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Optimism and Risk Selection

Abstracts: This study develops a model for asymmetric information, in which risk types are
endogenously determined by individuals who have heterogeneous beliefs about their risk
(baseline optimism) and their ability in risk management (control optimism). By introducing
four different types of individuals according to the baseline and control optimism, we find an
equilibrium with reversed V-shaped relation between risk and insurance coverage, as well as
adverse selection. Our analysis provides insights on understanding the interaction between
individuals with heterogeneous beliefs, and its impact on the determination of an equilibrium.

Keywords: insurance market, adverse selection, asymmetric information, baseline
optimism, control optimism
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Optimism and Risk Selection

Ⅰ. Introduction
Conventional approach to insurance markets has emphasized the role of policyholder’s
private information about their given risk type, and predicted adverse selection. That is, a
higher risk type tends to purchase more insurance in equilibrium (Akerlof, 1970; Rothschild
and Stiglitz, 1976). However, there is little empirical support for adverse selection, and thus
the concern about its negative welfare implication seems to be exaggerated (Richaudeau, 1999;
Chiappori and Salanie, 2000; Cardon and Hendel, 2001; Finkelstein and McGarry, 2006; Cutler,
Finkelstein, and McGarry, 2008; Wang et al., 2009). To explain this puzzle, De Meza and Webb
(2001) introduce heterogeneous risk tolerance rather than exogenously given heterogeneous
risk types. They show that more risk-averse individual who takes more precautions (a lower
risk type) can purchase more insurance in equilibrium of so-called advantageous selection.1
Alternatively, Huang et al. (2010) and Spinnewijn (2013) propose heterogeneity in beliefs
(optimism) and demonstrate the existence of advantageous selection. In specific, Huang et al.
(2010) show that rational individual takes precautions and demands more insurance than the
overconfident type of individual who does not take precautions. Spinnewijn (2013) also proves
the possibility of negative correlation between risk and insurance coverage by considering
heterogeneous perceptions about risks.
Psychological studies indeed support the presence of optimism and overconfidence.
Weinstein (1980), and Taylor and Brown (1988) show that people are unrealistically optimistic
about their future life events, and tend to believe that they are better than others.2 Ulbert and
Csanaky (2004) also point out that people are overconfident about their abilities in managing
risks and rate bad events as less likely to occur to them than to others, which generally refers
to optimism. Spinnewijn (2013) elaborates on this concept of optimism by distinguishing more
clearly between optimism and overconfidence. He defines “baseline optimism” as the optimism
about the baseline likelihood of the risk for the same level of effort, and “control optimism” as
the optimism about the marginal return of effort.
Interestingly enough, as in Huang et al. (2010) and Spinnewijn (2013), optimism is closely
related to risk selection as it influences the individual’s choices of precautions and insurance
coverage. However, Huang et al. (2010) only consider the baseline optimism in their model.
Spinnewijn (2013), on the other hand, considers both baseline and control optimism, but only
compares two types of individuals who differ in their beliefs. For example, he compares the
optimal insurance coverage of type a and b, when type a is both more optimistic and more
control-optimistic than type b, or type a is more control optimistic but more pessimistic than
type b. Unlike these studies, we introduce four different types of individuals according to the
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In this study, either adverse selection or advantageous selection is generically referred to as “risk selection”.
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For more details, see Weinstein (1980), Taylor and Brown (1988), and reviews therein.
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baseline optimism and control optimism: baseline optimistic and control optimistic type (OO),
baseline optimistic and control rational type (OR), baseline-rational and baseline optimistic
type (RO), and baseline-rational and control rational type (RR).
We assume that individuals face two states of the world: no loss state and loss state. By
exerting effort, individuals can reduce the probability of loss, but they have beliefs about their
loss distribution. Baseline optimistic type of individuals underestimate their loss probability
for the same level of effort, so they regard actuarially fair insurance contract as actuarially
unfavorable. On the other hand, control optimistic type of individuals believe that their
marginal return of effort is higher than its actual level, and therefore are more likely to exert
effort for a given insurance contract. For simplicity, we further assume that control rational
types (type OR and RR) never choose to expend effort. In this study, we first consider the
benchmark case where an insurer can observe the insureds’ baseline and control optimism, and
then compare that case with other cases where an insurer cannot observe the insureds’ optimism.
Our findings can be summarized as follows. Notice first that type OO chooses the smallest
coverage in all possible scenarios, because they are baseline optimistic as well as need to be
separated from high risks if they exert effort in equilibrium. First, if the single crossing property
(SCP) is violated, control optimistic types who exert effort (low risks) are pooled, while control
rational types (high risks) are separated. This pooling contract has smaller coverage than other
contracts for high risks to separate risk types, and therefore, adverse selection occurs in the
market. Second, when the SCP holds, we find an equilibrium with reversed V-shaped relation
between risk and insurance coverage. In such equilibrium, control optimistic types exert effort,
but only type OO can be separated from high risks by choosing smallest coverage. Type RO,
on the other hand, is pooled with type RR, because type RO perceives his loss probability
relatively higher than type OO, and thus, prefers higher coverage. Since type OR (high risk) is
optimistic about his baseline loss probability, he chooses a contract with relatively small
(medium size) coverage. Third, under SCP, we also find another type of partial pooling
equilibrium with reversed V-shaped relation between risk and insurance coverage. In this case,
baseline rational types are indifferent between a contract for type RO and their contracts in the
benchmark case under full observability. Then, even in a perfectly competitive market, insurers
may earn positive profits. Fourth, we find that adverse selection is possible under SCP. In this
case, only type OO exerts effort and chooses the smallest coverage. Type RO and RR are both
high risks and choose full insurance, while type OR (high risk) chooses medium size coverage
due to baseline optimism. With full consideration of all dimensions of optimism, our analysis
shows that the equilibrium is affected by the proportion of each type and whether or not
baseline optimism dominates control optimism.
As noted by Spinnewijn (2013), the correlation between risk and insurance coverage mainly
depends on the correlation between the baseline and control optimism. Adding to this literature,
we provide a more realistic framework for risk selection by introducing four different types of
insureds according to the correlation between two dimensions of optimism. In contrast with the
previous literature, this study focuses on the interactions between four types of insureds and
highlights their influence on the determination of the equilibrium.
4

The remainder of this study is organized as follows. Section 2 develops the model, and
section 3 describes the market equilibrium. Section 4 concludes. Some proofs are provided in
the appendix.

Ⅱ. Model
We consider a theoretical model with two states: a good state corresponding to no loss, and
a bad state corresponding to loss in wealth. Individuals have the same endowment wealth W
and suffer an insurable loss 𝐷 < 𝑊 in a bad state. Let us denote 𝑊𝑔 and 𝑊𝑏 as the
individual’s wealth at a good state and her wealth at a bad state, respectively. The bad state
occurs with objective (true) probability 𝑝(𝜀), where 𝑝′ (𝜀) < 0 with self-protection effort
𝜀 ≥ 0. An individual can choose to spend 𝜀 to reduce the probability of loss at the expense of
𝑐(𝜀) in utility units, where 𝑐 ′ (𝜀) > 0 and 𝑐(0) = 0. We assume that all individuals are
perceived expected utility maximizers who differ in perception of the probability of loss. We
denote the individual’s subjective loss probability as 𝑝̃(𝜀) with 𝑝̃′(𝜀) < 0. However, all
individuals can recognize the true cost of effort 𝑐(𝜀) . For simplicity, we assume that
individuals choose the level of effort between 0 and 𝑒, where 𝑒 > 0. Then, the objective
probability of loss decreases with self-protection effort e, i.e., 𝑝(𝑒) < 𝑝(0). The investment
of self-protection is unobservable to insurers. Therefore, an insurer provides a menu of
insurance contracts (𝑄, 𝐼) to screen the individuals, where 𝑄 and 𝐼, respectively, denote an
insurance premium and an indemnity, where 0 ≤ 𝐼 ≤ 𝐷. We consider a competitive insurance
market where no insurance company can generate a positive profit.
An individual perceives the probability of loss which may be different from the true
probability. Following Spinnewijn (2013), we introduce baseline optimism and control
optimism. Conditional on the individual’s investment in effort of 𝜀 , the objective loss
probability can be represented by 𝑝(𝜀) = 𝑞 − 𝑣𝜀. On the other hand, an insured believes that
her loss probability is 𝑝̃(𝜀) = 𝑞̃ − 𝑣̃𝜀. The parameters 𝑞, 𝑞̃ , 𝑣, and 𝑣̃ are assume to be
positive, because the loss probability is decreasing in effort. The loss probabilities also satisfy
0 < 𝑞 − 𝑣𝑒 < 1 and 0 < 𝑞̃ − 𝑣̃𝑒 < 1 . There are two ways that beliefs can differ. An
individual is baseline optimistic if 𝑞̃ < 𝑞, and baseline-rational if 𝑞̃ = 𝑞. An individual is
control optimistic if 𝑣̃ > 𝑣, and control rational if 𝑣̃ = 𝑣. On the other hand, the insurers know
the true parameter 𝑞 and 𝑣 . According to baseline optimism and control optimism,
individuals can be divided into four types: baseline optimistic and control optimistic type (OO),
baseline optimistic and control rational type (OR), baseline-rational and baseline optimistic
type (RO), and baseline-rational and control rational type (RR). Let us denote 𝑝̃𝑖𝑗 (𝜀) as the
perceived loss probability of type 𝑖𝑗, where i and j, respectively, refer to baseline optimism
and control optimism. Note that only type RR perceives her true probability of loss for all 𝜀 ∈
{0, 𝑒}. The insureds do not change their beliefs about their risks in the process of decision
making: they “agree to disagree” about the true risks.
Assume that utility functions of all types of individuals are the same and are increasing and
concave in wealth. For a given insurance contract (𝑄, 𝐼), if an individual expends effort 𝜀 ∈
5

{0, 𝑒}, the perceived expected utility of type ij can be represented as follows:
𝐸𝑈 𝑖𝑗 (𝑄, 𝐼; 𝜀) = 𝑝̃𝑖𝑗 (𝜀)𝑈(𝑊 − 𝐷 − 𝑄 + 𝐼) + (1 − 𝑝̃𝑖𝑗 (𝜀)) 𝑈(𝑊 − 𝑄) − 𝑐(𝜀),
(1)
𝑖, 𝑗 ∈ {𝑂, 𝑅}

After purchasing the insurance contract (𝑄, 𝐼), the individual will decide whether to invest in
self-protection to maximize her perceived expected utility3. The increase in expected utility
from investment in self-protection is:
∆𝑖𝑗 (𝑄, 𝐼) = 𝐸𝑈 𝑖𝑗 (𝑄, 𝐼; 𝑒) − 𝐸𝑈 𝑖𝑗 (𝑄, 𝐼; 0)
= (𝑝̃𝑖𝑗 (𝑒) − 𝑝̃𝑖𝑗 (0)) [𝑈(𝑊 − 𝐷 − 𝑄 + 𝐼) − 𝑈(𝑊 − 𝑄)] − 𝑐(𝑒), (2)
𝑖, 𝑗 ∈ {𝑂, 𝑅}

An individual of type ij will invest in self-protection if and only if ∆𝑖𝑗 (𝑄, 𝐼) ≥ 0. From
Equation (2), it is obvious that the marginal return of effort is the key to determine the choice
of investment. Without loss of generality, let us assume that only control optimistic individual
will choose to expend effort. That is, ∆𝑖𝑅 (𝑄, 𝐼) < 0, regardless of the baseline-optimism. Note
that ∆𝑂𝑅 (𝑄, 𝐼) = ∆𝑅𝑅 (𝑄, 𝐼) < 0 and ∆𝑂𝑂 (𝑄, 𝐼) = ∆𝑅𝑂 (𝑄, 𝐼).
In the following section, we discuss the possible scenarios diagrammatically in the (𝑊𝑔 , 𝑊𝑏 )
plane. In all of the figures, the x-axis represents the individual’s wealth at a good state, whereas
the y-axis signifies their wealth at a bad state. Let us denote Z to be the locus of (𝑊𝑔 , 𝑊𝑏 ) such
that ∆𝑖𝑂 (𝑄, 𝐼) = 0 for 𝑖 ∈ {𝑂, 𝑅} . That is, 𝑍 = {(𝑊 − 𝑄, 𝑊 − 𝐷 − 𝑄 + 𝐼)|∆𝑖𝑂 (𝑄, 𝐼) =
0, 𝑖 ∈ {𝑂, 𝑅}}.4 In the region above Z, all types of individuals never invest in self-protection,
and thus, they are divided only according to baseline-optimism. In the region below Z, on the
other hand, individuals can be divided into four types, OO, OR, RO, and RR.
The indifference curves are drawn in (𝑊𝑔 , 𝑊𝑏 ) space assuming that individuals choose
optimal level of effort between 0 and e. Let us denote the perceived indifference curves of type
ij as 𝐽𝑖𝑗 , where 𝑖, 𝑗 ∈ {𝑂, 𝑅}. The slope of 𝐽𝑖𝑗 in (𝑊𝑔 , 𝑊𝑏 ) space is given by:
𝑑𝑊𝑏
1 − 𝑝̃𝑖𝑗 (𝜀) 𝑈 ′ (𝑊𝑔 )
=−
< 0, 𝑖, 𝑗 ∈ {𝑂, 𝑅}
𝑑𝑊𝑔
𝑝̃𝑖𝑗 (𝜀) 𝑈 ′ (𝑊𝑏 )

3

From now on, we refer to “expected utility” as “perceived expected utility”.
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De Meza and Webb (2001) shows that 𝑍 is convex if utility function exhibits decreasing absolute risk
aversion.
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(3)

From Equation (3), the slope of the individual’s indifference curve becomes steeper with
smaller perceived loss probability. For control optimistic individual, if ∆𝑖𝑂 (𝑄, 𝐼) ≥ 0 where
𝑖 ∈ {𝑂, 𝑅}, she will expend effort and 𝐽𝑖𝑂 becomes steeper. Thus, the indifference curves of
control optimistic type are kinked where they cross Z.
Now let us consider the case where the SCP holds. It is obvious that 𝑝̃𝑂𝑅 (0) < 𝑝̃𝑅𝑅 (0) and
𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑅𝑂 (𝑒). However, there can be two possible cases according to the relation between
𝑝̃𝑅𝑂 (𝑒) and 𝑝̃𝑂𝑅 (0) . If 𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑂𝑂 (0) = 𝑝̃𝑂𝑅 (0) < 𝑝̃𝑅𝑂 (𝑒) < 𝑝̃𝑅𝑂 (0) = 𝑝̃𝑅𝑅 (0) , the
slope of the indifference curve is in the following order: type OO > type OR > type RO >
type RR. Notice that this order is satisfied in every region, and thus, the SCP holds.
On the contrary, the SCP is violated, if 𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑅𝑂 (𝑒) < 𝑝̃𝑂𝑂 (0) = 𝑝̃𝑂𝑅 (0) <
𝑝̃𝑅𝑂 (0) = 𝑝̃𝑅𝑅 (0). First, the slope of the indifference curve is in the following order: type OO
> type RO > type RR. However, the indifference curves of type OR and RO are double
crossing. In the relevant region where ∆𝑅𝑂 (𝑄, 𝐼) ≥ 0, 𝐽𝑅𝑂 is steeper than 𝐽𝑂𝑅 , which is
reversed in the region where ∆𝑅𝑂 (𝑄, 𝐼) < 0.
In all the figures, the zero profit offer curves corresponding to the probability of loss 𝑝(0)
and 𝑝(𝑒) are depicted by 𝑃(0) and 𝑃(𝑒), respectively. Recall that only type OO and RO
invest in self-protection in the region below Z. Now, let us denote 𝑁𝑖𝑗 to be the total number
of type ij in the market. Then, we denote 𝑃̅ to be zero profit offer curve under the pooling
contract for more than one risk type, corresponding to the probability of loss 𝑝̅. For example,
the loss probability of a pooling contract for type OR and RO is given by: 𝑝̅𝑂𝑅,𝑅𝑂 =
[𝑁𝑂𝑅 ⋅ 𝑝(0) + 𝑁𝑅𝑂 ⋅ 𝑝(𝑒)]/(𝑁𝑂𝑅 + 𝑁𝑅𝑂 ).

Ⅲ. Market equilibrium
We consider the Nash equilibrium in the insurance market in which insurers are perfectly
competitive, so that the equilibrium contracts break even. In this study, we adopt the
equilibrium concept of Rothschild and Stiglitz (1976): (a) Each individual chooses at most one
insurance contract from the provided menu which maximizes her expected utility, (b) each
equilibrium contract makes nonnegative profit to an insurer, and (c) there is no other insurance
contract that will make a nonnegative profit. An insurer assumes that other insurers do not
change contracts after new contracts are offered. In a separating equilibrium, each type refers
her equilibrium contract to the contracts chosen by other types (incentive constraint). In a
complete pooling equilibrium, on the other hand, only the pooling contract is offered and
everybody chooses it. In a partial pooling equilibrium, at least some of each type of insureds
purchase the pooling contract, and the rest of the insureds buy other contracts. In equilibrium,
an individual will purchase insurance contract which is at least as good as no insurance
(participation constraint). We suppose that the insurers have sufficient contract space for the
voluntary participation of all individuals. Moreover, an individual will invest in self-protection
if the investment yields nonnegative expected utility (effort incentive).

7

3.1 Violation of the SCP
Let us start with case where the SCP is violated: 𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑅𝑂 (𝑒) < 𝑝̃𝑂𝑂 (0) = 𝑝̃𝑂𝑅 (0) <
𝑝̃𝑅𝑂 (0) = 𝑝̃𝑅𝑅 (0).
First, we consider the equilibrium when an insurer can observe the insureds’ baseline
optimism and control optimism. Then, insurers will provide an actuarially fair insurance
contract to insureds according to their choice of effort. We refer to this case as the benchmark
case. Furthermore, we define the first-best contracts as the equilibrium contracts in the
benchmark case under full information, even though there exists some inefficiency due to
optimism. In a strict sense, only type RR who is fully rational can obtain her first-best contract,
while other types will end up making inefficient decisions so long as they “agree to disagree”
about their true risks. However, in this paper, we regard the benchmark results as the first-bests
in the sense that optimistic individuals do not impose any negative externalities on rational
individuals under full observability.
An insurer will provide an insurance contract (𝑄, 𝐼), where 𝑄 = 𝑝(𝜀)𝛼𝐷, 𝐼 = 𝛼𝐷, 0 ≤
𝛼 ≤ 1, and 𝑝(𝜀) is the unit price of insurance. An individual will choose the efficient level of
effort and insurance coverage to maximize her expected utility. Insurers will provide an
actuarially fair insurance contract to insureds according to their choice of effort. Since the
individual chooses whether to make an effort or not, she will compare the maximum expected
utilities with and without effort. Consider the following maximization problem for type ij,
given effort 𝜀 ∈ {0, 𝑒}:
𝐸𝑈 𝑖𝑗 (𝛼 ∗ (𝜀)) ≡ 𝑀𝑎𝑥𝛼 𝐸𝑈 𝑖𝑗 (𝑄, 𝐼; 𝜀)
= 𝑝̃𝑖𝑗 (𝜀)𝑈(𝑊 − 𝐷 − 𝑄 + 𝐼) + (1 − 𝑝̃𝑖𝑗 (𝜀)) 𝑈(𝑊 − 𝑄) − 𝑐(𝜀)

(4)

subject to 𝑄 = 𝑝(𝜀)𝛼𝐷 and 𝐼 = 𝛼𝐷

Solving Equation (4), the first-order condition is:
𝑝̃𝑖𝑗 (𝜀)𝑈 ′ (𝑊𝑏 )(−𝑝(𝜀)𝐷 + 𝐷) + (1 − 𝑝̃𝑖𝑗 (𝜀)) 𝑈 ′ (𝑊𝑔 )(−𝑝(𝜀)𝐷) = 0

(5)

Equation (5) implies that optimal insurance coverage is determined such that the slope of the
individual’s indifference curve equals the slope of the insurer’s zero profit line. Then, the final
solution
for type
ij
would be
{𝛼 ∗ (𝜀), 𝜀}
such that
𝐸𝑈 𝑖𝑗 (𝛼 ∗ (𝜀)) =
𝑀𝑎𝑥{𝐸𝑈 𝑖𝑗 (𝛼 ∗ (0)), 𝐸𝑈 𝑖𝑗 (𝛼 ∗ (𝑒))}. In the benchmark case, we assume that control optimistic
insureds will invest in self-protection. In other words, the optimal level of effort is e if an
individual is control optimistic and 0 otherwise.
∗

Let us denote 𝐽𝑖𝑗 as the indifference curve of type ij representing the optimal utility level
at an equilibrium. Denote 𝐴 = (𝑄 𝐴 , 𝐼 𝐴 ) and 𝐵 = (𝑄 𝐵 , 𝐼 𝐵 ) as the contracts which maximize
the expected utility of type RR and OR, respectively, under the price line 𝑃(0). Similarly,
8

denote 𝐶 = (Q𝐶 , 𝐼 𝐶 ) and 𝐷 = (QD , 𝐼 𝐷 ) as the contracts which maximize the expected utility
of type RO and OO, respectively, under the price line 𝑃(𝑒). These are the optimal contracts
for each type in the benchmark case with full observability.
Unlike Rothschild and Stiglitz (1976), not all insureds want to purchase full insurance at
actuarially fair premiums because they have heterogeneous beliefs about their risks. As
depicted in Figure 1, only type RR achieves full insurance at the point 𝐴, and the others obtain
partial insurance. Since type OO and RO underestimate their loss probability, they will regard
the contract as actuarially unfavorable, and thus choose partial coverage. As 𝑝̃𝑂𝑂 (𝑒) <
𝑝̃𝑅𝑂 (𝑒) < 𝑝(𝑒), the optimal insurance coverage for type OO is lower than type RO, i.e., 𝐼 𝐶 >
𝐼 𝐷 . Similarly, type OR would purchase partial insurance, because 𝑝̃𝑂𝑅 (0) < 𝑝(0).
However, the relationship between the optimal coverage for type RO and type OR is not
determined, because we consider the discontinuous choice of effort in this model. How little
insurance coverage is preferred depends on the shape of utility function and the gap between
the perceived risk and the true risk. Those who underestimate their true risks are less likely to
buy more coverage, but the relationship between the perceived risk and insurance coverage at
equilibrium in the benchmark case may not be monotonic. 5 In Figure 1, we illustrate the
benchmark case in which the optimal coverage for type RO is smaller than type OR. In this
case, the perceived risk is positively correlated with insurance coverage.

5

See the Appendix.
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Figure 1. Separating equilibrium in the benchmark case when the SCP is violated.

Now, suppose that an insurer cannot observe the insureds’ baseline optimism and control
optimism. Then, an insurer provides a menu of insurance contracts (𝑄, 𝐼) to screen the
individuals. Let us denote 𝐹 = (𝑄 𝐹 , 𝐼 𝐹 ) as the contract which is located at the intersection of
𝐽𝑂𝑅 passing through 𝐵 and the price line 𝑃(𝑒) . Then type OR is indifferent between
purchasing insurance contracts 𝐵 and 𝐹. That is, 𝐸𝑈 𝑂𝑅 (𝑄 𝐵 , 𝐼 𝐵 ; 0) = 𝐸𝑈 𝑂𝑅 (𝑄 𝐹 , 𝐼 𝐹 ; 0).
The following proposition demonstrates the possible case in which adverse selection
occurs in the market.
Proposition 1 [Adverse selection when the SCP is violated]
Suppose that the proportion of type RO is sufficiently low such that 𝐸𝑈 𝑅𝑂 (𝑄𝐹 , 𝐼 𝐹 ; 𝑒) >
𝐸𝑈 𝑅𝑂 (𝑄, 𝐼; 𝑒), where the contract (𝑄, 𝐼) is on the pooling price line 𝑃̅𝑅𝑂,𝑂𝑅 . Further suppose
that the proportion of control optimistic type is sufficiently low, so that there does not exist any
profitable contract (𝑄′, 𝐼′) located below Z, where 𝑄′ = 𝑝̅ 𝐼′ and 𝑝̅ < 𝑝̅𝑂𝑂,𝑅𝑂,𝑂𝑅,𝑅𝑅 . Then,
type OO and RO choose 𝐹, type OR chooses 𝐵, and type RR chooses 𝐴 in equilibrium, as
shown in Figure 2.
Proof: In figure 2, the only way to attract type RO who invests in self-protection is to provide
∗
∗
a contract located above 𝐽𝑅𝑂 and below Z. Such a contract located below 𝐽𝑅𝑅 and
∗
∗
surrounded by 𝐽𝑅𝑂 and 𝐽𝑂𝑂 will attract both of type RO and OR. However, this contract
10

makes a negative profit, because it is located above 𝑃̅𝑅𝑂,𝑂𝑅 . On the other hand, in order to
attract type OO while inducing her to expend effort, an insurer should offer a contract located
∗
∗
above 𝐽𝑂𝑂 and below Z. Such a contract located above 𝐽𝑅𝑅 and below 𝑃(𝑒) will attract all
four types of insureds and make a negative profit. This is because this contract is located above
∗
∗
𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅,𝑅𝑅 . Moreover, any deviating contract located below 𝐽𝑅𝑅 and surrounded by 𝐽𝑂𝑂
and 𝑃(𝑒) will attract OO, RO, and OR. Then, the insurer will lose money because 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅
is located below this contract.

Figure 2. Adverse selection when the SCP is violated.

We did not depict 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅,𝑅𝑅 in Figure 2, but it should lie to the left of 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 . The
exact location of 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅,𝑅𝑅 is determined according to the proportion of type RR. In Figure
∗
2, 𝐽𝑂𝑂 is located above 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 , and consequently the condition in Proposition 1 is
satisfied. In general, however, it suffices to satisfy that 𝐸𝑈 𝑂𝑂 (𝑄𝐹 , 𝐼 𝐹 ; 𝑒) > 𝐸𝑈 𝑂𝑂 (𝑄′, 𝐼′; 𝑒)
and 𝐸𝑈 𝑅𝑅 (𝑄 𝐴 , 𝐼 𝐴 ; 0) > 𝐸𝑈 𝑅𝑅 (𝑄′, 𝐼′; 0), where the contract (𝑄′, 𝐼′) is on the pooling price
line 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 . Moreover, 𝐸𝑈 𝑂𝑂 (𝑄 𝐹 , 𝐼 𝐹 ; 𝑒) > 𝐸𝑈 𝑂𝑂 (𝑄′′, 𝐼′′; 𝑒) and 𝐸𝑈 𝑅𝑅 (𝑄′′, 𝐼′′; 0) >
𝐸𝑈 𝑅𝑅 (𝑄 𝐴 , 𝐼 𝐴 ; 0), where the contract (𝑄′′, 𝐼′′) is on the pooling price line 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅,𝑅𝑅 .
Proposition 1 shows the case where low risks choose lower coverage than high risks. Note
that high risks can obtain their first-best contracts which are the optimal contracts under full
11

information. Specifically, type RR obtains full coverage at 𝐴, and type OR achieves partial
coverage at 𝐵. However, low risks can only obtain their best fair contract at 𝐹 which are not
their first-best. Since type OR underestimates her true probability of loss, she prefers lower
coverage to full coverage. Furthermore, type OR prefers low risk individuals’ first-best
contracts with partial coverages, which are actuarially favorable to her. Therefore, insurers
should offer much lower coverage to low risks than their optimal level in order to separate low
risks from type OR. Note that low risks are pooled, while high risks are separated. Even though
type OO and RO have different beliefs about their risks, they are pooled in equilibrium because
they have to choose sufficiently small coverage which is smaller than 𝐼 𝐷 to be separated from
type OR. In this case, the coverage of a pooling contract 𝐹 for low risks is less than those for
high risks, and thus, adverse selection occurs in the market.
Even though we introduce four types of insureds in our model, the result of Proposition 1 is
similar to that of Rothschild and Stiglitz (1976) in the sense that high risks obtain their firstbest contracts, while low risks choose lower coverage than their first-bests. 6 In this case,
control-rational individuals who do not expend effort bring negative externality to control
optimistic individuals who invest in self-protection. However, not all high risks want to
purchase full insurance at actuarially fair premiums, and low risks who differ in optimism are
pooled in the equilibrium.

3.2 Satisfaction of the SCP
Now we consider the case where the SCP holds: 𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑂𝑂 (0) = 𝑝̃𝑂𝑅 (0) < 𝑝̃𝑅𝑂 (𝑒) <
𝑝̃𝑅𝑂 (0) = 𝑝̃𝑅𝑅 (0). In this case, even if type RO expends effort, her perceived probability of
loss is higher than that of type OR who never invest in self-protection. In other words, type RO
is more likely to buy higher coverage in this case.
Let us consider the equilibrium in the benchmark case where an insurer can observe the
insureds’ baseline optimism and control optimism. Unlike the benchmark case in section 3.1
where the SCP does not hold, in this case under SCP, baseline optimism dominates control
optimism, i.e., 𝑝̃𝑂𝑅 (0) < 𝑝̃𝑅𝑂 (𝑒). From Equation (5), type RR purchases full insurance and
the others buy partial insurance. As 𝑝̃𝑂𝑂 (𝑒) < 𝑝̃𝑅𝑂 (𝑒), the optimal insurance coverage for type
OO is lower than type RO, and since 𝑝̃𝑂𝑅 (0) < 𝑝(0) , type OR would purchase partial
insurance. However, the relationship between the perceived risk and insurance coverage at
equilibrium in the benchmark case is not determined.7 In Figure 3, we illustrate the case in
which the perceived risk is positively correlated with insurance coverage.

6

Recall that we define the first-best contracts as the equilibrium contracts in the benchmark case under full
information, even though there exists some inefficiency in the choices of effort and insurance coverage due to
optimism.
7

See the Appendix.
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Figure 3. Separating equilibrium in the benchmark case under SCP.

Now, consider the case in which an insurer cannot observe the insureds’ baseline optimism
and control optimism. Let contract 𝐺 = (𝑄 𝐺 , 𝐼 𝐺 ) denote the intersection of the curve Z and
𝐽𝑂𝑅 which is tangent to 𝑃(0) . Then, 𝐸𝑈 𝑂𝑅 (𝑄𝐵 , 𝐼 𝐵 ; 0) = 𝐸𝑈 𝑂𝑅 (𝑄𝐺 , 𝐼 𝐺 ; 0) and
𝐸𝑈 𝑅𝑅 (𝑄𝐺 , 𝐼 𝐺 ; 0) = 𝐸𝑈 𝑅𝑂 (𝑄 𝐺 , 𝐼 𝐺 ; 0) = 𝐸𝑈 𝑅𝑂 (𝑄𝐺 , 𝐼 𝐺 ; 𝑒) . In the region above Z, 𝐽𝑂𝑂
overlaps with 𝐽𝑂𝑅 , and 𝐽𝑅𝑂 overlaps with 𝐽𝑅𝑅 .
The following proposition illustrates an equilibrium that shows the reversed V-shaped
relation between risk and insurance coverage.
Proposition 2
Suppose that the proportion of type RO is sufficiently low such that 𝐸𝑈 𝑅𝑂 (𝑄𝐺 , 𝐼 𝐺 ; 𝑒) >
𝐸𝑈 𝑅𝑂 (𝑄, 𝐼; 𝑒), where the contract (𝑄, 𝐼) is on the pooling price line 𝑃̅𝑅𝑂,𝑂𝑅 . Further suppose
that 𝐸𝑈 𝑂𝑂 (𝑄 𝐹 , 𝐼 𝐹 ; 𝑒) > 𝐸𝑈 𝑂𝑂 (𝑄′, 𝐼′; 𝑒), where the contract (𝑄′, 𝐼′) is on the pooling price
line 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 . If 𝐸𝑈 𝑅𝑅 (𝑄 𝐺 , 𝐼 𝐺 ; 0) > 𝐸𝑈 𝑅𝑅 (𝑄 𝐴 , 𝐼 𝐴 ; 0), then type OO chooses 𝐹, type OR
chooses 𝐵, and type RR and RO choose 𝐺 in equilibrium, as shown in Figure 4.
Proof: In Figure 4, the pooling contract G lies at the intersection of Z and the pooling price
line 𝑃̅𝑅𝑂,𝑅𝑅 . In order to induce RO to deviate from G while inducing her to expend effort, an
∗
insurer should offer a contract which is located above 𝐽𝑅𝑂 and below Z. A contract located
∗
∗
∗
below 𝐽𝑅𝑅 and surrounded by 𝐽𝑅𝑂 and 𝐽𝑂𝑂 will attract both of type RO and OR. Then the
13

insurer will generate a negative profit because 𝑃̅𝑅𝑂,𝑂𝑅 is located below this contract. On the
∗
other hand, the possible profitable deviation that could attract type OO must lie above 𝐽𝑂𝑂
∗
∗
and below 𝑝(𝑒). However, such a contract located below 𝐽𝑅𝑅 and above 𝐽𝑅𝑂 will attract
OO, RO, and OR. Since this offer is located above 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 , it will make a negative profit.

Figure 4. Equilibrium with reversed V-shaped relation between risk and insurance coverage
under SCP.

As depicted in the Figure 4, type RO who invests in self-protection cannot be separated from
type RR.8 Therefore, those who purchase G can be regarded as medium-risks, even though
some of them are technically high-risks and the others are low-risks. In this case, medium-risks
choose the largest coverage (G), high-risks choose the medium size coverage (B), and lowrisks choose the smallest coverage (F) in equilibrium. In other words, the equilibrium results
show the reversed V-shaped relation between risk and insurance coverage.
In addition, we find another type of partial pooling equilibrium in which, if it exists, the
following holds.

8

Type OR is also indifferent between contracts B and G, but we suppose that he chooses his first-best contract
(B).
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Proposition 3
Suppose that the proportion of type RO is sufficiently low such that 𝐸𝑈 𝑅𝑂 (𝑄𝐺 , 𝐼 𝐺 ; 𝑒) >
𝐸𝑈 𝑅𝑂 (𝑄, 𝐼; 𝑒) , where the contract (𝑄, 𝐼) is on the pooling price line 𝑃̅ and 𝑃̅ ∈
{𝑃̅𝑅𝑂,𝑂𝑅 , 𝑃̅𝑅𝑂,𝑅𝑅 }. Further suppose that the proportion of control optimistic type is sufficiently
low, so that 𝐸𝑈 𝑂𝑂 (𝑄𝐹 , 𝐼 𝐹 ; 𝑒) > 𝐸𝑈 𝑂𝑂 (𝑄′, 𝐼′; 𝑒), where the contract (𝑄′, 𝐼′) is on the pooling
price line 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 . If 𝐸𝑈 𝑅𝑅 (𝑄 𝐴 , 𝐼 𝐴 ; 0) = 𝐸𝑈 𝑅𝑅 (𝑄𝐺 , 𝐼 𝐺 ; 0), then type OO chooses 𝐹, OR
chooses 𝐵, RR chooses A, and RO chooses 𝐺 in equilibrium, as shown in Figure 5.
Proof: To interest type RO who expends effort, an insurer should offer a contract located above
∗
∗
∗
∗
𝐽𝑅𝑂 and below Z. A contract located above 𝐽𝑅𝑂 and surrounded by 𝐽𝑅𝑅 and 𝐽𝑂𝑂 will
attract both types of RO and OR. However, the insurer will not deviate to offer this contract
because it generates a negative profit. On the other hand, in order to attract type OO, the insurer
∗
should provide a contract located above 𝐽𝑂𝑂 and below 𝑃(𝑒). However, such a contract
∗
∗
located below 𝐽𝑅𝑅 and above 𝐽𝑅𝑂 will attract OO, RO, and OR. Since this offer is located
above 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 , the insurer will lose money.

Figure 5. Partial pooling equilibrium under SCP.

In a partial pooling equilibrium described in Proposition 3, there is a potential for a positive
profit in the competitive market. This is because type RR is indifferent between contracts A and
15

G.9 Suppose that only some of type RR choose to purchase G and the others purchase A, so
that G generates zero profit. Then, a partial pooling equilibrium can be maintained in the
competitive market in which no firms can earn a positive profit.
Now let us denote the total number of type RR who choose G by 𝜃 ⋅ 𝑁𝑅𝑅 , where 0 < 𝜃 <
1. Recall that 𝜃 is endogenously determined such that the profit of contract G is zero in
equilibrium. Then individuals who purchase G will be in a bad state on average with probability
∗
𝑝̅𝑅𝑂,𝑅𝑅
= [𝜃 ⋅ 𝑁𝑅𝑅 ⋅ 𝑝(0) + 𝑁𝑅𝑂 ⋅ 𝑝(𝑒)]/(𝜃 ⋅ 𝑁𝑅𝑅 + 𝑁𝑅𝑂 ) , and we will regard them as
medium-risks in a partial pooling equilibrium. In conclusion, some of type RR (high-risks) will
choose the largest coverage (A), the remainder of type RR and type RO (medium risks) will
choose the second-largest coverage (G), type OR (high-risk) will choose medium size coverage
(B), and type OO (low-risk) will choose the smallest coverage (F) in equilibrium. In this case,
we may not find significant correlation between insurance coverage and ex post loss.
In the following proposition, we also find that adverse selection is possible.
Proposition 4 [Adverse selection under SCP]
Suppose that the proportion of type RO is sufficiently low such that 𝐸𝑈 𝑅𝑂 (𝑄 𝐴 , 𝐼 𝐴 ; 𝑒) >
𝐸𝑈 𝑅𝑂 (𝑄, 𝐼; 𝑒), where the contract (𝑄, 𝐼) is on the pooling price line 𝑃̅𝑅𝑂,𝑂𝑅 . Further suppose
that the proportion of control optimistic type is sufficiently low, so that 𝐸𝑈 𝑂𝑂 (𝑄𝐹 , 𝐼 𝐹 ; 𝑒) >
𝐸𝑈 𝑂𝑂 (𝑄′, 𝐼′; 𝑒) , where the contract (𝑄′, 𝐼′) is on the pooling price line 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 . If
𝐸𝑈 𝑅𝑂 (𝑄 𝐴 , 𝐼 𝐴 ; 0) > 𝐸𝑈 𝑅𝑂 (𝑄𝐺 , 𝐼 𝐺 ; 𝑒), then type RR and RO who do not invest in self-protection
are pooled on A, type OR chooses B, and type OO chooses F under adverse selection, as shown
in Figure 6.
∗

Proof: In order to attract RO, an insurer should provide a contract located above 𝐽𝑅𝑂 and
∗
∗
below 𝑃(𝑒). Such a contract located below 𝐽𝑅𝑅 and 𝐽𝑂𝑂 will attract both types of RO and
OR. However, the insurer generates a negative profit because 𝑃̅𝑅𝑂,𝑂𝑅 is located below this
contract. As shown in Figure 6, it is impossible to attract only type RO while inducing her to
∗
invest in self-protection. Now, consider a deviating contract located above 𝐽𝑂𝑂 and below
∗
∗
𝑃(𝑒) to captivate type OO. A contract located above 𝐽𝑂𝑂 and surrounded by 𝑃(𝑒) and 𝐽𝑅𝑂
will attract OO, RO, and OR. Then, the insurer will lose money, because 𝑃̅𝑂𝑂,𝑅𝑂,𝑂𝑅 is located
below this contract.

9

Precisely speaking, baseline rational types (type OR and RR) are indifferent between contract G and their
contracts in the benchmark case under full observability. For simplicity, we suppose that type OR chooses his
first-best contract (B).
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Figure 6. Equilibrium with adverse selection under SCP.

Unlike Proposition 1, only type OO becomes low-risk in Proposition 4. Note that in
benchmark case under SCP, control optimistic types (type RO and OO) invest in self-protection.
However, when an insurer cannot observe the insureds’ baseline and control optimism, type
RO refuses to expend effort under the condition in Proposition 4, because she can obtain higher
expected utility by choosing A. The loss probability is sufficiently underestimated due to
optimism so that type OR prefers much less coverage than full insurance, and type RO prefers
relatively larger coverage, even though she overestimates the marginal return of effort. In this
case, type RR and RO (high-risks) will choose the largest coverage (A), type OR (high-risk)
will choose medium size coverage (B), and type OO (low-risk) will choose the smallest
coverage (F) in equilibrium. We can say that high-risks, on average, choose larger coverage
than low-risks.10
Unlike Huang et al. (2010) and Spinnewijn (2013), even under SCP, the insurance market
cannot settle on advantageous selection with positive correlation between risk and insurance
coverage. Note that control optimistic types are the candidates who may invest in selfprotection, and among them, type RO might become low risk and, at the same time, is likely to
demand relatively higher coverage. However, in Proposition 4, only type OO will invest in self-

10

The significance of positive correlation between risk and insurance coverage depends on the proportion of
type RR, RO, and OR.
17

protection while type RO will not, so a reversal of adverse selection is not possible. As we
consider four different types of individuals who have interactions with each other in
determining an equilibrium, our results are somewhat different from those of Spinnewijn
(2013).

Ⅳ. Conclusion
Some evidences in psychology show that people have heterogeneous beliefs about their risk
(baseline optimism) and their ability in risk management (control optimism). Such difference
in the degree of optimism can have significance in insurance market as individual’s choices of
precautions and insurance coverage are affected by optimism. In this study, we consider a
model in which risk types are endogenously determined by individuals who differ in their
baseline and control optimism. As noted by Spinnewijn (2013), the correlation between risk
and insurance coverage depends on the correlation between the baseline and control optimism.
From a more realistic point of view, we consider four different types of individuals according
to the baseline and control optimism, and investigate the interaction between them in
determining the equilibrium.
Our findings can be summarized as follows. First, if the SCP is violated, control optimistic
types who exert effort (low risks) are pooled, while control rational types (high risks) are
separated. This pooling contract has smaller coverage than other contracts for high risks, which
implies adverse selection. Second, when the SCP holds, we find an equilibrium with reversed
V-shaped relation between risk and insurance coverage. In such equilibrium, control optimistic
types exert effort, but only type OO can be separated from high risks by choosing smallest
coverage. Type RO is pooled with type RR, and they (medium-risks) choose the largest
coverage. Type OR (high risk), on the other hand, chooses the medium size coverage. Third,
under SCP, we also find another type of partial pooling equilibrium with reversed V-shaped
relation between risk and insurance coverage. In this case, baseline rational types are indifferent
between a contract for type RO and their contracts in the benchmark case under full
observability. Then, even in a perfectly competitive market, insurers may earn positive profits.
Fourth, under SCP, the insurance market may settle on adverse selection, where only type OO
exerts effort and chooses the smallest coverage, while type RO does not make any effort. In
this case, type RO and RR (high risks) choose full insurance, while type OR (high risk) chooses
medium size coverage due to baseline optimism. Our analysis shows that the equilibrium is
affected by the proportion of each type and whether or not baseline optimism dominates control
optimism.
Unlike Huang et al. (2010) and Spinnewijn (2013), a complete reversal of adverse selection
is not possible in our model, because separation of risk types is less likely with more types of
insureds in the market. Instead, with full consideration of all dimensions of optimism, we find
that the relationship between risk and insurance coverage may or may not be monotonic, which
can explain why in some markets, adverse selection is observable, while in other markets, there
is no significant evidence of adverse selection. These new results provide insights on
understanding the interaction between insureds with heterogeneous beliefs, and its impact on
18

the determination of the equilibrium.
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Appendix.
Footnote 5. In the benchmark case, except for type RR, insureds will choose partial coverage.
How little insurance coverage is preferred depends on the true risk and the gap between the
perceived risk and the true risk. We will investigate the relationship between the optimal
coverage for type RO and type OR. Let us suppose that the baseline-optimism and control
optimism, respectively, underestimate the true probability of loss by 𝑘1 = 𝑞 − 𝑞̃ > 0 and
𝑘2 = (𝑣̃ − 𝑣)𝑒 > 0 . Note that 0 < 𝑝̃𝑖𝑗 (𝜀) < 1 for all 𝑖, 𝑗 ∈ {𝑂, 𝑅} and 𝜀 ∈ {0, 𝑒} . From
Equation (5), optimal insurance coverage is determined as follows:
𝑈′(𝑊 − 𝑝(𝜀)𝛼𝐷)
𝑝̃𝑖𝑗 (𝜀) 1 − 𝑝(𝜀)
=
𝑈′(𝑊 − 𝐷 − 𝑝(𝜀)𝛼𝐷 + 𝛼𝐷) 1 − 𝑝̃𝑖𝑗 (𝜀) 𝑝(𝜀)

(A1)

From Equation (A1), the relationship between the optimal coverage for type RO and type OR
depends on the relationship between

𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
1−𝑝̃𝑅𝑂 (𝑒) 𝑝(𝑒)

and

𝑝̃𝑂𝑅 (0) 1−𝑝(0)
.
1−𝑝̃𝑂𝑅 (0) 𝑝(0)

For simplicity, let us

assume that 𝑘1 = 𝑘2 (= 𝑘). Note that we do not impose limitations on 𝑘1 and 𝑘2 in the main
body of this article. Decreasing absolute risk aversion implies that
𝑈 ′ (𝑊−𝑝(0)𝛼𝐷)

for the same partial coverage

𝑈 ′ (𝑊−𝐷−𝑝(0)𝛼𝐷+𝛼𝐷)
𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
𝑝̃𝑂𝑅 (0)
𝑝(0)
≤
.
𝑅𝑂
1−𝑝̃ (𝑒) 𝑝(𝑒)
1−𝑝̃𝑂𝑅 (0) 1−𝑝(0)

𝛼 . If

𝑈 ′ (𝑊−𝑝(𝑒)𝛼𝐷)
𝑈 ′ (𝑊−𝐷−𝑝(𝑒)𝛼𝐷+𝛼𝐷)

>

1 − 𝑝(𝑒) + 𝑘 ≥ 𝑝(e) ,

In this case, the optimal coverage for type RO is smaller than

type OR. Therefore, the perceived risk is positively correlated with insurance coverage. On the
other hand, if 1 − 𝑝(𝑒) + 𝑘 < 𝑝(e) ,
relative size of

𝑈 ′ (𝑊𝑔 )
𝑈 ′ (𝑊𝑏 )

and

𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
1−𝑝̃𝑅𝑂 (𝑒) 𝑝(𝑒)

𝑝̃𝑖𝑗 (𝜀) 1−𝑝(𝜀)
,
1−𝑝̃𝑖𝑗 (𝜀) 𝑝(𝜀)

𝑝̃𝑂𝑅 (0)

𝑝(0)

> 1−𝑝̃𝑂𝑅(0) 1−𝑝(0) . According to the

the optimal coverage for type RO can be smaller,

larger, or equal to that for type OR. In this case, the relationship between the perceived risk and
insurance coverage may not be monotonic.

Footnote 7. We will examine the relationship between

𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
1−𝑝̃𝑅𝑂 (𝑒) 𝑝(𝑒)

and

𝑝̃𝑂𝑅 (0) 1−𝑝(0)
.
1−𝑝̃𝑂𝑅 (0) 𝑝(0)

When the SCP holds, baseline-optimism dominates control optimism, i.e., 𝑘1 > 𝑘2 . If 1 −
𝑝(𝑒) + 𝑘1 > 𝑝(e) ,

𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
1−𝑝̃𝑅𝑂 (𝑒) 𝑝(𝑒)

can be smaller, larger, or equal to

𝑝̃𝑂𝑅 (0) 1−𝑝(0)
1−𝑝̃𝑂𝑅 (0) 𝑝(0)

according to the true risk and the degree of underestimation. If the difference between 𝑘1 and
𝑘2 is small enough to satisfy

𝑝̃𝑅𝑂 (𝑒) 1−𝑝(𝑒)
1−𝑝̃𝑅𝑂 (𝑒) 𝑝(𝑒)

𝑝̃𝑂𝑅 (0)

𝑝(0)

≤ 1−𝑝̃𝑂𝑅(0) 1−𝑝(0), the optimal coverage for type

RO is smaller than type OR. Otherwise, the relationship between the optimal coverage for type
RO and type OR is determined by the relative size of
hand, if 1 − 𝑝(𝑒) + 𝑘1 ≤ 𝑝(e) , then

𝑈 ′ (𝑊𝑔 )

and

1−𝑝̃𝑖𝑗 (𝜀) 𝑝(𝜀)
.
𝑝̃𝑖𝑗 (𝜀) 1−𝑝(𝜀)

𝑈 ′ (𝑊𝑏 )
𝑅𝑂
𝑝̃ (𝑒) 1−𝑝(𝑒)
𝑝̃𝑂𝑅 (0)
𝑝(0)
>
.
𝑅𝑂
1−𝑝̃ (𝑒) 𝑝(𝑒)
1−𝑝̃𝑂𝑅 (0) 1−𝑝(0)

On the other

In this case, the

relationship between the perceived risk and insurance coverage is determined by the relative
21

size of

𝑈 ′ (𝑊𝑔 )
𝑈 ′ (𝑊𝑏 )

and

𝑝̃𝑖𝑗 (𝜀) 1−𝑝(𝜀)
.
1−𝑝̃𝑖𝑗 (𝜀) 𝑝(𝜀)
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