CSAP-5-NY-Daziano  Short Proposal CSAP Funding $150,000

C. Project Narrative

1. Project Title: Forecasting evacuation behaviors of coastal communities in response to
storm hazard information

2. Principal and Associate Investigators

Ricardo A Daziano (PI), David Croll Fellow Assistant Professor, daziano@cornell.edu
Phil Liu (Co-Pl), Class of 1912 Professor of Engineering, PLL3@cornell.edu

Linda Nozick (Co-Pl), Professor, LKN3@cornell.edu

220 Hollister Hall, School of Civil and Environmental Engineering, Cornell University

Jonathon Schuldt (Co-PI), Assistant Professor, jps56@cornell.edu
329 Kennedy Hall, Department of Communication, Cornell University

3. Introduction / Background / Justification

Hurricane Sandy revealed the higher-risk vulnerability to natural hazards in coastal communities,
including megacities such as New York. Losses due to damages in the transportation, energy,
and built and natural environment systems have been estimated as the second highest in US
history after Hurricane Katrina. Sandy also revealed some critical deficiencies in the area’s
coastal protection plans and emergency response actions. Unfortunately, experts predict that both
future sea level rise and storms will exacerbate the problems caused by these deficiencies. There
are several challenges to improving strength and resilience of infrastructure systems under risk
and of vulnerable coastal communities. In particular, survival to storm hazards requires
informed-decision making for quick and safe actions.

Between October 28" and November 29", 2012, 117 fatalities were caused by Hurricane Sandy
in New York, New Jersey, and nearby areas.* A number of these fatalities could have been
prevented if residents had evacuated when mandated to; 45% of drowning deaths occurred in
Evacuation Zone A, which had been identified as being at risk of flooding from any category of
hurricane. This fact illustrates the key motivation behind studying evacuation behavior.
Understanding the motives underlying survival actions is important because evacuation is the
most effective way to decrease the number of fatalities that result from extreme weather events
such as hurricanes.? Given a storm forecast and a variety of related variables (including how the
information is framed), what is the probability that a household will evacuate? At what point in
time will a household evacuate, where will they evacuate to, and how will they get there? If we
understand how residents can be convinced to evacuate and how to facilitate the evacuation
process, we can mitigate mortality in the case of extreme weather events.

Evacuation behavior has two main components: evacuation decision making, and logistics. In
fact, there is an avenue of research that focuses on decision making. Evacuation decisions are
unique because of its time-dependent nature. This time-dependency stems from the decision
maker, the storm, and the situational context.®> Some existing models for predicting evacuation
behavior evaluate the decision of whether or not to evacuate at certain time periods.>* Beyond
this, however, not much has been done to include the timing of evacuation decision making into
existing models in comparison to what we know about the sequence in which the decisions are
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made.® In order to represent this time-dependency in new models, researchers have been
combining stated choice data — response to hypothetical storms — with data from revealed
preference experiments — response to actual storms. Stated choice data better represents the time-
dependency of certain behaviors rather than post-event revealed preference data.” Stated
preferences are at risk of being affected by hypothetical bias; however, calibrating the results
with revealed preference data provides a solution to this problem. (Parameters are estimated in a
joint model that exploits both kinds of data.)’

Existing research in the field of evacuation behavior has also closely examined what different
factors influence evacuation decisions and how they do so. Five of the most important factors
include characteristics of the storm, risk perception, housing type, authorities’ actions, and the
hazard level of the area.* These are especially important if the housing is a mobile home, if the
decision maker lives on an island, and whether the evacuation order is recommended or
required.>® Socio-demographic factors related to evacuation behavior are gender,”® age (both of
the decision maker and of household members, especially in the case of very young or elderly
members), household size (whether there are one or multiple persons), income, race and
ethnicity,® and level of education.>® Physical disability,®° proximity to evacuation routes,
previous experience with extreme weather events,® the presence of pets,>® and media reports®
also affect the decision of whether or not to evacuate in the case of an extreme weather event. In
the existing literature, however, little attention has been devoted to the problem of how storm
information visualization impacts evacuation actions.™ In fact, text descriptions are the standard
method used in stated preference studies for informing respondents about the characteristics of a
hurricane. One interesting exception makes use of audio-visual representations of the evolution
of a storm for collecting evacuation intended actions.'? Data collected in this study was analyzed
using a time-dependent sequential logit model.* Another recent study looks at response to
hurricane risks using storm-experience simulations in a computer-based environment.*?

Besides decision making, logistical considerations are also important components of evacuation
behavior. Evacuation logistics refers to “the activities and associated resources needed to reach a
safe location and remain there until it is safe to return”.** Facets of evacuation logistics include
transportation mode,* route, time of departure, length and cost of evacuated stay, location, and
shelter type.***® This is related to some of the decisions residents make when choosing whether
or not to evacuate: for example, if the cost of evacuating is too high, some households will
choose not to evacuate.* As a result, both decision making and logistics should be consider
jointly.

4. General Work Plan and Milestones

This proposal requests funds to collect, analyze, and model microdata on informed evacuation
behavior within coastal communities in the tri-state areas impacted by Hurricane Sandy.

Our main hypothesis is that there is an efficient mix of warnings — type of information and media
— that will encourage people to quickly enact their evacuation plans. Thus, the goal of this project
is to enhance our knowledge about the opportunity to exploit social media to support
evacuation, while addressing heterogeneity in the processes of making and updating evacuation
decisions. We basically expect to identify the best tools for enacting safe and effective
evacuation plans, including the opportunities associated with the use of social media.



4.1. Research Objectives

Specifically, we will design a web-based'® survey instrument to collect detailed information
about awareness, preparedness, evacuation, and survival to weather hazards from households in
coastal communities of New Jersey, New York, and Connecticut to achieve the following
research objectives:

1. Build novel methods for both presenting and generating new data using discrete choice
experiments *’ of behavioral response to storm hazards. Hypothetical storms and
preventive information need to be presented in a way that is realistic to the individual.***®
An additional challenge is to account for events that present an uncertain evolution in
time.** The media used to convey and visualize information is key for addressing the
dynamics of weather hazards.*® Thus, we will control for different media in a web-based,
customized survey. We will also combine intended actions with actual evacuation
behavior during hurricane Sandy.

2. Construct stochastic models of evacuation behavior. We will identify the causal
relationship between probabilistic measures of evacuation behaviors (when, where,
and how to evacuate) and a complete set of explanatory variables such as attributes of the
dynamic predictions of weather conditions (e.g. storm intensity) and coastal impacts (e.g.
flood risks), risk measures and attitudes toward risk (e.g. weather watches, warnings, and
advisories, evacuation orders), network effects (e.g. evacuation behavior by neighbors
and friends, social media reports), and socioeconomic characteristics of the household
(e.g. region, distance to shoreline, demographics, and lifestyle and values).

3. Derive robust estimates of evacuation probabilities for heterogeneous individuals as a
concrete measurement of the impact of differing types of storm-related risk
information (e.g. impact based warnings and NOAA products used to convey and
visualize wind, flood, and surge risks such as flood maps)***° and information outlets
(social media) on evacuation behavior.*® Credible sets will be used to account for
uncertainty in the determination and prediction of the probabilistic measures of
evacuation behaviors.

4. Design effective evacuation communication tools and policies accounting for the
differing, uncertain response of coastal communities. Using the evacuation predictors,
behavioral forecasts, and empirical evidence we expect to elucidate the factors that will
encourage safe evacuation. We also expect to determine the mix of most effective
information tools and outlets for better-informed decisions in response to storm hazards.

4.2. Work Plan and Milestones

To achieve the research objectives above, a multidisciplinary approach combining elements from
extreme events engineering, transportation engineering, economics, statistics, and social science
(risk communication) will be adopted. The work plan is built according to the following tasks:

Task 1) Exploratory Analysis

The first task of this project is to perform a qualitative analysis of the metrics for both the
objective and subjective risk factors and how these metrics influence evacuation decisions. Focus
groups and in-depth interviews will be used to assess attitudes, knowledge, and behaviors related
to both coastal hazards and the products and tools that are used to both communicate and
visualize risks and emergency actions. Local emergency response workers will also be
contacted to understand their practice and needs for better outreach.



Rather than focusing on general perceptions of the tools that have already tested, we will
examine the effect of the products on behavioral intentions of evacuation by the communities
under risk. Of particular interest is to look at perceptions about the destructive potential of a
storm with a given set of conditions that characterize the storm and its evolution. For examining
these perceptions we will use NOAA products (maps and impact based warnings).*®*" In
addition, targeting at the broad audience of vulnerable communities, we will explore efficient
mechanisms to convey technical risk measures and we will investigate understanding of alert
words such as “watches” and “warnings”, and concepts such as “hurricane shelter” and
“evacuation center”. Although differing perceptions about these alert words have been studied
before, our goal is to measure the impact on intended actions.

Task 2) Design of Dynamic Discrete Choice Experiments

People enact their evacuation plans in response to severe weather based on information they
receive from a mix of sources. The likelihood of evacuation given a set of storm attributes will
be measured using discrete choice experiments,*** which is a statistical technique that
originated in mathematical psychology. Discrete choice experiments are based on conjoint
analysis techniques, where stated preferences measure intended actions in response to
hypothetical storms. Although response to actual storms — revealed evacuation behavior — is a
relevant source of data,* hypothetical storms allow researchers to anticipate behavior under a
wider range of event conditions that are controlled and efficiently built using concepts from
statistical experimental design.’® The behavioral intentions measured in discrete choice
experiments are informative because they are the immediate antecedent of actions. In fact,
intentions correspond to the cognitive representation of the strength of an individual’s
willingness to perform a given action.

The hypothetical storms will be optimally constructed to determine the impact of the causal
factors of evacuation behaviors, including the following attributes and potential attribute
levels:

1. Hurricane category (1-5)

2. Projected path (cone) and time to landfall as a function of projected speed

3. Storm surge hazard (low, moderate, high, extreme)

4. Damaging winds (low, moderate, high, extreme)

5. Severe weather alerts (flood warning, flood watch, hurricane warning, tropical storm
warning, tropical storm watch)

6. Time-dependent evacuation instructions (none, recommendation-voluntary, order-
mandatory)

7. Contextual condition controls

One of the benefits of discrete choice experiments over other methods for elicitation of intended
actions is that behavioral responses to the causal factors are measured indirectly. Discrete choice
experiments avoid thus bias that can appear in other methods. In addition, we plan to create
controlled experiments within the design of the discrete choice experiments to not only
determine the factors that have an impact on evacuation behavior, but also to analyze which
specific ways of communicating those factors are more effective in promoting quick and safe
actions. More specifically, in the design we will test the impact on evacuation behavior of a set
of NOAA products for the communication of risks.



For example, in Figure 1 we present two samples of potential choice situations that could be
presented to the respondents of the web survey. Both samples contain the same attributes of a
hypothetical storm, with different levels of these attributes. In addition, the instrument on the left
is the forecast cone, whereas on the right the instrument is a wind map. The type of instrument
being displayed can be used as a treatment in the experimental design that will help us
determine the effectiveness of the different products to convey risks. In both situations the
respondent is asked to report the likelihood of evacuation in a discrete scale from “extremely
unlikely” to “extreme likely”.

If the following warning message were issued: If the following warning message were issued:

© ) )

Hurricane category

Storm surge hazard: HIGH
Damaging winds: HIGH
EVACUATION ORDER IN EFFECT
Time to landfall: § hours

2
Storm surge hazard: HIGH
Damaging winds: Moderate
EVACUATION RECOMMENDED
Time to landfall: 18 hours

\ I \ I

How likely would you be to evacuate your home? How likely would you be to evacuate your home?

Notsure  Somewhat Likely MTI:::"’” Extramely Likaly Notsure  Somewhat Likely MTI:::"’” Extramely Likaly

Unlikety Unilikety Uniikety Unlikety Unilikety Uniikety

Fig 1. Hypothetical evacuation choice situations.

A challenge that we will address is how to represent the dynamics of evacuation decisions.™
Storm forecasts and actual path change over time, and communities under risk are expected to
evacuate before it is too dangerous to leave. As a result, the discrete choice experiment needs to
address the evolution of the storm over time. To represent dynamics, we propose to use an
approach where multiple scenarios are built, and for each of the scenarios evolution of the
hypothetical storm will be updated using discrete timing. The resulting experimental design will
be a time-dependent discrete choice experiment,*? where self-reported likelihood of evacuation
will be for each discrete time and each hypothetical storm.

Figure 2 presents an example of how the dynamic evolution of a hypothetical storm could be
presented to the respondents of the web survey. The idea is to measure the likelihood of
evacuation at each discrete time.



Click®n@napfor@etailedforecast? Click®n@napforitietaileddorecast Click®n@napFor@ietailedforecast? Click®n@napfor@etailedforecast?
Hurricane Watch in Your Area Hurricane Warning in Your Area Hurricane Warning in Your Area Hurricane Warning in Your Area

Hurricane category: 4 Hurricane category: 3 Hurricane category: 3 Hurricane category: 3
Storm surge hazard: LOW Storm surge hazard: MODERATE J§ Storm surge hazard: MODERATE Storm surge hazard: MODERATE

Damaging winds: HIGH Damaging winds: HIGH Damaging winds: HIGH Damaging winds: HIGH
EVACUATION RECOMMENDED EVACUATION ORDER IN EFFECT} EVACUATION ORDER IN EFFECT
Time to landfall: 36 hours Time to landfall: 18 hours Time to landfall: 12 hours Time to landfall: 6 hours

Fig 2. Evolution of a hypothetical storm in discrete time intervals, presented as a warning message.

The stated-preference experiment will be designed using a Bayesian efficient design, using the
software Ngene.? Efficient designs go beyond traditional ways of determining fractional
factorial designs. An efficient design maximizes the information extracted from each choice
situation by minimizing asymptotic standard errors. In the case of a Bayesian design, there is the
possibility of assuming prior parameters. Additionally, there are several decisions that need to be
made during the design step of the experiment. For instance, the researcher needs to specify the
underlying model, the attributes and levels for those attributes, possible interactions, number and
balance of choice situations, and blocks. There are several tradeoffs that will be taken into
account. For example, too many choices are exhausting for the respondent, attribute levels need
to be credible but variance is required for efficient estimation of the parameters of a model, and
the consideration of nonlinearities require more attribute levels.

An output of the experimental design is the minimum sample size for efficient estimation of the
tradeoffs presented in the choice situations. As a result, the required sample size will be
determined in this step. (However, we expect the sample size to be about 500 households.) In
addition, the design will be conceived for robust inference on evacuation probabilities.

As mentioned above, design of the discrete choice experiments requires the construction of the
attributes of hypothetical storm. Historically, before hurricane Sandy, there have been many
hurricanes causing significant damages in the NY/NJ areas®. For instance Hurricane Edna
(category 3; September 11, 1954) resulted the heaviest day of rainfall in NYC in 45 years. Edna
cut off Montauk Point on eastern Long Island at its height, motivating temporarily
relocation of 500 families. Moreover, three known tropical cyclones that have made landfall
in New York City are: The 1821 Norfolk and Long Island Hurricane, the 1893 New York
hurricane, and the 2011 Hurricane Irene. Depending on the locations of the target
communities for the proposed study, the attributes of hypothetical storm(s) will be
constructed by mimicking the characteristics of these known historical events.

Task 3) Full Survey Design
The web-based survey will be designed to collect information on

1. When severe weather is anticipated, what are the sources of information that coastal
communities currently use, and what are the sources that are most trusted

How do households decide on when to evacuate

Where and how households plan to evacuate

Knowledge about the nearest evacuation center

Hypothetical evacuation behavior: discrete choice experiment module

Previous experience with super storms

Sociodemographics and characteristics of the residence

Nogakown



We will discuss the design of the survey with

For those households that experienced Sandy, we will collect information about revealed
evacuation behavior during that event. It is of particular interest to know when they decided to
evacuate, when they did so, where they went, when they arrived, and which transportation mode
was used. In addition, we will ask about what were the main determinants of their decisions. We
will ask about the impact of social media outlets used to obtain information about storm
forecasts, evacuation orders, and shelter locations.

Detailed sociodemographic data is important, because this information will be used to identify
segments of the population that exhibit differing behavioral responses.

In this project we will also explore the use of non-traditional data collection methods for
elicitation of stated preferences, such as the use of smartphone apps. Attitudes and response to
new sources of information, including Twitter and other social media, will be evaluated using
sociological theories that integrate concepts such as subjective norms and behavioral control into
discrete choice models. In particular, drawing on research from across the behavioral sciences,
we will include survey questions that assess a number of response variables related to the
effectiveness of risk messages. These include beliefs about the focal risk itself,?* perceived
efficacy of message recommendations,? attitudes, perceived behavioral control, and subjective
norms, 2> perceptions about the visual communication tool itself (e.g., message clarity?*),
subjective psychological distance to the threat,” general and discrete emotional responses,? and
intentions to act in ways that are consistent with message prescriptions.?’

These attitudinal variables, which will constitute the main outcome measures of the survey, can
be broadly divided into three categories that are theorized to underlie behavioral responses:
cognitions (e.g., beliefs such as personal risk assessments), emotions (e.g., fear/anxiety,
attitudes toward evacuating), and behavioral intentions (e.g., state likelihood of leaving one’s
property and evacuating a high-risk zone). Note that the discrete choice experiments described
above measure one important dimension of these behavioral intentions, namely the self-reported
likelihood of evacuation as a response to the storm information in each choice situation.
However, there are additional dimensions of behavioral intentions that we will explore.

We will also measure individual difference variables that have been found to predict message
persuasiveness, notably personal topic relevance.?® Regardless of visual-information treatment,
all survey respondents will complete the same standard set of questions, thus allowing us to
establish the effect of different treatments on outcomes that have been shown to predict
behavioral compliance and that are widely considered to be markers of effective risk messages
involving visuals.?® Specifically, we propose to include the following survey items that fall
within the aforementioned categories:

Cognitions.
The following are sample belief-based questions that would be posed to respondents (for each
hypothetical storm):

1. How severe is the depicted storm?

2. How concerned would your loved ones (family, close friends) be about this storm?

3. How close do you feel to this storm?

4. Would your loved ones want you to evacuate if officials ordered you to do so?
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Do you believe that evacuating this area would make you safer?

6. How likely is it that you would be putting your personal health and safety at risk by
disregarding evacuation orders?

7. How persuasive do you find this visual to be?

8. How soon would you expect this storm to begin?

9. How clear do you find this visual to be?

Emotions.

The following are sample affect-based questions:
1. When you think about this storm, how scared does it make you feel?
2. When you think about this storm, how angry does it make you feel?
3. How positively would you feel about evacuating if ordered to do so?
4. How much do you value the feelings and opinions of your loved ones?

Behavioral intentions.

The following are sample behavior-related questions:
1. How likely are you to share this information face-to-face with your loved ones?
2. How likely are you to share this information on social media, like Facebook?

Task 4) Sample recruitment

Due to the visual discrete choice experiments that will be designed, we will use a web-based
survey in this project. Web-based DCEs offer design and administrative benefits over mail or
telephone surveys.'®3%*! Below are described the tasks needed for obtaining the sample for the
study.

Subtask 4.1) Request for Proposals (RFP). A Request for Proposals will be prepared targeting
at established market research companies to recruit the web-sample for the study. The RFP will
be published in the webpage of the School of Civil and Environmental Engineering at Cornell
University. The target population will be coastal communities in the tri-state area of New Jersey,
New York, and Connecticut.

Subtask 4.2) Selection of the Market Research Company. The market research company with
the leading proposal in terms of cost-competitiveness and quality after the process of competitive
bidding will be selected. A specific subcontract will be then prepared.

Subtask 4.3) Provision of the Sample. We will obtain from the subcontracted market research
company a list describing the recruited web-sample. We will validate adequacy and
representativeness of the recruited sample and contact the market research company if errors in
the recruitment process are detected.

Task 5) Pretest.

We will pretest the survey using 10% of the sample, before initiating the general data collection
effort. The objective of the pretest is to reassess experimental designs of the discrete choice
experiment and to reprogram logic of the survey, if necessary. The output of the pretest will be



the final instrument for data collection. The final instrument will be discussed with the CSAP
Program Steering Committee and relevant policymakers.

Task 6) Full data collection.

We will contact the sample with an email inviting to visit the link to complete the survey. Up to
three reminder emails to non-respondents will be sent.

Task 7) Data analysis.

While the full data collection takes place, we will start the process of validation of the data in
terms of cleaning, checking representativeness, initial frequency assessment of question
responses, and general set up for discrete choice analysis. The deliverable of this task will be a
database ready for statistical model estimation.

Task 8) Construction of statistical models of evacuation behavior.

The likelihood of evacuation will be modeled using the responses collected in the survey in a
behavioral hazard model that will expand on both discrete choice and survival analysis methods
that are common in social science (e.g. discrete time proportional odds model), and that will
account for heterogeneous risk aversion or tolerance (e.g. nonlinear and noncompensatory utility,
random regret minimization). Related decisions will be modeled jointly, namely whether to
evacuate at all, and the necessary actions to take after the decision of evacuating has been made
(e.g. when, where, and how). One of the hypotheses that will be tested with the models is the
assumption of linearity by potential evacuees. Even though risk increases nonlinearly with storm
conditions such as a wind speeds.

To make inference on evacuation probabilities we will use the discrete time proportional odds
(DTPO) model, which is common in survival analysis. In transportation analysis, the DTPO
model was first proposed as a means of incorporating air passengers’ behavior into cancellation
models.*” Use of the DTPO model with a known number of periods builds on prior research on
four ways. Firstly, while most survival models consider a single time dimension, this model
accounts for multiple time dimensions by accommodating time-varying covariates. Secondly, it
allows for the analysis of the effect of heterogeneity on the hazard probability. Thirdly, it
assumes heterogeneity is fully contained within the covariates used, and that its effect on
survival is separate from that of time. Finally, due to the discrete nature of the time-scale used,
the model is able to test for different distributional structures of the baseline evacuation rate.

As a survival analysis method, the DTPO model can be applied to calculate the hazard
probability, i.e. the conditional probability that a household will decide to evacuate on a certain
time given that it had not done so until that moment. The DTPO model partitions the time-to-
event (where the event is either the evacuation action or the household deciding not to act) of the
ith household (T;) into a number of k disjoint time intervals (t,, t1], (t1, t21, ..., (tx-1, tx], Where
(to, t1, ..., tg) identify the discrete periods before landfall of the storm. Additionally, the discrete
hazard probability (that is, the evacuation probability of household i at time k) is given by
hy. = P(T; = k|T; = k). By using conditional probability theory, the likelihood function of the
entire sample can be written out explicitly. In fact, since the exact time at which the storm makes
its landfall is known and can be written using a binary variable, the likelihood function is



equivalent to that of a binary logistic regression model. This has known numerical solutions, thus
making the DTPO model analytically attractive.

The DTPO model incorporates the storm attributes (known as covariates) into the model through
the following formulation. For a set of covariates X;, the hazard probability h;; has the following
functional form:

.
log <1 _Uh. ) =Wy + B Xij1 + B Xijz + -+ BiXij,
ij

where ¥;; is the baseline hazard function, j = 1,2, ..., k time intervals, i = 1,2, ..., n observations
and | is the number of covariates.

The evacuation probability h;;, will be used to determine a profile of the cumulative distribution
of evacuating households as a time-dependent function. Confidence intervals for cancellation
probabilities are important because the probability itself is not a fixed number, and thus simply
reporting the mean does not hold much value. Confidence intervals are not simply important
statistical results; they are also useful in demonstrating the significance of the probability
estimate, allowing modelers to access how much faith to put in that probability estimate.
Confidence intervals will be constructed with the Bayesian model results via post-processing of
the MCMC draws.

Attitudinal dependent variables will be modeled using structural equation models. In addition,
we will incorporate attitudinal response into the evacuation probability, by expanding research
on hybrid choice models.**

5. Outcomes

In this research we expect to identify the best tools for enacting safe and effective evacuation
plans, including the opportunities associated with the use of social media. Effectiveness of
communication of storm risks will be evaluated through the impact on the estimates of
evacuation probabilities. In particular, we will calculate the elasticities of these evacuation
probabilities with respect to storm characteristics, including associated risks. Based on these
elasticities we will provide modeling and policy recommendations.

A matrix describing the ranking of the determinants of evacuation in terms of expected
behavioral impact will be prepared and sent to policymakers, including emergency managers, in
the form of a white paper. The general structure of the white paper will be a summary of
objectives and scope of the study, methodology, and main empirical results that are relevant for
better informing evacuation policy. This white paper will also be sent to NOAA, including a
discussion about effectiveness of the products they generate in terms of objective, measurable
metrics (evacuation probabilities of heterogeneous households). We expect that the knowledge
about behavioral response to storm hazard information that we generate will support effective
design of evacuation policies aiming at protecting lives in coastal communities.

Finally, the methodology that we will use in this project will enhance research methods in the
field of risk-based evacuation planning. The questionnaire will be another outcome that is part of
the methodological contributions of this work. Outreach to the scientific community will include
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publication of scientific papers and participation in academic conferences. In particular, we
believe that our work will improve the tools that are currently used for modeling demand in the
logistical problem of optimal location of shelters and optimal routing in the case of evacuation.

6. Coordination

The project team will hold a kick-off meeting, interim review meetings, and a wrap-up meeting
at the end of the project. One of the interim review meetings and the wrap-up meeting will be
held in the New York/New Jersey area with the CSAP Program Steering Committee.

Daziano will coordinate all activities of the project, including communication with the CSAP
Program Steering Committee, emergency managers, and the marketing research company that
will be hired for provision of the sample. Daziano will also lead the design of the discrete choice
experiment and the estimation of the discrete time proportional odds of evacuation probabilities.

Nozick will provide support in the design of the survey with a focus on modeling requirements
for logistical decisions. Nozick will also support statistical modeling after the data is collected.

Liu will provide support in the design of hypothetical storms and risks that are credible, and in
the creation of storm forecasts and paths that will be used in the visuals of the discrete choice
experiments.

Schuldt will support design of the attitudinal questions of the survey, statistical modeling of
psychometric data that will be collected in the survey, and broad assistance in the sociological
representation of risk communication.

One civil and environmental engineering graduate student will work on this project, helping in
the design of the visuals needed for the discrete choice experiments, and in the coding necessary
for both validating the data and estimating the parameters of the DTPO model.
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D. Data Management/Sharing Plan

The following guidelines will apply in the management of the different data components of the
project:

Short and long term storage: with the exception of eventual proprietary data with restricted
use, all data (including modeling data, modeling results, estimation codes, scientific articles, and
curriculum and outreach material) will be stored, first, in the PI’s personal computer. Weekly
backups will be set automatically using the PI’s backup system (Time Capsule). Apple’s Time
Capsule is a wireless network-attached storage device that works with Apple’s Time Machine
backup utility as a local file server. After the end of the project, all data will be kept for a
minimum of 3 years. A decision for long-term storage (beyond 3 years after the end of the
project) will be taken at the time when the data is stored.

Format standards: file formats that privilege future accessibility will be preferred. In general,
all non-proprietary data and codes will be stored using unencrypted and uncompressed ASCII or
Unicode files. For some files, PDF files will also be stored and backed up.

Sharing: non-proprietary data, codes, modeling results, and curriculum material will be shared
through eCommons, the official data repository of Cornell University. (The Pl plans to provide
links to his personal website to the eCommons page, which works in a way that prevents broken
links.) Modeling data will be stored in eCommons after a period of exclusive use of 2 years.
eCommons at Cornell provides open access to the material stored therein, making it available to
the scientific community as well as to the general public. All material is indexed in search
engines, including Google Scholar. eCommons at Cornell ensures long-term digital archiving
and preservation, acting as an additional source for long-term storage of the data.

Estimates and other parameters of the new class of discrete choice model that will result from
econometric analysis of the data will be shared through tables in scientific articles and in a white
paper addressed at policymakers.

All codes that will be used to estimate the behavioral models will be stored in the personal
computer of the PI, and will be made publicly available upon request. Automatic backups will be
performed. All programs will be written in R, which is a high-level programming language and
software environment for statistical computing, data analysis and graphics. R is part of the GNU
project and its source code is freely available under the terms of the GNU General Public
License. R is highly extensible via packages, which contain user-created code that is made
available for free by contributors.

No environmental data will be generated in this project.
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