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In this paper, we study the willingness to pay for reductions in health risks within a framework of anticipated regret. We show that ex post information provision can be a relevant factor for regret theory to account for why people are sometimes so inclined to protect themself against certain types of health risks but not others. In particular, we find that under full resolution of uncertainty disproportionate aversion to large regrets exaggerates willingness to pay estimates. The effect induced by this notion of regret aversion can be interpreted as if regret-averse people overweight risk reductions due to prevention. However, as feedback over forgone acts is missing, the regret aversion effect disappears. Finally, we show that information avoidance induced by regret aversion can significantly bias our evaluation to prefer those health programs that completely eliminate a risk, i.e., the certainty effect.

Introduction

Limited resources force policy makers to set priorities among policies. To secure an efficient resource allocation cost-benefit analysis, in which the social benefits of a policy or an investment are compared to its costs, is often used. The use of cost-benefit analysis requires, however, that all benefits and costs are measured in a common metric, i.e., money. In evaluating public programs with the objective of reducing health risks, an estimate of the monetary value of health is thus required. These estimates can be obtained from either market data or some stated-preference studies such as contingent valuation (e.g., [START_REF] Andersson | The value of a statistical life, A Handbook of Transport Economics[END_REF]. Whatever methods are utilized for an estimate of the monetary value of health, most of this literature has made a crucial assumption that people are standard expected utility maximizers. However, this assumption is commonly rejected as found in many empirical studies (e.g., [START_REF] Camerer | Individual Decision Making[END_REF][START_REF] Starmer | Developments in non-expected utility theory: The hunt for a descriptive theory of choice under risk[END_REF]. Assuming expected utility in the face of such rejection may lead to biased risk valuations and, consequently, to biased policy recommendations. It is therefore useful to derive valuation formulas for changes in risks that take into account the fact that people deviate from expected utility.

One important reason for why people deviate from standard expected utility is that they not only value the outcome obtained from their decisions, but are also sensitive to whether their decisions were made correctly in hindsight. People experience regret (or rejoicing) when realizing or imagining that their current situation would have been better (or worse), if they had decided differently. 1 Regret is not only an affective reaction to bad decision outcomes or processes but also a powerful force in motivating and giving direction to behavior. In the 1980s, [START_REF] Bell | Regret in decision making under uncertainty[END_REF][START_REF] Bell | Risk premiums for decision regret[END_REF], and [START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF] formulated decision theories that take regret into account. 2 In principle, regret theory can explain many of the deviations from expected utility theory (e.g., the common ratio effect, preference intransitivity). 3 Empirical tests have also produced results in line with the theory (e.g., [START_REF] Loomes | Observing violations of transitivity by experimental methods[END_REF][START_REF] Bleichrodt | A quantitative measurement of regret theory[END_REF][START_REF] Somasundaram | Regret theory and risk attitudes[END_REF]. Regret theory has also real-world implications and can explain field data that are incompatible with expected utility theory. For example, [START_REF] Braun | The impact of regret on the demand for insurance[END_REF] applies it to insurance decisions, Gollier and Salanié (2006) to asset pricing, [START_REF] Michenaud | Applying regret theory to investment choices: Currency hedging decisions[END_REF] to currency hedging, Feliz-Ozbay and Ozbay (2007) to auctions, and One plausible argument for why we behave in such a way is that the ability of feeling such emotions, both regret and rejoicing, may lead to learning and to behavioral adaptations and thereby to avoiding future regrets. As [START_REF] Shefrin | The disposition to sell winners too early and ride losers too long: Theory and evidence[END_REF] stated, "both the unpleasant pain of regret and the pleasurable glow of pride can lead to learning. They help us to remember clearly both bad and good choices" (p. 57). Earlier, in the 1950s, researchers had already pursued a more formal approach to incorporate regret (e.g., [START_REF] Savage | The theory of statistical decision[END_REF][START_REF] Luce | Games and Decisions[END_REF]. The "minimax regret" decision criterion they proposed however ignored the importance of probability. [START_REF] Bleichrodt | Regret theory: A bold alternative to the alternatives[END_REF] provided a detailed review of the literature on regret theory. more recently [START_REF] Gollier | Aversion to risk of regret and preference for positively skewed risks[END_REF] to longshot bias. 4However, to our best knowledge, regret theory has not been formally introduced into the study of cost-benefit analysis. Especially, when facing decisions about ones' health or lives such as whether working in a dangerous sector or not, people tend to be more likely to anticipate regret and act upon it. This is because these decisions are particularly important, difficult and generally not easy to undo [START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF]. We therefore expect that regret should play a crucial role in affecting individuals' health behaviors. Indeed, in a field study [START_REF] Wroe | Understanding and predicting parental decisions about early childhood immunizations[END_REF] compared different potential predictors of actual immunization decisions and found that anticipated regret was the strongest predictor of likelihood of immunizing children. 5 Similarly, [START_REF] Boeri | The role of regret minimisation in lifestyle choices affecting the risk of coronary heart disease[END_REF] and [START_REF] Brewer | Anticipated regret and health behavior: A meta-analysis[END_REF] found that anticipated regret could promote precautionary health behaviors. In this paper, we take the very first step to examine the willingness to pay under anticipated regret for reductions in health risks which is the key input for evaluating public health programs. The psychological insights drawn from our study can reshape economic principles in benefit and cost analysis of health policy.

To approach our research question, we introduce a model of prevention in which a decision maker faces ex-ante some uncertainty over her future health status and can invest into a costly risk-reduction tool to reduce her probability of having a health problem. Different from existing studies on this topic (e.g., [START_REF] Jones-Lee | The value of changes in the probability of death or injury[END_REF], uncertainty in our model is described by states of nature à la [START_REF] Savage | The theory of statistical decision[END_REF] so that regret theory can be naturally applied. More explicitly, the set of states of nature is a Cartesian product of two variables, i.e., the occurrence of some hazard and the effectiveness of prevention, which jointly determine the decision maker's final health status. Our prevention model is particularly well suited to diseases resulting from the combination of genetic disorders and health behaviors such as cancer. Moreover, we use state-dependent utility functions that take into account the fact that wealth utility is higher in the healthy state than in the sick state as well documented in the health economics literature (e.g., [START_REF] Viscusi | Utility functions for mild and severe health risks[END_REF]. As our benchmark, to decide whether to take a preventive measure or not, a standard expected utility maximizer makes a trade-off between two important attributes: the safety and its cost. For small risk reductions, the willingness to pay under standard expected utility theory is simply the marginal rate of substitution between wealth and baseline risk in consumption utility. The regret-averse decision maker has however an additional objective of minimizing ex post regret. In particular, whatever act was taken, regret could always be felt depending on the realized state of nature. For instance, if the preventive measure was taken, the decision maker might regret for having wasted money (i.e., action regret) because it was either not needed or not effective. On the contrary, if the preventive measure was not taken, she might regret for having missed the opportunity of protecting herself from the health problem (i.e., inaction regret).

What makes preventive decisions different from other risk behaviors such as investing in the stock market is that uncertainty may or may not be fully resolved. Studies in cognitive psychology suggest that without expecting feedback over forgone alternatives (e.g., [START_REF] Zeelenberg | Emotional reactions to the outcomes of decisions: The role of counterfactual thought in the experience of regret and disappointment[END_REF] regret becomes less worrisome. The key question our study will address is how ex post information provision affects health behaviors through the channel of anticipated regret. We first consider situations involving full resolution of uncertainty. This is the case when the occurrence of harm and the effectiveness of prevention are known ex post. For example, an individual who decides whether or not to wear a helmet when cycling knows eventually whether an accident has occurred and whether the helmet was effective in preventing an injury. We show that disproportionate aversion to large regrets exaggerates willingness to pay estimates. This notion of regret aversion has been termed as convexity of the anticipated net advantage function in regret theory by [START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF], and has played a crucial role in explaining lotterychoice observations that are not in line with standard expected utility theory. Intuitively, it means that people generally prefer risking small regrets rather than risking large ones [START_REF] Patt | Action bias and environmental decisions[END_REF]. Regarding health promotion, regret for wasting money is less essential compared to regret for having a health problem due to lack of effort. Moreover, disproportionate aversion to large regrets induces an effect which can be interpreted as if the decision maker overweights the reduction in the baseline risk. This interpretation sheds light on the fact that people often spend too much effort in prevention, just in case. Our theoretical results thus call for reconsideration on the practical use of willingness to pay estimates in policy making. 6Nevertheless, in many other situations people do not have full knowledge about the realized state of nature and can only observe the outcome from the chosen act. For instance, wearing a mask during a pandemic can reduce the risk of being infected. But people wearing a mask and remaining healthy would possibly not know whether they could still be healthy had they not worn one. When complete feedback over forgone acts is missing, regret and rejoicing from counterfactual thinking are less relevant (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF][START_REF] Gigerenzer | Cassandra's regret: The psychology of not wanting to know[END_REF]. Following [START_REF] Bell | Risk premiums for decision regret[END_REF], we assume that the reference point under partial resolution of uncertainty is determined by rational expected utility that could have been obtained had the forgone act been chosen. This choice of reference point has some nice properties. It not only includes full resolution of uncertainty as a special case but also captures information avoidance that is widely documented in psychology (e.g., [START_REF] Golman | Information avoidance[END_REF]. Consistent with these empirical findings, we find that regret aversion does not have any impact on willingness to pay when there is no direct feedback over forgone acts. Practitioners and analysts working on cost-benefit analysis may thus not need to worry much about biased risk valuations due to regret aversion as long as complete feedback over forgone acts is missing. Finally, we consider preventive measures such a vaccine that are perfectly effective and can eliminate the risk of having a health problem. What is interesting about this is that people always know what would have happened had they taken a preventive measure but the opposite is not true. We show that information avoidance induced by regret aversion can significantly bias our evaluation to prefer those health programs that completely eliminate a risk, i.e., the certainty effect. Overall, our results point out the important role of ex post information in cost-benefit analysis which is often ignored or considered as irrelevant in a rational framework.

The remainder of this paper is organized as follows. Section 2 introduces the original regret theory and its extension for our study; Section 3 sets up our theoretical framework for studying preventive behaviors; Section 4 examines the willingness to pay for health risk reductions under anticipated regret; and the last section concludes.

Regret theory

In a Savages-style framework [START_REF] Savage | The theory of statistical decision[END_REF], we assume that there are in total n possible states of nature. The set of states of nature is denoted as S = {s 1 , s 2 , • • • , s n } where s k occurs with a probability p k with n k=1 p k = 1. An act A i is defined as an n-tuple of statecontingent consequences with A i = (a i1 , • • • , a in ). Here, we do not restrict consequences to be real numbers. They could also be non-monetary outcomes such as health status as we shall see later on. A decision maker faces a binary choice between acts A i and A j . Before making a choice, the decision maker under regret theory compares what is under a particular state having chosen a particular act with what might have been had she chosen differently under the same state. For instance, if A i is chosen and s k occurs then a ik is received and a jk foregone, which would have been received under s k had A j been chosen. The decision maker receives (real-valued) modified utility M (a ik , a jk ).

Regret theory postulates that the value assigned to choosing act A i instead of act A j is given by

V (A i | A i , A j ) = n k=1 p k M (a ik , a jk ) (2.1)
Thus, the preference relation ( ) can be described by

A i A j ⇐⇒ n k=1 p k M (a ik , a jk ) ≥ n k=1 p k M (a jk , a ik ) (2.2)
Act A i is strictly preferred (i.e., A i A j ) as the above inequality is not binding. A slight different expression of regret theory is to assume that modified utility function M (a, b) takes the following form: [START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF] as a choiceless utility function, which reflects the utility the decision maker would derive from an outcome a if she experienced it without having chosen it, and [START_REF] Bell | Regret in decision making under uncertainty[END_REF] referred to function U (•) as a value function measuring strength of preference or incremental value. U (a) -U (b) reflects the level of decision rejoicing as U (a) > U (b), or decision regret as U (a) < U (b). R(•) is the regretrejoicing function with R (•) > 0 and R (•) < 0, meaning that more rejoicing or less regret is always preferable and that the decision maker dislikes any risk on regret on rejoicing. As we will discuss in Section 4.2, the concavity of the regret-rejoicing function also captures feedback avoidance. Without any loss of generality, R( 0) is assumed to be zero. The non-negative parameter λ is a measure of regret sensitivity. Especially, as λ = 0, the decision maker is simply a standard expected utility maximizer.

M (a, b) = U (a) + λR(U (a) -U (b)) (2.3) U (•) was referred by
The two-attribute specification of regret theory given by (2.3) has the advantage of separating the decision maker's risk aversion into two components: the changing marginal value the decision maker attaches to different levels of wealth and the decision maker's intrinsic dislike of uncertainty on regret. Adopting this specification will make our following analysis comparable to expected utility theory. [START_REF] Diecidue | Regret theory: A new foundation[END_REF] also presented a new foundation for this formulation of regret theory based on their central axiom of trade-off consistency. 7 We're well aware that many applications of regret theory exclude rejoicing since the proposition of [START_REF] Quiggin | Regret theory with general choice sets[END_REF] in order to make it operational with a more general choice set than just binary. Remember however that in the original work of [START_REF] Bell | Regret in decision making under uncertainty[END_REF] and [START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF], both regret and rejoicing matter in explaining real risk behaviors. Recently, [START_REF] Gollier | Aversion to risk of regret and preference for positively skewed risks[END_REF] makes the point even clearer and shows that rejoicing-risk seeking can explain the "certainty effect" and regret-risk aversion can explain the "possibility effect". Our study aims to understand how the original regret theory would actually predict and its objective is thus positive rather than normative. For these reasons, we hereafter apply regret theory given by (2.2) and (2.3) to our study.

The existing literature on regret theory (e.g., [START_REF] Bell | Regret in decision making under uncertainty[END_REF][START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF]) demonstrated that the above specification of regret theory together with R (•) > 0 could explain many commonly observed behaviors such as the coexistence of insurance and gambling, the reflection effect and preference intransitivity which however violate expected 7 More explicitly, the authors show that when trade-off consistency is satisfied, choice is determined only by differences in choiceless utilities, i.e.,

A i A j ⇐⇒ n k=1 Q(U (a ik ) -U (a jk )) ≥ 0. In this case, what they called regret function Q(U (a) -U (b)) is equivalent to M (a, b) -M (b, a) = U (a) -U (b) + λ[R(U (a) -U (b)) -R(U (b) -U (a))].
It is worth noting that assuming Q being a power utility function with Q (0) = 0 as in [START_REF] Diecidue | Regret theory: A new foundation[END_REF] would imply an infinite willingness to pay for health risk reductions.

TABLE 1. Example for illustrating regret aversion

Acts

States of nature

s 1 s 2 s 3 A 1 c b a A 2 a c b
Table notes: all the states of nature are equiprobable, i.e., P (s 1 ) = P (s 2 ) = P (s 3 ) = 1/3. Outcomes a, b, c ∈ R satisfy the following relationship: a > b > c.

utility theory. Note that hyperbolic absolute risk aversion (HARA) utility functions except quadratic utility functions, which are widely adopted in economics, exhibit all derivatives of alternating sign [START_REF] Caballé | Mixed risk aversion[END_REF]. This property of the regret-rejoicing function (i.e., R (•) > 0) has also been coined as disproportionate aversion to large regrets (e.g., [START_REF] Bleichrodt | A quantitative measurement of regret theory[END_REF].

Intuitively, this notion of regret aversion reflects the fact that people generally prefer risking small regrets rather than risking large ones [START_REF] Patt | Action bias and environmental decisions[END_REF]. We illustrate this with the example shown in Table 1. Notice first that acts A 1 and A 2 have the same marginal distribution, i.e., either of outcomes a, b and c occurs with a probability of 1/3.8 So an expected utility maximizer should be indifferent between the two. But the decision maker who is disproportionately averse to large regrets will strictly prefer A 2 to A 1 . By choosing A 2 , she risks two small regrets, i.e., U (b) -U (a) at state s 2 and U (c) -U (b) at state s 3 , and her total expected utility is

V (A 2 | A 1 , A 2 ) = 1 3 U (a) + U (b) + U (c)+ λ R U (a) -U (c) + R U (c) -U (b) + R U (b) -U (a)
While by choosing A 1 , she risks a big regret U (c) -U (a) at state s 1 which is the sum of the two small regrets, and her total expected utility is

V (A 1 | A 1 , A 2 ) = 1 3 U (a) + U (b) + U (c)+ λ R U (c) -U (a) + R U (b) -U (c) + R U (a) -U (b) So she will choose A 2 only if R(U (c) -U (a)) -R(U (a) -U (c)) < R(U (b) -U (a)) - R(U (a) -U (b)) + R(U (c) -U (b)) -R(U (b) -U (c))
, that is, she prefers experiencing two small (relative) regrets separately than experiencing the sum of them at once. It can be shown that the inequality is true if and only if the regret-rejoicing function's third derivative is positive, i.e., R (•) > 0, which implies that the anticipated net utility

function R(x) -R(x) is convex in R + .
The following lemma presents this result.

Lemma 1. A decision maker with the risk preferences given by (2.2) and (2.3) is disproportionately averse to large regrets if and only if the regret-rejoicing function's third

derivative is positive, i.e., R (•) > 0.

Proof. see Appendix A.

In the context of health promotion, the decision maker's choiceless (or consumption) utility depends not only on her wealth (i.e., w) but also on her health status (i.e., h). Let us assume for simplicity but without loss of generality that there are two possible health states: either the decision maker is in good health or she has a health problem and is in less than good health, i.e., h = g or b. If she is in good health, her choiceless utility function over wealth is U g (w).9 If she has a health problem, her choiceless utility function over wealth is U b (w). We further assume that the choiceless utility functions U h (w) with h = g or b satisfy the following conditions:

(1) U h (w) > 0, U h (w) < 0, h = g or b; (2) U g (w) > U b (w).
(2.4)

The first two inequalities in (1) specify that in whatever health condition, the decision maker prefers more wealth to less, and is averse to risk on her wealth. The last inequality in (2) specifies that the decision maker's utility of wealth is higher in good health than in bad health. Note that these assumptions are quite common in the literature (e.g., Jones-Lee 1974; [START_REF] Weinstein | The economic value of changing mortality probabilities: A decision-theoretic approach[END_REF]. In Section 4.1, when studying the wealth and baseline risk effects on willingness to pay, we will further discuss the relationship between U g (w) and U b (w), which depends on the severity of health risks (e.g., Viscusi 2019).

A model of health risk prevention

We consider a static (one-period) model. At date 0, the decision maker who is initially in good health faces some uncertainty in her future health which can be either good or bad, i.e., h = g or b. At date 1, the uncertainty resolves. Whether the decision maker ends up being in good health or not depends upon the occurrence of some hazard, denoted as x with x ∈ X = {0, 1} which itself is a function of many exogenous risk determinants. With a probability of p 0 ∈ (0, 1), the hazard occurs, i.e., x = 1, and the decision maker is eventually in bad health. At date 0, the decision maker can choose either to take (i.e., act A T ) or not to take (i.e., act A N ) a preventive measure which costs an amount of money C but can reduce the health risk. 10 The preventive measure may only work with a subset of risk determinants. Denote the effectiveness of the preventive measure as y with y ∈ Y = {0, 1}. With a probability q ∈ (0, 1]. the preventive measure is effective, i.e., y = 0, and not otherwise. Suppose that the success intensity of the preventive measure is . That is, the preventive measure can reduce the health risk from p 0 to p 0 -. It is easy to derive that the probability of the preventive measure being effective (i.e., q) is equal to /p 0 . In the special case where = p 0 , we know that the preventive measure is perfectly effective, i.e., q = 1. Whether the decision maker is eventually in good or bad health depends on the joint realization of the occurrence of harm x and the effectiveness of prevention y which are independently distributed. So the set of all possible states of nature S can be represented by a Cartesian product of X and Y, namely,

S = {(x, y) | x ∈ X , y ∈ Y}.
The choice problem that the decision maker faces can be further characterized by a menu 2). 11 More specifically, with a probability of (1 -p 0 ) /p 0 , harm does not occur and prevention is effective, i.e., state of nature s 1 materializes; with a probability of (1 -p 0 )(p 0 -)/p 0 , harm does not occur and prevention is not effective, i.e., state of nature s 2 materializes; with a probability of , harm occurs and prevention is effective, i.e., state of nature s 3 materializes; with a probability of p 0 -, harm occurs and prevention is not effective, i.e., state of nature s 4 materializes. Whatever act is chosen, regret could always be felt depending on the realized state of nature. When the preventive measure was taken, the decision maker may regret for having wasted money in prevention since either the hazard did not occur (i.e., states of nature s 1 and s 2 materialized) or the preventive measure was needed but ineffective (i.e., state of nature s 4 materialized). But she may also feel rejoicing for being in good health since the preventive measure was needed and effective (i.e., state of nature s 3 materialized), given that the cost of prevention is not too high so that U g (w -C) > U b (w). It is a completely opposite story when the decision maker did not take the preventive measure: she feels rejoicing at states of nature s 1 , s 2 and s 4 for not having wasted money in prevention, but feels regret at state of nature s 3 for not having invested in prevention which could have ensured her safety.

M = A N , A T | S → R × {g, b} (see Table
Note that acts A T and A N in Table 2 are mutually exclusive: once one act is chosen, 10 The decision problem described here can also be looked as a binary decision in some stated preference studies such as contingent valuation used to estimate the value of a statistical life in traffic and other areas (e.g., [START_REF] Mitchell | Using Surveys to Value Public Goods: The Contingent Valuation Method, Resources for the Future[END_REF][START_REF] Bateman | Economic valuation with stated preference techniques: A manual[END_REF]). 11 To study properly the impact of regret aversion on willingness to pay, we isolate regret from possible side effects. Adding side effects will actually reduce willingness to pay. Let g -and b -denote the decision maker's health status if the preventive measure was taken and she is eventually in good and bad health, respectively. Suppose that the preference order g g -b b -holds. Side effects imply a state-wise deterioration on health when the preventive measure is taken. The decision maker thus becomes less willing to spend on prevention. But our results on the effects of regret aversion on willingness to pay remain valid. 

s 1 s 2 s 3 s 4 (0, 0) (0, 1) (1, 0) (1, 1) A N (w, g) (w, g) (w, b) (w, b) A T (w -C, g) (w -C, g) (w -C, g) (w -C, b)
Table notes: each element inside of the matrix consists of the decision maker's final wealth and health status; moreover, P (s 1 ) = (1 -p 0 ) /p 0 , P (s 2 ) = (1 -p 0 )(p 0 -)/p 0 , P (s 3 ) = , and P (s 4 ) = p 0 -.

the other may never be resolved. So at date 1, the decision maker may only observe the outcome of her chosen act. This specific feature of prevention decisions deviates from some existing applications of regret theory where people always observe the realized state of nature and hence know ex post what could have been obtained had they chosen differently. For instance, health risk can be an infectious disease which only affects those people with some undetectable genetic disorders. Suppose that an individual took an imperfect preventive measure and she is eventually in good health, she may not know whether it is because the preventive measure was effective or because she does not have the genetic disorders. However, without receiving a direct feedback over forgone acts does not mean that people cannot feel regret and rejoicing. Due to the interdependency between acts, the outcome of the chosen act could reveal either partial or full information about which state of nature materialized.12 In our previous example, if the individual falls ill, she will know the preventive measure was ineffective, and will regret having wasted money on it. In case of partial revelation, people could still mentally construe feedback and compare the obtained outcome to this construed alternative as research on counterfactual thinking found (e.g., [START_REF] Roese | Counterfactual thinking[END_REF][START_REF] Zeelenberg | Emotional reactions to the outcomes of decisions: The role of counterfactual thought in the experience of regret and disappointment[END_REF]). The results of existing studies in psychology suggest however that when complete feedback is missing, regret stemming from counterfactual thinking may be less relevant (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF]. Nevertheless, there are many other situations involving full resolution of uncertainty. For instance, an individual who decides whether or not to wear a helmet when cycling knows eventually whether an accident has occurred and whether the helmet was effective in preventing an injury. Regret and rejoicing in such situations are supposed to be very salient because prevention decisions are important and sometimes irreversible [START_REF] Zeelenberg | A theory of regret regulation 1.0[END_REF]. We will examine the willingness to pay for health risk reductions while making a distinction between situations with and without complete feedback over forgone acts.

Willingness to pay under anticipated regret

In principle, benefit-cost analysis uses estimates of both willingness to pay and willingness to accept. A policy change can be evaluated using compensating variations (aggregating the willingness to pay of beneficiaries with the willingness to accept of those harmed) or equivalent variations (aggregating willingness to pay to forgo the policy change by potential beneficiaries with willingness to pay to prevent it by those who would be harmed).

Under regret theory given by (2.2) and (2.3), willingness to pay and willingness to accept share a lot of similarities and are equal for small risk changes. 13 So we choose to focus on the willingness to pay which is mostly used both for benefits and to prevent harms in practice. 14

Full resolution of uncertainty

In this subsection, we examine the willingness to pay for reductions in health risks when uncertainty can be fully resolved, namely, both the occurrence of harm and the effectiveness of prevention are known ex post. Notice that this is the case whenever risk determinants can be identified ex post. Let C be the compensating variation in wealth for a risk reduction of . Alternatively speaking, the decision maker is indifferent between taking and not taking a preventive measure which costs C and helps to reduce the baseline health risk by , i.e., A N ∼ A T (see Table 2). We first compare the compensating variations for the same risk reduction under regret theory and expected utility theory, denoted as C RT and C EU . Under regret theory given by (2.2) and (2.3), the indifference between acts is equivalent to

V (A T | A N , A T ) = V (A N | A N , A T ) (4.1)
13 Under standard expected utility theory, willingness to accept should also be approximately equal to willingness to pay except when the change is large enough to create a substantial income effect or the good is one for which people cannot choose the quantity (e.g., a public good) and there are no adequate market substitutes whose quantity they can adjust to compensate [START_REF] Hanemann | Willingness to pay and willingness to accept: How much can they differ?[END_REF]). 14 Empirical studies often show that estimates of willingness to accept are much larger than estimates of willingness to pay. The discrepancy is often resolved by viewing willingness to pay to be more reliable, a position reflected in the US government guidance (US OMB 2003).

where

V (A T | A N , A T ) ≡ P (s 1 ) + P (s 2 ) U g (w -C RT ) + λR(U g (w -C RT ) -U g (w)) + P (s 3 ) U g (w -C RT ) + λR(U g (w -C RT ) -U b (w)) + P (s 4 ) U b (w -C RT ) + λR(U b (w -C RT ) -U b (w)) V (A N | A N , A T ) ≡ P (s 1 ) + P (s 2 ) U g (w) + λR(U g (w) -U g (w -C RT )) + P (s 3 ) U b (w) + λR(U b (w) -U g (w -C RT )) + P (s 4 ) U b (w) + λR(U b (w) -U b (w -C RT ))
with P (s 1 ) + P (s 2 ) = 1 -p 0 , P (s 3 ) = , and P (s 4 ) = p 0 -. Similarly, under expected utility theory we have

(1 -p 0 + )U g (w -C EU ) + (p 0 -)U b (w -C EU ) = (1 -p 0 )U g (w) + p 0 U b (w) (4.2)
Replacing C RT in Eq. (4.1) by C EU and making use of Eq. ( 4.2), we obtain

λ (1 -p 0 ) R(U g (w -C EU ) -U g (w)) -R(U g (w) -U g (w -C EU )) + R(U g (w -C EU ) -U b (w)) -R(U b (w) -U g (w -C EU )) + (p 0 -) R(U b (w -C EU ) -U b (w)) -R(U b (w) -U b (w -C EU )) ≥ 0 (4.3)
by Jensen's inequality if and only if R(x) -R(-x) is convex in x, namely, R (•) > 0 (see the proof of Lemma 1). Therefore, C RT will be larger than C EU as long as the decision maker is disproportionately averse to large regrets. Notice that regret theory reduces to expected utility theory as λ = 0. The following proposition is the generalization of this result.

Proposition 1. Under full resolution of uncertainty, the compensating variation C RT defined by Eq. (4.1) is strictly increasing in the degree of regret sensitivity (i.e., λ) for any level of risk reduction if and only if the decision maker is disproportionately averse to large regrets.

Proof. see Appendix A.

Willingness to pay is a useful construct, for purposes of cost-benefit analysis, because it can be used to define an individual monetary valuation for a policy that is a good approximation to her compensating variation (or equivalent variation) -if the policy is a small change from the status quo. 15 To derive an explicit valuation formula, we thus consider risk reductions that are small. Notice that as tends to zero, C RT also needs to converge to zero so that Eq. (4.1) continues to hold, i.e., lim →0 C RT ( ) = 0. Fully differentiating Eq. (4.1) with respect to and taking a limit as gets close to zero, we obtain

U g (w) -U b (w) (1) -(1 -p 0 )U g (w) + p 0 U b (w) ∂C RT ∂ | →0 (2) 
-

λR (0) (1 -p 0 )U g (w) + p 0 U b (w) ∂C RT ∂ | →0 (3) + λR(U g (w) -U b (w)) (4) = λR (0) (1 -p 0 )U g (w) + p 0 U b (w) ∂C RT ∂ | →0 (5) + λR(U b (w) -U g (w)) (6) 
(4.4)

On the left hand side of Eq. (4.4), the term (1) is the marginal benefit in consumption utility due to increased safety, while the term (2) is the marginal cost in consumption utility due to the cost of prevention. Under expected utility theory, the willingness to pay (i.e., ∂C EU /∂ | →0 ) adjusts to equalize the two. However, the decision maker under regret theory faces an additional trade-off over regret and rejoicing. More precisely, the term (3) represents the marginal utility loss due to regret for wasting money in prevention which was useless, while the term (4) represents the marginal utility gain due to rejoicing as the preventive measure was needed and effective. On the right side of of Eq. (4.4), the term (5) is the marginal utility gain due to rejoicing for not wasting money in prevention which was useless, while the term (6) is the marginal utility loss due to regret for not taking the preventive measure which could have prevented sickness. The willingness to pay for reductions in the probability of having a health problem is given by

W T P RT = ∂C RT ∂ | →0 = U g (w) -U b (w) + λ[R(U g (w) -U b (w)) -R(U b (w) -U g (w))] (1 -p 0 )U g (w) + p 0 U b (w) + 2λR (0)[(1 -p 0 )U g (w) + p 0 U b (w)] (4.5)
Eq. (4.5) is the central result of this subsection. If the degree of regret sensitivity λ is equal to zero, then regret theory reduces to standard expected utility theory and we obtain the willingness to pay for an expected utility maximizer as follows

W T P EU = U g (w) -U b (w) (1 -p 0 )U g (w) + p 0 U b (w) (4.6)
Consistent with Proposition 1, the following proposition shows that disproportionate aversion to large regrets leads to an increase in the willingness to pay for reductions in health risks.

Proposition 2. Under full resolution of uncertainty, the decision maker with the risk preferences given by (2.2) and ( 2.3) has a higher willingness to pay than an expected utility maximizer (i.e., W T P RT > W T P EU ) if and only if she is disproportionately averse to large regrets.

Proof. see Appendix A.

Intuitively, the decision maker who is disproportionately averse to large regrets is more concerned about the large regret for having a health problem due to lack of effort than the small regrets for wasting money in prevention which turns out to be useless. With other things being equal, this preference over risking small regrets rather than risking large ones makes the decision maker value the preventive measure more than an expected utility maximizer does. It is worth emphasizing that assuming alone concavity of the regret-rejoicing function R(•) is not sufficient for delivering this result. In particular, if R (•) was linear, W T P RT and W T P EU would be equal.

As the decision maker places a higher weight on the utility from regret and rejoicing (i.e., a higher λ), she also becomes more concerned about the trade-off over regret and rejoicing from taking and not taking a preventive measure. From Proposition 2, we know that if the decision maker is disproportionately averse to large regrets, she will be willing to spend more on prevention compared to the situation where she is insensitive to regret. Corollary 1 extends this result and states that the higher the degree of regret sensitivity is, the more the decision maker will be ready to pay for reductions in health risks. This prediction is readily amenable to empirical tests with regret sensitivity elicited through some psychometric test questionnaire (e.g., Schwartz et al. 2002). 16 Corollary 1. Under full resolution of uncertainty, the willingness to pay under regret theory is strictly increasing in the degree of regret sensitivity (i.e., ∂W T P RT /∂λ > 0) if and only if the decision maker is disproportionately averse to large regrets.

Proof. see Appendix A.

We can reformulate Eq. (4.5) in the following way

W T P RT = 1 + λ R(Ug(w)-U b (w))-R(U b (w)-Ug(w)) Ug(w)-U b (w) 1 + 2λR (0) W T P EU (4.7)
When the regret-rejoicing function's third derivative is positive, i.e., R (•) > 0, the term in front of W T P EU in Eq. (4.7) can be shown to be larger than one. We can hence say that the decision maker who is disproportionately averse to large regrets behaves as if she overweights the risk reduction. That is, regret aversion induces an effect equivalent to a probability overweighting effect. This interpretation sheds light on the fact that people often exert too much effort, just in case. It is also worth noting that the size of the probability overweighting effect depends on a variety of factors: wealth, consumption utility functions, regret-rejoicing function, and regret sensitivity. Similar to our interpretation, recent work by [START_REF] Gollier | Aversion to risk of regret and preference for positively skewed risks[END_REF] showed that regret theory could explain the binary rank-dependent expected utility theory. 17 We now illustrate our theoretical results using a numerical example. For that purpose, some arbitrary utility functions and parameters are used. We first assume power consumption utility functions U g (w) = w γ and U b (w) = 0.5w γ with γ ∈ (0, 1). It is easy to be verified that U g (w) > U b (w) and U g (w) > U b (w) for any w > 0. In that case, the willingness to pay for an expected utility maximizer is simply equal to 17 Bleichrodt and Eeckhoudt (2006) studied the same problem as in this paper under rank-dependent expected utility. They show that probability weighting strongly affects willingness to pay estimates and may lead to unstable monetary valuations of health for the levels of baseline risk typically considered. Similarly, we show that anticipated regret can generate a pseudo probability overweighting effect but how uncertainty is finally resolved matters.

wγ -1 (2 -p 0 ) -1 . If we take γ = 0.5 and a lifetime wealth of $1 million, W T P EU equals $1.4 million for a zero baseline risk. Finally, let us assume that the regret-rejoicing function takes the form of exponential utility, i.e., R(x) = (1 -exp(-αx))/α for α ≥ 0, which is decreasingly concave. Note that R(x) = x for α = 0 and regret theory makes the same prediction as expected utility theory does. So the parameter α can be interpreted as a measure of regret aversion. Given the parametrization, we obtain that

W T P RT = W T P EU {α + 2λ[-exp(-0.5α) + exp(0.5α)]}/[α(1 + 2λ)].
Figure 1 displays the willingness to pay under regret theory as we change parameter values of λ and α. For a given level of regret aversion α, W T P RT is strictly increasing with regret sensitivity λ, and vice versa. For example, as α = 3 and λ = 0.3, regret aversion increases willingness to pay by $0.22 million. This numerical illustration shows that regret aversion can have large impact on willingness to pay. Although empirical study of anticipated regret's role in motivating health and risk behaviors started in the mid 1990s [START_REF] Richard | Anticipated affective reactions and prevention of aids[END_REF] and have accumulated rapidly in the last decade (e.g., [START_REF] Boeri | The role of regret minimisation in lifestyle choices affecting the risk of coronary heart disease[END_REF][START_REF] Brewer | Anticipated regret and health behavior: A meta-analysis[END_REF], little work has been done to quantify the impact of regret aversion on the estimated willingness to pay for reductions in health risks. Actually, most of existing works remain at the stage of assessing the level of anticipated regret when considering various health behaviors using either single-or multi-item measures. Our results thus call for more empirical studies to fill that gap. We also notice that most surveyed studies found willingness to pay estimates within a very large range. 18 Regret theory could help explaining the large variation in these estimates due to various degrees of regret sensitivity (i.e., λ) and regret aversion (i.e., α).

To study both the wealth and baseline risk effect under anticipated regret, we need to make further assumptions on the relationship between the decision maker's marginal utility of wealth in good health (i.e., U g (w)) and that in bad health (i.e., U b (w)). [START_REF] Viscusi | Utility functions that depend on health status: Estimates and economic implications[END_REF], [START_REF] Sloan | Alternative approaches to valuing intangible health losses: The evidence for multiple sclerosis[END_REF], and more recently [START_REF] Finkelstein | What good is wealth without health? the effect of health on the marginal utility of consumption[END_REF] provided empirical support for the assumption that a person enjoys the benefits of an extra dollar more when healthy than when ill, namely, U g (w) > U b (w). But [START_REF] Evans | Estimation of state-dependent utility functions using survey data[END_REF], [START_REF] Carthy | On the contingent valuation of safety and the safety of contingent valuation: Part 2-The CV/SG "chained" approach[END_REF][START_REF] Edwards | Health risk and portfolio choice[END_REF] found the opposite, namely, U g (w) ≤ U b (w). In sum, existing results seem to suggest that U g (w) > U b (w) for severe diseases but U g (w) ≤ U b (w) for mild diseases. 19 Under the assumption that U g (w) > U b (w), the following proposition states that both the wealth and baseline risk effect are positive, and are increasing in the degree of regret sensitivity if and only if the decision maker is disproportionately averse to large regrets. It is however worth noting that these results are more likely to hold for severe diseases such as cancer. For mild diseases, it may be more realistic to assume that U g (w) ≤ U b (w), and our results on the probability effect would be completely the opposite and our results on the wealth effect would become indeterminate.

Proposition 3. For a decision maker with the risk preferences given by (2.2) and ( 2.3), 1. the baseline risk effect measured by ∂W T P RT /∂p 0 is positive, and is increasing in the degree of regret sensitivity (i.e., λ) if and only if she is disproportionately to large regrets;

2. the wealth effect measured by ∂W T P RT /∂w is positive, and is increasing in the degree of regret sensitivity (i.e., λ) if and only if she is disproportionately to large regrets.

Proof. see Appendix A.

From Eq. ( 4.5), we can see that the baseline risk p 0 only shows up in the denominator. Intuitively, a person facing a large probability of being sick has little incentive to limit her spending on risk reduction since she is unlikely to be healthy, i.e., (1 -p 0 )U g (w) + p 0 U b (w) is deceasing with p 0 under the assumption that U g (w) > U b (w).20 At the same time, the anticipated net utility gain from not taking a preventive measure (i.e., 2λR ( 0

)[(1 - p 0 )U g (w) + p 0 U b (w)]
) also decreases because the person is less likely to be healthy. These two effects work in the same direction and ensure that the baseline risk effect remains positive. However, an increase in the degree of regret sensitivity may not necessarily increase the baseline risk effect. This is because the anticipated net gains from taking (i.e., λ[R(U g (w) -U b (w)) -R(U b (w) -U g (w))]) and not taking a preventive measure are both increased as the decision maker becomes more sensitive to regret and rejoicing. But if the decision maker is disproportionately averse to large regrets, an increase in the degree of regret sensitivity will unambiguously imply a larger baseline risk effect, i.e., ∂ 2 W T P RT /∂p 0 ∂λ > 0.

The intuition for the positive wealth effect is four-fold. First, wealthier people have more to lose in their consumption utilities if they get sick. This is because the first two terms of the numerator in Eq. (4.5) (i.e., U g (w) -U b (w)) increase with w. Second, the cost of spending in consumption utility is smaller due to weakly diminishing marginal consumption utilities with respect to wealth (i.e., U h (w) < 0 for h = g, b). That is, the first two terms of the denominator in Eq. (4.5) decrease with w. Third, wealthier people would obtain a higher anticipated net utility gain from taking a preventive measure since the third term of the numerator in Eq. (4.5

) (i.e., λ[R(U g (w)-U b (w))-R(U b (w)-U g (w))])
is increasing in w. Last, wealthier people would gain a lower anticipated net utility from not taking a preventive measure since the third term of the denominator in Eq. (4.5) (i.e., 2λR (0)[(1 -p 0 )U g (w) + p 0 U b (w)]) is decreasing in w. The last two wealth effects are specific to regret theory but the overall wealth effect remains positive. Finally, if the decision maker is disproportionately averse to large regrets, we can show that the overall wealth effect is increasing in the degree of regret sensitivity (i.e., ∂ 2 W T P RT /∂w∂λ > 0).

Partial resolution of uncertainty

In the previous subsection, we examined the willingness to pay under regret theory when uncertainty was fully resolved and found that regret aversion could exaggerate willingness to pay estimates. There remain however many other situations where after making a prevention decision the decision maker may not directly observe the realized state of nature. For instance, wearing a mask during a pandemic can reduce the risk of being infected. But people wearing a mask and remaining healthy would possibly not know whether they could still be healthy had they not worn a mask. Existing studies in psychology seem to suggest that people are less prone to minimizing regret when feedback over forgone acts is missing (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF]. In this subsection, we elaborate more on the role of feedback on willingness to pay estimates under regret theory. As we shall see, this ex post information channel by which people anticipate regret and rejoicing is particularly interesting in our study and can bring additional insights on real prevention behaviors.

Although complete feedback over forgone acts may be missing, the decision maker's final health status can reveal either partial or full information of what would have happened had she done differently. The possibility of belief-updating distinguishes our study from other existing studies of anticipated regret. Suppose that the decision maker took a preventive measure and is eventually in bad health, she certainly regrets because the preventive measure was useless and she could have been better off had she not wasted money on it. Conversely, suppose that she did not take the preventive measure and is eventually in good health, she feels certainly rejoicing because she saved the cost of prevention. In these two scenarios, full resolution of uncertainty should make the decision maker feel regret and rejoicing as if she received a direct feedback over forgone acts. On the contrary, in the other scenarios the decision maker can only partially infer the realized state of nature from her health status, and forgone acts may never be resolved to her. Since there is no uncertainty on wealth, with some abuse of notation, we denote health outcomes from choosing acts A N and A T as A N (h) and A T (h), respectively. Suppose that the decision maker took a preventive measure which could reduce the baseline risk p 0 by (see Table 2), and is eventually in good health, then the likelihood of remaining healthy and falling ill without prevention would be

P (A N (h) = g | A T (h) = g) = P (s 1 ) + P (s 2 ) P (s 1 ) + P (s 2 ) + P (s 3 ) = 1 -p 0 1 -p 0 + (4.8) P (A N (h) = b | A T (h) = g) = P (s 3 ) P (s 1 ) + P (s 2 ) + P (s 3 ) = 1 -p 0 + (4.9)
While if the decision maker chose not to take the preventive measure and is eventually in bad health, she would know that she could have been either in good or bad health with the following probabilities:

P (A T (h) = g | A N (h) = b) = P (s 3 ) P (s 3 ) + P (s 4 ) = p 0 (4.10) P (A T (h) = b | A N (h) = b) = P (s 4 ) P (s 3 ) + P (s 4 ) = p 0 - p 0 (4.11)
had she taken the preventive measure.

One of the challenges of studying prevention behaviors under regret theory is how to model regret and rejoicing theoretically when uncertainty is only partially resolved. To our best knowledge, [START_REF] Bell | Risk premiums for decision regret[END_REF] has been the first to examine the problem of nonresolution of forgone acts and has defined what is called resolution premium, i.e., an amount of money that an individual is ready to pay to cancel her forgone acts. 21 More precisely, [START_REF] Bell | Risk premiums for decision regret[END_REF] assumed that the decision maker feels regret or rejoicing through comparing her obtained choiceless utility with the expected choiceless utility she could have obtained had she chosen differently. Note that this way of modeling regret and rejoicing includes full resolution of uncertainty as a special case. Expectation is also a convenient reference point since it takes into account properly the likelihoods of possible forgone outcomes. For instance, selecting $10 over a 50-50 lottery between $0 and $20 may have a greater resulting satisfaction than selecting $10 over a 25-75 lottery even though the sure thing may have been preferred in each case. Moreover, for the choice of reference point, the concavity of the regret-rejoicing function R(•) reflects information avoidance. More explicitly, suppose that the decision maker has chosen act A i over act A j , then she would prefer not having any feedback over act A j . 22 Indeed, empirical studies show that people tend to avoid feedback about their forgone acts if possible or react more aggressively to regret when they anticipate future feedback (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF] and more recently Gigerenzer and Garcia-Retamero 2017). Recent work 21 Humphrey (2004) proposed a so-called feedback-conditional regret theory. This modified regret theory also captures the idea that the decision maker always feels less strong emotions when complete feedback over forgone acts is missing. From a practical perspective, we find it less operational compared to Bell (1983)'s approach. More importantly, it is silent about how regret and rejoicing without complete feedback are actually processed and experienced. 22 It is easy to check that for any pair of variables (X, Y ),

E[U (X) + λR(U (X) -E(U (Y ) | X))] ≥ E[U (X) + λR(U (X) -U (Y ))] by Jensen's inequality if R(•) is concave.
by [START_REF] Golman | Information avoidance[END_REF] provided an extensive literature review on this topic. Regret aversion was presented as one of major motives for people to avoid information. For the arguments set out above, we follow the original idea of [START_REF] Bell | Risk premiums for decision regret[END_REF] and redo our previous analysis in Section 4.1 to allow for different levels of regret intensity when the decision maker only observes her final health status. Hereafter, we denote the willingness to pay and compensating variation under regret theory when there is no feedback (abbreviated to nf ) over forgone acts by W T P RT, nf and C RT, nf , respectively. The following proposition summarizes our result on willingness to pay.

Proposition 4. Consider a decision maker with the risk preferences given by (2.2) and (2.3). If the reference point is determined by the rational expected utility that could have been obtained had the forgone act been chosen, then the decision maker has the same willingness to pay as a standard expected utility maximizer when complete feedback over forgone acts is missing, i.e., W T P RT, nf = W T P EU . 23Proof. see Appendix A.

Intuitively, as there is no direct feedback over forgone acts, both regret and rejoicing become less relevant (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF]. So a regret-averse decision maker will behave closely to what a standard expected utility maximizer does. Proposition 4 therefore suggests that the willingness to pay in Eq. (4.5) is the upper limit for reducing health risks under anticipated regret. We would also expect that the way of resolving uncertainty will influence individuals' willingness to pay. In some situations, after a preventive measure is taken, uncertainty is fully resolved; while in the other situations, uncertainty is only partially resolved. Then according to our results, the estimated willingness to pay in the later cases would be much lower, ceteris paribus.

Feedback avoidance and preference for certainty

Information avoidance induced by regret aversion can significantly bias our evaluation to prefer those health programs that completely eliminate a risk over those that partially reduce a risk. This is related to the certainty effect, by which individuals prefer eliminating a risk of harm to reducing the probability of harm by a larger probability increment. To see this, think of two pairwise choice problems:

(1) lottery S1 = (5$, 100%) versus lottery R1 =(12$, 20%; 5$, 70%; 0$, 10%);

(2) lottery S2 = (5$, 40%; 0$, 60%) versus lottery R2 = (12$, 20%; 5$, 10%; 0$, 70%).

It is typically found that most people choose S1 in the first choice problem and switch to R2 in the second one. This phenomenon, also called Allais paradox, violates independence axiom of standard expected utility theory. From the perspective of a regret averter, choosing S1 which is certain mitigates regret due to lack of feedback on R1, while choosing R1 would confront her with a risk of regret in the first choice problem. However, in the second choice problem, both alternatives are risky and there is no feedback on the forgone alternative anyway, regret concern becomes less severe and R2 which has a higher mean is thus more likely to be chosen. 24In the context of health risk prevention, consider situations where once a preventive measure is taken, the baseline risk can be completely eliminated, namely, the preventive measure is perfectly effective.25 Many real-life examples are like that. For instance, one can think of a vaccine for certain infectious diseases such as smallpox. What is interesting about this is that elimination of risk introduces some asymmetry in receiving feedback over forgone alternatives: the decision maker always knows what would have happened had she taken the preventive measure but the opposite is not true. Due to information avoidance as illustrated in our previous example, a regret averter values much more a preventive measure that aims to completely eliminate the risk of having a health problem, i.e., C RT, nf (p 0 ) > C RT (p 0 ) > C EU (p 0 ). We present this result in the following proposition.

Proposition 5. Consider a decision maker with the risk preferences given by (2.2) and (2.3). If the reference point is determined by the rational expected utility that could have been obtained had the forgone act been chosen, the compensating variation for elimination of the baseline risk under regret theory (i.e., C RT, nf (p 0 )) is increasing in the degree of regret sensitivity (i.e., λ) when complete feedback over forgone acts is missing. Moreover, C RT, nf 

(p 0 ) > C RT (p 0 ) > C EU (p 0 ). Proof. see Appendix A.
Consistent with Proposition 5, [START_REF] Wroe | Understanding and predicting parental decisions about early childhood immunizations[END_REF] compared different potential predictors of actual immunization decisions and found that anticipated regret was the strongest predictor of likelihood of immunizing children. It becomes therefore crucial to distinguish between preventive measures which completely eliminate health risks and those which only partially reduce them if receiving feedback matters in the framework of anticipated regret.

Discussions and conclusion

Regret theory has been introduced into economics about four decades ago since the seminal works by [START_REF] Bell | Regret in decision making under uncertainty[END_REF][START_REF] Bell | Risk premiums for decision regret[END_REF], and [START_REF] Loomes | Regret theory: An alternative theory of rational choice under uncertainty[END_REF]. Despite the fact that regret theory has been widely accepted as a good descriptive model in understanding behaviors under risk [START_REF] Bleichrodt | Regret theory: A bold alternative to the alternatives[END_REF], its implications in cost-benefit analysis has not been formally examined. In this paper, we took the first step to study the willingness to pay for health risk reductions under anticipated regret. This measure plays a role much broader than its impact on benefit-cost analysis, as they have ramifications for policies dealing with health care. What makes health risk prevention unique compared to other types of risk behaviors is that uncertainty may not be completely resolved. For instance, an individual who took a preventive measure but fell sick certainly regrets for wasting money in prevention, while if she was in good health, she would not know for sure what would have happened had she decided differently. Existing studies on anticipated regret (e.g., Somasundaram and Diecidue 2017) documented that people are less prone to minimizing regret when there is no direct feedback over the forgone act or a delay in receiving the feedback. We discussed in the paper how the resolution of uncertainty would affect willingness to pay through the channel of anticipated regret.

As a result, we showed that under full resolution of uncertainty, disproportionate aversion to large regrets could imply a higher willingness to pay for reductions in the probability of having a health problem. This notion of regret aversion has already been shown to be the key in the existing literature for regret theory to reconcile with various behaviors under risk which violate expected utility theory. The regret-aversion effect on willingness to pay can be interpreted as if individuals overweight reductions in the baseline health risk. Our calibration exercise illustrated that the impact of regret aversion could be quite substantial and suggested that willingness to pay estimates might largely reflect individuals' concern over regret and rejoicing. Our study also provided a plausible explanation for why the estimated willingness to pay often has a large variation [START_REF] Viscusi | The value of risks to life and health[END_REF][START_REF] Viscusi | The value of a statistical life: A critical review of market estimates throughout the world[END_REF]. According to our analysis, this large variation may be not only due to the heterogeneity in individuals' wealth and other social characteristics but also due to different degrees of regret sensitivity.

In case of partial revelation, we assumed the rational expected utility from choosing the forgone act as reference point, an approach developed by [START_REF] Bell | Risk premiums for decision regret[END_REF] with appealing behavioral foundations. Consistent with the existing findings (e.g., [START_REF] Larrick | Avoiding regret in decisions with feedback: A negotiation example[END_REF][START_REF] Zeelenberg | Anticipated regret, expected feedback and behavioral decision making[END_REF] and more recently Gigerenzer and Garcia-Retamero 2017), we found null impact of regret aversion on willingness to pay when complete feedback over forgone acts is missing.26 However, when a preventive measure is perfectly effective and there is asymmetry in receiving feedback, we found that information avoidance induced by regret aversion could significantly bias our evaluation to prefer those health programs that completely eliminate a risk. These results thus suggest that ex-post information provision can be a relevant factor for regret theory to account for why people are sometimes so inclined to protect themself against certain types of health risks but not others.

Substituting death for the state less than perfect health extends our study to the value of a statistical life which has been a focus in most of willingness to pay studies. Notice that it is arguable whether individuals treat morbidity risks differently from fatality risks under anticipated regret. The main controversy comes from the fact that people may not experience any regret (or rejoicing) when they are dead but certainly do when they are sick. It would be therefore desirable to distinguish different types of health risks, morbidity risks versus fatality risks. Empirical results from the health literature seem to suggest that more anticipated regret is present when consequence is more severe, i.e., death versus illness (e.g., [START_REF] Brewer | Anticipated regret and health behavior: A meta-analysis[END_REF]). To our best knowledge, there is not much discussion on these issues in the literature of benefit and cost analysis. More empirical works should certainly be conducted in these directions so as to better understand the impact of regret aversion. Our theoretical results are instrumental for future empirical analysis.

Our findings also raise up several questions on the relationship between behavioral economics and public policy. First, whether our standard approaches used to measure willingness to pay should be adjusted to incorporate regret and rejoicing? In particular, preferences under regret theory generally violate transitivity in choice making, which is often observed in experimental settings (e.g., [START_REF] Grether | Economic theory of choice and the preference reversal phenomenon[END_REF].27 Some specific methodologies in experimental economics such as the trade-off method [START_REF] Wakker | Eliciting von neumann-morgenstern utilities when probabilities are distorted or unknown[END_REF] already exist and could cope with this issue. So practitioners doing benefit and cost analysis may learn from other closely related disciplines. Some other challenges and criticisms still remain. Since the ex post emotions of regret and rejoicing are true hedonic experiences that people may want to factor into their ex ante decision, the welfare function of a paternalistic social planer may want to take ex post feelings of regret into account [START_REF] Salanié | Regulation in happyville[END_REF]. However, including regret which is very context-dependent may also lead to difficulty in computing welfare effects and identifying a robust health policy [START_REF] Croson | Behavioral environmental economics: Promises and challenges[END_REF]. Questions like whether the measured willingness to pay of regret-averse individuals should be taken at face value for policy evaluations are still to be debated. Finally, regret could also be a crucial element for evaluating different policy interventions. Different from other emotions, regret can only arise from making decisions and is more likely to be felt when people feel responsible for their situations [START_REF] Zeelenberg | A theory of regret regulation 1.0[END_REF]. From that point of view, paternalism may be supported because enforcing prevention can help reduce self-blaming. Alternatively, financing prevention through taxation may also reduce regret but would induce certain distortions in private markets [START_REF] Huang | Regret and regulation[END_REF]. Some information campaigns emphasizing the importance of prevention may even harm welfare since they encourage counterfactual thinking and make regret more overwhelming. We believe that incorporating regret and rejoicing into benefit and cost analysis would add many interesting insights on public policy making. that U g > 0, U b > 0 and R > 0. Thus, the compensating variation C RT is increasing in the degree of regret sensitivity λ.

Proof of Proposition 2

Suppose that W T P RT > W T P EU . Then we have

λ[R(U g (w) -U b (w)) -R(U b (w) -U g (w))] 2λR (0)[(1 -p 0 )U g (w) + p 0 U b (w)] > U g (w) -U b (w) (1 -p 0 )U g (w) + p 0 U b (w) ⇐⇒R(U g (w) -U b (w)) -R(U b (w) -U g (w)) > 2R (0)[U g (w) -U b (w)] Denote x = U g (w) -U b (w) > 0.
The above inequality can be rewritten as follows

R(x) -R(-x) > 2R (0)x (A.1) If R(•) is linear, the above inequality is binding. Define F (x) = R(x) -R(-x) -2R (0)
x with F (0) = 0. So if F (x) > 0 for x > 0, then the inequality (A.1) holds. This is equivalent to

F (x) = R (x) + R (-x) -2R (0) > 0 ⇐⇒R (-x) -R (0) > R (0) -R (x)
The above inequality is true if and only if R (•) > 0. This further implies that R(x) -R(-x) > 2R (0)x for x > 0. So we have W T P RT > W T P EU if and only if the decision maker is disproportionately averse to large regrets.

Proof of Corollary 1

Differentiating W T P RT with respect to λ gives:

∂W T P RT ∂λ = R(U g (w) -U b (w)) -R(U b (w) -U g (w)) -2R (0)[U g (w) -U b (w)] [1 + 2λR (0)] 2 [(1 -p 0 )U g (w) + p 0 U b (w)]
Note that the denominator is positive if and only if the decision maker is disproportionately averse to large regrets (see the proof of Proposition 2). Thus, ∂W T P RT /∂λ > 0.

Proof of Proposition 3

We prove first Proposition 3.1. Differentiating W T P RT (see Eq. It is easy to check that whenever R (•) is positive, ∂ 2 W T P RT /∂w∂λ > 0.

Proof of Proposition 4

Note that

P (A N (h) = b | A T (h) = b) = P (A T (h) = g | A N (h) = g) = 1, P (A N (h) = g | AT (h) = b) = P (A T (h) = b | A N (h) = g) = 0
and that the other conditional probabilities are given by Eq. (4.8)-(4.11). In the spirit of [START_REF] Bell | Risk premiums for decision regret[END_REF] and when there is no feedback over forgone acts, expected total utilities from taking and not taking a preventive measure which costs C RT, nf and reduces the baseline risk by are given by Remember that C RT, nf (p 0 ) ≥ C EU (p 0 ), which implies that U g (w -C RT, nf (p 0 )) -(1p 0 )U g (w) -p 0 U b (w) < 0. So A must be positive to have Eq. (A.6) continue to hold. We can easily check that B is negative because U g > 0 and R > 0. Therefore, the larger λ is, the higher C RT, nf (p 0 ) becomes. For a regret averter, we can further show that C RT, nf 
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  (4.7)) with respect to p 0 gives us ∂W T PRT ∂p 0 = 1 + λ R(Ug(w)-U b (w))-R(U b (w)-Ug(w))Ug(w)-U b (w)1 + 2λR (0)∂W T P EU ∂p 0 (A.2)Also, differentiating W T P EU (see Eq. (4.6)) with respect to p 0 , we obtain∂W T P EU ∂p 0 = [U g (w) -U b (w)][U g (w) -U b (w)] [(1 -p 0 )U g (w) + p 0 U b (w)] 2 > 0The above inequality is due to the fact that U g (w) > U b (w) and U g (w) > U b (w). It further implies that ∂W T P RT /∂p 0 > 0. Differentiating Eq. (A.2) with respect to λ, we have∂ 2 W T P RT ∂p 0 ∂λ = R(A) -R(-A) -2R (0)A [1 + 2λR (0)] 2 A ∂W T P EU ∂p 0 with A = U g (w) -U b (w).In the proof of Proposition 2, we have already shown thatR(A)-R(-A)-2R (0)A is positive if R(•)is decreasingly concave. Therefore, we conclude that ∂ 2 W T P RT /∂p 0 ∂λ > 0.To prove Proposition 3.2, we differentiate W T P RT with respect to w, and it give us∂W T P RT ∂w = A (w){1 + λ[R (A) + R (-A)]} [(1 -p 0 )U g (w) + p 0 U b (w)][1 + 2λR (0)] -[A(w) + λ(R(A) -R(-A))][(1 -p 0 )U g (w) + p 0 U b (w)] [(1 -p 0 )U g (w) + p 0 U b (w)] 2 [1 + 2λR (0)] >0 (A.3)The last inequality is becauseA (w) = U g (w) -U b (w) > 0 and U h (w) < 0 for h = g, b.Differentiating Eq. (A.3) with respect to λ, we have∂ 2 W T P RT ∂w∂λ = A (w) (1 -p 0 )U g (w) + p 0 U b (w) R (A) + R (-A) -2R (0) [1 + 2λR (0)] 2 -(1 -p 0 )U g (w) + p 0 U b (w) [(1 -p 0 )U g (w) + p 0 U b (w)] 2 R(A) -R(-A) -2R (0)A [1 + 2λR (0)] 2

V

  nf (A T | A N , A T ) ≡ (1 -p 0 + ) U g (w -C RT, nf ) + λR U g (w -C RT, nf ) -1 -p 0 1 -p 0 + U g (w)-1 -p 0 + U b (w) + (p 0 -) U b (w -C RT, nf ) + λR U b (w -C RT, nf ) -U b (w) V nf (A N | A N , A T ) ≡ (1 -p 0 ) U g (w) + λR U g (w) -U g (w -C RT, nf ) + p 0 U b (w) + λR U b (w)p 0 U g (w -C RT, nf ) -p 0p 0 U b (w -C RT, nf )By definition, C RT, nf is the compensating variation in wealth for health risk reductions if and only ifV nf (A T | A N , A T ) = V nf (A N | A N , A T ) (A.4)Note that lim →0 C RT, nf ( ) = 0. Fully differentiating Eq. (A.4) with respect to and taking a limit as gets close to zero, we obtainU g (w) -U b (w) -(1 -p 0 )U g (w) + p 0 U b (w) ∂C RT, nf ∂ | →0 -λR (0) (1 -p 0 )U g (w) + p 0 U b (w) ∂C RT, nf ∂ | →0 + λR (0) U g (w) -U b (w) = λR (0) (1 -p 0 )U g (w) + p 0 U b (w) ∂C RT, nf ∂ | →0 -λR (0) U g (w) -U b (w) (A.5)Rearranging Eq. (A.5) gives usW T P RT, nf = ∂C RT, nf ∂ | →0 = U g (w) -U b (w) (1 -p 0 )U g (w) + p 0 U b (w) (= W T P EU )Proof of Proposition 5As = p 0 , Eq. (A.4) is simplified toU g (w -C RT, nf (p 0 )) + λR U g (w -C RT, nf (p 0 )) -(1 -p 0 )U g (w) -p 0 U b (w) = (1 -p 0 ) U g (w) + λR U g (w) -U g (w -C RT, nf (p 0 )) + p 0 U b (w) + λR U b (w) -U g (w -C RT, nf (p 0 )) (A.6)Replacing C RT, nf (p 0 ) by C EU (p 0 ) in Eq. (A.6) and by definition of C EU (p 0 ) (see Eq. (4.2)), we haveλ R U g (w -C EU (p 0 )) -(1 -p 0 )U g (w) -p 0 U b (w) -(1 -p 0 )R U g (w) -U g (w -C EU (p 0 )) -p 0 R U b (w) -U g (w -C EU (p 0 )) = -λ (1 -p 0 )R p 0 (U g (w) -U b (w)) + p 0 R (1 -p 0 )(U b (w) -U g (w))≥0The last inequality is due to the fact that regret-rejoicing function R(•) is concave. It further implies that C RT, nf (p 0 ) should be larger than C EU (p 0 ).To generalize this result, we apply the implicit function theorem to Eq. (A.6) and obtain∂C RT, nf (p 0 ) ∂λ = -A BwhereA =R U g (w -C RT, nf (p 0 )) -(1 -p 0 )U g (w) -p 0 U b (w) -(1 -p 0 )R U g (w) -U g (w -C RT, nf (p 0 )) -p 0 R U b (w) -U g (w -C RT, nf (p0)) and B = -U g (w -C RT, nf (p 0 )) 1 + λR U g (w -C RT, nf (p 0 )) -(1 -p 0 )U g (w) -p 0 U b (w) + (1 -p 0 )R U g (w) -U g (w -C RT, nf (p 0 )) + p 0 R U b (w) -U g (w -C RT, nf (p 0 ))

  (p 0 ) > C RT (p 0 ). By definition of C RT (p 0 ), we have U g (w -C RT (p 0 )) + λ p 0 R U g (w -C RT (p 0 )) -U b (w) + (1 -p 0 )R U g (w -C RT (p 0 )) -U g (w) = (1 -p 0 ) U g (w) + λR U g (w) -U g (w -C RT (p 0 )) + p 0 U b (w) + λR U b (w) -U g (w -C RT (p 0 )) (A.7)A direct comparison between Eq. (A.6) and (A.7) implies that C RT, nf (p 0 ) > C RT (p 0 ) due to the concavity of the regret-rejoicing function R(•).
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 2 Choice menu

	Acts	States of nature (x, y)

As surveyed by[START_REF] Zeelenberg | A theory of regret regulation 1.0[END_REF], regret theory has recently attracted a lot attention from academic researchers in many disciplines (see its figure1).

Since immunization decisions are actually made by parents, we conjecture that the responsibility of parenthood should render the anticipation of regret easier.

There is already quite a lot debate going on about behavioral economics and public policy. See for instance,[START_REF] Chetty | Behavioral economics and public policy: A pragmatic perspective[END_REF],[START_REF] Kniesner | Behavioral economics and the value of a statistical life[END_REF] and[START_REF] Viscusi | Pricing lives: Guideposts for a safer society[END_REF].

For non-monetary outcomes, one can replace outcomes by their induced choiceless utilities. The same result holds.

Formally, the extension to non-monetary outcomes requires that there exists a rational (i.e., complete, reflexive, and transitive) preference ordering on the set of pure consequences.

[START_REF] Smith | Is regret theory an alternative basis for estimating the value of healthcare interventions?[END_REF] studied treatment decisions for chronic diseases within a framework similar to ours but treated the acts as independent in his study.

Formally, for a small risk change, the compensating variation (or equivalent variation) is approximately equal to the product of the size of the risk change and willingness to pay.

This work is currently in progress. The results presented here are instrumental for empirical analysis.

For instance, Viscusi (1993) documented a range of $3.8 -$9.0 million, when converted into year 2000 dollars.

See a nice review on this topic by[START_REF] Viscusi | Utility functions for mild and severe health risks[END_REF]. This article's estimates of the structure of utility functions for cancer indicate a substantially lower marginal utility of income at any given income level. This result is consistent with the welfare consequences of other severe health effects, which impose harms that are not tantamount to a monetary loss.

This is also coined as the "dead anyway" effect in the literature of the value of a statistical life (e.g.,[START_REF] Pratt | Willingness to pay and the distribution of risk and wealth[END_REF].

Note however that for non-marginal risk reductions, the compensating variations under regret theory and expected utility theory can be different when feedback over forgone acts is missing. Since there is no easy comparison between the two and no further insight can be drawn from this comparison, we leave this analysis out of the paper.

For small stakes, consumption utility is locally flat. So the risk profile of each lottery is of second order.

Under this condition, state s 4 in Table2will be removed. There will be no more uncertainty on health if act A T is chosen.

In a more general setting, we can study the well-known optimal effort problem in self-protection and examine how market insurance and self-protection interact[START_REF] Ehrlich | Market insurance, self-insurance, and self-protection[END_REF]. This research question was partly addressed in a companion paper.

Rationality in economics is usually defended as a social construct based on active market exchange. Since there is lack of market exchange for environmental goods and services -especially if no money pumps exist to punish inconsistent choice, nonstandard preferences can play a crucial role in choice.

Appendix A: Proofs Proof of Lemma 1

Let us define Ψ(x) = R(x) -R (-x). Notice first that Ψ(x) is strictly increasing since Ψ (x) = R (x) + R (-x) > 0, and Ψ(0

The inequality can also be expressed as follows

The above inequality is true if and only if R (•) > 0.

Proof of Proposition 1

To prove Proposition 1, we apply the implicit function theorem to Eq. (4.1) and obtain

We have shown that C RT ≥ C EU , which implies that A must be positive to have Eq. (4.1) continue to hold because (1 -p 0 + )U g (w -C RT ) + (p 0 -)U b (w -C RT ) -(1p 0 )U g (w) -p 0 U b (w) < 0. We can easily show that B must be negative due to the fact