d¢C\(1-e) E(é1) (1—e) E(E)) adedC (1—e) E(a) ]/’

and let us rewrite the partial derivative as follows:

O*EU ’ Eff a da [V (a "
N R S|

Using Assumption ‘;—Z > 0 and Eq. (25), and v'(a) > 0, we observe that:

+(1—~)pE (Pa'{) <0 (SO0),

<0,

. Ifwlzg(l—e)E(f/)andv (a) >0, then%%g>0

o Ifuw; < 3(1- e)E(L) and —a (var(é),E(¢1)) v,((a)) > 1 with v"(a) < 0, then then %ﬁfé < 0.

This concludes Proposition 1.
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General computations for Section 5

COMPUTATIONS WITH SELF-PROTECTION

When the emotional agent may invest in self-protection, we know ¢; = (1 +r)s — L. In this case we

deduce that:

var(¢y) = var(L), E(¢;) = (1+r)s —E(L), (27)
3(062”6(51)) _ a(]Ea(fl)) ~0, % _o, (28)
Sl _, OB (20)
da  Oda O(E(¢1)) N N (1—C)—1

= e e (1= O+ rvar(an) (B(e) 1O <o (30)
Zl* = (1= - O +r)?var(@) (E(E) 17972 > 0 with ¢ € (0,1), (81)
jsc?@ = (1+r)var(é) (B(@) 97 1= (1 = ¢) [In (var(ér)) + In (B(é1))]] § 0. (32)

Proof of Lemma 1

Take the total differentiation of Eq. (13), assessed at the equilibrium, we obtain:

de _  EU. _ ymuf+(L-y)(1+0p() [EG -] _
dS o EUee - EUee )

with Eu} > w} if v > 0. This concludes the proof.

Proof of Proposition 2
Taking the total differentiation of the system composed by Egs. (13)-(14), we get the following system:
EU,s EU, ds EUsp :
ss se 9 s _ _ .
(B ) (5 )4 (%) o w0 (0

do

A
This consequently provides:
de  EUcsEUsg ds  EU.EUsyp de  EUEUy ds  EU.EUs¢

dp — det(A) * do  det(A) * d¢ det(A) T dC det(A)
with det(A) the determinant of matrix A, which should be negative to insure an interior solution.

Now let us compute the derivatives.

EU.. = ~m?uf+ (1 —~)p"(e) [Euy —ui] <0 with p”(e) > 0 and Eu; < up as u is concave,
" " da ? / dza 2 ~/ "
BU = o a6 (") () +o/ @5 | [+ =00+ bR + (1 - ple))ut] <0,
EUes = vmuf+ (1—7)(1+7r)p () [Ea) —uj] <0 with B} > v if v >0,
EU€¢ = UGC =0,
da
EUS - - ! - 0,
o = W@ E>
d?a da da
E X — _ !/ 1 o .
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We straightforwardly conclude that j—g < 0and j—; > 0. However, we observe that j—z = —sign{EUs.} § 0
and j—z = sign{Us} % 0. Let analyze the sign of EUsc. We know that % < 0 and by assumption (3)

da
a > 0. Moreover,

o If ﬁ > In (var(é1)) +In (E(é1)) > 0, we get that j;d“c > 0. It is sufficient that v"/(a) < 0 to get
EUs¢ < 0. Therefore g—z > 0 and g—z < 0.

o If 1%( < In (var(é1)) + In (E(¢1)), we get that jjdac < 0. It is sufficient that v”(a) > 0 to get
EUs¢ > 0. Therefore 3—2 <0 and g—z > 0.

This concludes the proof of Proposition 2.

Computations with self-insurance

When the emotional agent may invest in self-insurance, we know that wo = co + me + s and ¢ =
(I14+7r)s—(1—e)L. In this case we deduce that:

var(éy) = (1 —e)?var(L), E(é)=(1+7r)s— (1 —e)E(L).

The derivative of a = var(é;)¢E(¢)~ 19 with respect to e is similar to those we get in the basic
framework. We deduce the derivative with respect to saving, s.

%‘; = —(1— )14 r)var(é) E(é) 1971 <o, (33)
%‘ =(1-=0(2-00 +7r)var(é)EE)" 1972 > 0, (34)
d*a ~ (=90 +7) 2¢ (2—QE(L)

Tode = ¢ (var(é1),E(¢1)) ) <(1 s + () ) > 0. (35)

7.1 Proof of Proposition 3
Applying the theorem of the implicit function on the system composed by Eq. (13)-(14), we get that:

de  BU,EU.5 — EU,EU,y de EU,EU. —EUEU,

dé det Tdc det
ds  BUeEUyy — EUyBUey  ds  BUEUy — BUy EUe
do det Td¢ det '

with Det = EUEU,. — EUs EU,,, the determinant of the system which we assume to be negative to
ensure the existence of an equilibrium.
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We compute the derivative of Egs. (13)-(14):

v[ug—gb(v’(a)d <>(d)>
@ (4 )>+p1 VE(L),

EUss + (1 =) +7)? [pEay + (1 - p)ui],

EUee = 7W2ug ’Y¢< (

d
EU., = EU,. = o (V@)L (@9 | )+ e
s = se = YTUG — 7Y dsde TV @ P v T uy),
da
EUyp = —y'(a)—
Usg ~ (a>ds > 0,
da da d2a
E s — _ " iated !/
Usc YP | v (a)dgds+v(a)dsd<>’
da
EUyy = —y0'(a)
Ueg Y (a)de > 0,
da da d2a
E g _ " ad aa ’
Uec 79 <” (@3 TV @ ded()

We now compute the numerator of the derivative d;, Zz, j—; and ds

e Let us begin with the numerator of j—¢

da da

EU,oEU,y — BU. EU, 5 = 0/ (a) [dSEUES - deEUSb} .

Let us develop the term in the brackets:

Y (re — 98) — 00 (a) (L 2 — 392) + (1= 7)1+ 1) [pE(La) 42 — 421 +7) pEa] + (1 - puf]].

ai

as as
with
da E(L) 2 . i
= T - P <

ax s <7r 1+r>+ T—o >0 if 7(1+7r)<E(L),

2¢(1 —¢)(1 2
Y PKOZOUER

(1—e)(E(c1))

2 -\ d

@ = 1a—<e (14 7) [pEay + (1~ Pas ( Lay) ”E(L)> - IGE(L)(I —p)uf <0 if utility is linear

quadratic since E(Eﬁ’ll) ]Eu’l'E( ) =

All together, the term in bracket is thus negative under v” < 0 and v' > 0, and if 7(1 +r) < IE( ) and
the utility is linear quadratic. Consequently, we can conclude the numerator is negative. As such > 0.

¢ We now compute the numerator of the derivative 3—2:

da da

EUeeEUsp — EUseEUep = 70/(a) | 2" EUse — = EUee | -
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Analyze the term in brackets:

i (52 50 ) — o' (0) (o 2t - T2 0) 41 =) [+ G + L (B - BE)))

de ds dsde de  de? ds l—e ds
T b b
with
by = —a1 <0 if 7w(147r)<E(L),
by = a® Ol [— (2 + G (2 4 USQBDYY (20 (OB (o (1(&%@2)] ,
= U (X5 + i) <O,
by = —(1+r)E(Lil) ffce + % (E(i)}E(i@’{) - E(iza’{)) >0 if utility is linear

quadratic since E(i)E(i&'{) — ]E(EQQ’I’) =0.

All together, the term in bracket is positive with u” < 0 and if 7(1 +r) < E(L) and the utility is linear
quadratic. Consequently we can conclude that the numerator is positive. As such j—; < 0.

¢ Compute now the numerator of the derivative g—z:
EUyEU,; — BUEU,; = o [v”(a)g—g (EU,, — 9RU,,) + o' (a) (%&EU% _ dd—gCEUﬂ .

Remark that the term %IEU% — %EUSS is negative from the first bullet point. Let us focus on the second
term:

da da _ a(l4r) 1da (da da 2 E(L)
dstEUes - M]EUSS = a]E(El) EUes + adc (EEUES - EEUSS) ta (ke - lE(El)) EUss

This term is negative since EU.s < 0, EUss < 0 and Z—Z > 0, and under the following additional assump-

tions: (141r)s > w . Given v/ > 0 the second term is negative.

If v > 0, the first term is also negative. The numerator is therefore negative and g—z > 0.

e Finally let us compute the numerator of the derivative 3—2:
EU EUsc — EU.EUy; = 76 |v"(a) % (LEU., — 2EU,.) +v/(a) (725 EUes — 25U, ) | .

We know that the first term in brackets is positive under similar restrictions explained in the second
bullet point. Let us focus on the second term:

da da 1 da (da da 2 E(L a(l+r
deacBUes — e BUce = 33 (56 EUes — GEUe) —a (1_e - E(ﬁf)) EU.s — % EU.  (36)

This term is positive since EU,.; < 0, EU,, < 0 and j—‘z > (0 and under the following additional assumptions:
1+4+r)s> 73(1_62“@)
If v” > 0, the first term is also positive. The numerator is therefore positive. Consequently 3—2 < 0.

. Given v’ > 0 then the second term is positive.
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