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Abstract:
We conduct a contingent valuation survey in Spain and the UK to elicit information
about the Willingness to Pay (WTP) for heat wave watch and response programs.
We find that people are willing to pay for such programs, and that the WTP (€ 50
for each of 10 years; 2019 PPP euro) is virtually the same across the two countries
and across respondents that received two alternate presentations of the mortality
risks with and without the programs. The responses to the WTP questions are
internally consistent. Persons who re-assessed their own risks as “very high” after
reading the questionnaire’s information about the health effects of excessive heat are
prepared to pay more for these programs. These persons are in poor health and less
highly educated, and thus an important priority for outreach and education efforts
by heat wave watch and response programs. That people value saving lives during
heat waves as important is confirmed by the results of person tradeoffs, which show
that avoiding a fatality during heat waves is comparable to avoiding a cancer fatality,
is slightly more valuable than an avoiding a cardiovascular fatality, and definitely
more valuable than an avoided road traffic fatality. The Value per Statistical Life
implied by the WTP for the programs is € 1.1 million to € 4.7 million (2019 PPP
euro), depending on the size of the mortality risk reduction valued by the
respondent, for an average of € 1.6 million.
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1. Introduction

Global data indicate that July 2023 was the hottest month on record. By the end of the month,
the city of Phoenix in Arizona had recorded 31 consecutive days with temperatures above 110° F
(43.3° C). More than 150 million people in the US across over 30 states were under heat alerts
due to extreme temperatures on Thursday, July 27 (Associated Press, 2023). About 10 days
earlier, tourists in Rome were reported to have visited the city’s sights in 43° C weather.

Global circulation models and IPCC reports issued over the last two decades have warned
that climate change is likely to bring more frequent, hotter, and longer heat waves in temperate
areas of the world (IPCC, 2021; Christidis et al., 2014). The nature of heat waves has changed in
recent years (Pascal et al., 2021; Neethu and Ramesh, 2023), and excessive heat is often
simultaneously experienced over very large geographical areas, which has led to the increasing
use of the expression “heat dome” to describe them (NOAA, 2023; Wang et al., 2015).

In addition to causing loss of productivity and hence economic losses (Garcia-Leon et al.,
2021; Zhao et al., 2021), very hot weather has been linked with adverse health effects (and their
costs) and with excess mortality, i.e., with raising the fatality rate above what is considered
normal for the time of the year at a certain location (Botzen et al., 2019; Bressler et al., 2021;
Health Canada, 2011; Gasparrini et al., 2017; Arbuthnott and Hajat, 2017; Saha et al., 2014; and
Qiao et al., 2015).

Numerous cities all over the world have developed and implemented plans to address the
health threats posed by excessive heat. These plans (heat health watch/warning and response
programs, or HHWRs) rely on advance weather forecast, issue alerts to the population ahead of
and during excessive heat episodes, and enact a combination of public measures and volunteer

activities to reach vulnerable members of the population, keep people out of the heat, and



administer medical assistance if needed. They are generally triggered when the temperature is
expected to exceed a certain threshold, taking into account humidity, other meteorological
factors, the age and health status of the population, the building stock (whether or not insulated
and air-conditioned) and whether the area is likely to suffer from the urban heat island effect (Ebi
et al., 2004; Chiabai et al., 2018).

Despite their widespread adoption, with the exceptions of Ebi et al. (2004), Menne and
Mathies (2009), ONERC (2009), US EPA (2015), Hunt et al. (2017), Chiabai et al. (2018), and
Williams et al. (2022), relatively little assessment work has been completed to date to estimate
their benefits and costs, or the cost-effectiveness with which health risks reductions are attained.
This work generally relies on estimating the reduction in adverse health outcomes attributable to
the program and attaching a monetized value to such a reduction.

One important element of such evaluations is whether alerts and health advice reach
those that are most likely to be affected by the heat, and whether these persons abide by the
behavioral modifications and precautions recommended by the experts. One such group is the
elderly. Compromised fitness and health, certain medications, and a diminished perception of
heat and thirst make the elderly a vulnerable group during heat waves—for physiological
reasons. Social isolation makes it difficult for (life-saving) news and information to reach their
targets, and concern that using cooling devices will run up the electricity bills may prevent
protective behaviors among the poor (Klinenberg, 2003; Sheridan, 2007). Kalkstein and
Sheridan (2007) and Sheridan (2007) conduct surveys in various US cities, finding that very few
among the elderly change their behavior during hot days. In Europe, Pascal (2021) likewise
reports that risk perception remains limited among the population and stakeholders. Laaidi et al.

(2019) find that 88% of the population do not feel at risk during heat waves; only 4% of those



aged 65 and older feel at risk. This may be due to the fact that many among the elderly do not
perceive themselves as such (Taylor et al., 2009).

The purpose of this paper is three-fold. First, we wish to find out if people value public
heat wave watch and response programs—and how much. Economic theory suggests that people
more at risk should be willing to pay more; at the same time people might be willing to pay less,
or nothing at all, for a public program if they consider private protection (e.g., using air
conditioning, staying out of the heat) sufficient, cheaper and/or more effective. Our approach is
different than that in Ebi et al. (2004) and Chiabai et al. (2018), in that we ask individuals from
the general population of two countries, Spain and the U.K., to report information about their
willingness to pay (WTP) for such programs.

Second, given the evidence that some individuals at risk may not recognize themselves as
such, we wish to find out how people assess their own excessive heat health risks, before and
after being informed about them. We also wish to see if their baseline assessment of their own
risk and any revisions to it based on the provision of information influence their WTP for heat
watch and response programs.

Third and last, what is the WTP per unit of mortality risk reduction—also known as the
Value per Statistical Life (VSL)? Does the public compares excessive heat mortality risks to any
other mortality risk? In the US, the VSL used in policy analyses generally comes from
compensating wage studies that examine the tradeoffs that workers make between pay and
workplace accident risks (Viscusi, 1993, 2013, US DHHS, 2016, US DOT, 2016). In the UK,
they generally come from stated preference studies about transportation risks, derived from
Carthy et al. (1999) (HM Treasury 2018) and recently reviewed by Chilton et al. (2020).

Whether it is appropriate to apply them to environmental and public health programs is the



subject of considerable debate in academic and policy circles, as what one is prepared to pay for
a mortality risk reduction may well depend on the characteristics of the risk as well as the
characteristics of the individual (Alberini, 2019).

We survey members of the general public in Spain and the U.K. and elicit information
about their WTP for HHWRs that reduce health risks. These two countries were selected because
global circulation models and predictions of excessive heat mortality generally distinguish
between Southern and Northern Europe (Forzieri et al., 2017). The survey questionnaires were
identical—except for the language, the national population figures shown to the respondent, and
the absolute mortality figures in the two countries.

Respondents were assigned to one of two possible versions of the survey that differed for
the format in which such mortality risks and risk reduced by the HHWRs were presented. In one,
respondents were told about the expected number of fatalities in each of the next 10 years if
nothing is done, and if heat response programs are implemented. Respondents were also told
about the overall population, but we did not calculate risk rates for them. In the other, we
provided the same information plus the implied mortality rates (expressed as X in 100,000 a
year).

Respondents were further asked to choose between public program that save lives in the
context of heat waves v. other causes of death, until an indifference point was reached that lets us
infer whether a life saved in the health wave context is more, less or just as highly valued as

another life saved.' This information can be combined with existing VSL figures to arrive at a

! Choice tasks where respondents must choose between life-saving programs are a simple example of person
tradeoffs (also termed “equivalence of numbers”)—one way of eliciting the value of health states to society or
groups in the population that may or may not include the respondent (Pinto Prades, 1997). The goal is to find out
how many cases cured of illness B or lives saved by program B are equivalent to one case cured from illness A or
one life saved by program A. This rate of equivalence can be elicited directly by asking respondents to engage in
matching tasks, or can be inferred from the responses to choice questions. Dalafave and Viscusi (2021) contrast
prevented fatalities in shooting attacks with prevented fatalities in terrorist attacks. In examples from medical



VSL suited for the heat wave context, which in turn can be compared with our own direct
estimates of the VSL.

Briefly, we find that people are willing to pay for heat watch and response program,
especially among those persons who consider themselves at high risk and/or “upgraded” their
risks to “very high” after receiving information about the possible adverse health effects of very
hot weather. The implied VSL ranges between € 1.148 million and € 4.752 million (2019 PPP
euro), for an average of about € 1.6 million. Our respondents valued heat wave mortality risk no
less than general cardiovascular and respiratory mortality risks, just about the same as a cancer
death, and more than road-traffic accident fatalities. Public heat wave response programs and

private opportunities for defensive behavior are viewed as complements, rather than substitutes.

2. Materials
2.1 Survey Questionnaire

Our survey questionnaire is comprised of 6 sections. Section 1 collects basic information
about the current health status of the respondents, the respondent’s experience with heat in the
summer of 2019 (Konisky et al., 2015; Gértner and Schoen, 2021), and the availability of air
conditioning or other cooling devices at home and work. Section 2 asks respondents to identify
possible consequences of excessively hot weather and indicate which, out of a list of groups
(e.g., the elderly, children, the homeless, etc.), should be considered at risk during heat waves

(Laranjera et al., 2021). At this point the respondents should have been focused enough on the

decisionmaking and public health, the programs may target patients with disease of different severity (Nord, 1994),
different age groups (Cropper et al., 1994), or be implemented at different point in time in the future (Cropper et al.,
1994). More complex variants of person tradeoff questions may incorporate probabilistic descriptions of the
accomplishments of the programs, allowing the analyst to study whether risk aversion applies to health states
(Kemel and Paraschiv, 2018).



health risks associated with excessively hot weather, so we asked them if they considered
themselves at higher, lower or roughly the same risk as the average person.

This exercise was followed by section 3, which provided information about the
physiological effects of excessive heat (e.g., heat stroke, dehydration, heart failure, kidney
failure, and death; see Gronlund et al., 2016) and a list of vulnerable groups, such as the elderly,
children, people in compromised health, the homeless, people that work outdoors, etc. The
respondents were then asked to re-evaluate their own risk level compared to others.

Section 4 of the questionnaire contained the valuation scenario. First we presented the
respondents with a forecast of the mortality risks associated with hot weather in the next 10
years, based on global circulation models and the expected warming trends. Heat wave
watch/warning and response programs would reduce these risks by a specified extent (see section
2.2 below), primarily by alerting the population, organizing community watch systems, operating
cooling centers, extending swimming pool hours, distributing cooling devices, staffing
emergency rooms and hospitals, and rescheduling work to cooler times or days.

Information about the respondent’s WTP was elicited through double-bounded
dichotomous choice questions. Respondents were assigned at random to one of four possible bid
amounts (corresponding to € 10, € 25, € 53 and € 106 2019 PPP euro), which they would have to

pay (if the programs were adopted) for each of the next 10 years.? The followup amounts were

? Dichotomous choice contingent valuation questions are often cast as a vote in a hypothetical referendum. If a
majority of the voters were in favor, survey participants are told, the program would be adopted and the taxpayers
would be obliged to pay the stated amount in the form of a tax. This phrasing ensures incentive compatibility
(Carson and Groves, 2007; Johnston et al., 2017), which may be compromised when the initial vote is followed by
another vote with a revised cost amount (Watson and Ryan, 2007). We chose to avoid any reference to a referendum
on the ballot in our survey, since in both the UK and Spain referenda are generally reserved to serious constitutional
matters and laws—and clearly heat wave adaptation programs do not qualify as such. (For example, in 2017 a
referendum was held in Catalonia to decide on whether the region should become independent. The referendum,
which was accompanied by severe disruptions, was ruled unconstitutional. In 2016, a referendum was held in the
UK to decide whether the country should remain in the European Union or leave it.)



twice as much (half as much), depending on whether the respondent was (was not) prepared to
pay the initial “bid.”

Section 5 of the questionnaire contained person tradeoff questions, which sought to see if
the public views heat wave mortality risks as equivalent to mortality risks in other settings (see

section 2.3 below). The questionnaire concluded with the usual sociodemographics (section 6).

2.2 Mortality Risks and Risk Reductions

Our valuation scenario was explicit about the fact that excessive heat increases mortality
risks, and that risks can be significantly reduced through public health measures. We
experimented with two alternate presentations of the baseline risks and risk reductions, and
matched them with the appropriate graphs (Ancker et al., 2006).

Specifically, respondents were assigned at random to one of two possible variants of the
questionnaire. In the first (“raw fatalities” version), they were told that forecasts indicate that in
each of the next 10 years—from 2020 to 2029—there would be 2295 fatalities in Spain (3281 in
the UK) attributable to the heat. The mortality attributed to other causes of death (e.g., cancer or
cardiovascular illnesses) was also conveyed to the respondents for comparison purposes. The
respondents were told what the projected population size was for that period, but we did not
calculate the mortality rates (in heat waves or for other causes of death) for them.

The respondents were then told that government policies would be able to reduce this
number by FILL2. The number FILL2 was selected at random out of four possible values (459,
918, 1377, 1836 for Spain; 656, 1312, 1969, and 2625 for the UK), which correspond to 20%,
40%, 60% and 80% reductions from the baseline. Would the respondent be willing to pay € X,

where X was varied across the respondent, for such a reduction?



In the second version of the questionnaire (the “rates” version), respondents were shown
exactly the same information—except that this time the population rate was computed for them.
In Spain, for example, the respondents were told that 2295 fatalities mean 5 fatalities for every
100,000 people. When told about the reduction in the number of fatalities, respondents were also
informed that this reduction would bring the fatality rates from 5 in 100,000 to 4 in 100,000, 3 in
100,000, 2 in 100,000 and 1 in 100,000, respectively, corresponding to 20%, 40%, 60% and 80%
risk reductions. The study design is summarized in table 1. In both variants of the questionnaire,
respondents are randomly assigned to initial bids selected at random out of a prespecified array.’

The graphs used to convey the magnitude of the risks are displayed in figures 1 and 2,
respectively. Figure 1 shows that, in the “raw fatalities” version of the questionnaire, respondents
were informed about the total fatalities attributable to the heat and to other causes of death.
Figure 2 displays the corresponding graph for the “risk rates” version of the questionnaire. This
second graph also includes a “risk ladder,” where the magnitude of the risks are translated into a
“community equivalent” meant to be salient to the respondent.

We note that our questionnaire did not provide forecasts of the number of hospitalizations
or minor illnesses with and without the program, as it has been our experience (Alberini et al.,

2012) that such figures get trumped by the mortality information.

2.3 Life-saving Program Tradeoffs
Right after the valuation portion of the questionnaire, the respondents faced a series of
choice tasks about life-saving programs. They were to tell us which they would prefer between

two programs that cost the same amount of money—Program A, which saves 100 lives during

? This array is { 10, 20, 50, 100 } Euro for Spain and its 2019 PPP equivalent for the UK, namely { 10, 25, 55, 110 }
GBP. These values were selected because they cover a broad range of implied VSL figures—from 200,000 to 10
million euro. When converted to 2019 PPP euro, both arrays are equivalent to 10, 25, 53, and 106 2019 PPP euro.



heat waves, or Program B, which avoids 100 fatalities from a specified cause of death. This latter
cause of death was selected at random from cancer, cardiovascular causes, or road-traffic
accidents. Respondents were offered three possible responses options: Program A, Program B, or
“indifferent between the two.”

No further questioning followed if the respondent chose the “indifferent” option. If
program A (program B) was chosen, then in the next question program A still saved 100 lives in
the heat wave context whereas program B was to save X lives, with X greater than 100 (less than
100). The subsequent choice questions adjusted the follow-up number of lives saved by Program
B (holding the lives saved by program A fixed at 100) to arrive at or close to indifference
between the two programs. Approximately half of the respondents were assigned at random to a
variant of this procedure that iteratively changed the number of lives saved by program A—the

heat wave program—while holding the lives saved by program B fixed at 100.”

2.4 Survey Administration

The survey was administered from the end of September to late October 2019 in Spain
and the UK. The data collection was coordinated by European National Panel s.r.o. Czech
Republic. The survey questionnaire was self-administered by the respondents online, with the
respondents themselves recruited from internet consumer panels.

We used quota sampling with quotas for education (three categories), age (three

categories), city or town size (three categories), gender, and region. Participation was restricted

* These questions can be compared with the risk-risk tradeoffs in Mussio et al. (2023), where respondents are asked
at which out of two locations they would prefer to live. The two locations differ in terms of traffic accidents and
extreme weather events mortality risks, and can be compared with the risk in the area where the respondent lives.
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to respondents aged 18-65.° Our final sample sizes are 1,469 completed interviews in Spain and

1,903 in the UK. Table 2.A summarizes the two samples.

3. Methods
3.1 Theoretical Model

A household production model that accommodates a wide range of public program and
private behavior posits that individual derive utility from consumption and disutility from illness
(or the risk of dying), and that adverse health effects can be abated by the public program and by
private protection behaviors:

(1 UX,S(P,A(P))

where X denotes consumption, S captures any adverse health effects or the risk of such effects, P
is the public policy that seeks to reduce the adverse health effects of heat waves, and A
protection behavior, which may itself depend on the level of the policy. The budget constraint
states that income must be spent on either consumption or on the private protection measures,
ie.,y = X + P, - A, where we normalize the price per unit of consumption to one.

How much is the consumer willing to pay for a small change in P? On plugging the
budget constraint into utility function (1), taking the total differential with respect to income y

and public program P, and re-arranging, we obtain the marginal WTP:

@ 2= U0 - (5 + 53 2),

where U¢ and Uy denote the marginal disutility of the adverse health endpoints and the marginal
utility of income, respectively. The right-hand side of (2) is negative, indicating that people are

prepared to pay for the program, if the public program and private behaviors are effective at

> Although persons older than 65 are considered a vulnerable group during excessive heat episodes, the survey
company could not guarantee representativeness among their panelists aged 66 and older.
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reducing the adverse health effects (0S/dP < 0 and dS/0A < 0) and the public program and the
private behaviors are complements (dA/dP > 0). If a consumer views private protective
behaviors as substitutes for the public program (dA/dP < 0), the term in the second parenthesis
may become smaller in absolute value or even zero (indicating a lower or zero WTP). A low
WTP would also be expected if someone believes that the program has only limited

effectiveness, making dS/dP smaller in absolute value, or even zero.

3.2 Econometric Model of WTP
Double-bounded elicitation brackets an interval in which someone’s WTP falls. We
assume that the underlying WTP is normally distributed around the expected value x;f3, and fit

the log likelihood function

ne-3mfo(=9)- o (539

g

where H and L denote the upper and lower bound of the interval where the respondent’s exact
WTP falls, o is the standard deviation of the WTP, and ®(+) denotes the standard normal cdf
(see Alberini, 1995).

Vector x; includes income, education, other sociodemographics, and, based on section
3.1, variables that capture the respondent’s opportunity for protective behavior (e.g., availability
of air conditioning), concern about the seriousness of the health effects of excessive heat, and
trust in the effectiveness of the public program. One important factor is whether the respondent
considers himself or herself at high risk—before and after the provision of information about
excessive heat in the questionnaire. We are also interested in whether residents of urbanized
areas, value, all else the same, heat wave watch/warning and response programs more highly

than residents of rural areas. Finally, we wish to assess whether there are systematic differences
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across the two countries—controlling for income, education, and other characteristics of the
respondents—and whether the presentation of the risks (i.e., the “raw figures” v. “rates”

treatment) affects the WTP.

3.3 Determinants of Risk Upgrades

In light of the results from earlier studies—that people at high risk often do not perceive
themselves as such and thus potentially fail to engage in protective behaviors—it is of
independent interest to examine what types of individuals “upgrade” themselves to being at high
risk in the event of excessively hot weather after reading the relevant information.

For this purpose, we fit probit models where we let the likelihood of such “upgrades”
depend on the current health status of the respondents—measured via a simple rating on a five-
point scale or by the presence or absence of specific health conditions. Income, education, and

other sociodemographics are also included.

3.4 Estimating the VSL

If the reduction in heat mortality risks is the only effect of the public program in our
survey (i.e., respondents did not consider reductions in minor illnesses or hospitalizations), it is
possible to use the WTP for the program to compute the implied Value per Statistical Life
(VSL). The VSL is defined as the WTP for a marginal risk reduction, or alternatively as the total
WTP held by a population of size N for a uniform reduction of 1/N in everyone’s risk of dying
(Alberini, 2019).

First, we assume that the WTP is proportional to the size of the risk reduction:

(4) WTPL* =4 ARL + &is



13

where 6 is the VSL, and fit an interval data model similar to that in (3), but with x; replaced by
6 - AR;. A simple amendment of equation (4) lets us check whether the VSL varies across the
two countries or is affected by the presentation of the risks and risk reductions (RATE dummy):
(5) WTP; = AR;(6, + &, - SPAIN + 65 - RATE) + ¢;.

Equations (4) and (5) assume perfect proportionality of the WTP to the size of the risk reduction.
We check whether such an assumption is borne out in data by separating the WTP into four
different groups—that for the 1 in 100,000 risk reduction, that for the 2 in 100,000 risk
reduction, etc.—and compute the VSL in each group by dividing the mean WTP by the risk

reduction.

3.5. Person-tradeoff Evidence

We assume that in the program choice portion of the questionnaire, respondents choose
program A if
(6) apLy > aplp,
where Ly and Ly are the lives saved by program A and program B, respectively, and the as can
be thought of as either the monetized value or the marginal utility of avoiding one fatality. This
implies that ay /ag > Lg/L,. If the respondent is indifferent between A and B, then a,/ag is
equal to Lg /L.

We use the sequence of choice questions to obtain the exact value of @, /ap (When
respondent say they are indifferent) or to bracket as narrow as possible an interval around it. We
assume that a, /ap is normally distributed, and estimate a continuous-/interval-data model,
obtaining three “alpha” ratios—for heat waves v. each of three specific causes of death (cancer,

cardiovascular illness, road-traffic accidents).
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We test if each “alpha” ratio is equal to one (implying equivalence of one life saved,

regardless of the context) using a Wald test. The Wald statistic is computed as (c’fj — 1)2 /
Var(&;), where j=1, 2, 3 and Var(&;) is the asymptotic variance of @;. For large sample size

and under the null, the statistic is distributed as a chi square with one degree of freedom.

4. The Data

Descriptive statistics of the two samples are displayed in table 2.B. As per our sampling
frame, gender representation was approximately even in each of the two samples. Household size
is slightly larger for the Spain respondents, whereas the UK respondents are more inclined to
report their household income, are slightly wealthier, and somewhat more highly educated.

Figure 3 shows that the Spain sample appears to be more aware of the potentially lethal
effects of excessively hot weather (70% v. 56%), and both samples promptly identify the elderly
as a vulnerable category (95% and 86% of the Spain and UK samples, respectively). Both
samples ascribe the same level of vulnerability to children and the homeless, which is higher
than that associated with the poor. The two samples diverge when it comes to assessing persons
living in the city v. residents of the countryside. The latter are considered at higher risk than the
former by the Spain respondents, while the converse is true for the UK sample.

Table 2.C displays the shares of the respondents that consider themselves at higher-than-
average health risk in the event of a heat wave. These shares are virtually the same across the
Spain and UK samples both before and after the provision of information about the health effects
of heat waves. In both samples, the shares that consider themselves at higher than average risk

increase after medical and public health information is provided in the questionnaire.
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Table 2.D displays the respondents’ rating of their health status and the presence of
certain health conditions. Table 2.E summarizes heat risk perceptions and the respondents’
assessment of the likely effectiveness of the programs. The shares of respondents that find heat-
related illnesses “very painful” and the health risks from heat waves “scary” range between 12%,
and 24%, suggesting relatively low to moderate dread for heat wave morbidity and mortality
effects.

As shown in figure 4, while a majority of the Spain sample has heard of excessive heat
alerts in their own city or town (40% elsewhere), no more than 30% of the UK respondents has
heard of excessive heat alerts—locally or elsewhere. Both samples are relatively unfamiliar with
cooling centers.

In spite of this, at least 60% of the Spain respondents and 65% of the UK respondents
would pay for the implementation of heat wave policies. About 55% of the Spain respondents
and 45% of the UK respondents treated one life saved in the heat wave context as equivalent to
one life saved from other causes of deaths.” There is little evidence of extremely high
equivalence numbers: Only about 4% of the respondents indicated that the considered one life

saved from heat waves equivalent to 4 or more lives saved from other causes of death.

S. Results
5.1 WTP for the Program

Our respondents are willing to pay for health watch and response programs: Based on the
responses to the first dichotomous choice question, 63.69% were willing to pay at least €

10/year, 57.49% € 25/year, 48.98% € 53/year, and 41.82% were willing to pay € 106/year. We

® For comparison, Alberini and S¢asny (2018, 2021a) find that cancer is “highly dreaded” by 50-60% of the subjects
in several countries of the European Union.
7 In other words, they opted for the “indifferent” response in the very first question about the programs.
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combine the responses to the initial and followup bids, and fit the interval-data model of equation
(3), which estimates the mean and median WTP for the heat wave programs to be almost € 50
(2019 PPP euro) for each of ten years. The WTP is unaffected by the presentation of risk, and is
€ 8 lower among the Spanish respondents, but this difference is statistically significant only at
the 10% level (table 3).

As shown in table 4, however, once we control for respondent sociodemographics, this
latter effect is reversed, as the Spanish subjects are, all else the same, willing to pay almost € 8
more. Again, this difference is statistically significant only at the 10% level (specifications (A)
and (B)), and vanishes when we control for own risk perceptions, opportunities for own
protective behavior, urban v. rural residence, and additional attitudes towards heat wave risks
and policies (specifications (C)-(E)).

The specifications of table 4 further show that the risk presentation device (i.e., the
“rates” v. absolute mortality version of the questionnaire) had no effect on the WTP, and that the
WTP grows with income and (weakly monotonically) with education. The income elasticity of
the WTP is, at the average household income, 0.4382. The WTP does not depend on gender,
family status, or the number of elderly persons or children in the respondent’s household,
although it does grow weakly with the size of the household.

By contrast, own risk perceptions are strong determinants of the WTP for the program:
Persons who believe themselves at average risk are willing to pay € 13 to € 15 more than those

who consider themselves at lower than average risk, those who think of themselves as high risk €

¥ These results are based on assuming that the underlying WTP is normally distributed. We also use the combined
responses to the first and follow-up WTP question to construct a non-parametric, Kaplan-Meier estimator of the
survival function of the WTP in each country. Figure A.1 in the Appendix shows that the two countries’ survival
functions (the percentage of the sample willing to pay any given amount) are well-behaved and for the most part
overlapping. A log-rank test of the null that the distributions in the two countries are identical however rejects the
null at the 1% significance level (log-rank statistic 65.97, for a p value of less than 0.001). This finding essentially
confirms that, when we do not control for covariates, the WTP tends to be different across the samples from the
countries.
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26- € 32 more, and those who upgraded their risk to “very high” after they read the informational
sheet about the heath effects of heat waves an additional € 20 - € 25 more per year.

We had wondered whether persons who have the means to protect themselves from
excessive heat might be willing to pay less for a public program, but the coefficients on having
air conditioning at home and work, respectively, are positive and statistically significant. Either
persons who highly value protection from the adverse effects of heat have installed air
conditioning (Bélanger et al., 2015), or subjects with access to air conditioning understand it to
be a complement rather than a substitute for the public health programs—or both. Finally, the
WTP is higher, as expected, when someone fears heat wave illness risks and, importantly, when
they consider the proposed policy effective.

All in all, the WTP depends in predictable ways on the factors identified by economic
theory, own risk, measures of the seriousness of heat-related illness and perceived policy

effectiveness (Huber et al., 2020): We conclude that it meets interval validity criteria.

5.2 Own Risk Upgrades

Those subjects who upgraded their own risk to “very high” are willing to pay for the
program more than the others. We wish to examine their characteristics. Table 5 displays the
results of probit regressions that relate upgrading one’s risk to “very high” to the health status of
the respondent and his or her sociodemographics. We measure the health status in two ways—
using the respondent’s own rating on a five-point scale from excellent to poor (specification
(A)), and by entering dummies for the presence of health-professional diagnosed conditions

(specification (B)).
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Both specifications consistently point to the fact that risk upgrades are much more likely
among those who considered themselves in poor health, and/or report having high blood pressure
or high cholesterol (the two most important causes of heart disease), being diabetic (which raises
kidney disease and kidney failure risks), and/or having COPD.’

It is interesting that subjects who have air conditioning at home are more likely to
upgrade themselves to “high risk.” Risk upgrades are less likely among highly educated people,
are unaffected by income, being part of the Spanish or British sample, and the mortality risk
presentation device. "

A respondent with the average income in the sample, with high school education, with air
conditioning at home and in “excellent health” has a 10% chance of upgrading their risk. This
probability doubles, jumping to 21%, if this person said they were in “poor health.” Based on
specification (B) in table 5, if this person reported no health conditions, his or her chance of
upgrading to “high risk” would be 6.61%. Having the two cardiovascular conditions raises this

chance to 68%, being diabetic to 31%, and suffering from COPD to 31%.

5.3 The VSL

Table 6 reports the results of interval-data regressions that relate the WTP to the mortality
risk reduction delivered by the program. The coefficient on the risk reduction should be
interpreted as the VSL (in thou. PPP euro), if the respondents accepted that the only consequence
of the program was the mortality risk reduction and if the WTP is proportional to the size of the

risk reduction. The VSL is thus estimated to be € 1.623 million (2019 PPP euro). The estimate of

? Further adding age and age squared to the probit regressions results in insignificant coefficients on these variables.
We likewise obtain insignificant coefficients on age and age squared if we strip the model of most regressors, only
keeping the Spain dummy, the risk “rates” version of the questionnaire dummy, age and age squared.

1 The risk presentation treatment came later in the survey questionnaire, so it shouldn’t have had an effect on the
risk “upgrade” decisions—and it didn’t.
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the VSL does not change significantly across Spanish and British respondents or with the mode
of presentation of the mortality risks.

Figure 5 presents VSL figures estimated using a somewhat different approach. We fit the
interval data model of the WTP with no covariates to each of the subsamples that were assigned
to the 1 in 100,000, 2 in 100,000 etc. risk reductions, and obtain the VSL as the mean WTP for
that subsample divided by the mortality risk reduction assigned to that subsample. The results
from this approach are striking: the VSL is € 4.752 million (2019 PPP euro) among those
respondents that received the 1 in 100,000 risk reduction, but falls with the size of the risk
reduction to € 1.148 million in the group that valued the 4 in 100,000 risk reduction. This
phenomenon is well documented in the literature that has sought to obtain estimates of the VSL

using stated preferences (see, for example, Alberini and Chiabai, 2007; Chestnut et al., 2012).

5.4 Program Tradeoffs

The responses to the program tradeoff questions indicate that an avoided excessive heat
fatality is on average deemed equivalent to almost 1.5 avoided road-traffic accident fatalities,'"
possibly because of the stronger degree of personal responsibility and behavioral choices
associated with road traffic accidents (Alberini and S¢asny, 2011). One avoided fatality in the
heat wave context is considered equivalent to one avoided cancer fatality. Technically speaking,
the ratio of the respective marginal utilities or VSLs is 0.91, but a Wald test does not reject the
null that the ratio is one. "

Finally, one life saved in the heat wave context is held equivalent to 1.27 lives saved

from cardiovascular causes of death. The standard error around this estimate is 0.0762, and the

" The exact estimate is 1.4866 (s.e. 0.0852). The Wald test of the null that this coefficient is equal to one is 32.59,
for a p-value less than 0.001.
"2 The exact estimate is 0.9191 (s.e. 0.0705), and the Wald statistic Is 1.63 (p-value 0.2033).
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Wald test of the null that this “alpha” ratio is equal to one is 12.55 for a p-value of 0.004. The
null is thus rejected at the conventional significance levels, in spite of the fact that the cause of

many fatalities during heat waves are cardiovascular problems.

6. Discussion

Our survey allows us to estimate the VSL in the heat wave context in two ways. First, if
we assume that the mortality risk reductions depicted in the valuation scenarios were the only
health risk reductions people associated with the program, the VSL implied by our subjects’
WTP responses ranges between € 1.148 million and € 4.752 million (2019 PPP euro).

These values can be compared with those adopted by the UK government in its policy
analyses (1.6 million 2010 British Pounds; HM Treasury, 2018), with estimates from
compensating wage studies conducted in these two countries (Martinez Perez and Mendez
Martinez, 2009 for Spain, Arabsheibani and Marin, 2000 for the UK" ), and with the VSL
recommended by OECD for environmental and transportation safety policy analysis (3.6 million
2005 USD). They are similar to several figures from Italy in Alberini and Chiabai (2007),
namely those for 30-49-year-olds in good health (1.061-6.211 million 2019 PPP euro), and from
the Czech Republic in S¢asny and Alberini (2012) (2.4 million 2010 PPP euro). While the
Alberini and Chiabai study inquired about reductions in cardiovascular and respiratory mortality
risks of any origin, S¢asny and Alberini (2012) focused on several causes of death attributable to

climate change.

1 Using labor market data, Martinez Perez and Mendez Martinez arrive at a VSL for Spain between €2.8 and €8.3
million (Martinez Perez and Mendez Martinez, 2009). For the UK, Arabsheibani and Marin (2000) report a VSL of
several million, whereas Hintermann et al. (2010), using panel data, find no evidence that compensating wage
differentials even exist. This discrepancy may be due to the fact that it is extremely difficult to disentangle
econometrically the determinants of workers’ wages (Alberini, 2019).
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Second, our respondents engaged in person tradeoffs that asked them to choose between
different live-saving programs. Variants on this type of questions are sometimes deployed in
medical decisionmaking and health policy research (Robinson et al., 2017). The equivalence
rates elicited through this exercse could be combined with existing estimates of the VSL to
predict or validate the VSL in the desired context. To illustrate, Sanchez-Martinez et al. (2018)
report VSL of € 1.3 to € 1.7 million in the transportation accident context. These figures are
based on a 2009 survey. Converted to 2019 PPP euro, they are equivalent to € 1.534 — € 2.005
million (2019 PPP euro). When multiplied by the equivalence rate between heat wave fatalities
and road-traffic accident fatalities from our survey, these figures become € 2.301 million and €
3.007 million (2019 PPP euro), which fall within the range of VSL figures obtained directly from
the respondent’s WTP for the HHWR programs in our survey.

For comparison, the FUND model (Anthoff and Tol, 2010) values extreme weather
fatalities at 200 times the GDP per capita of the country where the fatalities occur (Cline, 1992).
Based on this assumption, and using for simplicity the most recent GDP per capita figures made
available by international organizations, each prevented extreme weather fatality would be worth
$29,554%x200=$5.911 million in Spain, and $ 43,070x200=$8.664 million in the UK (current
USS$)."* These values clearly exceed even the largest VSL estimates from our survey, namely
VSL is € 4.166 million (2019 PPP euro) for Spain, and € 5.350 million (2019 PPP euro) for the
UK.

Many government agencies and international organizations currently perform income-
adjusted benefit transfers that rely on a VSL income elasticity equals to one (e.g., US
Department of Transportation, 2016; Viscusi and Masterman, 2017). In many instances,

however, the income elasticity of the VSL has been estimated to be less than one. This is the case

14 See https:/data.worldbank.org/indicator/NY.GDP.PCAP.CD.
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in our survey, where the income elasticity is 0.4382. Alberini and S¢asny (2021a) find it to be
0.5 to 0.7, in line with Masterman and Viscusi (2018), at least for countries with sufficiently
large VSL.

We use the results from our survey, combined with three possible values for the income
elasticity (0.5, 0.7, 1.0, with 0.7 the central value and 0.5 the one closest to that estimated from
our survey), plus information about household income by country from Eurostat (based on EU-
SILC and the European Community Household Panel surveys, online data code ILC_DI04) to
predict the VSL of each of the countries in the European Union plus Norway and Switzerland.
Combined with predictions of the population and the heat wave mortality effects during the
2020-29 decade from the PESETA III project (Forzieri et al., 2017), for a total of about 32,182
lives lost attributable to heat waves a year during the 2020s, we arrive at total mortality damages
of € 63.1 billion (when using a VSL income elasticity of 0.7), € 70.7 billion (income elasticity of
1.0) and € 59.0 billion euro (income elasticity of 0.5) (2019 PPP euro). 'S A 20% reduction in
risk—one of the scenario that respondents were randomly assigned to—would thus yield benefits

for € 12.6 billion (2019 PPP euro).

7. Conclusions

We have asked three research questions about the benefits of HHWRs and surveyed
members of the general public aged 18-65 in Spain and the UK to elicit their WTP for such
public health programs.

The answer to our first research question is that our survey participants are willing to pay

for such programs. Their WTP responses are internally valid, in that the WTP grows with

' Forzieri et al (2017) predict the fatalities due to heat waves in Europe a year at 103,000 during the 2050s and
151,500 during the 2080s. These fatalities correspond to € 202 billion, and € 297 billion, respectively (2019 PPP
euro, using an income elasticity at 0.7). See Alberini and S¢asny (2021b) for more details.
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income, education, the perceived severity of the heat wave health risks and dread thereof, and the
perceived effectiveness of the programs. It is also greater for persons who have access to air
conditioning at home (or work), suggesting that either these persons view private protection (air
conditioning) as a complement to the public programs, or that those who value excessive heat
health risk reductions highly have already proactively installed air conditioning to protect
themselves.

Second, we have found that persons what considered themselves at higher than average
risk (prior to receiving our information about the health consequences of excessive heat) report
higher WTP. About 9% of the respondents upgraded their risks to “very high risks” after reading
the informational sheet in the questionnaire. These persons were primarily in poor health, had
chronic conditions, and were comparatively less well educated than the others, which suggests
that our text did provide some new information to subjects that were not previously fully aware
of the health risks. “Upgrades” are associated with higher WTP. This evidence suggests that
targeting messaging and education may increase awareness and promote protective behaviors
among persons at high risk who do not (yet) perceive themselves as such (Kalkstein and
Sheridan, 2007; Sheridan, 2007; Pascal, 2021, and Laidi et al., 2019).

One limitation of our study, however, is that we were only able to collect completed
questionnares from persons aged 18-65, as the survey firm’s panel of consumers was not
representative of the population aged 66 and older. Earlier studies (e.g., Taylor et al., 2009) have
found that the elderly and the very elderly are reluctant to admit that they themselves (and not
“other elderly people”) are at elevated risk during heat waves and to act accordingly.

Third, our survey provided with various opportunities to compute the VSL in the heat

wave context. We deployed an experimental treatment, in that we told respondents what the
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expected number of heat-wave related fatalities would be if no program was implemented and
with the program, but only about one-half of the respondents were also presented the
corresponding risks and risks reductions, expressed as X in 100,000 per year. This experimental
treatment was devised to investigate issues with absolute and relative risk reductions, which are
sometimes observed when the questionnaire omits information about the size of the population
(Baron, 1997; Johannesson et al. 1996). No difference in the WTP (and the VSL derived from it)
was observed across the two subsamples of respondents, suggesting that people were processing
the baseline risks and the risk reductions correctly, showing no signs of confusion between
absolute and relative risk reduction once all of the relevant information was provided.

We have also elicited life-saved equivalences, which suggested that members of the
general public consider one life saved in the heat wave context approximately equivalent to one
life saved from cancer. Avoided excessive heat fatalities are considered slightly more important
or valuable that avoided cardiovascular fatalities, which may at first blush seem surprising, since
most of the heat wave fatalities are cardiovascular fatalities.

Perhaps the respondents became overly focused on heat waves as a result of taking part in
a survey about heat waves. Alternatively, some may have considered a program that targets a
very specific cause of death during a precise time of the year (the summer) more likely to be
effective and thus more attractive. Respondents may have also reasoned that generic
“cardiovascular deaths” are likely the result of genetics, lifestyle, exposure to pollution, and
other causes, and may have questioned the effectiveness of a program that would potentially
address so many diverse factors. At any rate, while this “overvaluation” is statistically

significant, at a ratio of 1.27 we would judge it to be practically unimportant.

Statements and Declarations



25

This research was supported by the Horizon 2020 EU project COACCH under grant agreement
no. 776479. Secondment was supported from the European Union’s Horizon 2020 Research and
Innovation Staff Exchange program under the Marie Sklodowska-Curie grant agreement No.
870245 (GEOCEP). The authors have no relevant financial or non-financial interests to disclose.



26
References

Alberini, Anna (1995) “Efficiency v. Bias of Willingness-to-Pay Estimates: Bivariate and
Interval Data Models,” Journal of Environmental Economics and Management, 29, 169-
180.

Alberini, Anna (2019), “Revealed v. Stated Preferences: What Have We Learned about
Valuation and Behaviors?” Review of Environmental Economics and Policy, 13(2),
Summer 2019, 283-298.

Alberini, Anna and Aline Chiabai (2007), “Urban Environmental Health and Sensitive
Populations: How Much are the Italians Willing to Pay to Reduce their Risks?” Regional
Science and Urban Economics, 37(2), 239-258.

Alberini, Anna, Alistair Hunt, and Anil Markandya (2006), “Willingness to Pay to Reduce
Mortality Risks: Evidence from a Three-country Contingent Valuation Study,”
Environmental and Resource Economics, 33(2), 251-264.

Alberini, Anna, and Milan Scasny (2011), “Context and the VSL: Evidence from a Stated
Preference Study in Italy and the Czech Republic,” Environmental and Resource
Economics, 49(4), 511-538.

Alberini, Anna and Milan S¢asny (2018), “The Benefits of Avoiding Cancer (or Dying from
Cancer): Evidence from a Four-country Study,” Journal of Health Economics, 57, 249-
262.

Alberini, Anna, and Milan géasny (2021a), “On the Validity of the Estimates of the VSL from
Contingent Valuation: Evidence from the Czech Republic,” Journal of Risk and
Uncertainty, 62, 55-87.

Alberini, Anna, and Milan S¢asny (2021b), “What VSL Should be Used in Heat Wave
Adaptation Policies? Evidence from Surveys in Spain and the UK,” presented at the
annual EAERE conference (virtual), June 2021.

Ancker, Jessica S., Yalini Senathirajah, Rita Kukafka, and Justin Starren (2006), “Design
Features of Graphs in Health Risk Communication: A Systematic Review,” Journal of
the American Medical Information Association, 13, 608-618.

Anthoff, David, and Richard S.J. Tol (2010), The Climate Framework for Uncertainty,
Negotiations and Distribution (FUND), Technical description, version 3.5. Available at
http://www.fund-model.org/files/documentation/Fund-3-5-Scientific-Documentation.pdf.

Arabsheibani, G.R. and A. Marin (2000), “Stability of Estimates of the Compensation for
Danger,” Journal of Risk and Uncertainty, 20(3), 247-269.

Arbuthnott, Katherine, and Shakoor Hajat (2017), “The health effects of hotter summers and heat
waves in the population of the United Kingdom: A review of the evidence,”
Environmental Health, 16 (Suppl. 1), 119.

Associated Press. “Extreme heat moves east where many will see their hottest days of the year.”
AP News, July 29, 2023. https://apnews.com/article/heat-floods-climate-environment-
storm-weather-31d07529357730ea3358d825b0d33c01 (last accessed 16 August 2023).



http://www.fund-model.org/files/documentation/Fund-3-5-Scientific-Documentation.pdf
https://apnews.com/article/heat-floods-climate-environment-storm-weather-31d075a9357730ea3358d825b0d33c01
https://apnews.com/article/heat-floods-climate-environment-storm-weather-31d075a9357730ea3358d825b0d33c01

27

Baron, Jonathan (1997), “Confusion of Relative and Absolute Risk Reduction,” Journal of Risk
and Uncertainty, 14(3), 301-309.

Bélanger, D., Abdous, B., Gosselin, P., & Valois, P. (2015). An adaptation index to high summer
heat associated with adverse health impacts in deprived neighborhoods. Climatic Change,
132(2), 279-293. d0i:10.1007/s10584-015-1420-4.

Botzen, W.J.W., Martinius, M.L., Brode, P. et al. (2020). Economic valuation of climate change—
induced mortality: age dependent cold and heat mortality in the Netherlands. Climatic
Change 162, 545-562. https://doi.org/10.1007/s10584-020-02797-0.

Bressler, R., Daniel, Frances C. Moore, Kevin Rennert, and David Anthoff (2021), “Estimates of
country  level temperature-related ~ mortality =~ damage functions,” Sci
Rep 11, 20282. https://doi.org/10.1038/s41598-021-99156-5.

Carson, Richard T., and Theodore Groves (2007), “Incentive and informational properties of
preference questions,” Environmental and Resource Economics, 37, 181-210.

Carthy, Trevor, Susan Chilton, Judith Covey, Lorraine Hopkins, Michael Jones-Lee, Graham
Loomes, Nick Pidgeon, and Anne Spencer (1998), “On the Contingent Valuation of
Safety and the Safety of Contingent Valuation: Part 2—The CV/SG “Chained”
Approach,” Journal of Risk and Uncertainty, 17, 187-214.

Chestnut, Lauraine G., Robert D. Rowe, and William S. Breftle (2012), “Economic valuation of
mortality-Riskreduction: stated preference estimates from the United States and Canada,”
Contemporary Economic Policy 30 (3), 399-416.

Chiabai, Aline, Joseph V. Spadaro, and Marc B. Neumann (2018), “Valuing deaths or years of
life lost? Economics benefits of avoided mortality from early heat warning systems,”
Mitig Adapt Strateg Glob Change, 23, 1159-1176.

Chilton, Susan, Michael Jones-Lee, Hugh Metcalf, Jytte Seested Nielsen, Rachel Baker, Cam
Donaldson, Helen Mason, Neil McHugh, Rebecca McDonald, and Michael Spackman
(2020), “A scoping study on the valuation of risks to life and health: the monetary Value
of a Life year (VOLY),” Health and Safety Executive, available at
https://www.gov.uk/government/publications/valuation-of-risks-to-life-and-health-
monetary-value-of-a-life-year-voly/a-scoping-study-on-the-valuation-of-risks-to-life-and-
health-the-monetary-value-of-a-life-year-voly.

Christidis, N., G. S. Jones, and P. A. Stott (2014), “Dramatically increasing chance of extremely
hot summers since the 2003 European heat wave,” Nature Climate Change, 5(1), 46-50.

Cline, W.R. (1992), The Economics of Global Warming, Institute for International Economics.

Cropper, Maureen L., Sema K. Aydede, and Paul R. Portney (1994), “Preferences for Life
Saving Programs: How the Public Discounts Time and Age,” Journal of Risk and
Uncertainty, 8, 243-265.

Dalafave, Rachel, and W. Kip Viscusi (2021), “Risk-Risk Tradeoffs for Mass Shootings and
International Terrorism,” Risk Analysis, 41(12), DOI: 10.1111/risa.13745

Ebi, Kris L., T. J. Teisberg, L. S. Kalkstein, L. Robinson, and R. F. Weiher (2004), “Heat
watch/warning systems save lives: Estimated costs and benefits for Philadelphia 1995-
98,” Bulletin of the American Meteorological Society, 85(8), 1067-1073.


https://doi.org/10.1007/s10584-020-02797-0
https://doi.org/10.1038/s41598-021-99156-5
https://www.gov.uk/government/publications/valuation-of-risks-to-life-and-health-monetary-value-of-a-life-year-voly/a-scoping-study-on-the-valuation-of-risks-to-life-and-health-the-monetary-value-of-a-life-year-voly
https://www.gov.uk/government/publications/valuation-of-risks-to-life-and-health-monetary-value-of-a-life-year-voly/a-scoping-study-on-the-valuation-of-risks-to-life-and-health-the-monetary-value-of-a-life-year-voly
https://www.gov.uk/government/publications/valuation-of-risks-to-life-and-health-monetary-value-of-a-life-year-voly/a-scoping-study-on-the-valuation-of-risks-to-life-and-health-the-monetary-value-of-a-life-year-voly

28

Forzieri, G., A. Cescatti, F.B. Silva, and L. Feyen (2017), “Increasing risk over time of weather-
related hazards to the European population: a data-driven prognostic study. The Lancet
Planetary Health, 1(5), e200--208.

Garcia-Leon, David, Ana Casanueva, Gabriele Standardi, Annkatrin Burgstall, Andreas D.
Flouris, and Lars Nybo (2021), “Current and projected regional economic impacts of
heatwaves in Europe,” Nature Communications, 12(1), doi:10.1038/s41467-021-26050-z.

Girtner, Lea & Schoen, Harald. (2021). Experiencing climate change: revisiting the role of local
weather in affecting climate change awareness and related policy preferences. Climatic
Change. 167. 10.1007/s10584-021-03176-z.

Gasparrini, Antonio, et al. (2017), “Projections of temperature-related excess mortality under
climate change scenarios,” Lancet Planet Health, 1(9), e360—e367.

Gronlund, Carina, Antonella Zanobetti, Gregory Wellenius, Joel Schwartz, and Marie O'Neill
(2016), “Vulnerability to Renal, Heat and Respiratory Hospitalizations During Extreme
Heat Among U.S. Elderly,” Climatic Change. 136. 10.1007/s10584-016-1638-9.

Hackethal, Andreas, Michael Kirchler, Chistine Laudenbach, Michael Razen, and Annika Weber
(2022), “On the role of monetary incentives in risk preference elicitation experiments,”
Journal of Risk and Uncertainty, https://doi.org/10.1007/s11166-022-09377-w

Health Canada (2011), Extreme Heat Events Guidelines: Technical Guide for Health Care
Workers, Water, Air and Climate Change Bureau, Healthy Environments and Consumer
Safety Branch, Health Canada. Ottawa, Ontario, 149.

Hintermann, Beat, Anna Alberini, and Anil Markandya (2010), “Estimating the Value of Safety
with Labor Market Data: Are the Results Trustworthy?” Applied Economics, 42(9), 1085-
1100.

Huber, Robert A., Michael L. Wicki, and Thomas Bernauer (2020), “Public support for
environmental policy depends on beliefs concerning effectiveness, intrusiveness, and
fairness,” Environmental Policy, 29(4), 649-673.

Hunt, A., J. Ferguson, M. Baccini, P. Watkiss, and V. Kendrovski (2017), “Climate and weather
service provision: Economic appraisal of adaptation to health impacts,” Climate Service,
7, 78-86.

HM Treasury (2018), The Green Book: Appraisal and Evaluation in Central Government, HM
Treasury, London.

IPCC (2021), Climate Change 2021: The Physical Science Basis. Contribution of Working
Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yeleke¢i, R. Yu, and B. Zhou (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA,
2391 pp. doi:10.1017/9781009157896.

Johannesson, Magnus, Per-Olov Johansson, and Richard M. O’Conor (1996), “The Value of
Private Safety v. the Value of Public Safety,” Journal of Risk and Uncertainty, 13, 263-
275.


https://doi.org/10.1007/s11166-022-09377-w

29

Johnston, Robert J., Kevin J. Boyle, Wiktor Adamowicz, Jeff Bennett, Roy Brouwer, Trudy Ann
Cameron, W. Michael Hanemann, Nick Hanley, Mandy Ryan, Riccardo Scarpa, Roger
Tourangeau, and Christian A. Vossler (2017), “Contemporary Guidance for Stated
Preference Studies,” Journal of the Association of Environmental and Resource
Economists, 4(2), 319-405.

Kalkstein, Adam J., and Scott C. Sheridan (2007), “The social impacts of the heat/health
watch/warning system in Phoenix, Arizona: Assessing the perceived risk and response of
the public,” International Journal of Biometeorology, 52, 43-55.

Kemel, Emmanuel, and Corina Paraschiv (2018), “Deciding about Human Lives: An
Experimental Measure of Risk Attitudes under Prospect Theory,” Social Choice and
Welfare, 51, 163-192.

Klinenberg, Eric (2003), Heat Wave. A Social Autopsy of Disaster in Chicago. Chicago:
University of Chicago Press.

Konisky, D. M., Hughes, L., & Kaylor, C. H. (2015). Extreme weather events and climate
change concern. Climatic Change, 134(4), 533—547. doi:10.1007/s10584-015-1555-3

Laaidi, K., C. Perrey, C. Leon, M. Mazzoni and P. Beaudeau (2019), “Connaissances, attitudes et
comportements des francais face a la canicule,” La Sante en actions, 448(2).

Laranjeira, Kevin, Franziska Goettsche, Joern Birkmann, and Matthias Garschagen (2021),
“Heat vulnerability and adaptive capacities: findings of a household survey in
Ludwigsburg, BW, Germany,” Climatic Change. 166. 10.1007/s10584-021-03103-2.

Maestre-Andrés, Sara, Stefan Drews, and Jeroen van den Bergh (2019), “Perceived fairness and
public acceptability of carbon pricing: a review of the literature,” Climate Policy, 19 (9),
1186-1204.

Martinez Perez, J. E., and 1. Mendez Martinez (2009), “Que podemos saber sobre el Valor

Estadistico de la Vida en Espana utilizando datos laborales?”” Hacienda Publica Espanola,
191(4), 73-93.

Masterman, C. J. and Viscusi, W. Kip (2018), “The income elasticity of global values of a
statistical life: Stated preference evidence,” Journal of Benefit Cost Analysis, 9(3), 407—
434.

Menne, Bettina, and F. Matthies (2009), “Improving public health responses to extreme
weather/heat waves—EuroHEAT, Technical Summary. World Health Organization,
2009.

Mussio, Irene, Susan Chilton, Darren Duxbury, and Jytte Seested Nielsen (2023), “A risk-risk
trade-off assessment of climate-induced mortality risk changes,” Risk Analysis, available
at https://onlinelibrary.wiley.com/doi/full/10.1111/risa.14185

NOAA (2023), “What s a  heat dome?  National Ocean Service
website, https://oceanservice.noaa.gov/facts/heat-dome.html, last accessed 26 August
2023.

Neethu, C. and K.V. Ramesh (2023), “Projected changes in heat wave characteristics over
India,” Climatic Change, 176, Article number: 144, published in October 2023.


https://onlinelibrary.wiley.com/doi/full/10.1111/risa.14185
https://oceanservice.noaa.gov/facts/heat-dome.html

30

Nord, Erik (1994), “The Person Trade-Off Approach to Valuing Health Care Programs,”
Working paper 38, Centre for Health Program Evaluation, April.

OECD (2012), “Mortality Risk Valuation in Environment, Health and Transport Policies,”
OECD Publishing. http://dx.doi.org/10.1787/9789264130807-en

ONERC (2009), Climate change: Costs of impacts and lines of adaptation, Observatoire National
sur les Effets du Rechauffement Climatique. Report to Prime Minister and Parliament.

Pascal, Mathilde, Robin Lagarrigue, Anouk Tabai, Isabelle Bonmarin, Sacha Camail, Karine
Laaidi, Alan Le Tertre, and Sebastien Denys (2021), “Evolving heat waves characteristics
challenge heat warning system and prevention plans,” International Journal of
Biometeorology, 5, 1683-1694.

Pinto Prades, Jose-Louis (1997), “Is the Person Tradeoff a Valid Method for Allocating Health
Care Resources?” Health Economics, 6, 71-81.

Qiao, Zhen, Yuming Guo, Weiwei Yu, and Shilu Tong (2015), “Assessment of Short- and Long-
Term Mortality Displacement in Heat-Related Deaths in Brisbane, Australia, 1996-
2004,” Environmental Health Perspectives, 123(8), 766-772.

Robinson, A., A.E. Spencer, J.L. Pinto Prades, and J.A. Covey (2017), “Exploring differences
between TTO and DCE in the valuation of health states,” Medical Decision Making,
37(3), 273-284.

Saha, Michael V., Robert E. Davis, and David M. Hondula (2013), “Mortality Displacement as a
Function of Heat Event Strength in 7 US Cities,” American Journal of Epidemiology,
179(4), 457-474.

Sanchez-Martinez, Fernando-Ignacio, Jorge-Eduardo Martinez-Pérez, José-Maria Abellan-
Perpinan, and José-Luis Pinto-Prades (2021), “The value of statistical life in the context
of road safety: new evidence on the contingent valuation/standard gamble chained
approach,” Journal of Risk and Uncertainty, 63, 203-228.

Sheridan, Scott C. (2007), “A survey of public perception and response to heat warnings across
four North American cities: An evaluation of municipal effectiveness,” International
Journal of Biometeorology, 52, 3-15.

S&asny, Milan, and Anna Alberini (2012), “Valuation of Mortality Risks Attributable to Climate
Change: Investigating the Effect of Survey Administration Modes on a VSL,” Int. J.
Environ. Res. Public Health, 9(12), 4760-4781.

Taylor, Paul, Rich Morin, Kim Parker, D'Vera Cohn, Wendy Wang (2009), “Growing Old in
America: Expectations vs. Reality,” Pew Research Center, Retrieved on August 15, 2023.
https://www.pewresearch.org/wp-content/uploads/sites/3/2010/10/Getting-Old-in-
America.pdf.

U.S. Department of Health and Human Services (2016), “Guidelines for Regulatory Impact
Analysis,” https://aspe.hhs.gov/pdf-report/guidelines-regulatory-impact-analysis

U.S. Department of Transportation (2016), “Guidance on Treatment of the Economic Value of a
Statistical Life (VSL) in U.S. Department of Transportation Analyses — 2016
Adjustment.” Memorandum to Secretarial Officers and Modal Administrators from M.J.


http://dx.doi.org/10.1787/9789264130807-en

31

Moran, Acting General Counsel, and Carlos Monje Assistant Secretary for Transportation
Policy. https://www.transportation.gov/regulations/economic-values-used-in-analysis.

US EPA (2015), Climate Change in the United States: Benefits of Global Action, US
Environmental Protection Agency, Office of Atmospheric Programs, EPA 430-R-15-001.

Viscusi, W. Kip and Masterman, C. J. (2017), “Income elasticities and global values of a
statistical life, Journal of Benefit Cost Analysis, 8(2), 226-250.

Wang, L., J. Huang, Y. Luo, and Z. Zhao (2015), “Changes in extremely hot summers over the
global land area wunder various warning targets,” PLos One 10)6),
E0130660. https://doi.org/10.13171/journal/pone.0120660

Watson, Verity, and Mandy Ryan (2007), “Exploring preference anomalies in double bounded
contingent valuation,” Journal of Health Economics, 26, 463-482.

Williams, Susan, et al. (2022), “Evaluating cost benefits from a heat heath warning system in
Adelaide, South Australia,” Australian and New Zealand Journal of Public Health, 46(2),
149-154.

Zhao, M., Lee, J. K. W, Kjellstrom, T., & Cai, W. (2021). Assessment of the economic impact
of heat-related labor productivity loss: a systematic review. Climatic Change, 167(1-
2). doi:10.1007/s10584-021-03160-7


https://www.transportation.gov/regulations/economic%E2%80%90values%E2%80%90used%E2%80%90in%E2%80%90analysis
https://doi.org/10.13171/journal/pone.0120660

32

Figure 1. Graph used in the “raw fatalities” version of the questionnaire.
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Figure 2. Graph used in the “risk rates” version of the questionnaire.
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Figure 3. Respondent awareness of heat wave health risks and vulnerable populations.
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Figure 4. Awareness of policies.
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Figure 5. VSL estimated separately from the subsamples that were assigned the 1 in 100,000 to 4
in 100,000 risk reduction, assuming that the health risks reduced by the program are exclusively
mortality risk reductions.
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Table 1. Summary of the Design.
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FILL1: Percentage risk reduction and risk reduction expressed as a rate*

60%

20% 40% 3 in 100,000 80%
1 in 100,000 2 in 100,000 4 in 100,000
Reduction Reduction Reduction Reduction
in Final in Final in Final in Final
fatalities | fatalities | fatalities | fatalities | fatalities | fatalities | fatalities | fatalities
Spain
(baseline=2295) 459 1836 918 1377 1377 918 1836 459
UK
(baseline=3281) 656 2625 1312 1969 1969 1312 2625 656

* The baseline is 5 in 100,000.
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Table 2. Summary of the samples. Number of respondents, percentage or sample average.

Spain UK
A.Study Design
Completed questionnaires 1469 1903
“raw fatalities” version of the questionnaire 741 971
“rates” version of the questionnaire 728 932
B.Sociodemographic characteristics
female 50.51% 50.47%
male 48.67% 49.45%
gender—prefer not to answer 0.82% 0.11%
household size 3.04 2.85
monthly net household income (2019 PPP euro) 1858.45 2403.86
income not reported 28.45% 13.56%
high school diploma 20.42% 16.61%
some college 8.03% 29.69%
college degree or better 28.45% 32.11%
Has air conditioning at home 49.35% 12.72%
Has air conditioning at work 48.74% 38.94%
C. Respondent self-assessment of high risk for the health consquences of heat waves
High risk (ex ante, before provision of information) 9.38% 8.68%
High risk (ex post, after provision of information) 13.55% 13.62%
Upgrades to high risk after provision of information 9.26% 7.51%
D. Self-assessed health status of the respondent
Excellent health 11.32% 1232%
Very good health 36.74% 38.13%
Good health 35.86% 29.81%
Fair health 11.32% 14.74%
Poor health 4.77% 5.00%
Has high blood pressure 18.92% 18.31%
Has high cholesterol 23.62% 12.56%
Has diabetes 5.65% 6.62%
Has COPD 16.34% 18.13%
E. Other perceptions of risks and policy effectiveness
Respondent considers heat wave illnesses very scary 23.91% 19.26%
Respondent very scared of heat wave health risks 17.19% 11.56%

Respondent strongly agrees that policy is effective 20.18% 31.45%
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Table 3. Interval data models of the WTP for the program.

(A) B)

constant 492675 52.2416"
(2.1186) (3.4863)

Spain -7.9304"
(4.2688)

“rates” version of the questionnaire 0.9266
(4.2267)

Standard errors in parentheses; ***, " and * denote significance at the 1%, 5%, and 10% level,
respectively,



Table 4. Interval data models of the WTP: Internal validity.
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(A) ®) © D) (E)
constant -2.4011 -17.1572" -17.9389" -19.3324" -28.6564""
(7.8263) (8.6778) (8.6961) (8.8672) (8.8531)
Spain 7.6925° 7.6584° 1.5665 1.8395 -0.0790
(4.5659) (4.5609) (5.0137) (5.0241) (5.0087)
“Rates” version 0.7101 1.1997 1.0207 1.0047 0.6219
(4.1653) (4.1564) (4.1493) (4.1488) (4.0838)
Monthly household income 0.0115™ 0.0117" 0.0105™" 0.0105" 0.0107"
(2019 PPP euro)* (0.0020) (0.0020) (0.0020) (0.0020) (0.0020)
Missing income -12.6026° -10.7033 -12.8721° -12.9549° -11.2305°
(6.7553) (6.7476) (6.7724) (6.7728) (6.6660)
Secondary educ A level 28.2834"" 30.1247 28.5987" 28.2548"" 28.9032""
(6.3695) (6.3710) (6.3885) (6.4012) (6.3170)
Some college 22,1246 23.6752"" 22,6201 224120 239312
(6.3037) (6.3019) (6.3218) (6.3259) (6.2480)
University degree or post-grad | 3545427 37.3127 350660 34.7389™" 35.6883""
(5.7275) (5.7282) (5.7809) (5.7933) (5.7419)
Female -5.6054 -5.2003 -4.4203 -4.0255 -5.6297
(4.3212) (4.3133) (4.3128) (4.3393) (4.2735)
Houschold size 3.7694" 3.7010™ 3.1952° 3.1785" 2.7236
(1.7542) (1.7534) (1.7574) (1.7574) (1.7315)
Has children 4.3079 3.3677 3.8569 4.0755 2.6394
(4.5959) (4.5965) (4.5974) (4.6045) (4.5297)
Number elderly 0.0823 -0.0968 -0.0561 -0.1028 -0.2348
(1.7100) (1.7216) (1.7239) (1.7254) (1.7234)
Same risk 13.2132"" 13.8496™" 13.8874"" 14.7982""
(4.6736) (4.6704) (4.6703) (4.5997)
Higher risk 322184 322116™ 322470 263301
(7.9785) (7.9874) (7.9872) (7.9236)
Upgraded own risk 26.4007"" 25.2232"" 253740 19.0037"
(7.8442) (7.8453) (7.8454) (7.7608)
AC at home 11.8686 11.6178 10.8251
(5.2058) (5.2140) (5.1421)
AC at work 10.1496 9.8854 10.0381
(4.3879) (4.3991) (4.3270)
Urban area resident 3.5106 1.8720
(4.3046) (4.2403)
Heat wave illnesses painful 21.4827
(5.5469)
Scared of heat wave risks 14.2385
(6.6780)
Policy is effective 27.0721
(5.0994)

Standard errors in parentheses; ***, “and " denote significance at the 1%, 5%, and 10% level,
respectively. *: Recoded to zero if the respondent did not report income.
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Table 5. Probit model of own risk upgrade to “very high.”

(A) B)
Intercept -1.3257%** -1.5259%#**
(0.1300) (0.0981)
Health state: Very good -0.3005%**
(0.1037)
Health state: Good -0.1802%*
(0.1047)
Health state: Fair 0.1115
(0.1192)
Health state: Poor 0.4655%**
(0.1443)
Monthly household income® 0.0000375 0.00002700
0.0000282 0.0000279
Missing income dummy -0.1106 -0.1086
(0.1042) (0.1035)
Secondary educ A-level -0.2963#** -0.2825%**
(0.0998) (0.0986)
Some college -0.1159 -0.1260
(0.0967) (0.0961)
University degree or post-grad studies -0.1742%** -0.2046%**
(0.0888) (0.0878)
AC at home 0.2769*** 0.2494%**
(0.0746) (0.0741)
AC at work 0.0644 0.0350
(0.0685) (0.0677)
Spain 0.0451 0.0313
(0.0779) (0.0782)
“rates” version of the -0.0458 -0.0543
questionnaire (0.0641) (0.0638)
Has high blood pressure 0.2099%:*
(0.0793)
Bad cholesterol 0.1608**
(0.0817)
Is diabetic 0.2438**
(0.1169)
Has COPD 0.2816%***
(0.0769)
The omitted category is excellent health. Standard errors in parentheses; ***, *and " denote significance

at the 1%, 5%, and 10% level, respectively. *: Recoded to zero if the respondent did not report income.
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Table 6. Models with WTP (in thou. PPP euro) assumed to be proportional to the size of the
mortality risk reduction delivered by the program.

Mortality risk 1623.059 1713.918 1740.392
reduction (81.021) (107.226) (134.601)
Mortality risk -210.736 -211.181
reduction x Spain (163.319) (163.329)
Mortality risk -52.597
reduction x “rates” (161.700)
version of the

questionnaire

Standard errors in parentheses; ***, “and " denote significance at the 1%, 5%, and 10% level,
respectively.



41

Appendix.

Figure A.1. Non-parametric estimates of the survival function of WTP, namely 1-F(WTP), where
F() denotes the cumulative distribution function of WTP. The survival function depicts a non-
parametric estimates of the percentage of respondents willing to pay any given amount for the
Spain and the UK samples.
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The Kaplan-Meier estimator is a non-parametric estimator of the survival function of the WTP,
namely 1-F(x), where F( ) is the cdf of the WTP and x is a specified value. It is an estimate of the

probability that the WTP exceeds value x and is obtained as S(x) = [lix;<x (1 — %), where d; is

the count of respondents whose WTP must be comprised between x;_; and x;, and n; is the
number of respondents whose WTP exceeds x;.
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