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Abstract

Heat-related mortality risks are a substantial component of the looming costs of climate change in the
United States and globally. This article presents the results from a risk-risk survey to test whether
U.S. respondents place a valuation premium on mortality risks from heat relative to cancer and
transportation risks. The questionnaire exploits exogenous shocks to temperatures during a heat wave
and randomized elements to further test whether preferences vary with heat exposure or the age of
individuals exposed to heat risks. The results provide strong evidence that there is no valuation
premium in the U.S. for heat-related risks. Subjects valued cancer risks twice as highly as heat and
transportation risks, the latter of which are a common benchmark for general traumatic fatalities.
While there is some evidence that subjects value heat risks more when exposed to a heat shock of
approximately 3—4 °C, the size of the differential is too small to establish a statistically significant heat
risk premium. Finally, subjects’ responses demonstrate no differential valuation of mortality risks to
seniors versus the general population based on the preferences of the general population or the senior
subsample.

1. Introduction

Heat-related fatalities are a significant component of mortality risks from climate change in
the United States and globally. Climate change contributes to heat deaths by increasing the
number of days each year in which temperatures and humidity are dangerously high, causing
dehydration, heat stroke, and organ failure in individuals who are exposed to heat for too
long (e.g., Dell et al., 2014; Barreca et al., 2016; Chilton et al., 2024). Between 2021 and
2023, heat-related deaths in the United States increased by nearly 50% from 1,530 deaths to
2,262 (CDC, 2024). Such government reports of heat deaths may, in fact, undercount the
mortality burden of heat because death certificates may undercount the number of deaths
truly associated with excess heat (Green et al., 2019). Heat-related mortality risks are largest
for seniors, with individuals older than 65 accounting for more than 40% of heat deaths
between 2021 and 2023. Heat-related deaths to seniors comprise a prominent component of
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estimates of the social cost of greenhouse gases (U.S. EPA, 2023). Globally, heat is expected
to kill approximately 92,000 seniors annually by 2030 and approximately 255,000 annually by
2050 if countries do not adapt to rising temperatures (WHO, 2014). The U.S. Environmental
Protection Agency (EPA) (2021, 2023) uses heat-related deaths as a metric for monitoring the
trend in the impact of global warming. Accordingly, reducing heat-related mortality risks, and
determining the appropriate mortality risk benefit value to ascribe to such a risk reduction in
benefit-cost analyses of relevant policies, is a regulatory analysis priority.

Although government agencies do not typically differentiate the monetized value of
mortality risk reductions by cause of death or the age of decedents when they engage in
benefit-cost analyses, previous research demonstrates that individuals place different values
on mortality risks that involve varying degrees of morbidity. The canonical example of a
mortality risk with a premium for the value of a statistical life (VSL) is cancer — several
studies have found that individuals prefer to reduce cancer deaths more than deaths from
other causes (e.g., Magat et al., 1996; Van Houtven et al., 2008; Viscusi et al., 2014;
Masterman & Viscusi, 2020). Even for traumatic injuries, individuals place a premium on
fatality risks linked to significant long-term morbidity (Gentry & Viscusi, 2016). Individuals
may also place a higher value on risk reductions from particularly vivid or dreadful causes, or
those that are the subject of ongoing public policy debates, such as terrorism or mass
shooting risks (Chilton et al., 2006; Dalafave & Viscusi, 2021). Although there also could
be additional altruistic components to valuations, people generally value reductions that
benefit themselves or their family more than those that affect the public at large (Hurley &
Mentzakis, 2013; Bosworth et al., 2015). And finally, prior research has shown that subjects’
valuation of mortality risks varies with their own age although it remains unclear how age
affects the altruistic component of risk valuations (Aldy & Viscusi, 2008; Hammitt &
Tungel, 2023; Kniesner & Viscusi, 2024).

Consequently, there may be a heat-related mortality premium in private valuations of risk
in the U.S. because such fatalities are the subject of public policy focus and media discourse
and may be associated with significant morbidity. Prior work has identified excess morbidity
associated with higher temperatures (Agarwal et al., 2021; Blom et al., 2022). Recent
research has found that individuals in Europe and India place a valuation premium on heat
waves (Alberini & Scasn}’/, 2024; Chilton et al., 2024) and other extreme weather attributable
to climate change (Mussio et al., 2023).

This article investigates whether individuals in the U.S. prefer reductions to mortality risks
from heat more than reductions from other causes based on a risk-risk tradeoff experimental
design. The online survey of 1,170 respondents asked them to vote for policies that would
reduce fatalities from extreme heat, or either cancer or traffic accidents. Because the questions
vary the number of fatalities that each policy prevents, subjects’ responses identify their
marginal rate of substitution between heat-related mortality risks and other kinds of risks.

Using traffic accidents and cancer as the comparison risks can establish bounds on any
premium accorded to heat-related mortality and facilitate the benefit transfer process of
translating the risk-risk results into monetized VSL levels.! Traffic accident deaths are
traumatic injuries with a VSL comparable to that of occupational fatalities (Gentry &
Viscusi, 2015), which play a prominent role in the estimates that government agencies

!'For a detailed review of guidelines for benefit transfer across different countries, income levels, and contexts,
see Viscusi (2018) and Robinson et al., (2019).
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use in setting their VSL. Cancer is the most well-established risk for which there is evidence
of a mortality risk premium. These two risk values consequently serve as useful reference
points to establish bounds on the VSL for heat. Cancer and traffic accidents also serve as a
desirable choice for alternative risks because both are common causes of death and will be
familiar to survey respondents. In 2023, approximately 700,000 people in the United States
died of cancer, and 48,000 died from transport accidents (CDC, 2024).

The risk-risk methodology, which was introduced in Viscusi et al. (1991), served as the
framework for analyzing heat-related risks in Chilton et al. (2024). The risk-risk approach
has several advantages over other methods of eliciting valuations with respect to heat risks.
The survey asks respondents to make tradeoffs involving only different mortality risk
consequences without asking them to express their preferences with respect to monetary
costs, avoiding problems from hypothetical bias and incommensurability that occur when
subjects are asked to directly state their preferred tradeoffs between money and fatality risks
(Viscusi et al., 1991; Nielsen et al., 2019). The risk reductions specified in the survey are
small (20, 30, or 50 fatalities), allowing respondents to focus on comprehensible tradeoffs
for particular risk levels rather than converting the absolute values of the risks into per capita
risks, which can be very small and difficult to value reliably. The main output of the risk-risk
technique is the marginal rate of substitution between the two different types of fatalities,
which represents how subjects value one type of fatality risk relative to another.

The results provide strong evidence that no premium for heat exists among the
U.S. population. Respondents valued fatality risk reductions from cancer twice as much
as fatality risk reductions from heat, while exhibiting no statistically significant difference in
their valuation of heat and transportation fatalities. Together, the results indicate that the
respondents assign a premium to reducing cancer fatalities relative to heat and traffic, but
they do not value heat fatality risk reductions more than other causes of death. Based on these
results, it is appropriate for U.S. government agencies evaluating climate policy to use a
standard value of statistical life for mortality risks in the U.S. when evaluating the benefits of
policies that reduce heat-related deaths. This result does not rule out a valuation premium for
heat-related deaths in other countries. Our results contrast with the innovative studies by
Chilton et al. (2024) and Alberini and Scasn)’/ (2024), which found evidence of a heat
mortality risk premium in other countries. Chilton et al. (2024) found that respondents in
India valued heat mortality risks more than twice as much as traffic risks. Alberini and
Scasny (2024), primarily focused on eliciting stated preference values for reducing heat-
related mortality risks, finding that respondents in Spain and the United Kingdom valued
heat mortality risks approximately 50% more than traffic-related mortality risks.

The survey questionnaire in this study also identifies subjects’ preferences along two
other dimensions of key policy concern: whether rising temperatures affect subjects’
preferences with respect to heat mortality risks, and whether respondents have different
preferences for risks and policies that primarily target senior citizens rather than the general
population. Respondents took the survey during the mid-June 2024 heat wave, which caused
more than 100 million individuals in the U.S. to face unexpected extreme heat (Grullén Paz
& Baker, 2024). The heat wave presented an exogenous shock to the temperatures that
respondents experienced. We exploit the sharp increase in temperature to test how deviations
from historical temperatures affect individual preferences for heat-related mortality risks.
Using data from the Daily Global Historical Climatology Network, we determine the size of
subjects’ temperature shock by matching respondents to the weather station nearest to their
reported zip codes. The temperature analysis shows that higher temperatures likely slightly
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increase subjects’ preferences to reduce risks that higher temperatures pose, but not by
enough to establish any statistically significant mortality valuation premium for heat risks.

The analyses also show that the age of individuals that benefit from a mortality risk
reduction did not cause statistically significant change in mortality risk valuations. For half
the policy choice questions, the survey questionnaire randomly varied whether the two
policy options benefited senior citizens exclusively or the general population. The
random variation permits identification of how subjects’ stated preferences varied with
the age of beneficiaries. There is no evidence in the full sample or the senior subsample of
a senior citizen mortality risk penalty whereby risks to seniors are accorded a lower
valuation. This result is consistent with the policy treatment of seniors discussed in
Kniesner and Viscusi (2024).

The remainder of this article proceeds as follows. Section 2 presents our methods,
including the survey design, sample of respondents, and the random utility model used in
the empirical analysis. Section 3 discusses the results, beginning with the basic model and
presenting the core evidence indicating the absence of a heat mortality risk premium. The
remaining subsections in Section 3 explore how temperature, risk beliefs, the age of
beneficiaries, and the respondent’s age affect heat mortality risk valuations. A brief conclu-
sion follows.

2. Methods
2.1. Survey design

We investigate the relative value of fatality risks from heat, cancer, and traffic accidents
using the results from a questionnaire with randomized elements, which we administered to
the Prolific web-based panel of respondents.” Two-thirds of our sample was drawn to be
nationally representative based on age, gender, and race, and the remaining third was drawn
exclusively from senior citizens. The first series of questions engaged respondents to
contemplate the types of risks that would be addressed by asking respondents about their
personal experiences with, and their perceived own fatality risks from, extreme heat, cancer,
and traffic injuries. The next six questions asked subjects to choose between two policies
which decreased fatalities, including an initial attention check question involving a domi-
nated choice. Six additional policy questions followed the initial six questions, with the latter
set randomly varying whether the policies that subjects considered decreased fatality risks
among the general population or senior citizens. Finally, the survey asked subjects a set of
demographic and behavioral questions.

The survey instrument randomized subjects along two primary dimensions. First, the
survey sorted subjects into either the cancer or traffic groups. Subjects in the cancer group
answered policy questions concerning heat and cancer fatality risks, while subjects in the
traffic group answered policy questions concerning heat and traffic fatality risks. Subjects in
the cancer group never chose between heat and traffic policies, and the traffic group similarly
never compared heat and cancer policies. Assigning subjects to a particular risk should
reduce the cognitive burden of the questionnaire relative to evaluating three risks at once.

2Both authors’ institutional IRBs reviewed and approved the questionnaire (Vanderbilt University IRB #
240128; State University of New York at Buffalo IRB # 00008370). The study was also registered in the American
Economics Association’s registry for randomized control trials, with ID number AEARCTR-0013715.
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Next, for each of the final six policy questions, the survey randomly assigned one of the two
policies to affect seniors and the other policy to affect members of the general population, as
discussed in more detail below.

The questionnaire began with two questions assessing respondents’ personal experience
with the risks which they would compare. These questions acclimate subjects to the survey
context, establish definitions for the types of risks that they would be asked to evaluate, and
determine their experience with each cause of risk and their self-perceived risk beliefs for
these risks. All subjects answered questions about extreme heat and their assigned secondary
risk, in a randomized order. None of the questions indicated that global warming was the
cause of the heat risks to avoid having the survey questions become a referendum on support
for climate change policies. The two introductory questions defined the relevant risks and
described the nature of the fatality event. The details regarding the health implications serve
to standardize respondents’ conception of the heat-related impacts that they value. For
example, regarding heat, the survey asked subjects:

Extreme heat occurs when the temperature reaches extremely high levels or when high heat
and humidity combine to become oppressive. Extreme heat can cause cramps, swelling,
heat exhaustion, fatigue, headaches, dizziness, and nausea. In severe cases, extreme heat
can kill by causing organ failure, dehydration, or heat stroke leading to a fatal accident.

Have you ever experienced extreme heat?

o Yes
o No

Compared to the average person, how would you rate your risk of dying due to extreme
heat?

o I'have an above-average risk of dying due to extreme heat.
o T'have an average risk of dying due to extreme heat.
o I'have a below-average risk of dying due to extreme heat.

Once subjects completed the risk assessment questions, the survey presented a series of
twelve questions to choose between two different policies that affected heat fatality risks and
the other risk to which they were randomly assigned. Each policy would provide hospitals
with a grant, improving those hospitals’ treatment of individuals suffering from the iden-
tified risks. The questionnaire specified that the grant would be provided to an unspecified
set of hospitals, rather than any particular hospital or a hospital near where the respondent
lived, to prevent subjects from rejecting the questions if they live in areas where the specific
type of death is too rare for the question to be plausible. Contextualizing the policies as
providing grants to hospitals enforces symmetry in terms of the context in which lives are
saved for the different health risks and provides subjects with a common understanding of
the mechanism by which the policies reduce fatalities. However, subjects’ responses may not
reflect their preferences for valuations of mortality or morbidity effects outside of the
hospital context, such as when fatalities are prevented via ex ante risk reduction rather than
improved treatments. For such a conclusion to be warranted, the relative valuations of the
health impacts outside of the hospital setting must be consistent with the risk-risk tradeoffs
for patients treated in hospitals. The risks that our subjects considered are public risks,
corresponding to the desire to identify whether a valuation premium exists for the purposes
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of regulatory benefit-cost analyses. The questions accordingly elicited social ex ante
regulatory preferences, with some questions including groups to which subjects belonged.
(Dolan et al., 2003).

All twelve policy questions had the same basic format, spaced into three blocks of
questions. Each block of questions began by presenting subjects with a vignette explaining
that they would be asked to express a choice between one of two policies. The three blocks
included an initial introductory question and an attention check question, a block of five
basic policy questions, and a block of six questions randomly varying the population policies
targeted. The description of each of the policies varied to reflect the context. Example text
from the vignette that preceded the second block is below:

The following questions present you with the option to choose between two different
government policies that reduce fatalities from various causes. Both policies cost the
same amount.

Under the first policy, the government will provide a grant to hospitals that treat an
above-average number of patients suffering from extreme heat. The grant would allow
the hospitals to improve their treatment of patients suffering from extreme heat,
reducing their fatality risk.

If the government were to instead adopt the second policy, it would provide a grantto a
different set of hospitals that treat an above-average number of patients suffering from
traffic injuries. The grant would allow the hospitals to improve their treatment of
patients suffering from traffic injuries, reducing their fatality risk instead.

After the vignette, which appeared on a new screen, the survey provided subjects with
different policies and asked them to vote. Subjects could choose to vote for either Policy
1, Policy 2, or state that both policies were equally good. Each voting question included an
easily reviewable table identifying the effects of each policy. An example that immediately
followed the preceding vignette is below:

Suppose that the outcome under each of the two policies is as shown below.

Policy 1 Policy 2

Type of deaths prevented Heat deaths Traffic deaths
Number of deaths prevented 20 20

Which of the two policies would you vote for?

o 20 fewer heat deaths
o 20 fewer traffic deaths
o Both equally good

The first question in the policy comparison set introduced respondents to the survey format
and served as an attention check. Subjects were randomly assigned to consider either two
policies that would reduce extreme heat risks or two policies that would reduce cancer or
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traffic risks, consistent with subjects’ group assignment. The risk presented in the introduc-
tory question was randomized to avoid any bias arising from subjects inferring that the
study’s primary interest was heat risks. Under the first policy, fatalities would decrease by
20 while the second policy would decrease fatalities by 50. Policy 2 strictly dominated
Policy 1, which should lead all rational subjects that understand the question to choose
Policy 2. If subjects voted for Policy 1 or stated that both policies were equally good, they
were asked to reconsider, for example, as follows: “You chose Policy 1. Under Policy
1, 20 deaths from extreme heat are prevented. Under Policy 2, 50 deaths from extreme heat
are prevented.” The survey then presented another table analogous to the one above, and
asked, for example, “Are you sure that you prefer Policy 1?7 Respondents that answered
correctly initially or upon reconsideration are retained in the analyses, while respondents that
confirmed their initially dominated answer are excluded.’

The next five policy questions directly asked subjects to choose between policies that
would decrease heat fatalities and either cancer or traffic fatalities by 20, 30, or 50 deaths, as
in the example question above. Respondents considered a series of five different tradeoff
combinations: (20, 20), (20, 30), (30, 20), (50, 20), and (20, 50). The fatality values permit
the questionnaire to identify relative mortality risk valuations ranging from 0.4 to 2.5, covering a
wide range of premia that include the tradeoff rates in Alberini and Scasny (2024) and Chilton
et al. (2024). Further, the relative ratios of the risks are similar to those used in prior risk-risk
studies and are analogous to the risk magnitudes used in dichotomous choice studies to measure
subjects’ willingness to pay for heat-related mortality risks (Alberini, 2005; Chilton ez al., 2024).
By comparing two different types of fatal risks, the survey captures respondent preferences
associated with both the mortality and morbidity components of the different causes of death.

The five isolated heat tradeoff questions provide the data for our core findings regarding
the relative value of heat fatalities and also provide a transitivity check for respondents. For
example, if a rational subject voted to reduce heat fatalities when the tradeoff was 20 heat
fatalities and 20 cancer fatalities, the same subject should prefer to reduce heat fatalities
when the tradeoff is 30 or 50 heat fatalities and 20 cancer fatalities. We exclude respondents
who violate transitivity from the following main analysis.*

The next six questions asked subjects to choose between policies that would decrease
fatalities, with the added dimension that each question randomly assigned the heat or
secondary risk to reduce senior citizen fatalities, while the comparison risk reduced fatalities
among the general population. The survey’s stated justification for the policy to exclusively
benefit senior citizens was that one of the two grants must be used to treat patients on
Medicare. The first of the six questions in this set asked respondents to compare two policies
that both reduced fatalities from heat, but one policy targeted senior citizens, while the other
targeted members of the general population. The remaining five questions resembled the
prior policy questions, in that one policy targeted heat risks, while the other targeted cancer
or traffic risks. The introductory text to the second block of policy questions is as follows:

The following questions also present us with the option to choose between two
different government policies that reduce fatalities from various causes.

30Ofthe 1,170 respondents who participated in the survey, only 51 failed the dominance test after being prompted
to reconsider their choice. An additional 57 respondents initially answered the attention check dominance question
incorrectly but corrected their response when prompted.

4 Only 57 respondents failed the transitivity test.
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As before, the questions will present us with two policies that provide grants to
hospitals which have an above-average number of patients suffering from extreme
heat or cancer. A grant to hospitals treating an above-average number of patients
suffering from a particular condition will still reduce the fatality risk to those patients.
And, as before, both policies cost the same amount.

In addition, the grants in the following policies may be provided to hospitals on the
condition that they exclusively use them to improve treatments for patients on Medicare.
Medicare patients are generally senior citizens who are 65 and older. As a result, those
policies will decrease the fatality risk to senior citizens of extreme heat or cancer.

The text of the question that followed the preceding vignette is as follows:

Suppose that the outcome under each of the two policies is as follows.

Policy 1 Policy 2
Type of deaths prevented Heat deaths Heat deaths
Population targeted General population Senior citizens
Number of deaths prevented 20 20

Which of the two policies would you vote for?

o 20 fewer heat deaths
o 20 fewer traffic deaths
o Both equally good

Finally, the survey concluded by asking subjects a series of demographic and behavioral
questions. The demographic questions included questions about respondents’ age, gender,
race, education, income, marital status, whether they have minor children, and the zip code in
which they live. Subjects’ zip codes provided the basis for determining the historical average
high temperatures and the high temperatures during the week we fielded out survey in the area
where subjects live. Data on daily high temperatures are from the Daily Global Historical
Climatology Network. We match subjects to the nearest weather station in the Network to
determine the high temperatures subjects faced. The behavioral questions elicited information
that could be relevant to how respondents think about heat risks, including who they voted for
in 2020, whether they have air conditioning in their home, whether they received a COVID-19
vaccine, whether they are smokers, whether they always or almost always wear a seatbelt, and
whether they regularly engage in outdoor work or recreation. The survey concluded by asking
subjects whether they found the questions in the survey clear or confusing.’

2.2. Sample

After a series of pretests, the Prolific platform administered the survey to its panel of
respondents. Prolific actively maintains a pool of more than 85,000 active U.S.-based survey

5 Of the 1,048 respondents in the main analysis, 1,020 (97.3%) stated they found the survey clear, and 26 (2.5%)
found the survey mostly clear. Only 2 respondents reported that the survey was confusing, and the results are robust
to excluding those two respondents.
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respondents (as of July 2024), where membership in the panel excludes participants with
low-quality responses. Prior research has found that Prolific respondents perform better than
respondents from other platforms and panels, such as Amazon’s Mechanical Turk or Dynata
(Peer et al., 2022). The full sample consisted of 1,170 respondents. The sample that we used
decreased to 1,048 respondents after excluding the 122 respondents who failed the attention
and transitivity checks discussed in Section 2.2, or who chose the same answer in response to
all policy choice questions (e.g., choosing “both equally good” for all 11 questions after the
attention check).®

We fielded the survey to two different samples: a general sample representative of the
United States population along gender, race and ethnicity, and age dimensions, and a smaller
sample of respondents of senior citizens whose age was 65 or greater. As discussed previously,
heat presents a more serious risk for older adults, as measured in U.S. government heat death
statistics. Heat may therefore be a more salient risk for senior respondents. Oversampling
senior citizens permits us to explore how salience and personal exposure to the risk influences
subjects’ preferences. To be sure, other risks, including mortality risks from extreme cold, are
likely also more salient to seniors than other populations.” However, it seems unlikely that
one category of salient risks for seniors should crowd out other salient risks, particularly
given that senior citizens are a population who experience larger fatality risks from many
causes. As a result, we expect that if heat is a salient risk to any particular group, it may be to
seniors.

The sample includes a diverse set of respondents that parallel the U.S. population,
conditional on the intentional oversampling of senior citizens. Female respondents, respon-
dents who have a bachelor’s degree or higher, and respondents that voted for Joe Biden
or voted at all in 2020 are somewhat overrepresented relative to the U.S. population.
As described in the next subsection, most individual characteristics do not enter the
model explicitly because of the panel structure of the data and the structure of the
conditional logit model. The full set of summary statistics is provided in Table Al in the
Online Appendix.

Respondents took the questionnaire during the week of June 18, 2024. During that week,
abnormally high temperatures affected much of the United States. Buffalo, New York, for
example, had daytime high temperatures that were higher than Austin, Texas on June
19, 2024. The sharp increase in temperatures that week serves as an exogenous shock that
enables identification of how subjects’ preferences over extreme heat risks vary with
unexpected increases in the outdoor temperature. It also had the benefit of increasing the
salience of the risks the survey explored, increasing the likelihood that respondents provided
authentic preferences. To be sure, fielding the survey during a heat wave could have inflated
subjects’ preferences to reduce heat risks rather than other mortality risks. If subjects’
valuations of heat risks are at their highest point during a heat wave, this situation should
provide a favorable context for whether U.S. respondents place a valuation premium on
mortality risk reductions from heat, as compared to mortality risks from transportation or
cancer.

S Fifty respondents chose the same answer to all the policy questions after the attention check. Thirty-six
respondents violated more than one of the exclusion criteria, yielding the final excluded quantity of 122 respon-
dents.

7 See, for example, Wilson et al., (2024) showing that cold risks, rather than heat risks, disproportionately
affected senior citizens in Mexico.
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2.3. Random utility model

The stated preference survey design provides data to estimate a random utility model. Other
papers in the literature analyzing risk-risk tradeoffs frequently rely on similar models (e.g.,
Viscusi, 2009; Dalafave & Viscusi, 2021). The survey presents respondents with a series of
discrete policy choices involving the number of heat deaths prevented and either the number of
cancer or traffic deaths prevented. The stated preferences from these choices can be used in a
random utility framework to analyze subjects’ utility tradeoffs between the relevant fatality risks.

Consider a representative individual with preferences over mortality risks from different
causes.® For any policy i, individual preferences correspond to a utility function that varies
with mortality risk reductions and individual characteristics, and includes a random com-
ponent. Let A; represent the reduction in heat deaths, ¢; represent the reduction in cancer
deaths, and #; represent the reduction in traffic deaths from policy i. Let the vector x,
represent an individual’s demographic characteristics and let ¢,; be the random component
of utility for individual n from policy i. Then an individual’s utility function for a given
policy can be expressed as follows:

u,,,~=ahi+,6’c,~+yti+5x,,+(,,,». (1)

The absolute value of utility u,, is not of primary interest, as utility levels are unique only
up to a positive linear transformation, but the marginal rate of substitution between the
different risk categories is. Totally differentiating u,; along the policy dimensions yields:

0 =adh + Adc + ydt. @)

The marginal rate of substitution between heat fatalities and cancer fatalities is accord-
ingly —a/p, while the marginal rate of substitution between heat and traffic fatalities is
—a/y. If, for example, —a/f =2, respondents would be indifferent between a policy that
reduced their heat fatality risk by 2/1,000 and cancer fatalities by 1/1,000. It follows that if
respondents would be willing to pay $10,000 to decrease their cancer fatality risk by 1/1,000,
they would be willing to pay $20,000 to decrease their heat fatality risk by 1/1,000, assuming
that relevant income effects are sufficiently small. The marginal rate of substitution conse-
quently provides the value of heat fatalities relative to cancer or traffic fatalities.

To recover the marginal rates of substitution of interest, we exploit the fact that individuals
vote for the policy that yields greater utility when asked to choose between multiple policies.
Symbolically, from equation 1, an individual chooses policy j over policy i if:

Upj > Upi S0 (hj — h,-) +ﬂ(cj — c,-) + y(tj — t,») +€p — €5 > 0. 3)

Because individual characteristics x,, are common to all policy options, they are not
included in the basic model.” In the survey, policies affect reductions from only a single

8 McFadden and Train (2000) provides further background for the model.

9 Although theory provides that demographic characteristics are irrelevant, subject demographics could enter if, for
example, the parameters ¢ vary by policy type. For further context of the role of demographic characteristics in
subjects’ policy choices, Table A2 in the Online Appendix presents a multilevel logit model that ignores the panel
structure of the data, enabling estimates of the association between demographics and policy choices. Table Al
demonstrates that most demographic characteristics have no statistically significant association with respondents’
policy choices, further validating the theoretical model. The noteworthy and consistent exception is that respondents
who voted for Donald Trump in 2020 were substantially more likely to prefer reducing non-heat risks. In any event, the
panel estimation approach we employ accounts for such individual characteristics.
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fatality type, and subjects compare heat and only one of the two alternatives. For ease of
exposition, assume that policy i affects heat, policy j affects cancer, and policy k affects
traffic. Then Equation 2 simplifies to the following two possible comparisons:

Upj > Upi > — ahj + fc; + €4 — €4 > 0, (3a)
and

Uk > Upi> — 0N + Y + €pf — €4 > 0. (3b)

The probability p,; or p,,; that an individual prefers policy i to policy j or k for any policy
comparison is correspondingly:

Pyji = Prob(—ah; + fc; + ¢, — €, > 0), (4a)
and
Pk = Prob(—ah; + pti + €4 — €, > 0). (4b)

The regression analysis presents estimates of equations 4a and 4b using a conditional logit
model. The model simultaneously estimates equations 4a, 4b, and an equation correspond-
ing to indifference between the two policy options.!” Simultaneously estimating the two
equations of interest and the equation corresponding to indifference between the two options
maximizes the precision of our estimates. The results for the “both equally good” choice
regressions are reported in the Online Appendix, but are not a focus in the main results
reported in the analysis. The observations in the regression are each policy choice that
subjects considered (the policy reducing heat deaths, the policy reducing other deaths, and
expressing that both policies were equally good). The panel model accounts for using
multiple observations per individual by clustering the estimated standard errors by individ-
ual respondent.

The output of the conditional logit model enables identification of how the subjects value
heat mortality risks relative to cancer and traffic risks. The coefficients in the model provide
the marginal utility of choosing one policy alternative relative to the marginal utility of
choosing another. The marginal utilities are of directional interest as they demonstrate
whether respondents are responding rationally to the survey instrument, but their magnitudes
are not meaningful in isolation. The ratio of the coefficients within an equation, however,
provide marginal rates of substitution between different sources of utility (McFadden &
Train, 2000), such as the mortality risks in the model. The ratios of the coefficients for the
magnitude of fatalities averted accordingly provide the relative valuations of heat fatalities to
cancer and traffic fatalities.

Beyond the basic model in equations 1-4, we make several additional refinements to the
analysis. At various points, we relax the implicit assumption that the parameters a, 5, and y
are comparable across groups of respondents and separately estimate equations 4a and 4b for
members of the samples who are older or younger than 65, who live in higher temperature
areas, or who experienced higher heat shocks during the heat wave. We also investigate

19In particular, we use the Stata command cmxtmixlogit to estimate the models. The variables of interest are all
case-specific, so there are no random coefficients to report for the models. The primary benefit of the cmxtmixlogit
command in this context relative to other commands that estimate conditional logit models is simultaneous
estimation of the different models.
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whether individual characteristics such as respondents’ beliefs about their own risk of
suffering from heat affect their relative valuation of heat fatalities by including interactive
effects in the regression model. Such refinements add additional terms to the equations
above but do not alter the fundamental structure of the model. And in the Online Appendix,
we report results that relax the assumption that utility is linear in risk levels.'

In sum, the experimental questionnaire is calibrated to produce results that are likely to
demonstrate subjects’ authentic preferences regarding heat-related mortality risks.'? The
instrument includes several rationality checks, which respondents overwhelmingly passed.
The tabulations of subjects’ responses demonstrate that they pass scope tests, which the
analyses in Part III further illustrate.'> And most importantly, the structure and timing of the
survey experimentally randomize our subjects into groups to test our major hypotheses:
whether subjects have a heat valuation premium, whether exogenous heat shocks affect heat
mortality valuation, and whether subjects differentially value risks to senior citizens.

3. Results
3.1. Policy choices and the relative valuation of heat risks

The analysis begins with the basic results demonstrating that respondents provide no
evidence of a heat valuation premium. Table 1 presents three different conditional logit
regressions for both the heat-cancer and heat-traffic tradeoffs for three different samples: the
full sample, the age under 65 years subsample, and the age 65 years or older subsample. Each
coefficient represents the estimated change in the log-odds that a respondent votes for a
policy reducing the identified secondary risk (i.e., cancer or traffic) relative to the log-odds of
voting for a policy that reduces heat-related fatalities, in response to a one-unit increase in the
magnitude of lives saved from heat or the secondary risk in the policy trade-off question. The
bottom section of Table | reports the implied value of heat fatalities relative to cancer and
traffic fatalities, calculated as the negative of the ratio of the two estimated coefficients, along
with the associated 95% confidence intervals. '

"' Table A5 in the Online Appendix replicates our base model treating risk levels as binary variables rather than
continuous ones, imposing fewer assumptions on the utility function. The results suggest that subjects may
experience some declining marginal utility from higher risk decreases, although the magnitude of non-linearity
appears consistent across all three risk types. As aresult, our estimates are likely robust to any non-linearity in utility
over risk. That conclusion is consistent with, for example, Table A3, which shows that even when comparing
comparable fatality risk magnitudes, subjects preferred to decrease cancer risks more than heat risks and were
roughly indifferent between heat and traffic risks.

12 Although stated preference studies generally explore tradeoffs between money and non-financial risks rather
than risk-risk tradeoffs, many of the concerns regarding the importance of rationality tests are also applicable to risk-
risk tradeoffs. See Johnston et al. (2017).

13 To illustrate, Tables A3 and A4 in the Online Appendix provide a complete tabulation of our subjects’ choices
by question. Subjects are substantially more likely to vote for a policy as the number of fatalities prevented increase.

14 The results in Table 1 are robust to using Fieller’s theorem to calculate confidence intervals rather than the
Delta method. For example, for the full sample estimates, the Fieller’s theorem confidence interval for the heat-
cancer relative valuation is (0.411, 0.704) and (0.652, 1.190), assuming the relevant marginal utility coefficients are
independent. However, Fieller’s theorem requires assuming the regression coefficients have a jointly normal
distribution (Hirschberg & Lye, 2010), which may not hold for coefficients estimated from a conditional logit
model. Accordingly, confidence intervals using the Delta method are reported throughout the article.
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Table 1. Policy choice regressions

Panel A: Cancer group

Full sample Age under 65 Age 65 or older
Heat risk magnitude —0.097 —0.105 —0.085
(0.005)*** (0.007)*** (0.008)***
Cancer risk magnitude 0.185 0.179 0.192
(0.023)*** (0.034)*** (0.028)***
Implied relative value 0.523 0.586 0.445
of heat fatalities [0.376, 0.671] [0.343, 0.829] [0.277, 0.612]

Panel B: Traffic group

Heat risk magnitude —0.158 —0.175 —0.137
(0.016)*** (0.023)*** (0.020)***
Traffic risk magnitude 0.180 0.187 0.174
(0.020)*** (0.026)*** (0.031)*#*
Implied relative value 0.878 0.940 0.791
of heat fatalities [0.587, 1.168] [0.536, 1.345] [0.390, 1.192]

Note: Table | reports the estimated coefficients in a conditional logit choice model modeling the likelihood that respondents vote to
reduce cancer or traffic deaths with reducing heat deaths as the base option. Standard errors are robust and clustered on respondent.
95% confidence intervals for implied relative heat valuations are provided in brackets and calculated using the delta method. N =
15,720 for the full sample, 9,450 for the age under 65 subsample, and 6,270 for the 65 or over subsample. ***p < 0.01, **p < 0.05,
*p < 0.10.

The core finding is that the evidence does not establish any valuation premium for heat
mortality risks over cancer or traffic fatality risks. There is a clearcut premium for cancer
risks relative to heat risks, and there is no statistically significant difference in the heat and
traffic fatality valuations. As expected, the estimated coefficient on the change on heat risk is
statistically significant and negative, while the coefficients on cancer and traffic risks are
statistically significant and positive, consistent with responses passing a scope test. The ratio
of the coefficients on heat and cancer in the full sample cancer equation was 0.52, implying
that subjects were indifferent between preventing approximately two cancer fatalities and
one heat fatality. The relative valuation of 0.52 is significantly different from 1.0 (» < 0.001).
The large premium on cancer fatalities relative to heat (and implicitly, traffic) is consistent
with the literature finding that subjects place a premium on cancer fatalities relative to other
risks. In contrast, the point estimate for the ratio for heat and traffic mortality was 0.88, but it
is statistically indistinguishable from 1.0 (p =0.409). Subjects did not prefer to prevent heat
fatalities over traffic fatalities, which are a representative benchmark for traumatic mortality
risks in the risk-risk valuation literature (e.g., Viscusi et al., 1991).'> In short, we find no
evidence of a premium for heat fatalities over other mortality risks. However, the confidence

'3t is possible that the transportation risk that subjects in this study considered involve more morbidity than the
average traffic fatality, because mortality risks decreases were achieved by improving treatments to individuals who
at least survive long enough to reach the hospital for treatment. It is accordingly possible that the valuation of traffic
mortalities among our respondents could be higher than a benchmark VSL. However, we expect that any morbidity
effects would be symmetric across heat and traffic as individuals must also make it to the hospital to benefit from risk
reductions in our vignettes.
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intervals on the implied relative heat valuations are sufficiently large to be consistent with a
heat premium for traffic as large as approximately 15%, or a penalty as large as approxi-
mately 40%. The remaining columns in Table | indicate that there is little difference between
how our younger and older subsamples value heat-related mortality risks relative to cancer or
traffic.

Differences in the studied population and environment likely account for the differences
between the results and those of Chilton et al. (2024) and Alberini and Scasny (2024). For
example, with regard to Chilton er al. (2024) which focused on India, prior literature has
found sizeable macroeconomic and mortality effects of heat in middle- and lower-income
economies, including India (e.g., Robinson et al., 2019; Liu et al., 2023). Such differences
could induce different valuations, just as cultural differences and greater concern with the
impact of global warming could explain differences between a U.S. sample and the
European sample in Alberini and Scasny (2024). It is also possible that differences in the
framing of our questionnaire, such as by creating mortality risk reductions through hospital
grants, could explain some of the discrepancy. For example, some have suggested that most
heat fatalities occur before individuals reach the hospital, which may have affected how
sophisticated respondents reacted to the questionnaire (e.g., Sun et al., 2021).

3.2. Temperature and heat evaluations

It is also feasible to experimentally identify how subjects’ responses vary with the temper-
ature they experience and how those temperatures relate to their own perceived risks of heat
fatalities. The temperatures that respondents experience may directly influence their valu-
ation of heat risks in a variety of ways. First, being exposed to heat may lead subjects to
assess the mortality risk change that is pertinent to them differently than instructed in the
questionnaire. Temperature may even negatively affect subjects’ cognitive performance
(Zivin et al., 2020). Second, heat may also affect respondents’ perception of the morbidity
risks from heat, which in turn may lead them to assess their personal risks from heat as being
different than the risk levels stated in the survey.

To analyze how stated preferences for heat risks vary with actual temperatures, historical
average daily high temperatures are used to assess the relationship between expected
historical temperatures and preferences over mortality risks. The extent of deviation from
those expected historical temperatures serves as the measure of the heat shock on individual
preferences. We measure historical temperatures as the average daily high between June
17 and June 24 in 2021, 2022, and 2023 at the weather station nearest to a respondent’s zip
code. The size of the shock from the heat wave is given by difference between the average
daily high temperature between June 17 and 24 in 2024, the week subjects took the survey,
and the historical temperature.

Figures 1 and 2 illustrate the estimates that examine the relationship between heat and
heat risk valuations, which are based on conditional logit regressions reported in full in
Table AS and A6 of the Online Appendix. In both figures, each point on the central line is the
value of heat relative to either cancer or traffic for respondents whose zip code has an average
historical daily high temperature within 1.5 °C of the benchmark value.'® In other words, the

16 For Figures 1 and 2, the range and width of the estimates was selected to maximize the number of estimates
presented. Narrowing the observation interval or adding additional degrees to estimate causes one of the boundary
logit models to fail to converge.
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Figure 1. Historical temperatures and relative valuation of heat fatalities.
Note: Each point on the central line is the ratio of coefficients from the conditional logit
model, restricted to respondents living in zip codes with average daily high temperatures
within 1.5 °C of the relevant temperature. Average daily high temperatures are measured
over June 17-24 in 2021-2023. The other lines present 95% confidence intervals.

figure shows a moving average of the relationship between historical temperatures and heat
valuations. The top and bottom lines represent the upper and lower bounds of the 95%
confidence interval corresponding to each estimate. Figure 2, in turn, presents the relative
heat valuations when respondents are grouped according to the size of the heat shock they
experienced during the June 2024 heat wave. The horizontal axis identifies the degrees
Celsius by which the average daytime high during the heatwave varied from the historical
average high in that area. Analogously to Figure 1, each point on the line corresponds to the
results from a conditional logit model for respondents whose zip code experienced a
deviation from their usual daytime highs within 1.5 °C of the listed value.

Figure | demonstrates that temperature expectations based on historical averages for that
period have a relatively weak relationship with subjects’ preferences with respect to heat
risks and other mortality risks. In Figure 1, the valuation of heat relative to cancer and traffic
does not increase or decrease much as expected daytime high temperatures increase,
suggesting that individual preferences over mortality risks from heat do not vary with
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Figure 2. Heat wave temperatures and relative valuation of heat fatalities.
Note: Each point on the central line is the ratio of coefficients from the conditional logit
model, restricted to respondents living in zip codes with average daily high temperatures
within 1.5 °C of the relevant temperature. Average daily high temperatures are measured
over June 17-24 in 2024. The other lines present 95% confidence intervals.

expected individual heat exposure. The result is encouraging — if subjects treated the risks in
the questionnaire as reflecting their personal risk level, historical exposure to greater heat
should not be associated with different valuations. No temperatures within the observed
range yield a relative valuation of mortality risks from heat that is statistically greater than 1.0.

Figure 2 shows that even exogenous shocks to high temperatures do not have a substantial
effect on preferences with respect to heat risks. Respondents’ valuation of heat risks relative
to cancer were between 0.3 and 0.5 for respondents living in areas that did not get warmer
during the heat wave. Respondents whose temperatures increased by approximately 1 °C to
3 °C demonstrated an increased relative valuation of 0.6. But the value of heat relative to
cancer decreased back to between 0.3 and 0.5 for respondents whose temperatures increased
by approximately more than 4° during the heat wave. Subjects’ valuation of heat mortality
risks relative to traffic risks follow a similar pattern. U.S. respondents may exhibit weakly
inverted U-shaped preferences with respect to temperature shocks.
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Some other articles in the risk-risk literature have found that subjects’ perceived mortality
risks affect their relative valuations (e.g., Dalafave & Viscusi, 202 1; Chilton et al., 2024). Here
we link these subjective risk perceptions of heat risks to objective measures of historical
temperatures. A plausible mechanism by which experienced temperatures affect relative
valuations is that the temperatures influence individual risk beliefs regarding heat risks, which
in turn alter their assessment of the personal risk reduction that they will experience from the
policy options presented in the survey. To investigate this issue, Table 2 estimates a logit model
in which the dependent variable is a binary variable equal to 1 if a respondent stated they have
an above average heat risk. The independent variables of interest are the measures of
temperatures studied in Figures 1 and 2: the historical average daily high temperature in a
respondent’s zip code from June 17-24 in 2021, 2022, and 2023, and the number of degrees
Celsius that the average daily high between June 17 and 24 in 2024 exceeded the historical
average. The first column of Table 2 presents a basic version of the logit model, while the
model in the second column also includes controls for individual demographic variables.

The results in Table 2 are consistent with passing a behavioral scope test: subjects’
perceived heat-related mortality risk is increasing in the historical temperatures where they
live as well as the temperature shock they experienced during the heat wave. The two
coefficients are similar in magnitude, with a 1 °C change in either variable implying an
approximately 10% increase in the probability of reporting an above average risk of heat
mortality. As expected, higher temperatures lead subjects to believe they have a higher risk
of heat-related mortality.

Risk beliefs for heat, cancer, and traffic may possibly affect respondents’ tradeoffs for
these risks. Among our subjects, 16.5% of respondents report an above average risk of dying
of heat, 14.7% report an above average risk of dying due to cancer, and only 3.9% report an
above average risk of dying from a traffic fatality. The 3.9% traffic result is consistent with
the classic result from the behavioral economics literature that individuals report an
irrationally optimistic view of their own driving abilities (e.g., Taylor, 1990), which in turn
may affect their perceived risk of motor-vehicle deaths.

Table 3 presents the conditional logit model estimates including interaction terms for sub-
jects” own perceived fatality risk beliefs. The two interaction terms corresponding to high heat
and secondary fatality risk are binary variables equal to one if a subject reported that they have an
above-average risk of dying due to heat or the secondary risk the subject considered, and zero
otherwise — the same as the dependent variable from Table 2.'7 A high-risk individual’s
estimated marginal utility from a given policy is accordingly the sum of the coefficient on the
risk magnitude variable and the interaction term between risk magnitude and high risk.

The results in Table 3 imply that subjects with higher perceived heat fatality risks
exhibited a greater preference for reducing heat fatalities.'® The coefficient on heat risk
magnitude is statistically significant, negative, and adds approximately 20% to the marginal

'7 Note that the interaction in Table 3 is meaningful despite the fact that both underlying variables are not reported
because the conditional logit model differences out individual characteristics that do not vary between questions,
including subjects’ risk beliefs and demographics.

'8 The results in Table 3 are directionally robust to introducing a further interaction for “below average™ fatality
risks. In other words, the coefficient on a “below average” self-rated risk is of the opposite sign as the high-risk
coefficient, meaning subjects value the corresponding risk less when they view themselves as having a low risk.
However, the below-average results are not always statistically significant and make interpretation of Table 3
significantly more challenging and are accordingly omitted from the results.
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Table 2. Perceived above average heat risk and temperatures

6] @
Historical high temperatures (°C) 0.105 0.113
(0.027)*** (0.029)***
Heat wave high temperatures (°C) 0.091 0.094
(0.036)** (0.038)***
Demographics included X

Note: N=1,048. Dependent variable in the logit regressions is a binary variable equal to 1 if respondent stated that they have an above
average risk of dying from heat. Robust standard errors are in parentheses. ***p < 0.01

Table 3. Policy preferences and perceived own fatality risk

Cancer Traffic
Heat risk magnitude —0.096 —0.156
(0.005)*** (0.016)***
Heat risk magnitude x high heat fatality risk —0.021 —0.029
(0.010)** (0.012)**
Secondary risk magnitude 0.185 0.182
(0.023)*** (0.020)***
Secondary risk magnitude x high secondary fatality risk —0.004 —0.007
(0.011) (0.025)

Note: N = 15,620. Table 3 reports the estimated coefficients in a conditional logit choice model modeling the likelihood that
respondents vote to reduce cancer or traffic deaths with reducing heat deaths as the base option. Standard errors are robust and
clustered on respondent. 95% confidence intervals for implied relative heat valuations are provided in brackets and calculated using
the delta method. ***p < 0.01, **p < 0.05, *p < 0.10.

utility of decreasing heat fatalities. The significant interactive relationship between an
individual’s perceived risk and their relative valuation of heat risks is striking given the
weak relationship between actual experienced heat and relative valuations shown in
Figure 1. The results in Table 3 indicate that the respondents did not entirely differentiate
between the risks to the public in the questionnaire and the risks to themselves, with high-
heat risk individuals expressing a greater preference to prevent fatalities to others. Individ-
uals with a high perceived own risk of heat mortality are indifferent between reducing 0.63
cancer fatalities and 1 heat fatality, compared to 0.51 for individuals who do not perceive a
high risk for themselves. Both the elevated high-risk and general risk estimate remain
significantly different from 1.0, however (p < 0.001). Even subjects who believe they have
higher than average heat-related mortality risks place a premium on cancer risks above heat
risks. Similarly, the point estimate for the relative value of heat fatalities for the traffic group
was 1.01 among individuals with a perceived high risk of heat fatalities, and 0.86 among the
remainder of the sample. Both values are not significantly different from 1.0 (p =0.940 and
p=0.315). In contrast to the higher relative value for heat due to higher self-perceived risk,
the coefficients on cancer risk and traffic risk interacted with subjects’ self-perceived risk
were never statistically significant.
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3.3. Senior citizens and heat risks

This section analyzes the third question of primary interest: whether subjects differentially
value risks to senior citizens and whether seniors have different valuations involving risks to
themselves and risks to the general population. As discussed in Section 3.1, the initial results
indicate that senior citizens and younger respondents have similar relative valuations of heat
fatalities even though heat risks primarily affect senior citizens. Respondents did not value
senior citizen fatalities less than fatality risks among the general population. The evidence
reported below indicates that this finding is robust, and that there is no valuation penalty for
senior citizens.

Tables 4A and 4B present the results of estimating the conditional logit model using data
from the final block of policy questions in the survey which randomly varied whether the
beneficiary of policies were senior citizens or the general population. Tables 4A and 4B
correspond to responses to different questions from the same respondents as in the results for
Tables 2 and 3. The six columns in Tables 4A and 4B present regression coefficients for six
different equations from three regressions, with each of the three regressions adding more
interactions with the risk magnitude variables to the estimating equation. Table 4A corre-
sponds to policy preferences over cancer risks, while Table 4B corresponds to policy
preferences over traffic risks. In both tables, the first columns estimate the basic model,
adding only a term that shifts the intercept if the secondary risk targeted senior citizens. The
second columns add interaction terms to each risk magnitude variable that permit the
estimated response to risk magnitudes to vary if the risk targets seniors. The final columns
interact each of the variables with a binary variable equal to one if the respondent’s age is
65 or greater.

Tables 4A and 4B indicate that there is not a valuation penalty when the target beneficiary
group is seniors rather than the general population. All the interactions between the binary
senior targeting variable and the magnitude of the relevant risks are not statistically
significant. There is no evidence that the subjects assigned a penalty or a premium valuation
to these mortality risks to senior citizens. Nor did senior citizens’ valuation of any of the
mortality risks differ significantly from that of other respondents, consistent with the earlier
results in Table 1. The magnitudes of the heat risk and other coefficients are substantially
closer to being equal than they were in Table 1, suggesting that subjects were less sensitive to
mortality risk changes when also trading off beneficiary populations.'® The results univer-
sally provide support that a heat risk penalty does not exist and that there is no senior penalty
in these valuations for seniors based either on the population group being protected or the
population group expressing the risk-risk preferences. It is possible that the frame of the
questions — particularly that subjects were not told they were potential beneficiaries of any of
the policies — may have contributed to the finding that senior citizens did not differentially
value risks to senior citizens (Dolan et al., 2003).

Although the tradeoff rates are not sensitive to whether the policy targets seniors, the
intercept terms do vary. For cancer (and traffic in the basic model), respondents are less
likely to choose the secondary non-heat-related risk when the protected group consists of

19 As a robustness check to our result, Table A8 in the Online Appendix pools together all questions in our
survey. The results demonstrate that when all policy choice questions are considered jointly, the valuation of
extreme heat fatalities relative to cancer fatalities is 0.73 and significantly smaller than 1, while the valuation of
extreme heat fatalities relative to traffic fatalities is 1.03 and insignificantly different from 1.
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Table 4A. Cancer policy preferences and targeted populations

6] 2 3
Heat risk magnitude —0.092 —0.089 —0.092
(0.006)*** (0.010)*** (0.011)***
Heat risk magnitude x heat policy —0.006 —0.006
targets seniors 0.012) (0.012)
Heat risk magnitude x age 65+ 0.004
(0.010)
Cancer risk magnitude 0.098 0.098 0.104
(0.009)*** (0.017)*** (0.018)***
Cancer risk magnitude x Cancer —0.001 —0.003
policy targets seniors (0.019) (0.019)
Cancer risk magnitude x age 65+ -0.010
(0.011)
Cancer risk targets seniors —0.492 —0.552 -0.709
(0.077)*** (0.313)* (0.324)**
Cancer risk targets seniors x age 0.423
65+ (0.153)%**

Note: N = 15,720. Estimates represent the coefficient in a panel data conditional logit choice model estimating the probability that
the respondent chose the policy reducing cancer or traffic deaths relative to the probability the respondent chose the policy reducing
heat deaths. Standard errors are robust and clustered on respondent. ***p < 0.01, **p < 0.05, *p < 0.10.

Table 4B. Traffic policy preferences and targeted populations

6] (@) 3)
Heat risk magnitude —0.112 —0.108 —0.107
(0.010)*** (0.014)*** (0.015)***
Heat risk magnitude x heat policy —0.007 —0.008
targets seniors 0.017) 0.017)
Heat risk magnitude x age 65+ —0.001
(0.014)
Traffic risk magnitude 0.111 0.126 0.126
(0.008)*** (0.016)*** (0.017)***
Traffic risk magnitude x Traffic —-0.024 —-0.023
policy targets seniors (0.018) (0.018)
Traffic risk magnitude x age 65+ 0.003
(0.013)
Traffic risk targets seniors —0.203 0.034 —0.152
(0.080)** (0.337) (0.351)
Traffic risk targets seniors x age 0.415
65+ (0.163)**

Note: N = 15,720. Estimates represent the coefficient in a panel data conditional logit choice model estimating the probability that
the respondent chose the policy reducing cancer or traffic deaths relative to the probability the respondent chose the policy reducing
heat deaths. Standard errors are robust and clustered on respondent. ***p < 0.01, **p < 0.05, *p < 0.10.
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seniors. The most likely explanation is that respondents simply disfavor voting for policies
that only decrease senior fatalities without regard to the fatality risk tradeoffs because
demographic targeting of policies is inequitable. Such a result is consistent with literature
finding that individuals favor programs that benefit the general population rather than
discrete groups (e.g., Card et al., 2022). The statistically significant and positive coefficient
on the interaction between the secondary risk targeting seniors and a respondent being older
than 65 supports this explanation, as senior citizens are much less likely to have a blanket
bias against a group to which they belong.

The results are consistent with respondents expressing preferences consistent with the
equitable risks tradeoffs approach to the VSL for regulatory policy (Viscusi, 2018;
Kniesner & Viscusi, 2024; Viscusi, 2024). Based on that approach, regulatory agencies
will use a population average VSL when evaluating policies affecting population-wide
risks irrespective of the demographic composition of the beneficiary group. Using a
subpopulation-specific VSL or distributional weights for different subpopulations is only
appropriate if policies target subpopulations with differential preferences and the benefi-
ciaries of the policy, in effect, pay for the policy benefit (Viscusi, 2018; Kniesner &
Viscusi, 2023).

Indeed, there is further evidence of a substantial value of mortality risks to seniors based
on the responses to the sixth policy choice question in the study, which asked subjects to
choose between two Policies that reduce heat risks of equal magnitude, with one risk
affecting the general population and one affecting senior citizens. Even when evaluating
identical risks across the two groups, the majority of subjects viewed reducing mortality risks
to seniors and the general population as being equivalent although subjects who indicated a
preference were slightly more likely to select the policy benefitting the general population.”®
Overall, 253 respondents chose the policy benefitting the general population, 157 chose the
policy benefiting senior citizens, and 638 respondents said both policies were equally good.

4. Conclusion

The experiment presents no evidence that U.S. subjects place a premium on valuations of
mortality risks from heat. The valuation of heat-related mortality risk is not significantly
different from that of traffic risks, which have a VSL that is not significantly different from
that for other traumatic risks that most agencies use in establishing their VSL. Respondents
consistently demonstrated across several analyses, including by exploiting exogenous
shocks to subjects’ experienced temperatures, that they do not prefer reducing heat risks
relative to other risks. Cancer risks do command a substantial mortality valuation premium,
consistent with other evidence on the heterogeneity in the VSL. The results are consistent
with the U.S. government’s current practice of not placing a premium on heat mortality risks
when performing benefit-cost analyses of policies that may affect climate change or related
risks, such as pricing the social cost of greenhouse gases (Carleton et al., 2022; EPA, 2023).
Even without being accorded a valuation premium, the monetized value of heat-related
mortality risks is substantial. The 2,262 U.S. heat-related deaths in 2023 represent more than

20 Note that responses to this survey question do not enter our regressions because the risk magnitudes and types
were identical (20 and heat risks) for all subjects.

https://doi.org/10.1017/bca.2025.11 Published online by Cambridge University Press


https://doi.org/10.1017/bca.2025.11

22 Clayton J. Masterman and W. Kip Viscusi

$29.4 billion in social costs, using a U.S. value of statistical life of $13.0 million, and will
likely continue to rapidly rise.”!

Whether the U.S. results generalize to other countries merits further exploration. Heat
poses less of a mortality risk in countries in which air conditioning is prevalent and there is
reliable electricity service. The findings by Chilton et al. (2024) and Alberini and Scasny
(2024) that heat-related deaths are valued more than traffic-related deaths in India and two
European countries suggests that there may be a range of countries with relative valuations of
heat deaths that are bounded between the absence of any premium in the U.S. and a
substantial premium in India. Differences in methodology may also have contributed to
the different results. Application of country results would be consistent with the recom-
mendation by Fraas et al. (2023) that it is preferable to use the country’s valuations of
greenhouse gas emissions.

The evidence presented here is consistent with benefit assessment practices that do not
adjust the valuation of risks due to age differences in the beneficiaries of a policy. While
subjects in this risk-risk study consistently demonstrated that they preferred policies that
benefit the general population, the valuation of risk reductions for senior citizens and the
general population was not significantly different. Both the full sample and the senior citizen
subsample valued risks that targeted the general population and senior citizens similarly.
Future research may reveal other dimensions on which regulatory benefit-cost analysis could
adjust heat and other types of mortality risk valuations based on the heterogeneity of
valuations.

Competing interests. The authors declare none.
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Appendix

Table Al. Sample summary statistics

Whole sample Age under 65 Age 65 or greater

Age 535 429 69.7
Gender:
Male 0.46 0.48 0.43
Female 0.53 0.51 0.57
Other 0.01 0.01 0.00
Race and ethnicity:
White 0.74 0.64 0.88
Black 0.10 0.12 0.08
Asian 0.05 0.07 0.01
Native American 0.01 0.01 0.00
Pacific Islander 0.00 0.00 0.00
Hispanic 0.05 0.07 0.01
Multiple races or ethnicities 0.06 0.08 0.01
Education:
Less than high school 0.00 0.00 0.00
High school 0.10 0.11 0.09
Some college 0.21 0.23 0.19
Associate degree 0.11 0.11 0.11
Bachelor’s degree 0.39 0.42 0.34
Post-graduate degree 0.19 0.13 0.27
Income:
Less than $10,000 0.02 0.03 0.01
$10,000 to $24,999 0.17 0.14 0.20
$25,000 to $49,999 0.20 0.16 0.26
$50,000 to $99,999 0.34 0.34 0.33
$100,000 to $149,999 0.17 0.18 0.14
$150,000 or more 0.09 0.12 0.05
Prefer not to answer 0.02 0.02 0.01
Marital status:
Married 0.47 0.45 0.51
Divorced 0.16 0.08 0.26
Widowed 0.06 0.02 0.12
Separated 0.02 0.02 0.01
Never married 0.30 0.43 0.10
Has minor children:
Yes 0.19 0.26 0.07
No 0.81 0.74 0.93
2020 Vote:
Biden voter 0.60 0.59 0.62
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Table Al. Continued

Whole sample Age under 65 Age 65 or greater
Trump voter 0.23 0.19 0.28
Other voter 0.04 0.05 0.04
Did not vote 0.13 0.17 0.07
Has air conditioning:
Yes 0.93 0.95 0.90
No 0.07 0.05 0.10
COVID-19 vaccine status:
Received vaccine 0.84 0.82 0.86
Did not receive vaccine 0.16 0.18 0.14
Smoking status:
Cigarette smoker 0.11 0.11 0.11
Vape smoker 0.07 0.09 0.03
Nonsmoker 0.82 0.80 0.86
Seatbelt use:
Always or almost always 0.98 0.98 0.98
Other 0.02 0.02 0.02
Regular outdoor recreation:
Yes 0.43 0.48 0.35
No 0.57 0.52 0.65
Regular outdoor work:
Yes 0.24 0.23 0.25
No 0.76 0.77 0.75
Observations 1,048 630 418
Table A2. Demographics and policy choice
Cancer Traffic
Heat risk magnitude —0.095 —0.165
(0.006)*** (0.011)***
Secondary risk magnitude 0.182 0.189
(0.012)*** (0.012)***
Age 0.001 —0.005
(0.004) (0.004)
Gender (male omitted)
Female 0.154 0.228
(0.106) (0.116)**
Other —2.352 —2.152
(0.982)** (1.007)**
Race and ethnicity (White omitted)
Black 0.143 0.249
(0.180) (0.193)
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Table A2. Continued

Cancer Traffic
Asian 0.248 —0.002
0.247) (0.275)
Native American 0.026 —0.430
(0.585) (0.639)
Pacific Islander —0.997 —16.607
(2.502) (2537.929)
Hispanic —0.253 0.046
(0.258) 0.267)
Multiple races or ethnicities 0.076 —0.075
(0.219) (0.244)
Education (high school omitted)
Less than high school 0.135 —15.544
(0.743) (1197.414)
Some college —0.494 —0.290
(0.198)** 0.217)
Associate degree —0.089 —0.044
(0.232) (0.254)
Bachelor’s degree —0.082 —0.095
(0.192) (0.211)
Post-graduate degree —0.146 —0.231
(0.215) (0.238)
Income ($50,000 to $99,999 omitted)
Less than $10,000 0.582 0.736
(0.391) (0.430)*
$10,000 to $24,999 —0.195 —0.287
(0.169) (0.186)
$25,000 to $49,999 —0.170 —0.242
(0.151) (0.166)
$100,000 to $149,999 —0.094 0.171
(0.157) (0.167)
$150,000 or more 0.081 0.067
(0.190) (0.206)
Prefer not to answer —0.688 —0.226
(0.414)* (0.424)
Marital status (married omitted)
Divorced 0.275 0.028
(0.164)* (0.182)
Widowed 0.200 0.167
(0.236) (0.258)
Separated —0.085 0.015
0.417) (0.440)
Never married 0.159 —0.042
(0.160) 0.174)
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Table A2. Continued

Cancer Traffic
Has minor children 0.060 0.440
(0.151) (0.159)***
2020 Vote (Biden voter omitted)
Trump voter 0.732 0.756
(0.136)*** (0.148)***
Other voter 0.514 0.447
(0.256)** 0.277)
Did not vote 0.544 0.085
(0.174)*** (0.195)
Does not have air conditioning —0.183 0.077
(0.202) (0.215)
Did not receive COVID-19 vaccine —0.034 0.023
(0.153) 0.167)
Smoking status (cigarette smoker omitted)
Vape smoker 0.435 —0.085
(0.259)* (0.280)
Nonsmoker 0.344 —0.075
(0.174)** (0.181)
Always or almost always uses seatbelt —0.250 0.190
(0.309) (0.357)
Regular outdoor recreation —0.093 —0.184
(0.111) (0.121)
Regular outdoor work 0.329 0.191
(0.125)*** (0.137)

Note: N =5,240. Table reports the estimated coefficients in a multilevel logit model modeling the likelihood that respondents vote to
reduce cancer or traffic deaths with reducing heat deaths as the base option. Standard errors are robust and clustered on respondent.
The omitted option for sets of mutually exclusive variables is parenthetically indicated. ***p < 0.01, **p < 0.05, *p < 0.10.

Table A3. Policy choice tabulations

. . Cancer group Traffic group
Heat fatalities Other risk
prevented fatalities Policy Policy @ Both Policy Policy Both
with prevented with 1 2 equally 1 2 equally
Policy 1 Policy 2 (Heat) (Cancer) good (Heat) (Traffic) good
20 20 31 169 323 66 109 350
30 20 305 117 101 385 43 97
20 30 18 439 66 24 426 75
20 50 8 507 8 9 502 14
50 20 417 65 41 485 14 26

Note: Table entries indicate the number of individuals voting for Policy 1, Policy 2, or that both policies are equally good, when the
number of prevented fatalities are as indicated. The cancer group contained 555 respondents, and the traffic group contained 525
respondents. Responses correspond to respondents first five policy choice questions after the attention check and warmup question.
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Table A4. Policy choices tabulations when beneficiaries vary

Panel A: Cancer group

Policy 1 decreases senior  Policy 2 decreases senior

deaths deaths
Heat fatalities ~ Cancer fatalities Policy Policy = Both Policy Policy = Both
prevented with  prevented with 1 2 equally 1 2 equally
Policy 1 Policy 2 (Heat) (Cancer) good (Heat) (Cancer) good
20 20 23 98 147 50 55 150
20 30 17 216 46 35 169 40
30 20 125 73 62 173 35 55
20 50 8 232 12 18 232 21
50 20 182 38 34 231 23 15

Panel B: Traffic group

Policy 1 decreases senior Policy 2 decreases senior

deaths deaths

Heat fatalities ~ Traffic fatalities Policy Policy = Both  Policy Policy  Both
prevented with  prevented with 1 2 equally 1 2 equally
Policy 1 Policy 2 (Heat) (Traffic) good (Heat) (Traffic) good
20 30 49 59 156 70 38 153
30 20 23 184 41 47 176 54
20 50 190 29 56 177 24 49
50 20 11 240 13 22 225 14
20 30 220 12 18 244 13 18

Note: Table entries indicate the number of individuals voting for Policy 1, Policy 2, or that both policies are equally good, when the
number of prevented fatalities and the beneficiary of the policies are as indicated. When Policy 1 decreased senior deaths, Policy 2
decreased deaths among the general population, and vice versa. The cancer group contained 555 respondents, and the traffic group
contained 525 respondents. Responses correspond to the final five policy choice questions in the questionnaire.
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Table A5. Policy choice regressions

Panel A: Cancer group

Full sample Age under 65 Age 65 or older
Heat risk magnitude = 30 —2.340 —2.489 —2.155
(0.132)*** (0.176)*** (0.206)***
Heat risk magnitude = 50 —-3.217 —-3.515 —2.810
(0.155)*** (0.212)%** (0.228)***
Cancer risk magnitude = 30 1.839 1.869 1.812
(0.239)*** (0.338)*** (0.342)%**
Cancer risk magnitude = 50 2.791 2.238 4.188
(0.357)*** (0.383)*** (0.998)***
Panel B: Traffic group
Heat risk magnitude = 30 —-2.910 -3.277 —2.407
(0.170)*** (0.229)%** (0.258)***
Heat risk magnitude = 50 —4.272 —4.685 —-3.729
(0.275)*** (0.392)%** (0.381)***
Traffic risk magnitude = 30 2211 2.035 2.446
(0.218)*** (0.281)*** (0.346)***
Traffic risk magnitude = 50 3.518 3.632 3.469
(0.386)*** (0.575)%** (0.528)***

Note: Table AS reports the estimated coefficients in a conditional logit choice model modeling the likelihood that respondents vote
to reduce cancer or traffic deaths with reducing heat deaths as the base option. For all risks, the omitted variable is reducing the risk
by 20 deaths. Standard errors are robust and clustered on respondent. 95% confidence intervals for implied relative heat valuations
are provided in brackets and calculated using the delta method. N = 15,720 for the full sample, 9,450 for the age under 65 subsample,

and 6,270 for the 65 or over subsample. ***p < 0.01, **p < 0.05, *p < 0.10.
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Table A6. Figure 1 regressions

Panel A: Cancer

<26° 27° 28° 29° 30° 31° 32° 33° 34° 35° >36°

Heat risk magnitude ~ —0.094 —0.096 —0.095 —0.100 —0.100 —0.088 —0.089 —0.094 —0.106 —0.129 —0.116
(0.009)  (0.009) (0.009) (0.010) (0.012) (0.010) (0.010) (0.010) (0.016) (0.019) (0.024)

Cancer risk magnitude 0249 0.184  0.152  0.137  0.133  0.124  0.139 0133 0171 0204 0270
(0.046)  (0.040) (0.035) (0.039) (0.034) (0.034) (0.032) (0.034) (0.044) (0.042) (0.052)

Observations 6135 5205 4575 3630 3285 3315 3405 3000 2280 1770 1905

Panel B: Traffic

<26° 27° 28° 29° 30° 31° 32° 33° 34° 35° >36°

Heat risk magnitude —0.143 —-0.142 —-0.152 -0.163 —-0.166 —0.169 —0.146 —0.142 —-0.142 -0.211 —0.241
(0.020)  (0.020) (0.025) (0.040) (0.043) (0.031) (0.026) (0.028) (0.039) (0.077) (0.081)
Traffic risk magnitude ~ 0.200 0.151 0.158 0.170 0.211 0.200 0.165 0.175 0.176 0.234 0.257
(0.037) (0.029) (0.035) (0.041) (0.051) (0.045) (0.042) (0.046) (0.054) (0.049) (0.056)
Observations 6135 5205 4575 3630 3285 3315 3405 3000 2280 1770 1905
Note: Table reports the estimated coefficients in conditional logit choice models modeling the likelihood that respondents vote to reduce cancer or traffic deaths with reducing heat deaths as the base option.

Standard errors are robust and clustered on respondent. The sample in each column is restricted to respondents living in zip codes with average daily high temperatures over June 17-24 in 2021-2023 within
1.5 °C of the noted temperature. All coefficients in the table are statistically significant with p < 0.01.
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Table A7. Figure 2 regressions

Panel A: Cancer

<=2° —1° 0° 1° 2° 3° 4° 5° 6° >7°
Heat risk magnitude —0.115 —0.107 —0.095 —0.091 —0.093 —0.103 —0.100 —0.094 —0.088 —0.088
(0.015) (0.016) 0.011) (0.010) (0.009) 0.011) (0.011) (0.010) (0.009) (0.009)
Cancer risk magnitude 0.271 0.269 0.173 0.121 0.132 0.150 0.266 0.191 0.229 0.208
(0.049) (0.042) (0.043) (0.024) (0.027) (0.032) (0.052) (0.043) (0.049) (0.055)
Observations 3285 3285 4515 4830 5505 4620 4290 4320 4170 3330
Panel B: Traffic
<=2° —1° 0° 1° 2° 3° 4° 5° 6° >7°
Heat risk magnitude —-0.218 -0.192 —-0.192 —0.203 —0.199 —-0.164 —0.108 —0.124 —0.123 —0.145
(0.058) (0.040) (0.031) (0.034) (0.034) (0.033) (0.018) (0.020) (0.020) (0.031)
Traffic risk magnitude 0.217 0.176 0.163 0.125 0.165 0.202 0.286 0.198 0.182 0.177
(0.055) (0.043) (0.032) (0.024) (0.032) (0.045) (0.045) (0.039) (0.042) (0.049)
Observations 3285 3285 4515 4830 5505 4620 4290 4320 4170 3330

Note: Table reports the estimated coefficients in conditional logit choice models modeling the likelihood that respondents vote to reduce cancer or traffic deaths with reducing heat deaths as the base option.
Standard errors are robust and clustered on respondent. The sample in each column is restricted to respondents living in zip codes with average daily high temperatures between June 17 and 24 in 2024 that
deviated from historical daily average high measured in the same week in 2021-2023 by the relevant temperature plus or minus 1.5 °C. All coefficients in the table are statistically significant with p < 0.01.
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Table A8. Basic policy choice regression including both equal results

Cancer Traffic Both equally good

Heat risk magnitude —0.097 —0.158 —0.153
(0.005)*** (0.016)*** (0.008)
Cancer risk magnitude 0.185 - —-0.014
(0.023)*** (0.019)
Traffic risk magnitude - 0.180 —0.027
(0.020)*** (0.018)

Implied relative valuation 0.523 0.878 -

of heat fatalities [0.376,0.671] [0.587,1.168]

Note: N=15,720. Table reports the estimated coefficients in a conditional logit choice model modeling the likelihood that
respondents vote for the indicated policy, with the policy reducing heat deaths as the base option. Standard errors are robust and
clustered on respondent. 95% confidence intervals for implied relative heat valuations are provided in brackets and calculated using
the delta method. ***p < 0.01, **p < 0.05, *p < 0.10.

Table A9. All policy choice regressions pooled including both equal results

Cancer Traffic Both equally good
Heat risk magnitude —0.096 —0.134 —0.134
(0.005)*** (0.009)*** (0.006)***
Cancer risk magnitude 0.121 - —0.028
(0.010) (0.009)***
Traffic risk magnitude - 0.130 —0.038
(0.009)*** (0.009)***
Seniors targeted —0.505 —0.206 -
(0.078)*** (0.083)**
Implied relative valuation 0.798 1.033 -
of heat fatalities [0.647, 0.949] [0.832, 1.235]

Note: N=31,440. Table reports the estimated coefficients in a conditional logit choice model modeling the likelihood that
respondents vote for the indicated policy, with the policy reducing heat deaths as the base option. Standard errors are robust and
clustered on respondent. 95% confidence intervals for implied relative heat valuations are provided in brackets and calculated using
the delta method. ***p < 0.01, **p < 0.05, *p < 0.10.
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