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ABSTRACT

Hurricane warnings are the primary sources of information that enable the public to assess the risk and

develop responses to threats from hurricanes. These warnings have significantly reduced the number of

hurricane-related fatalities in the last several decades. Further investment in the science and implementation

of the warning system is a primary mission of the National Weather Service and its partners. It is important

that the weather community understand the public’s preferences and values for such investments; yet, there is

little empirical information on the use of forecasts in evacuation decision making, the economic value of

current forecasts, or the potential use or value for improvements in hurricane forecasts. Such information is

needed to evaluate whether improved forecast provision and dissemination offer more benefit to society than

alternative public investments.

Fundamental aspects of households’ perceptions of hurricane forecasts and warnings and their potential

uses of and values for improved hurricane forecast information are examined. The study was designed in part

to examine the viability of survey research methods for exploring evacuation decision making and for eliciting

values for improved hurricane forecasts and warnings. First, aspects that affect households’ stated likelihood

of evacuation are explored, because informing such decisions is one of the primary purposes of hurricane

forecasts and warnings. Then, stated-choice valuation methods are used to analyze choices between potential

forecast-improvement programs and the accuracy of existing forecasts. From this, the willingness to pay

(WTP) for improved forecasts is derived from survey respondents.

1. Introduction

Hurricane warnings and forecasts are issued by the

National Weather Service (NWS)—mainly through the

National Hurricane Center (NHC)—and disseminated

through the media and by emergency managers. These

warnings and forecasts are the primary sources of infor-

mation that allow the public to assess the risk of and decide

how to respond to threats from landfalling hurricanes

(Gladwin et al. 2007). The hurricane forecast and warning

system is credited with significantly reducing the number

of hurricane-related fatalities in the twentieth century

(Willoughby 2002), and investment in the science and im-

plementation for this system is a primary mission of the

NWS and its partners. Significant additional investments

are planned in response to the recent impacts of landfalling

hurricanes, even though there is little empirical informa-

tion on the economic value of these investments or the

potential value of improvements in hurricane forecasts.
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For instance, in response to the devastation of Hur-

ricanes Katrina, Rita, and Wilma, the National Oceanic

and Atmospheric Administration (NOAA) established

the Hurricane Forecast Improvement Project (HFIP)—

a 10-yr plan to improve 1–5-day tropical cyclone fore-

casts (NOAA 2008). Spending for HFIP in fiscal year

2009 alone was proposed at $19 million [approximately

$6 million of this is for research with the balance slated

for development, transition, and operations (F. Toepfer,

NOAA, 2009, personal communication)]. Because house-

holds are the ultimate end users of hurricane forecasts, it

is important to understand the public’s preferences and

values for current forecasts and for improvements in

forecasts. Estimates of the value of forecasts can be used

to evaluate whether improved forecast accuracy and

dissemination offer more benefit to society than alter-

native public investments such as infrastructure or im-

proved forecasts of other hazards (Letson et al. 2007).

To date there has been little quantitative assessment

of the general public’s preferences and values for hur-

ricane forecasts and warnings. In a narrow sense, we use

the term ‘‘hurricane forecasts and warnings’’ to indicate

the official warning products produced and dissemi-

nated by the NHC. Although a key component of hur-

ricane information, these official products are only part

of the broader process by which public officials, the me-

dia, and others combine and transform this information

into the forecasts, warnings, evacuation orders, or other

hurricane-related information ultimately used by other

stakeholders, especially the public, in decision making.

Considerable research interest has focused on hurri-

cane evacuation, but not forecast and warning use. Much

of the evacuation work is descriptive and, at times, con-

tradictory (Baker 1993; Gladwin and Peacock 1997; Dow

and Cutter 1998; Yin and Newman 1999; Dash and

Gladwin 2007). Early research focused on the effects of

warnings, but other factors such as household composi-

tion, living in an evacuation zone, and length of residence

have consistently been associated with evacuation deci-

sions (Whitehead et al. 2000; Whitehead 2005). Smaller

households, those with children present, those living in

evacuation zones, and newer residents who have never

been through a hurricane are more likely to evacuate

(Dash and Gladwin 2007). Most directly related to fore-

cast and warning use is work examining the relationship

between risk perception and evacuation behavior (Dow

and Cutter 1998; Dash and Gladwin 2007). Risk is a social

construction in which most people use their knowledge

and experience to interpret their level of safety (Morrow

2009). Although some coastal residents rely primarily on

an evacuation order for decision making (Gladwin et al.

2001; Zhang et al. 2007), many follow the storm via

various information sources, consider the safety of their

home and family, and then weigh their evacuation op-

tions. There is some indication that people pay close

attention to information about the approaching hurri-

cane, but they may not always understand the nuances of

the warning system, such as how to interpret watches

and warnings (Morrow and Gladwin 2005).

To build on this research and begin filling these knowl-

edge gaps, this research examines fundamental aspects of

nonmeteorologists’ perceptions of hurricane forecasts and

warnings and their values for improved hurricane forecast

information. This work is part of longer-term efforts to

explore and understand these perceptions and values

across all hurricane-vulnerable populations. We focus

here on work to date that includes data from a survey

implemented in Miami, Florida, in September 2008. The

current results show the viability of these methods for

exploring evacuation decision making and values for

improved hurricane forecasts and warnings, but the

empirical results cannot be generalized to the entire

hurricane-vulnerable population. Future work, based on

results from these efforts, will involve larger, more geo-

graphically diverse samples developed using sampling

approaches that should yield results that can be aggre-

gated to the relevant hurricane-vulnerable populations.

We present results specifically about households’

evacuation decision making and the economic value of

improving hurricane forecasts. We explore aspects af-

fecting households’ stated likelihood of evacuation, be-

cause informing such decisions is a primary purpose of

hurricane forecasts and warnings. Using responses from

several other questions in the survey, we model the stated

likelihood of evacuation as a function of forecasted hur-

ricane intensity, perceived risk from wind and storm

surge, experience with hurricanes, perceived accuracy of

forecasts, barriers to evacuation, and sociodemographic

characteristics.

We then use stated-choice valuation methods to an-

alyze choices between potential forecast-improvement

programs and the accuracy of existing forecasts and to

derive the willingness to pay (WTP) for improved fore-

casts from survey respondents. Stated-choice methods

are used in economic benefit estimation when markets

do not exist for the goods or services being valued. In

this case, little or no market information on households’

value for hurricane forecast and warning information

exists. These methods use a hypothetical context in a

survey format, with questions designed as choices be-

tween alternatives that include differences in goods and

services as well as in costs. The alternatives that a subject

prefers reveal information about his or her underlying

values for the goods and services in those alternatives.

An important aspect of this approach is evaluating

differences in preferences and values across different
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segments of society. We use our valuation approach to

look at values for improved forecasts for different sub-

groups. Such differences need further exploration in

light of the critical issue of vulnerable populations and

the differential impacts of hurricanes on these pop-

ulations, as evidenced by Hurricane Katrina’s impacts

on New Orleans, Louisiana (Phillips and Morrow 2007).

Although potentially important, all of the findings re-

ported here suggest the need for further research across

broader geographic populations with larger samples to

better understand how and why these factors affect

people’s preparedness.

2. Survey development, sampling, and
implementation

We collected data from 80 households using an in-

person survey in Miami. To ensure that the survey will

eventually be applicable across all hurricane-vulnerable

geographic areas, the draft survey instrument was de-

veloped through an extensive series of focus groups

in Miami, in New Orleans, and in Charleston, South

Carolina; we also conducted one-on-one cognitive inter-

views (Lazo 2002, 2004). We analyzed two versions of

the draft final survey for reading level using the Flesch

Reading Ease test, and changed wording as necessary

for clarity. Verbal protocol analysis (Ericsson and Simon

1993) was used in six one-on-one pretests of the instru-

ment in August 2008. Each session was taped as the re-

spondents read the questions aloud and ‘‘thought aloud’’

as they answered each question. After each pretest, a

facilitator discussed the survey with each respondent to

elicit additional suggestions, thus providing a retrospec-

tive report. Based on analysis of the results, suggestions

for instrument revision were undertaken and improve-

ments made throughout the pretesting process.

The survey elicits information on respondents’ ex-

periences with hurricanes, perceived and actual vul-

nerability to hurricane risks and impacts, preparation

for hurricanes, factors affecting evacuation decision

making, perceptions of hurricane forecasts and warn-

ings, preferences and values for current and improved

forecasts and warnings, and general sociodemographic

information. Not all aspects or results are reported

here.

The survey was implemented at National Opinion

Research Services (NORS) in Miami on 4 September

2008. The only restrictions on recruitment for the sam-

ple was that respondents be at least 18 years of age and

live within 30 mi of the coast. Because a predetermined

sample size of 80 was the target for survey implementa-

tion, and as we are not attempting to generalize to the

general population, we do not calculate a response rate

per se. NORS performed the manual data entry and

quality control assessment.

The sample was composed of 16 Caucasians, 16 African

Americans, 47 Spanish/Hispanic/Latino, and one ‘‘other.’’

Half of the respondents were male and half were female.

Half of the sample had a college degree; this is a higher

educational-attainment level than the general popu-

lation of Miami–Dade County, where 22% reported at

least a bachelor’s degree in 2000 (EIDS 2008).1 The

average age was 43 and ranged from 18 to 70. The av-

erage income was approximately $61,000, and the me-

dian was between $40,000 and $50,000. This compared

well with the general Dade County population, which

had a median household income of $46,931 in 2000 (EIDS

2008). Because housing characteristics are an impor-

tant factor in hurricane vulnerability, we also collected

data on respondents’ housing. Only five respondents

live in mobile homes and none live in boats or recrea-

tion vehicles—this was comparable to the incidence

of mobile home occupancy in the general Miami–Fort

Lauderdale metropolitan area population.2 Those who

rented and those who owned their residence were split

39% and 61%, respectively, reasonably close to the split

reported in the 2002 American Housing Survey (AHS)

of roughly 35% and 65% (U.S. Department of Housing

and Urban Development–U.S. Department of Com-

merce 2003). For those occupying houses, 67% were

owners, and for those occupying apartments, 29% were

owners. Although we used a small, nonrandom sample,

most of the sociodemographic characteristics are rea-

sonably similar to the Miami–Fort Lauderdale metro-

politan area population, and we would not expect our

results to be substantively different from future, larger

random samples.

3. General results

Prior to discussing results specific to evacuation de-

cision making and valuation, several general results give

additional context to the responses. Eighty-nine percent

of respondents indicated that they had been personally

1 In general, we compare our sample to the general population of

Miami–Dade County because this was the source of our sample and

also the level of data available from U.S. Census Bureau statistics

for comparison. Some sociodemographic information is available

for the Miami–Fort Lauderdale metropolitan area and thus, when

available, we compare our data to this information.
2 Table 1-1 in the AHS (available online at http://www.census.

gov/prod/2003pubs/h170-02-28.pdf) indicates 53 000 ‘‘manufactured/

mobile home tiedowns’’ out of 1 638 700 total housing units.

Manufactured/mobile homes are thus about 3.2% of the total hous-

ing units in the metropolitan statistical area, so our sample may not

be too far off at 6.25%.
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affected by a hurricane in the past. Most (;60%) had

experience with Hurricane Andrew, and of those, most

accurately recalled the year of Andrew (1992). Given

that Andrew was 16 years prior to the date of the survey,

this is a high level of accurate recall, indicating the im-

pact of that hurricane on respondents. More than 50%

of respondents indicated that they had not received

‘‘information from any public officials regarding what

you should do or where you should go in the event of a

possible future hurricane.’’ For those who did indicate

receiving information, the mayor and other (nonspe-

cific) government entities were mentioned several times

as sources of this information.

Seven of 10 respondents have taken some action to

prepare for a hurricane. A simple statistical analysis of

the prepare/do not prepare response revealed that the

only significant predictor of taking action in preparation

for a hurricane was previous experience with a hurri-

cane: those with personal experience with a prior hur-

ricane were less likely to have taken action to prepare

for a hurricane. Forty-five of the 80 respondents (56%)

indicated that they had adequate hurricane shutters in-

stalled at their residence; those who owned their resi-

dence were more likely to have shutters. In addition,

those who indicated that they perceived a higher likeli-

hood of tornadoes associated with a hurricane were more

likely to have shutters. With these two factors accounted

for, the likelihood of having shutters was independent of

age, income, and length of time in residence.

4. Factors affecting evacuation decision making

For each of the five hurricane categories used in the

Saffir–Simpson hurricane scale (SSHS), respondents were

asked, ‘‘How likely is it that you would evacuate if you

were to receive a hurricane warning for your area?’’

Individuals indicated their likelihood of evacuating on

a five- point Likert scale ranging from ‘‘not at all likely’’

(1) to ‘‘extremely likely’’ (5). Figure 1 shows the mean

response for each of the five levels on the SSHS.

The intensity of the potential hurricane obviously plays

a role in individuals’ decision making with respect to

evacuation, but a broad range of other factors constrain

or encourage an individual’s or household’s evacuation

decision (Whitehead et al. 2000; Dash and Gladwin

2007). We explored these issues by analyzing responses

to the evacuation-decision question based on perceived

risk from wind and storm surge, experience with hurri-

canes and perceived accuracy of forecasts, stated potential

barriers to evacuation, and sociodemographic charac-

teristics. Because the response options of the dependent

variable were an ordered, five-point Likert scale, we

analyze responses using ordinal logistic regression in

SAS using Proc Genmod (O’Connell 2005). Unlike or-

dinary least squares regression, logistic regression does

not assume a linear relationship between independent

and dependent variables (it is a form of nonlinear re-

gression analysis), does not require normally distributed

variables, and does not assume constant error variance.

Ordinal logistic regression allows for the fact that there

are multiple classes of the dependent variable that can

be ranked (i.e., from not at all likely to extremely likely).

Further, because each respondent provided up to five

answers to this question (one for each hurricane in-

tensity level), to account for potential intrasubject cor-

relation, we used the method of generalized estimating

equations (GEE; Allison 1999; Ballinger 2004).

Table 1 provides the regression results, descriptions of

the independent variables and the response options, and

interpretation of the estimation results. Not all respon-

dents provided answers for all five levels of hurricane

intensity, and thus we have 383 observations across the

80 respondents.

Explanatory variables are discussed in groups of

1) hurricane intensity, 2) risk perceptions, 3) experience

with hurricanes and perceived accuracy of hurricane

warnings, 4) barriers to evacuation, and 5) sociodemo-

graphic characteristics. Estimates of the intercepts are

also given, but because they do not provide any sub-

stantive interpretation, they are not discussed further.

We treated independent variables elicited on Likert

scales (e.g., 1–5) as ordinal categorical variables for the

purposes of estimation (with one level omitted to allow

for estimation). Dummy variables, such as those for

potential barriers to evacuation, are coded as yes 5 1

and no 5 0. The only continuous independent variables

are length in residence, age, household size (treated as

continuous although technically only integers), and in-

come. For a small number of missing responses (0.5%)

FIG. 1. Mean likelihood (std dev) of evacuation by SSHS category,

from 1, ‘‘not at all likely,’’ to 5, ‘‘extremely likely’’; n 5 80.
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on independent variables, the mean of the responses

from other respondents was substituted. Table 1 also

shows parameter estimates and standard errors. Para-

meter estimates significant at the 10% level or better are

marked with asterisks.

Parameter estimates show the influence of hurricane

strength (as indicated by the SSHS) on respondents’

stated likelihood of evacuation. These were estimated

for each level of the SSHS, with category 5 as the omitted

variable. All parameter estimates on SSHS levels are

highly significant and negative, indicating that compared

to a category 5 hurricane, lower levels of hurricane in-

tensity are less likely to induce evacuation. This result is

consistent with the previous literature (Lindell and Prater

2007).

The next set of explanatory variables concerned the

perceived risk of potential damage to their residence.

Potential for wind damage did not influence evacuation

decision making, whereas potential flood damage mar-

ginally did so (significance level , 13%). This could be

interpreted as an encouraging outcome, as emergency

managers generally suggest that people remain locally in

a strong structure, either their own home or an appro-

priate building, if they are in no danger from flooding,

but recommend evacuation when faced with the threat of

surge or inland flooding (e.g., see the information on-

line at http://www.nhc.noaa.gov/HAW2/english/disaster_

prevention.shtml).

Prior experience with hurricanes did not affect inten-

tions to evacuate. Individuals who perceived hurricane

forecasts to be less accurate, however (i.e., responded

with a 2 on the 1–5 scale; no one responded with a 1),

indicated a lower likelihood of evacuation (significant at

the 11% level). Combined with the finding that an atti-

tude of ‘‘I do not trust the accuracy of hurricane fore-

casts enough to be willing to evacuate’’ was not a barrier

to evacuation decision making indicates the positive role

of hurricane forecasts and warnings in evacuation de-

cision making. Another interpretation of this response is

that people who do not trust the accuracy of forecasts

are less likely to evacuate given a hurricane warning.

When respondents were asked about factors that may

represent barriers to their evacuation decisions, the only

barrier that was nearly significant (at the 12.9% level) in

explaining their stated intent to evacuate was that they

did not want to leave their property unprotected. Fac-

tors such as too much traffic, having pets, and being in

poor health did not influence their stated intentions.

This requires further research and comparison with

findings from other studies (e.g., Whitehead et al. 2000),

including studies with larger sample sizes and studies

that compare stated ex ante intentions and actual be-

havior ex post.

Sociodemographics played a significant role on stated

evacuation intentions. Older respondents, those with

higher education levels, and those employed full time

(significant at the 11% level) were more likely to evac-

uate than their counterparts, whereas those longer in

their residence and of higher income indicated a lower

likelihood of evacuation. Household size, home owner-

ship, race, primary language, and living in mobile homes

were not significant in explaining stated evacuation like-

lihoods. Because only 5 of the 80 respondents indicated

living in mobile homes, this portion of the sample may

have been too small to affect the results.

5. Valuation

a. Stated preference approach

To explore values for potential improvements in

hurricane forecasts, we used a set of stated-preference

choice questions (also called stated choice) in the sur-

vey. In this approach, individuals are presented with a

set of alternatives and asked to choose their preferred

alternative. The preferred alternatives reveal informa-

tion about the underlying values for the goods and ser-

vices in those alternatives. Choice questions evolved

from conjoint analysis, a method used extensively in

marketing and transportation research and now com-

monly used in nonmarket valuation studies in environ-

mental and health economics (Adamowicz et al. 1998;

Ben-Akiva and Lerman 1985; Louviere et al. 2001).

The basic idea of stated choice is that a commodity

(i.e., a good or service) is composed of a set of attributes.

Commodities vary in the level of each attribute. Choosing

between two commodities that vary in the attribute levels

thus reveals information about respondents’ preferences

for those attributes. Including cost as one of the attributes

reveals information about the marginal value of money

and allows us to convert the preferences for the attributes

into marginal values for those attributes.

In this study, the commodities are hurricane fore-

casting programs. Respondents were asked to choose

between two hurricane forecast improvement programs

in each of eight scenarios. Each program was described

by specific levels of four hurricane forecast attributes—

time of expected landfall, maximum wind speed, projected

location of landfall, and expected storm surge—as well as

increased annual cost to the household. Table 2 shows

these attributes, their baseline levels, and their possi-

ble levels under the improvement programs. Note that

the ‘‘baseline’’ or ‘‘current’’ cost to households is the

current level of taxes; that is, the implicit ‘‘increase in

annual cost to your household’’ at baseline is zero dol-

lars. The dollar values indicated in Table 2 are only for

improvements above baseline and represent the three
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TABLE 1. Ordinal logistic regression of likelihood of evacuation.a

Variable (measurement units) Estimated (std error) significance Interpretation of results

Hurricane intensity based on SSHS (1–5): information provided on associated wind speed and storm surge

Category 1 24.46 (0.45) *** Increased intensity increases likelihood of

evacuation; parameters are interpreted

with respect to a category 5 hurricane

Category 2 23.15 (0.35) ***

Category 3 22.06 (0.26) ***

Category 4 20.70 (0.13) ***

Risk perception scales: indication of expected damage on respondent residence from a major hurricane

Risk of wind damage to current residence from

a major hurricane (from 1, no wind damage,

to 5, extreme wind damage)

Wind risk 1 0.80 (1.41) No impact of perceived risk of damage from

wind caused by hurricane; parameters

are interpreted with respect to a wind

risk of ‘‘extreme wind damage’’

Wind risk 2 20.76 (1.15)

Wind risk 3 20.74 (0.75)

Wind risk 4 20.21 (0.80)

Risk of flooding or storm surge damage to

current residence from a major hurricane

(from 1, no flooding or storm surge damage,

to 5, extreme flooding or storm surge damage)

As a group, flood risk has a 13% level of

significance (type 3 GEE analysis

score statistics x2 5 7.19; DF, 4), but

individually it is not significant; this

implies that the higher a perceived risk

of damage from flooding caused by

hurricane, the more likely the inclination

to evacuate; parameters are interpreted

with respect to a flood risk of ‘‘extreme

flooding or storm surge damage’’

Flood risk 1 21.69 (1.11)

Flood risk 2 21.33 (1.07)

Flood risk 3 20.80 (0.90)

Flood risk 4 0.62 (0.93)

Experience with hurricanes and perceptions of hurricane forecasts

Personally affected by a past hurricane

(1, yes; 0, no)

20.37 (0.70) Having been previously affected by a

hurricane did not significantly affect

likelihood of evacuation

Perceived accuracy of hurricane forecasts

(from 1, not at all accurate, to 5, extremely

accurate; no respondents indicated a 1)

At the 11% level of significance, compared

to a low level of perceived accuracy

(choice 2) of hurricane forecasts,

respondents perceiving high accuracy

are significantly more likely to evacuate

Accurate 2 23.66 (2.32)

Accurate 3 21.65 (1.65)

Accurate 4 20.73 (1.60)

Barriers to evacuation: reasons a respondent may not evacuate (1, yes; 0, no)

I believe my home is safe from wind or flooding 20.21 (0.60) Perception that house is safe from wind

or flooding did not significantly affect

likelihood of evacuation

I do not know where I am supposed to go 0.32 (0.52) Not knowing where to evacuate to did not

significantly affect likelihood of

evacuation

I have a pet or pets and that makes it difficult to

find a place to go

20.23 (0.40) Having pets did not significantly affect

likelihood of evacuation

I do not trust the accuracy of hurricane forecasts

enough to be willing to evacuate

0.08 (0.57) Not trusting accuracy of hurricane forecasts

did not significantly affect likelihood

of evacuation

There would be so much traffic that I would not

be able to get somewhere safe in time

0.40 (0.43) Concern of too much traffic on evacuation

routes did not significantly affect

likelihood of evacuation

I do not have transportation in order to evacuate 20.52 (0.98) Not having transportation available did not

significantly affect likelihood

of evacuation

I do not want to leave my home or

business unprotected

20.65 (0.48) Concern about protecting property did

not significantly affect likelihood of

evacuation; this has a 12.9% level of

significance with a type 3 GEE analysis

score statistics ( x2 5 2.31; DF, 1)

I am not in good enough health to leave my

house and go somewhere else

0.47 (0.91) Being in poor health did not significantly

affect likelihood of evacuation
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levels of cost indicated for scenarios involving improve-

ments. These dollar values were not based on any specific

real-world expectation of costs but rather were set at

levels expected to provide information on respondents’

reactions to believable cost levels.

Any specific program was a combination of different

levels (baseline, intermediate improvement, and max-

imum improvement) of the five attributes (including

cost). Each program thus represented an improvement

in accuracy over current (baseline) forecasts at some

cost to the household. For each choice scenario, re-

spondents indicated their preference between two po-

tential improvement programs, for instance, program

A and program B, and then whether they would prefer

the status quo (i.e., keeping all levels at their baseline

level) over their A–B choice. Programs were labeled

A–B in the first scenario, C–D in the second, and so

forth. A typical choice appeared as shown in Fig. 2,

where the programs were labeled C and D. For exam-

ple, in this question, an individual could choose program

C with improved accuracy at predicting the time and lo-

cation of expected landfall and the expected storm surge

for an additional $12 per year or program D with im-

proved ability to forecast the maximum wind speed and

the projected landfall for $24 per year. Suppose the in-

dividual says they prefer program C. In the follow-up

question, the individual is asked whether they value the

improved accuracy of predicting the time and location of

expected landfall and the expected storm surge enough to

pay an additional $12 per year or whether they are con-

tent with current forecasting abilities. The program labels

had no normative or ordinal content. For simplicity we

henceforth refer to all of the choices between two po-

tential improvement programs as A–B choices.

b. Choice set design

By having many different scenarios with different

programs offered, we can use statistical methods based

on a theoretical model of decision making (i.e., random

utility behavioral model, discussed below) to estimate

respondent preferences and values for the different at-

tributes. A critical component of this approach is de-

signing the set of scenarios and programs to permit and

optimize statistical analysis. The process of setting up

these scenarios and choosing the levels of the attributes

in each scenario is called choice set design.

TABLE 1. (Continued)

Variable (measurement units) Estimated (std error) significance Interpretation of results

Sociodemographic characteristics

Live in mobile home (1, yes; 0, no) 0.38 (0.85) Living in a mobile home did not significantly

affect likelihood of evacuation

Own their residence (1, yes; 0, no) 0.34 (0.64) Homeownership did not significantly affect

likelihood of evacuation

Length in current residence (yr) 20.06 (0.03) * Longer in residence less likely to evacuate

Age (yr) 0.03 (0.02) * Older people more likely to evacuate

Household size (No. of people living

in household)

20.06 (0.14) Household size did not significantly affect

likelihood of evacuation

White (1, Caucasian; 0, other) 0.31 (0.57) Race did not significantly affect

likelihood of evacuation

English speaking as primary language

(1, English; 0, other)

0.68 (0.51) Primary language did not significantly affect

likelihood of evacuation

Education (yr) 0.17 (0.07) ** People with more education are more likely

to evacuate

Gender (male, 1; female, 2) 20.07 (0.44) Gender did not significantly affect likelihood

of evacuation

Employed (full time or part time) (1, yes; 0, no) 0.87 (0.54) At the 11% level of significance, those with

full- or part-time employment are

more likely to evacuate

Income (thousands of 2008$) 20.02 (0.01) ** Higher income less likely to evacuate

Intercept terms

Intercept 1 20.70 (2.86) Estimates of the ‘‘intercepts’’ between

the five levels of likelihood

Intercept 2 0.30 (2.89)

Intercept 3 1.30 (2.88)

Intercept 4 2.70 (2.88)

a Here, n 5 400: 80 subjects 3 five responses each.

* Significant at the 10% level.

** Significant at the 5% level.

*** Significant at the 1% level.
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A number of constraints affected the final form of

this design: the sample of approximately 80 respon-

dents, six choice questions each, and two generic al-

ternatives for each question. Given these constraints,

we created a nonlinear main-effects design; this does

not allow for the estimation of any interaction effects

among attributes.3 The design also allows for the esti-

mation of quadratic effects. The design was created from

a fractional-factorial orthogonal array of 36 runs with

three blocks, using the %choiceff macro in SAS (Huber

and Zwerina 1996; Kuhfeld 2005).4 Thus, the initial

choice set design consisted of 18 questions of two alter-

natives each, which were then randomly divided into

three survey versions.

After the initial choice set design was created, we

made two modifications. First, we added two additional

simple choice questions as the first two choice questions

(for a total of eight choice questions). These two initial

choice questions offered to respondents were designed

by hand and were intended to ‘‘teach’’ respondents how

the choice questions worked. Thus, these first two choice

questions were purposefully simple and restricted the

number of attributes that varied. In addition, the A–B

choice (but not the follow-up question) was asked in our

survey for the first choice question. These simple choice

questions also included a price level of zero.

Second, we changed five of the prices in the choice sets

in the original design to make the scenarios more be-

lievable (e.g., so an alternative with all attribute levels

better than the attribute levels in the alternative did not

cost less).

Because the sample was split roughly into three sub-

groups, each of which completed one of the three survey

versions, we assessed if there were significant differences

in the responses or attitudes of these subgroups that may

have affected data quality. After the series of choice

questions, we asked respondents to state their confi-

dence in their response to these questions; there was no

significant difference in the level of confidence between

the three versions (Kruskal–Wallis test, x2 5 0.34; de-

grees of freedom (DF) 2; probability (Pr) . x2 5 0.84).

We also asked respondents to indicate how important

hurricane forecasts are to them at this time. Again, there

was no significant difference between subgroups (Kruskal–

Wallis test, x2 5 1.38; DF 2; Pr . x2 5 0.50). We thus

believe that there were no significant effects of the dif-

ferent versions on respondents other than the content of

the choice questions.

c. The valuation model and econometric
methodology

The random utility behavioral model was assumed for

econometric modeling of the choice question responses

(see McFadden 1976; Manski 1977). In this approach,

total utility is assumed to be the sum of the marginal

utility derived from the characteristics or attributes that

make up a good, in this case a hurricane forecast. When

asked to choose between two alternatives differing only

in the levels of the attributes and potential costs, in-

dividuals are assumed to choose the alternative providing

the greatest utility, including the disutility of the costs. By

asking many individuals to make several choices over

many different combinations of alternatives, the marginal

utility of the different attributes is implicitly revealed in

these choices. We can use statistical analysis to ‘‘back

out’’ the contribution of each attribute to the total utility

(Ben-Akiva and Lerman 1985; Louviere et al. 2001).

The utility of a choice is modeled as a linear combination

of the choice attributes and a random error:

U
ij

5 b9x
ij

1 «
ij
, i 5 A, B; j 5 1, . . . , 8, (1)

TABLE 2. Attributes of hurricane forecasts and warnings and the levels of these attributes used to create choice set alternatives.*

Attributes

Levels

Baseline Intermediate improvement Max improvement

Time of expected landfall 8 h 48 h in advance 6 h 4 h

Max wind speed 20 mi h21 48 h in advance 15 mi h21 10 mi h21

Projected location of landfall 100 mi 48 h in advance 80 mi 48 h in advance 65 mi 48 h in advance

Expected storm surge 68 ft MSL 48 h in advance 6 ft MSL 4 ft MSL

Increase in annual cost to

your household

No additional cost if all attributes

at baseline

$12, $24, $48: if any attribute is improved, then an increase in

cost is included in the scenario

* One level for each attribute and a cost to household composed a single alternative that was then compared to a different alternative.

3 Future work with larger samples will allow us to use more

complex choice set designs and to estimate interactions between

attributes.
4 For purposes of the %choiceff macro, we assumed all beta

parameters (i.e., marginal valuations) to be zero, set a conver-

gence criterion of 0.00005, set 200 random starts, and allowed for

up to 20 internal iterations. The best design was selected on the

basis of the D-efficiency criterion; the D-efficiency score was

67.55.
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where the elements of the vector b are the marginal

utilities5 of the attributes in the vector x,

x 5

Time of landfall accuracy

Maximum wind speed accuracy

Project location of landfall accuracy

Expected storm surge accuracy

Annual household cost

0
BBBBB@

1
CCCCCA

,

and « is a random disturbance.

Estimation is by bivariate probit (Greene 2003, 710–713)

combining responses to the A–B choice and the follow-up

question. In addition, the individual, rather than the

choice occasion, is considered the observation. Under this

assumption, the individual evaluates his or her utility of

the status quo only once, as compared to evaluating his

or her utility of the status quo at each choice occasion.

To implement this approach, estimation is by maximum

likelihood employing quadrature methods (Savage and

Waldman 2008).

Although the usual practice in analyzing discrete

choice experiments is to include all choice occasions in

the estimation, the results in Table 3 include only choice

occasions 2–8 because the A–B choice but not the follow-

up question was asked in the first choice occasion, and

the first choice occasion is sometimes omitted to allow

the respondent to become familiar with the exercise. As

evidence of this, other research has found it takes re-

spondents considerably longer to choose in the first

choice occasion than in subsequent choice occasions

(D. M. Waldman 2008, unpublished manuscript).

As shown in Table 3, all slope coefficients (marginal

utilities) are negative and highly statistically significant,

as noted by the t ratios, except for the coefficient on the

wind speed, which is negative and marginally statisti-

cally significant (t ratio 5 1.08). The negative sign is

expected because an increase in the value of any attri-

bute represents a decrease in the accuracy of that fore-

cast component. For example, a projected landfall

location accurate to within 100 mi is inferior to one ac-

curate to within 80 mi.

To clarify the meaning of the estimated coefficients,

the third column in Table 3 reports the WTP for a one-

unit improvement in the attribute. The marginal WTP

for an improvement in the attribute is the ratio of each

FIG. 2. Choice questions: 34 and 35, version 1.

5 Because U is the total utility defined as the sum of the utility

from the different attributes (x values), the b values measure the

change in total utility caused by a one unit change in any given x.

The bs can thus be interpreted as the marginal utility of the at-

tributes. For the cost attribute, the associated b measures the

marginal utility of money and is expected to be negative because

increased cost implies decreased utility (or disutility).
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marginal utility coefficient to the marginal disutility of

cost:

WTP
k

5
b

k

b
cost

,

k 5 landfall time accuracy, . . . , surge accuracy.

To derive a benefit estimate for a specific potential

program, we can use the model results and the proposed

levels of improvement for the potential program and

aggregate values across the four attributes. For example,

we can derive a total household benefit estimate for a

program that would improve all levels to the inter-

mediate level offered in the survey. Starting with land-

fall time, forecasts are considered accurate to within 8 h

at the time of this study. The improvement from the

baseline to the intermediate level in the survey is a

forecast improvement from 8 to 6 h. The estimate of

$2.18 for the WTP per hour for landfall time means that

an individual would be willing to pay approximately 2 3

$2.18, or $4.36, for this improvement. Similarly, for an

improvement from the current forecast accuracy to the

intermediate level for wind speed (a 5 mi h21 differ-

ence), an individual would be willing to pay about 5 3

$0.26 5 $1.30, for the 20-mi improvement in estimated

landfall site about 20 3 $0.23 5 $4.60, and for the 2-ft

difference in storm surge about 2 3 $2.04 5 $4.08. As

shown in Table 4, the total WTP for this average overall

superior forecast (from baseline to intermediate levels

on all attributes) is the sum: $14.34 per household per

year.

To explore differences in WTP for different popula-

tions, we partitioned the dataset based on income, gen-

der, and education and reestimated the bivariate probit

with quadrature estimation models for each of these

selected partitions. Sixty percent of respondents repor-

ted income less than $60,000, exactly 50% are male and

50% are female, and exactly half were college graduates

and half were not. For each partition, we estimated the

model and calculated a marginal WTP for the attributes

as described above for the full model. Table 5 presents

the regression results for these subsamples. As in Table

4, we derived WTP for improvement from the baseline

to an intermediate program for each of these selected

partitions. Those with higher income, females, and those

without a college degree are willing to pay more for

better hurricane forecasts (differences of $4.05, $0.71, and

$6.73, respectively).

6. Conclusions and future research

The stated mission of the National Hurricane Center

(NHC) is ‘‘to save lives, mitigate property loss, and

improve economic efficiency by issuing the best watches,

warnings, forecasts and analyses of hazardous tropi-

cal weather, and by increasing understanding of these

TABLE 3. Modeling results from a bivariate probit model with quadrature.*

Forecast attribute Coefficient t ratio Marginal WTP (std error of marginal WTP estimate)

Time of expected landfall 20.067 –3.57 $2.18 (1.35)

Max wind speed 20.008 –1.08 $0.26 (0.16)

Projected location of landfall 20.007 –3.22 $0.23 (0.61)

Expected storm surge 20.062 –3.50 $2.04 (1.21)

Increase in annual cost to household 20.030 –11.27

Mean log likelihood 21.1971

* Coefficient estimates represent the marginal utility of the attribute. Marginal WTP is the ratio of each marginal utility coefficient to the

marginal disutility of cost. Choice sets 2–8 only (n 5 560).

TABLE 4. Example WTP calculations for improvements from baseline to intermediate level on all forecast attributes

based on choice sets 2–8.*

Attribute Baseline Intermediate improvement Difference Marginal WTP (bk/bcost; $) WTP ($)

Time of expected

landfall

8 h 48 h in advance 6 h 2 h 2.18 4.36

Max wind speed 20 mi h21 48 h in advance 15 mi h21 5 mi h21 0.26 1.30

Projected location

of landfall

100 mi 48 h in advance 80 mi 48 h in advance 20 mi 0.23 4.60

Expected storm surge 68 ft of height above sea

level 48 h in advance

6 ft of height above

sea level

2 ft 2.04 4.08

Total WTP 14.34

* Derived via a bivariate probit with quadrature model.
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hazards’’ (full text available online at http://www.nhc.

noaa.gov/mission.shtml). Given the significant impacts

on society of hurricanes and an apparent disconnect be-

tween the quality of forecasts and the societal responses

in events such as Hurricanes Katrina and Rita, under-

standing behavior with respect to hurricanes and fore-

casts and warnings is critical to meeting societal goals

such as those elucidated by the NHC. We developed and

implemented a survey of households in Miami, Florida,

to explore behavior with respect to hurricane risks and

preferences for forecast and warning information.

Evacuation decision making is modeled as a function of

the level of hurricane threat as represented by the SSHS

and a range of risk perceptions, behavioral constraints,

and sociodemographic characteristics. Individuals per-

ceiving a higher level of potential flood damage, a higher

level of perceived accuracy of hurricane forecasts, and

older respondents were all more likely to evacuate than

other respondents. Those not willing to leave their prop-

erty unprotected, longer in their residence, and of higher

income indicated a lower likelihood of evacuation. In

general, responses are consistent with a priori expec-

tations and will be fertile ground for future research.

We used a discrete choice valuation approach to assess

the value of improving hurricane forecasts. Respondents

showed a significant WTP for improved information on

several components of hurricane forecasts, including

projected timing and location of landfall and the likely

magnitude of the storm surge and wind speed—factors

that determine the likely magnitude of the impacts of a

hurricane. We cannot draw direct conclusions on the

relative values of improvements in the different attri-

butes because each is measured on a different scale. As

illustrated, we can, however, use the marginal values for

improving the attributes of hurricane forecasts to derive

values for specific forecast improvement programs that

would improve these attributes to certain levels. This

approach can be used to derive values for any potential

program combining improvements in the range of im-

provements considered: for example, leaving some attri-

butes at baseline, improving some to an intermediate level,

and improving others to the maximum level. Not

TABLE 5. Modeling based on selected subsamples and WTP for intermediate program.*

Income , $60,000, n 5 336 Income $ $60,000, n 5 224

Coef t ratio WTP ($) Coef t ratio WTP ($)

Landfall time 20.081 23.219 2.29 20.102 22.420 3.07

Wind speed 20.009 20.952 0.26 20.008 20.506 0.25

Location 20.009 23.061 0.26 20.01 22.106 0.29

Surge 20.065 22.717 1.83 20.093 22.282 2.80

Cost 20.035 29.298 20.033 26.400

Mean log likelihood 21.15939 21.24338

WTP for intermediate program ($) 14.74 18.79

Males, n 5 280 Females, n 5 280

Coef t ratio WTP ($) Coef t ratio WTP ($)

Landfall time 20.053 22.064 1.86 20.083 23.024 2.53

Wind speed 20.008 20.720 0.27 20.008 20.793 0.24

Location 20.007 22.278 0.25 20.007 22.310 0.22

Surge 20.057 22.182 1.98 20.066 22.696 2.04

Cost 20.029 27.367 20.033 28.489

Mean log likelihood 21.2157 21.17603

WTP for intermediate program ($) 14.03 14.74

College graduate, n 5 280 Not a college graduate,** n 5 280

Coef t ratio WTP ($) Coef t ratio WTP ($)

Landfall time 20.049 21.885 1.69 20.083 2.61

Wind speed 20.008 20.776 0.27 20.008 0.24

Location 20.002 20.799 0.08 20.012 0.38

Surge 20.067 22.600 2.30 20.058 1.82

Cost 20.029 27.440 20.032

Mean log likelihood 21.19119 21.19177

WTP for intermediate program ($) 10.93 17.66

* Derived via a bivariate probit with quadrature; choice sets 2–8 only.

** In the estimation for the not college graduate subsample, the likelihood converged but would not invert, so that no t ratios could be

calculated.
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surprisingly, we found differences in preferences and

values between different segments of society. Such dif-

ferences need further exploration in light of the critical

issue of vulnerable populations and the differential im-

pacts of hurricanes on these populations (Phillips and

Morrow 2007).

In an evacuation decision making model (Table 1), we

did not find a significant relationship between wind risk

perception and likelihood of evacuation. This is con-

sistent with findings reported in Table 3 that the mar-

ginal utility of improvements in accuracy of maximum

wind speed was not significant. This is a reasonable

finding given that wind speed is generally not considered

as important a concern for evacuation as storm surge.

Flood risk perceptions were marginally significant (12%

level as report in Table 1) in driving evacuation in-

tentions and had significant value in the WTP modeling.

The results on income indicate higher-income respon-

dents were less likely to evacuate (Table 1), whereas

higher income respondents also have a higher WTP for

improved forecasts (Table 5). Economic theory would

suggest higher WTP for higher-income respondents,

but we do not have a priori expectations about the re-

lationship between evacuation likelihood and income.

For instance, higher-income respondents may live in less

hurricane-vulnerable properties or be more reluctant

to leave their property unprotected.6 Future research

should look at these interrelationships in greater detail.

Although the current results show the viability of these

methods for exploring evacuation decision making and

values for improved hurricane forecasts and warnings, the

empirical results cannot be generalized to the entire

hurricane-vulnerable population. Using results from fu-

ture larger random samples, such derived value estimates

will be amenable to use in benefit–cost analyses of po-

tential programs.

Our future work on the communication and value of

hurricane forecasts will expand the current work to a

larger, more geographically diverse, stratified random

sample. We will focus on a similar but slightly modified

range of forecast attributes of specific relevance to de-

velop benefit estimates for evaluating programs such

as NOAA’s Hurricane Forecast Improvement Project

(NOAA 2008). Even with such focused valuation ef-

forts, there remains a critical need for ‘‘a long-term,

multidisciplinary, institutional approach’’ for social sci-

ence research to address the larger range of issues on all

aspects of the hurricane forecast and warning system

(Gladwin et al. 2009).
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