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Every year natural disasters claim the lives of tens of thousands of people and cause billions
of dollars in damage. In 2019 alone, the US saw more than $130 billion dollars of damages to
infrastructure and lost upwards of 12,000 lives to hurricanes, fires, flooding and tornadoes and
other extreme weather events (Deng, 2021). Virginia is no exception; in 2003 Hurricane Isabel
inundated the state with over 20 inches of rain in some localities, claiming 32 lives and causing
80% of the state to lose power. In 2016 Hurricane Matthew dropped a foot of rain in less than 48

hours and caused more than 260,000 people to lose power in the commonwealth (VDEM, 2021).

Current Hurricane evacuation techniques rely on a complex sequence of events that begin
with an extreme weather forecast issued to the state governments by the NWS and culminate in
localities issuing an evacuation order (Figure 1). Because modeling the uncertainty of a hurricane
strike is an inverse function of time, governing bodies must decide early on whether to risk the
lofty expenditures of a false alarm or wait and risk endangering lives. The decision to evacuate is
not an easy one: the cost of premature evacuations in the US totals more than $10 billion dollars
per year and repeat offenses can cost local governments their credibility (Reigner, 2008).
Although most individuals report evacuation preparation times of less than 6 hours, many are
hesitant to leave unless they have personally witnessed the evacuation order or have a high level
of confidence in the authority of the messenger (Lindell, 2020). Furthermore, the government
must be cautious of the order in which it issues evacuation mandates to avoid overwhelming

inland transportation routes (Nakanishi, Wise, Suenaga, & Manley, 2020).
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Advisory issued by NWS

VA emergency response (VEOC) team meets to provide consul to
state leaders

Localities issue emergency declarations

Localities issue emergency preparation information to the public

Governor of VA declares state of emergency

VEOC updates inland locaties about evacution routes and

deliberations

Evacuation order issued by localities

Figure 1. Hurricane Evacuation Order of Events (VDEM, 2010)

Despite the advances in forecasting technology, emergency evacuation orders are only acted
on by fewer than 10% of the endangered population (Deng, 2021). Prior research has proven that
there is a significant difference in the demographic makeup of the populations that evacuate
(predominantly mid-to high income white families) and those who shelter in place
(predominantly low-income, minority families) (Behr, 2020). A large number of factors (health
concerns, family size, pets, etc.) play into the decision on whether to seek shelter locally or to
evacuate and (because they are personal decisions) are uncontrollable by the government (Figure
2). To increase adherence to emergency policy measures, | seek to understand what sort of

governmental policy factors are resulting in a reduced rate of evacuation from Hampton Roads.
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Figure 2. Factors Influencing Decision to Evacuate (Bowser, 2008)

Technical Project
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Zachery Key

In the technical portion of this report, my capstone team and | will be working closely with

the Virginia Department of Emergency Management (VDEM) as hurricane evacuation procedure

consultants. In addition to conducting interviews and gathering survey data, we will be drawing

upon findings from prior art focused on the historical evacuation behaviour of communities with

high social vulnerability (Smith, 2020). We shall have several final deliverables for this project:

a deployable evacuation dashboard depicting the net flow of evacuees away from the evacuation

site, a collection of data visualizations depicting the distribution of emergency evacuation

resources amongst particular communities and a written report detailing the policy analytics

process and the corresponding conclusions on which community outreach programs to deploy.
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We will be operating primarily in Python, utilizing packages such as MovingPandas or
Mobilkit to produce descriptive models of evacuation behaviour (Figure 3). Census data shall be
collected on a county and block level for the state of Virginia and mobility data shall be
purchased from a mobility data service provider (Cuebiq) on the county or census block level.
Our team will be analyzing Hurricane Matthew mobility data in order to 1.) identify
communities with similar evacuation behaviours and 2.) model mobility patterns of these
communities before, during and after the hurricane evacuation order (Yabe, 2021). We will then
cross validate the cell phone mobility data with geographic data collected from tweets in that
region in accordance with the methods established by Martin (Martin, 2020). Two distinct and
dissimilar “communities” of interest shall be identified from the mobility data (a community is
defined as a finite geographically enclosed region that shares common socioeconomic
characteristics and exhibits similar evacuation behaviour). The two residential “communities”
with the highest disparity in evacuation rates will be considered in our study and labeled group A
(high evac. rate) and group B (low evac. rate) accordingly. We will then conduct statistical tests
to see if there are any significant demographic predictors of evacuation likelihood in terms of

income, education, age, household size and race (Cahyanto, 2014).
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Figure 3. Analytic Capabilities of Mobilkit (Ubaldi, 2021)

To gain a deeper understanding of the attitudes of the people impacted by hurricane events in

VA, we will perform sentiment analysis of responses to twitter posts made by the local

government containing information about hurricanes, evacuations or policy related to the two

(Zavattaro, 2015). Our team will utilize this information to gain insight to the distrust and

frustration (negative sentiment) that is currently expressed towards the government in Hampton

Roads, VA as well as to identify the structure and syntax of messages that are more positively

recieved (Lamb, 2011). The insights gathered in the sentiment analysis will be used to construct

survey questions directed toward residents in group(s) A & B, addressing topics such as trust in

the government and concerns with the current evacuation system. This will build upon prior

research methods that have identified frustrations with the evacuation system by isolating the

causes of discontentment, allowing for the design of more elegant community-backed solutions.
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STS Project

This section explores the relationship between the Hampton Roads community and its
government through the technological medium of evacuation policy. | seek to increase
transparency in the evacuation process by exploring the social agenda embedded in the current
communication channels that disperse information (Dimaggio, 2004). Following Star’s definition
of infrastructure as “a relational property, not some thing stripped of use” | will characterize
policy as the relational construction between citizens and their government containing the
properties of embeddedness, transparency and visibility upon breakdown (Star & Ruhleder,
1996, p. 113; Star 1999). In the context of my project, emergency evacuation policy can be
likened to a socially constructed technology that is embedded in the particular community in
which it was created. Similarly, by applying the property of transparency to policy | can evaluate
the degree to which the general public understands and comprehends the individual components
of evacuation policy. Finally, | will assess the problems inherent in the current evacuation policy
(low zone awareness, low evacuation rates) by evaluating the inefficiencies of the
communication systems (social media, television, etc.) that disperse information about
evacuation preparation and procedure. Arriving to a deeper understanding of the problem, I will
restructure the decomposed system to arrive to my goal of insuring equal access to evacuation

resources for everyone.

Research Question and Methods
| plan on investigating the discrepancy between the evacuation behavior of particular
communities to devise community-customized programs that increase community engagement in

an effort to improve the relationship between the government and localities (Wells, 2013). Data
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shall be collected from surveys including a range of questions that explore community member’s
opinions on (presently) highly functioning components as well as potential improvements to the
current evacuation situation. By exploring the feedback of community members from group A
and group B, I can propose custom evacuation plans that distinguish where and how the
government in Hampton Roads should focus its resources to aid in the steps involved in
hurricane evacuation.

In accordance to Star’s Infrastructure theory of technology, | will be exploring the
differences in perception of transparency of the evacuation process between focus groups A&B,
the government and emergency managers. | hypothesize that group A will have a fairly high
level of trust in the government and consider the evacuation process more transparent and
understandable than group B. | also hypothesize that the local government and emergency
managers will overestimate the level of confidence that their constituents have in them to provide
adequate support during a hurricane evacuation.

I will collect evidence for my project by combining prior research with interviews of project
managers, government employees and community residents. Recent research efforts have
observed that very few people are evacuating from endangered regions, suggesting a flaw in the
government’s current implementation of evacuation protocol. There is clearly a divide between
the desired response to an evacuation order (100% adherence to evacuation orders) and the actual
result of an evacuation order (>10% adherence to evacuation orders) that suggests a systemic
breakdown. This disparity in expected and actual behavior is only made clear in the absence of a
functioning system, leading me to believe that the government may have excluded some
communities in the design of evacuation policy by employing a “one-size-fits-all approach” to

evacuation protocol (Smith, 2020).
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Conclusion

Low evacuation rates place higher levels of stress on emergency responders and result in an
increased likelihood of injury or death from the damages inflicted from a natural disaster
(Kruger, 2020). As a means to reduce the number of injuries and deaths from disaster situations,
we aim to increase evacuation compliance in the state of Virginia by identifying and engaging
with at risk communities to collaboratively construct education and outreach programs. We seek
to provide the local government with the insights gained from our geographic evacuation
modeling to inform them of where resources can best be distributed to increase evacuation
compliance. Utilizing the same modeling methods mentioned before, we shall construct an
evacuation visualization dashboard to quantify the performance of our recommendations
following the next disaster evacuation. Finally, we shall synthesize the findings from our
interviews to provide a series of recommendations to the local government about community
engagement programs to improve the trust and increase the legitimacy of the relationship

between low evacuation neighborhoods and their authority figures.
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