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Dedication

In memory of our Brothers and Sisters in arms who made the ultimate sacrifice.

May God comfort your Family, Friends, & Comrades. May your sacrifices not be in vain. . .

Be thou at peace.
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Abstract

ANALYSIS OF VOLUNTEERED GEOGRAPHIC INFORMATION FOR IMPROVED
SITUATIONAL AWARENESS DURING NO-NOTICE EMERGENCIES

Christopher E. Oxendine, PhD
George Mason University, 2013

Dissertation Director: Dr. Nigel Waters

During a terrorist attack, evacuees face uncertain risks when deciding which route to utilize
while trying to evacuate. Immediately following an attack, information is very limited or
non-existent. Emergency services personnel are responsible for finding and notifying evac-
uees of impending danger, and minimizing evacuation risk is crucial to limiting additional
loss of life, especially in densely populated areas. One of the challenges for evacuees and
emergency services personnel is sharing and collecting information. Recently, mobile phones
and social media (e.g. Twitter, Facebook, and others) have provided a global platform for
sharing information about terrorist events and a medium for emergency services person-
nel to collect Volunteered Geographic Information (VGI). It is highly recommended that
Emergency planners use VGI to supplement their decision making, notification processes,
and response and recovery. With over 5 billion mobile phones world-wide, VGI can po-
tentially contribute data that supports risk modeling and evacuation planning. The mass
adoption of mobile phones provides citizens and emergency personnel with alternate meth-
ods of communication (i.e. voice, SMS, mobile applications, and access to social media).
GPS accuracy on mobile phones continues to improve which further facilitates planning and

response by emergency service personnel. This research provides two models. The first



model is a multi-objective, multi-criteria model that analyzes mobile phone location data
and seeks to minimize risk encountered by evacuees and distance traveled. The study area
for the first model is Manhattan, New York City. Risk and distance traveled is determined
for the evacuation routes and is modeled in a Geographic Information System (GIS) to de-
termine optimum evacuation routes. The second model analyzes social media to determine
risk to evacuees during a simulated terrorist attack at George Mason University. Individ-
ual terrorists attacks are modeled and then combined based on time of incident. High-risk
areas are modeled for multiple terrorist attacks providing first responders with increased
situational awareness. The second model in this research improves situational awareness
immediately following a terrorist scenario and the first model provides a multi-objective,
multi-criteria method for reducing risk to evacuees. This research contributes to improved
evacuation routing and visualization of risk during emergencies and increases situational

awareness of first responders and citizens.



Chapter 1: Introduction

1.1 Motivation and Problem Statement

Immediately following terrorist attacks, citizens find themselves exposed to unknown risks
and desire to find their way to safety. Following attacks in Madrid (2004), London (2005),
Mumbai (2006 & 2008) many citizens turned to social media and their mobile phone to
update friends, family and fellow employees on their status. Many individuals used social
media to share what happened and where it occurred. Citizens in the periphery of the
events may be aware that an incident(s) has occurred; however, they maybe unaware of
what and where. These citizens often rely on first responders to usher them to safety or

wait for traditional notification through television or radio.

1.2 Sharing Information Before, During, and After Emer-

gency Evacuations

Traditionally, emergency managers relied on television, radio, and local warning sirens as
methods of notifying citizens of an emergency or crisis event (Sorensen, 2000). Recent im-
provements to notifications include using the Internet and the Wireless Emergency Alerts
(WEA), also known as the Commercial Mobile Alerting System (CMAS). WEA comple-
ments traditional notification services; however, WEA is not available on all mobile phones
(Federal Emergency Management Agency, 2012a). In 2014, Next Generation 911 is ex-
pected to be available in the U.S., providing capabilities to send an SMS to 911 call centers
(Selyukh, 2013). These are significant improvements to notification services and 911 call

center capabilities; however, in 2011, the Red Cross found that over 80% of citizens expected



national emergency response organizations to monitor social media (American Red Cross,
2011a).

During recent disasters and terrorist attacks, citizens have turned to social media plat-
forms such as Twitter, Facebook, Flickr, and Instagram to share information with friends,
family, and fellow workers. On the other hand, emergency managers have primarily used
social media in a passive role, such as monitoring sentiment and increased situational aware-
ness. One of the first full time operations centers in the United States was established by
the U.S. Red Cross (Fox, 2012). The Red Cross opened its Social Media Digital Operations
Center (DOC) and actively responds to calls for assistance via social media . The center

monitors an average of 4,000 tweets per day.

1.3 Social Media and Emergency Evacuations

Social media and mobile phones provide a yet untapped source of data that can be harnessed.
Fusing traditional remote sensing data with non-traditional crowd-sourced data provides
and analyzing provide evacuees with an evacuation route is one method of minimizing risk
during a crisis or emergency. Meier (2012a) presents benefits and challenges of using social

media during and emergency include:

Benefits

e Many credible sources can provide information

e Social media can be used to measure sentiment

e Information gathering for citizens and first responders
e Messages are repeated

e Continuous contact with citizens

Challenges

e Content length maybe limited, leading to incomplete information

e Message can be manipulated once released

2



e It is important to gain followers prior to a crisis

e Increased messaging may cause network overload

Many of the challenges of using Social Media during an emergency also apply to other
information sharing platforms, including news media, the Internet, etc. Another benefit
of Social Media is that it provides an alternate method of information sharing, especially
when power and communication outages occur. During the past decade, citizens have
transitioned from relying on traditional communication methods to using mobile phones
and social media during emergency and crisis events (Crowe, 2012). Emergency personnel
have adapted to changes in mobile technology but have been slower to integrate Social
Media into operations. One challenge with mobile devices is the need to recharge them;
however, whether in developed or undeveloped countries citizens have adapted when power
outages occurred. Immediately after the 2010 Haitian earthquake and after Hurricane
Sandy in 2012, citizens setup charging stations to charge mobile phones which enabled
citizens to communicate using their mobile phone (voice and SMS) and to post updates
on social media sites (McCabe, 2010; Bergen, 2012). Social Media provides an alternate
method for not only communicating with citizens, but for collecting information about a

crisis, monitoring citizen’ actions and inactions and respond accordingly (Mileti, 2010).

1.4 Application of Volunteered Geographic Information dur-

ing Crisis Events

The term Volunteered Geographic Information (VGI), a term introduced by Goodchild
(2007a), is geographic information that private citizens collect and submit primarily through
the Internet. One of the primary concerns with government acceptance of VGI is that it
is collected by ’un-trained or un-educated’ personnel, unlike formal data collection by well-
trained and well-educated employees. Using VGI usually provides more sensors than formal
methods, enabling government and non-government agencies to fill the gap on outdated

maps and to fill in spatial and temporal gaps in data for an area of interest.
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Goodchild’s assessment of VGI data collection, analysis, and mapping (e.g. Open-
StreetMap) with traditional mapping (e.g. National Geospatial Intelligence Agency) is that
the two are on opposite ends of a spectrum (Goodchild, 2007b). VGI is collected on much
shorter timescales, horizontally organized in terms of its structure, constantly collected
and cross-referenced, and it is hard to distinguish between consumers and producers of
the data. On the other-hand, Goodchild (2007b) describes traditional mapping agencies as
“top-down, authoritarian” entities that have existed for centuries. Their developers have
formal education and training and there is a clear distinction between the expert and the
consumer. Progress or change in the acceptance of VGI will be a democratic process that
requires time, patience, and increasing resources (ibid).

There are over 6 billion people in the world and 5.9 billion mobile phones (The World
Bank, 2012; International Telecommunications Union, 2013). These citizen sensors provide
an opportunity to fills gaps in our data sets that our current remote sensing technologies
rarely detect (Goodchild, 2007b). Using GIS to collect and analyze multiple sources of
data during an emergency evacuation assists planners and decision makers with mitigation,
preparation, response, and recovery (Cova, 1999; Toomey et al., 2009). Web-based mapping
technologies have enabled more dynamic, transparent, and decentralized disaster response
(Kawasaki et al., 2012). Crowdsourcing and harvesting geographic information has proven
to be more beneficial to emergency response personnel than the risks associated with using
this data (Goodchild and Glennon, 2010; Stefanidis et al., 2011). Social media has proven
effective in modeling and visualizing the effects of disasters and other events across geo-
graphic areas (Stefanidis et al., 2011). VGI, such as social media, provides information that
should be used to determine high risk areas within the evacuation zone in no-notice evacu-
ations. Social media provides information analyzed, modeled and quickly shared, thereby
reducing the time lag of notifying citizens during an event.

Quickly determining the what and where of no-notice terrorist attacks is critical to re-
ducing risk to citizens and first responders. Citizens that are near the terrorist attacks often

share information through Social Media providing spatial and temporal information about
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the incidicent(s) (Gupta and Kumaraguru, 2012). The Department of Homeland Security
model for risk analysis is a function of threat (t), vulnerability (v), and consequence(c)
(National Research Council, Committee to Review the Department of Homeland Security’s
Approach to Risk Analysis, 2010). Various models have been developed that accurately
model risk from natural disaster preparedness; however, the task force did not find any
evidence that other areas within the DHS model were accurately modeled. This methodol-
ogy seeks to address risk in urban environments by modifying the current DHS risk model.
Goodchild and others have addressed the concerns of accurate reporting when using VGI
(Goodchild, 2007a; Goodchild and Glennon, 2010; Li and Goodchild, 2010). Goodchild and
Glennon (2010) highlights the need for timely information versus the concern over accuracy

of the data received.

1.5 Dissertation Organization

This research contributes to several key areas of Geographic Information Science including;:
network analysis, risk mitigation, and volunteered geographic information. Specifically, this
research contributes by presenting a Multi-Objective, Multi-Criteria model for evacuation
routing using mobile phone data during an emergency and introduces a model for visualizing
risk and improving situational awareness immediately following a no-notice emergency using
social media data. The following provides an overview of the remainder of the dissertation.

In Chapter 2, I provide a thorough literature review of social media and mobile device
use in emergency evacuations. The concerns and challenges of using social media while
protecting individual privacy are addressed. Finally, it provides an overview of the analysis
of Volunteered Geographic Information to minimize risk during emergencies. In Chapter
3, I discuss the development and testing of a Multi-Objective, Multi-Criteria Approach for
determining optimum evacuation routes using mobile phone data. This method uses mobile
phone location data to determine routes. This approach seeks to minimize distance and

congestion, while maximizing coverage for evacuees. In Chapter 4, I introduce a model for



measuring risk to citizens and emergency responders during no-notice emergencies using
social media data. This risk model enables first responders to identify threat areas and
inform vulnerable citizens in those areas of the appropriate actions to take (e.g. shelter in
place). Finally, Chapter 5 provides an overview of the contributions of this research and

provides recommendations for future research.



Chapter 2: No-Notice Urban Evacuations: Using

Crowd-sourced Mobile Data to Minimize Risk!

2.1 Abstract

Emergency evacuations during the past decade have transitioned from landline analog to
mobile digital communication devices. Over 88 percent of U.S. citizens own a mobile phone,
providing a tool to enable better communication between first responders and citizens in
order to minimize risk to evacuees during no-notice evacuations. During an emergency, evac-
uees rely on social media to communicate with family, friends and coworkers, often finding
accessibility to social media more reliable than trying to make a phone call. Federal, state,
and local emergency operations centers have made limited use of social media or Internet
based communications to provide an alternative means for citizens to request assistance or
provide information. Mobile devices provide an alternative method of incident reporting
and analysis through volunteered geographic information (VGI), which first responders can

use to minimize risk to evacuees.

2.2 Introduction

On September 11, 2001, America was traumatized by the terrorist attacks at the World
Trade Center in New York City, the Pentagon in Washington, DC, and the crash of United
Flight 93 in Shanksville, Pennsylvania. Thousands of Americans and over 370 foreign
citizens perished from the attacks and over one million evacuated from Manhattan (Kean,

2004; Anonymous, 2012; De Wind, 2012). Since then major attacks have occurred in other

!The majority of the material included in this chapter was submitted as a manuscript to Geography
Compass: Oxendine C, and Waters N. 2013(in Review). “No-Notice Urban Evacuations: Using Crowd-
sourced Mobile Data to Minimize Risk”



metropolitan areas around the world, including Madrid in 2004, London in 2005, Mumbai in
2006 and 2008, and Karachi in 2007. During large-scale terrorist events no-notice emergency
evacuations usually occur in an unorganized fashion. Individuals near the periphery of
terrorist events desire to find the quickest and safest route to their home or somewhere they
will feel safe. 28 percent of evacuees from the World Trade Center didnt know where to go,
and 12.9 percent reported that they didnt know how to get to their destination (Zimmerman
and Sherman, 2011). These individuals rely on their knowledge of the surrounding area and
public reporting through news media, emergency services, and social media to inform them
of the hazards they may face in the area. Deciding to evacuate and choosing the wrong
route to travel to their home or another safe destination can place them at increased risk.
Evacuees typically rely on prior knowledge of the area or use a mobile phone with assisted
GPS or an Internet mapping service (e.g. Apple or Google maps) to find directions to their
final destination. The resulting directions provide them with the shortest or quickest route;
however, these directions often fail to account for the risk they may encounter along the
route. Former U.S. Homeland Security Secretary Michael Chertoff’s comments to students
and faculty at George Washington University emphasized the importance of understanding

and living with risk:

“We must manage risk at the homeland security level. That means develop-
ing plans and allocating resources in a way that balances security and freedom
when calculating risks and implementing protections. The most effective way, 1
believe, to apply this risk-based approach is by using the trio of threat, vulnera-
bility and consequence as a general model for assessing risk and deciding on the
protective measures we undertake.” (U.S. Department of Homeland Security,

2005)

His comments emphasize the importance of increased awareness to the risk posed by
terrorist attacks. British Prime Minister David Cameron called for a multifaceted approach
instead of just militarily...including bringing together and forming great networks and

alliances (Johnston, 2012). Citizens in close proximity to a terrorist attack are aware of the
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increased risk they face; however, they have no means of determining how to minimize risk
as they negotiate a way through an evacuation zone. During recent disasters and terrorist
attacks, citizens have used their mobile devices to access social media platforms such as
Twitter, Flickr, and Facebook to share information with friends, family and others (Wallop,
2011; Crowe, 2012; Meier, 2012b). Social media provide a rarely used source of data that
can be harnessed during such events. Zook et al. (2010) found in Haiti that aggregating
data, including SMS messages, maximized the benefits to relief personnel. Collecting and
analyzing multiple sources of publicly available data and analyzing it to provide evacuees
with an evacuation route is one method of minimizing risk to citizens and first responders
during a terrorist attack.

Several challenges exist for emergency management personnel when a no-notice evacua-
tion occurs including: determining what has happened, where it occurred, who is affected,
how to mitigate the risk for evacuees and first responders and finally how to we communi-
cate the risk and determine what actions to take. All of these challenges involve geographic
information from multiple sources that emergency managers must rapidly be able to assess,
coalesce and analyze. Then they must quickly decide the best course of action to minimize
further loss of life and property.

Emergency managers are faced with providing direction to citizens on whether they
should evacuate, where the evacuation shelters are, and what is the safest and quickest
route? Limited information about what exactly occurred and where it occurred often slows
the release of information from emergency managers to the public. Providing sufficient
information on the impact to specific geographic areas and populations increases the likeli-
hood that citizens will appropriately respond to directions from emergency managers (Glik,
2007). Galloway (2003) highlights several important lessons learned from the attacks on
the World Trade Center and Pentagon, including the importance of Geographic Information
Systems (GIS), Decision Support Systems, and Public Communication. Galloway empha-
sized the importance of GIS products in New York City to communicate with the public

about risks and where to find available resources (evacuation zones, hazardous areas, shelters



and hospitals). Geographic information systems provide a toolset that enables emergency
managers to model risk and make more informed decisions about which areas to evacuate
as well as provide a mobile tool to evacuees to mitigate their risk during a no-notice evac-
uation. This research provides an overview of no-notice emergency evacuation procedures
and introduces a new method for minimizing risk to evacuees and first responders during a

no-notice evacuation.

2.3 Overview of Emergency Evacuations and GIS

Geospatial Information Systems (GIS) provide a tool for federal, state, and local govern-
ment agencies to mitigate risk, and to prepare for, respond to and recover from man-made
and natural disasters. Government officials must be aware of how to integrate GIS into their
emergency management cycle. Research has found that GIS implementation in emergency
management can fail due to a lack of available data and models, as well as a deficiency of
knowledgeable GIS analysts (Zerger and Smith, 2003). If emergency managers are aware of
the usefulness and ease of use of GIS tools, they are more likely to integrate geospatial tools
into risk assessment, mitigation, preparedness, response, and recovery (Toomey et al., 2009).
Kwan and Lee (2005)emphasize the importance of both the access to accurate, real-time
data from numerous sources as well as the protection of large GIS databases from misuse by
terrorist groups. Better methods are needed for visualizing risk, vulnerability and accuracy
of the relevant spatial and temporal information (Cutter, 2003). One of the most challenging
problems in no-notice evacuations is determining the population affected within an evacu-
ation zone (Cova, 1999). As of 2011, there are over 5.9 billion mobile-cellular subscriptions
worldwide, an increase of 45 percent since 2007 (International Telecommunications Union,
2011a). With increasing bandwidth and saturation rates of smartphones globally, as shown
in Figure 2.1, GIS can be used through a mobile application to communicate and share
knowledge with the public about an emergency (International Telecommunications Union,

2011a; Sui and Goodchild, 2011). In no-notice evacuations, GIS provides an effective tool
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to calculate incident risk, provide emergency managers with a common operational pic-
ture similar to that used by military commanders, and serve as a platform to share this

knowledge with citizens and first responders.

5000

Subscriptions (in millions)
3000

1000

2002 2004 2006 2008 2010

Year

Figure 2.1: Worldwide Mobile Phone Subscriptions, 2001-2011 (Source: International
Telecommunications Union, 2011a)

2.3.1 Challenges of No-Notice Evacuations

No-notice evacuations transpire when an incident, such as a terrorist attack, tsunami, tor-
nado, or earthquake, occurs with limited to no warning (Zimmerman et al., 2007). Events
range in scale from local to entire cities or regions of a country. Emergency response plan-
ning is usually entirely reactive because of limited planning. The size, location, nature of
the incident and time of day are among the key factors affecting the complexity of no-notice
evacuations (ibid). These factors impact how many people are affected by the evacuation
and how quickly first responders can evacuate personnel.

11



Trust in warning messages is one of the most important factors for citizens in emergency
evacuations (Glik, 2007; Paul, 2012). Glik also found along with trust, if citizens received
detailed information about the severity of risk, they were more likely to evacuate in an
orderly manner and respond to directions of emergency managers (Glik, 2007). Although
rumors are spread using social media, Richards and Lewis (2011) found in the 2011 London
Riot that rumors were often dispelled within two to three hours. Similar challenges exist
with existing emergency reporting methods. For example, in 2011, police in Britain re-
ported less than 25% of over 7.5 million calls were real emergencies (Boyle, 2012). In order
to establishing trust in social media during emergencies, emergency managers and organi-
zations should maintain a social media presence before events happen, thereby establishing

credibility with other users prior to an emergency.

2.3.2 Communication During No-Notice Emergency Evacuations

Although providing information to the public has improved dramatically over the past 50
years, only limited research and applications have been introduced that improve two-way
communication and additional methods of communication between citizens and emergency
managers. Current methods of notification include: news, radio, social media, and, in the
US, the Commercial Mobile Alert System (CMAS). Communication between emergency
managers and the community is primarily through 911 call centers. Citizens receive in-
formation from numerous sources including news media, the Internet, social media, and
recently through mobile phones. Currently, the only method of reporting an emergency sit-
uation in the US is to call 911 or the local number for your 911-call center. Past incidents
have illustrated the importance of multiple lines of communication (Federal Communica-
tions Commission, 2006; Callahan, 2012); however, policies and procedures have not been
established to provide alternative methods of communication with 911 call centers such as
using newer technologies including the Internet, Skype, or even social media.

Some federal, state, and local agencies have made efforts to share information on the

Internet and social media (Twitter and Flickr); however, limited efforts have been made
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to use the Internet and social media as a two-way communication platform (Latonero and
Shklovski, 2011; Wallop, 2011; Meier, 2012b). The 2010 Haiti earthquake was the first
effort by the U.S. Government to rely on social media to coordinate efforts among various
federal agencies (Yates and Paquette, 2011). On June 29, 2012, over 2.3 million residents
in Northern Virginia understood the importance of multi-modal communications when 911
services where lost following a Derecho storm, with full service restored over 4 days later
(Flaherty, 2012).

The U.S. Federal Emergency Management Agency (FEMA), in coordination with the
Federal Communications Commission developed CMAS, re-named Wireless Emergency
Alerts (WEA) in February 2013 (Federal Communications Commission, 2013). WEA sends
geographically targeted alerts to citizens to notify them of hazards they may be exposed
to based on their mobile phone location Federal Emergency Management Agency (FEMA,
2012b). WEA is a complement to television, radio, Internet and other notification services;
however, several challenges exist with WEA. WEA is a one-way communication platform
that prevents citizens from providing information about hazards or from requesting emer-
gency services. In addition, WEA only allows up to 90 characters to be transmitted in
its alerts, limiting the message content to type of event, time alert expires, and recom-
mended action Federal Emergency Management Agency (FEMA, 2012b). FEMA states
that one-way communication is used in order to protect the privacy of citizens; however, it
is also a shortcoming of WEA. When a citizen requests assistance through a 911-call center,
they must provide a location in order to receive assistance. Developing procedures to allow
citizens to volunteer their location (Volunteered Geographic Information or VGI) provides
a measure of security and an alternate method for citizens to request emergency services

when they cannot reach a 911 operator.

2.3.3 Mobile Phone Use in Emergency Evacuations

Mobile phones should not be regarded as a primary or sole-source communications device.

They supplement other existing communication sources such as analog phones, television,
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radio, and social media. Smartphones provide multiple modes of communicating including
phone, Short Message Service (SMS, also known as text messaging), Internet, and social
media.

In 2011, the Pew Research Center found over 40 percent of mobile phone owners used
their mobile phone during an emergency (Pew Research Center, 2011). As of March 2012,
over 88 percent of Americans own a mobile phone and more than 46 percent of Americans
own a smartphone (Pew Research Center, 2012). Over 50 percent of Citizens in Australia,
the United Kingdom, Sweden, Norway, Saudi Arabia, and United Arab Emirates own a
smartphone and over 40 percent own a smartphone in New Zealand, Denmark, Ireland,
Netherlands, Spain, and Switzerland (Pham, 2012). With increasing numbers of citizens
using GPS enabled smartphones, emergency management should evaluate how they can
integrate newer technologies into 911 call centers as well as how these technologies can
better support response by first responders.

Positional accuracies of mobile devices vary depending on whether the device is GPS
enabled and activated, and on whether an individual shares their location as a coordinate
such as latitude and longitude or a description of their location (e.g. 34.2345,58.8989 or
New York City, NY). Although accuracies fluctuate, studies on cellular phone position data
have found up to 50-meter accuracy rates using 30-second updates (Cayford and Johnson,
2003). Current models of phones have the ability to send GPS collected locations, although
not all users provide location data with their GPS enabled phones. More recent research on
GPS-assisted phones found average accuracies of 8 meters (Zandbergen, 2009). This will
be addressed below as part of the research that is described for the modeling of risk within
the city.

Frank et al. (2004) emphasize the importance of mobile GIS solutions and cellphone
sensors for fire fighters, field workers and tourists. Mobile phones provide several oppor-
tunities to improve two-way communication between citizens and emergency management
personnel. First, they provide a means for sharing information through social networks,

such as Twitter and Flickr among others. Second, aggregated mobile phone location data
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could also be used to estimate diurnal population change in urban settings to determine how
many people are impacted by an event and what resources are needed during the response.
Third, mobile phones provide the ability to send low bandwidth text messages to 911 call
centers; however, the ability and procedures to capture and respond to text messages in 911
call centers do not yet exist. Finally, in the US smart phones provide FEMA with the abil-
ity to deliver an all-in-one mobile application to citizens. This type of mobile application
should incorporate many features including: shelter in place procedures, basic first aid, and
the ability to download and save to the users phone local maps and phone numbers of the

evacuees local 911 call center, fire, EMS and police services.

2.4 Mitigating Risk While Protecting Individual Privacy

Mobile phones can provide a wealth of information to support no-notice emergency evac-
uations, however, government officials must also be cognizant of protecting the privacy of
its citizens. Modern computer technologies continue improving our ability to process larger
datasets and more challenging problems, including the use of individual location data during
an emergency. Mobile applications have been developed that are tailored to a users current
location and provide a means to track an individuals movements, although few individuals
are comfortable sharing their location at all times (Gruteser and Liu, 2004). During an
emergency, citizens expect to be protected by government agencies but they also expect to
maintain a certain level of anonymity. Implementing a GIS to facilitate emergency response
using an individuals mobile phone location poses the question: how do we provide assistance
to citizens while also protecting their privacy (Li and Goodchild, 2010)?

The World Economic Forum (WEC) recently published a report on the challenges of
personal data citing a lack of globally accepted policies and procedures that protect the
privacy of individuals (World Economic Forum, 2011). Research by Kwan et al. (2004)
emphasizes the importance of the use of geo-referenced, individual data but also the pro-

tection of personal privacy. Kwan et al. evaluate the use of three types of geographical
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masks for protecting the privacy of citizens: aggregation, affine transformations, and ran-
dom perturbations and found that increasing accuracy of the original data (a desirable
quality) increases the risk of disclosure. Examples of protecting personal privacy during

emergencies for each of these masks are provided in the following:

e Aggregation - Mobile phone location data is aggregated to the nearest intersection

in a city or grouped according to census tract or city block

e Affine Transformation - Mobile phone locations are shifted a certain distance and

direction from actual location

e Random Perturbations - Random errors are introduced into the mobile phone
locations. For example, a random point is chosen within 500 meters of the original

location to represent the correct point.

In the realm of emergency evacuations, further analysis is needed to determine an opti-
mum solution to protect the privacy of citizens while also providing them with the optimum
evacuation route that minimizes risk and distance traveled. There are a lack of guidelines
on when it is appropriate to collect information from individuals without their knowledge
while maintaining their privacy (Sui and Goodchild, 2011). With increasing concerns over
spatial data privacy, Elwood and Leszczynski (2011) states that the current privacy conflicts
will influence expectations of citizens and policies and procedures that data stakeholders
follow. In a recent survey, Kar et al. (2013) found that the majority of U.S. citizens agreed
to the collection of location data during an emergency; however, there was disagreement
over how how the location data could be used.

In conjunction with state, local, and tribal emergency managers, FEMA should evaluate
and implement better methods of integrating mobile devices and social media into emer-
gency response while providing a solid measure of privacy for citizens. To alleviate concerns
of citizens regarding location privacy during an emergency evacuation, location data should

only be shared when an individual authorizes this data to be shared or when they send
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location data directly to emergency managers. Placing the location sharing ’on/off” but-
ton where a message is sent would enable citizens more control over when their location
is shared or not. As with a 911 call, if procedures are put in place to capture emergency
reports through the Internet or social media outlets, then location data should be sent
automatically to 911 call centers using secure Internet protocols. Other concerns such as
language translation should also be addressed while determining the appropriate procedures
to process the messages. This ensures that when an emergency is reported first responders

will have the ability to respond to an incident as needed.

2.4.1 Social Media and Emergency Evacuations

Emergency managers are beginning to understand the wealth of information that social
media can provide and are working to develop procedures for collecting reports from social
media. Understanding relationships and interactions within social networks provides an
opportunity to gather and analyze valuable information leading to additional insight during
emergency response (Li and Goodchild, 2010). Many emergency managers around the world
realized the importance of smartphones and Twitter after the 2011 earthquake and tsunami
in Fukishima, Japan. In September 2012, the Japanese government conducted an exercise
in coordination with Twitter to send initial quake alerts and evacuation routes. In turn,
citizens were expected to report injured people along evacuation routes (Russell, 2012). In
the United States, several state and local governments used an Ushahidi crowdmap during
Hurricane Sandy (Waters, 2011). Twitter hashtags could be used to report power outages,
downed trees, or other hazards. Ushahidi, established in 2008, was initially used following
the Haiti earthquake in 2008 to collect VGI from users through SMS, MMS (Multimedia
Messaging Service), and the internet (Okolloh, 2009; Meier and Munro, 2010; Zook et al.,
2010). This information was shared with emergency response and relief workers which en-
abled them to determine how to employ their limited resources efficiently (Okolloh, 2009).

Efforts to integrate social media into emergency responses have improved. Additional efforts
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to optimize the integration of social media during emergencies could include the develop-
ment of: (1) methods to geo-fence social media data based on 911 call center jurisdictions,
(2) procedures to use social media as an alternate two-way communication method, (3)
emergency hashtags which are always geolocated and (4) a process to educate the public
on the appropriate use of these hashtags.

As of 2012, social media is mainly used as a one-way communication tool. Social media is
not a primary means of communication. However, social media can be used as an alternative
method for two-way communication between citizens and emergency management. Social
media provides an ad-hoc platform for connecting individuals with different experience
levels and enabling a flexible, yet robust method for gathering, sharing, and employing
knowledge for emergency response (Yates and Paquette, 2011). A social network dedicated
to emergencies would be an accepted tool, especially among younger citizens (White et al.,
2009). Teen mobile phones rates have increased from 45 percent in 2004 to 77 percent in
2011 (Lenhart et al., 2010). Figure 2.2 provides a recent analysis of mobile phone rates
across individual generations. Since Ages 12-17 data was not collected for 2010, 2011 data
was used for Ages 12-17. Brenner (2013) found that 67% of online adults in the U.S. use
social networking sites. 71% of women use social media compared to 62% of men and that
70% of urban citizens use social media compared to 61% in rural areas.. In Figure 2.3,
younger generations use social media more than older generations. As emergency managers
realize the increasing value of mobile phones and social media as a situational awareness
tool, additional efforts should be made to integrate efficiently these tools into the emergency
management cycle via a common methodology and application.

The phrase given enough eyeballs, all bugs are shallow is known as Linus Law (Raymond
2008). The so-called Linus law can be applied to the collection and analysis of VGI during
emergency evacuations and terrorist events in densely populated areas. For example, in a
densely populated city like New York City or Washington, D.C., the majority of citizens
use a smart phone and most smartphones are GPS enabled. Zickuhr (2012) found that

74% of smartphone owners use real-time location-based services on their phone. With a
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Figure 2.2: Percentage of Americans in 2010 who own a Mobile Phone, by Generation.
(Source: Lenhart et al., 2010; Zickuhr, 2011)

population of over 8 million people, NYC provides an excellent opportunity to use VGI to
report emergency events (e.g. a car bomb, or a shooting and hostage situation at a school,
etc.) (New York City Population Division, 2010). VGI, about the location and type of
event, as well as photographs, could be used by emergency services and citizens to minimize

their risk in the hazard zone.
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Figure 2.3: Percentage of Online Americans in 2012 who use Social Media, by Generation.
(Source: Brenner, 2013)

2.4.2 Minimizing Risk with VGI

Data fusion supports the collection, organizing, and interpreting of multiple sources of data
during an emergency evacuation. Using GIS to analyze the data during an emergency evac-
uation assists planners and decision makers during the mitigation, preparation, response,
and recovery (Cova, 1999; Toomey et al., 2009). During a no-notice evacuation, emergency
services personnel utilize response plans or standard operating procedures to respond to
events.

Traditionally, citizens have relied on knowledge of the surrounding area, emergency

services personnel, and their social networks (including family, friends, and colleagues) to
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evacuate from the hazard zone. With increasing use of social media to share information,
many citizens now disseminate information and expect to receive information through social
media (e.g. Twitter, Facebook, etc.) (American Red Cross, 2011b). Social media sites allow
individuals to connect to personal and professional networks (Crowe, 2012). For example,
an individual may have a personal account on Facebook to stay connected with family and
friends; however, their account on LinkedIn is for professional connections. A sense of trust
is developed by followers and stakeholders when they belong to a social network over time;
therefore, developing a method of utilizing social networks prior to an event is critical to
ensuring trust between government agencies and citizens (Crowe, 2012; Waters, 2013). In a
2011 survey, 80 percent of the general population believed that social media sites should be
regularly monitored by national emergency response organizations (American Red Cross,
2011b). The Risk Steering Committee of the U.S. Department of Homeland Securitys Office
of Risk Management and Analysis found that outside of natural disaster preparedness, DHS
risk capabilities and methods are not yet adequate for supporting DHS decision making,
because their validity and reliability are untested (National Research Council, 2010). The
Australian Government evaluated social media as a tool for collecting and sharing informa-
tion during emergencies and seeks to use this real-time crowd-sourced information to help
people make the right decisions in a more timely manner (NGIS, 2009).

Using VGI is an important resource to further develop, thus enabling citizens to become
sensors (Leslie and Waters, 2009). Social media has proven effective in modeling and visu-
alizing the effects of disasters and other events across geographic areas (Stefanidis et al.,
2011). Cheng et al. (2010) found that 5% of Twitter users had detailed location data (e.g.
coordinates) and about 21% had a local granularity (e.g. city, borough) whereas Stefanidis
et al. (2011) found that 16% of Twitter users had detailed location data and 45% had a
local granularity. Most recently, Crooks et al. (2013) found 14.7% of tweets with detailed
location data; however, about half of those were retweets. Differences in the percentages of
detailed location data may be accounted for by differences in the percentage of smartphone

devices as well as cultural sensitivity to sharing location data.
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Crowdsourcing and harvesting geographic information has proven to be more beneficial
to emergency response personnel than the risks associated with using this data (Goodchild
and Glennon, 2010; Stefanidis et al., 2011). Using VGI and Ambient Geographic Infor-
mation (AGI) provides additional information (although with some level of uncertainty)
and therefore these data can be used to determine risk within the evacuation zone during
no-notice evacuations. This research (Oxendine et al., 2012) seeks to provide a model for
minimizing risk and distance traveled for evacuees during a no-notice evacuation scenario
in a major metropolitan area by including VGI and AGI along with emergency services
reports (evacuation zones, incidents, among others).

The US Department of Homeland Security model for risk analysis is a function of threat
(t), vulnerability (v), and consequence (c) (National Research Council, 2010). Models have
been developed that accurately model risk for natural disaster preparedness. However, the
task force did not find any evidence that other areas within the DHS model were accurately
represented. Our future research efforts seek to address risk in urban environments by
modifying the current DHS risk model. Goodchild and others have addressed the concerns
of accurate reporting when using VGI and AGI (Goodchild, 2007a; Goodchild and Glennon,
2010; Haklay, 2010; Li and Goodchild, 2010) . In the Santa Barbara fires, Goodchild and
Glennon (2010) found that the need for timely information was more important than the
concern over the quality of the data received. This research seeks to address the need for a
model that provides timely information, using VGI and AGI, while also providing a measure
of confidence in the accuracy of the model.

VGI, introduced by Goodchild (2007a), refers to the information that volunteers collect
and submit, for example to open source mapping projects. Open source mapping projects
are successful because individuals volunteer their time to collect, submit, and edit infor-
mation on the maps. There were over seven billion people on our planet, each capable of
collecting and sharing volunteering geographic information about their location (The World

Bank, 2012; Goodchild, 2007a). Mobile devices provide a platform for collecting VGI and
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provides two-way communication in the form of text messages, voice messages, and mo-
bile applications. Current remote sensing technologies lack the fidelity of billions of mobile
sensors provide to geographers, emergency personnel, academics, and others.

The impacts of VGI on mapping provide tremendous potential to impact billions of
citizens around the world. Although there are still questions, about the quality of VGI
data, as noted above given enough eyeballs, all bugs are shallow (Raymond, 2008), and
entities such as OpenStreetMap provide accurate maps using the idea that when many
people scan and cross reference their maps they will find and correct discrepancies. This
is known as The Wisdom of the Crowds (Surowiecki, 2004) or more recently crowdsourc-
ing (Howe, 2006; Sui et al., 2012). There is not universal agreement on the definition of
crowdsourcing (Estellés-Arolas and Gonzélez-Ladrén-de Guevara, 2012). Estellés-Arolas
and Gonzélez-Ladrén-de-Guevara review the literature on crowdsourcing and define any
type of crowdsourcing as “a type of participative online activity in which an individual,
an institution, a non-profit organization, or company proposes to a group of individuals
of varying knowledge, heterogeneity, and number, via a flexible open call, the voluntary
undertaking of a task.” For example, for OpenStreetMap that task has been the creation
of a reliable road network.

Harvey (2013) divides crowdsourced geographic information into volunteered geographic
information (VGI), where a user opts-in and contributed geographic information (CGI)
where the user opts-out. An example of VGI is the submission of GPS and attribute
data to update OpenStreetMap, whereas an example of CGI is the collection of location
and speed data from mobile phones to detect traffic patterns on highways. Whether a
contributor opts-in or opts out affects when and how the data can be visualized, shared, or
translated (ibid.). The importance of contributors of VGI or CGI to an understanding of
when and how the data they are contributing is used highlights the privacy concerns, noted
above, that citizens may have with the use of their data during an emergency evacuation.

Evacuation route optimization has been researched for many years leading to improve-

ments in emergency evacuations routing (ReVelle and Swain, 1970; Church and Cova, 2000;
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Kwan and Lee, 2005; Algada-Almeida et al., 2009; Oxendine et al., 2012). Altay and Green
(2006) propose that operations research has significant applications during disaster response
and call for improved methods and technology to improve disaster management. Abdel-
gawad and Abdulhai (2009) outline two important challenges in determining routes during
emergency evacuations: a lack of hazard prediction methods that model the predicted
hazard area and a lack of methods for dynamically assigning evacuation routes within the
network. Integrating VGI, such as citizen locations and reported incidents (e.g. Waze), into
previous models enables emergency managers and citizens to model risk in an evacuation
zone. VGI also enhances the ability of emergency managers to route citizens on evacuation
routes while minimizing risk and distance traveled. Smartphones, social media, and mo-
bile mapping applications provide a toolset that enable two-way communication between
citizens and government officials and address the challenge of dynamically routing citizens

during a no-notice evacuation.

2.5 Conclusion

Methods for leveraging evacuee locations and providing notification and evacuation routes
in an evacuation zone cross into a new paradigm with the availability of smart phones and
increasing positional accuracy. The following elements must be implemented to successfully
develop a mobile application platform that supports no-notice emergency evacuations: edu-
cation of the public, optimization of evacuation routes, development of methods of two-way
communication and a common platform for citizens and government officials.

Education of the public on how mobile applications support emergency evacuations
and how their privacy is protected is key to building trust in the common platform. As
part of this effort, FEMA and other emergency management organizations must continue
their efforts to educate citizens on the proper procedures for using mobile devices, mobile
applications, and social media during an emergency. Efforts to educate citizens on tools
available during a crisis should occur continually; however, many citizens are likely to search
for assistance or information just before or after an event. Increased marketing during these
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times would most likely have the biggest benefit for citizens and emergency agencies.

Researchers have called for additional methods for fusing GIS and social media (Sui and
Goodchild, 2011). GIS-supported mobile applications and social media provide alternative
methods of two-way communication that allow citizens to report incidents to a 911-call
center. Using GIS to analyze information reported through mobile applications and so-
cial media during a no-notice emergency evacuation enables government officials to model
risk and communicate this risk to citizens through various communication modes. As was
seen in past incidents, 911 operations centers lose communications through analog phones
and methods must be established to provide alternative and contingency communication
methods. The ability to connect through cellular or Internet networks as an alternative
communication method is necessary. Mobile technologies are continuously improving and
provide an increased ability to emergency managers to augment risk awareness among citi-
zens and therefore mitigate hazards during evacuations.

For the duration of Hurricane Sandy, Federal, State, and Local agencies as well as cor-
porate entities made Internet and mobile applications available for reporting incidents. Yet
with so many options available, there was limited collaboration across the mobile appli-
cations. Although a step in the right direction, there is a need for a common platform
developed in coordination with international, national and local government agencies that
enables citizens to communicate with emergency managers and for government agencies to
share information. This common platform should provide a spatially and temporally inte-
grated capability for the emergency operations center to receive and analyze reports from
citizens within their jurisdiction.

As noted above, the Japanese Government recently conducted an emergency exercise
in coordination with Twitter (Russell, 2012). Twitter and smartphones were keys tools
used by the Japanese Government for emergency notification and sharing information with
its citizens. The next step in improving these systems is enabling two-way communication
and improving accessibility of maps during an emergency, thus providing citizens with an

alternative communication method and mapping tool. Not only would citizens benefit, but
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non-government and government agencies would benefit from a common platform that could
assist in identifying impacted areas and focusing response efforts in those regions (Oxendine
et al., 2012). As part of this effort, citizens should be educated on alternative methods of
communicating risk during an evacuation resulting in increased awareness to their commu-
nity and emergency managers during the next disaster. Emergency managers would also
be more knowledgeable of the risk to citizens and be better prepared to communicate this
risk through multiple communication channels. With the capabilities of collecting data,
analyzing it, and sharing visual and textual information, geographic information systems

are ideally positioned to provide and coordinate these developments.
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Chapter 3: A Multi-Objective, Multi-Criteria Approach to

Improve Situational Awareness in Emergency Evacuation

Routing Using Mobile Phone Data'

3.1 Abstract

Emergency services personnel face risks and uncertainty as they respond to natural and
anthropogenic events. Their primary goal is to minimize the loss of life and property,
especially in neighborhoods with high population densities, where response time is of great
importance. In recent years, mobile phones have become a primary communication device
during emergencies. The portability of cell phones and ease of information storage and
dissemination has enabled effective implementation of cell phones by first responders and one
of the most viable means of communication with the population. Using cellular location data
during evacuation planning and response also provides increased awareness to emergency
personnel. This chapter introduces a multi-objective, multi-criteria approach to determining
optimum evacuation routes in an urban setting. The first objective is to calculate evacuation
routes for individual cell phone locations, minimizing the time it would take for a sample
population to evacuate to designated safe zones based on both distance and congestion
criteria. The second objective is to maximize coverage of individual cell phone locations,
using the criteria of underlying geographic features, distance and congestion. In summary,
this paper presents a network-based methodology for providing additional analytic support

to emergency services personnel for evacuation planning.

!The majority of the material included in this chapter was submitted as a manuscript to Transactions
in GIS: Oxendine C, Sonwalkar M, and Waters N. 2012. A Multi-Objective, Multi-Criteria Approach to
Improve Situational Awares in Emergency Evacuation Routing Using Mobile Phone Data. 16(3):375-396.
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3.2 Introduction

Natural and anthropogenic events that require emergency response and evacuation planning
should have population dynamics as its cornerstone. First responders, not only have to
safely evacuate the population to the safe zones, but also must pay special attention to
children, elderly people, and disabled people. Evacuations based on objectives relevant to
the response area are critical. Some of the objectives of a typical evacuation plan involve
subjective priorities, time, communication, and maximal areal coverage. First responders
plan and prepare for evacuations and assign resources based on defined objectives. Several
challenges exist that could hamper an effective evacuation plan regardless of the location
of the disaster and technological know-how of emergency response units. Disasters strike
developed and developing regions as well as urban or rural communities. Effective means
must be deployed across a particular region with adequate planning and foresight. However,
the challenges are markedly different in the regional categories mentioned above.

This chapter discusses disaster response and evacuation planning for the borough of
Manhattan, New York City, NY (see Figure 3.1). The challenges of achieving evacuation
planning objectives for any densely populated city stem from three critical behavioral issues:
1) Altruistic behavior, 2) Normalcy bias and 3) Collective Syncing (National Research
Council, Committee on Disaster Research in the Social Sciences: Future Challenges and
Opportunities, 2006).

Altruistic behavior refers to a sense of concern for the welfare of others. This sense of
helpfulness, although a noble virtue, could lead to a potential loss of life during emergencies.
Normalcy bias refers to the mental state of human beings to underestimate the risks, during
disaster, and its effects immediately after the disaster. This may lead to complacency on
the part of individuals during emergencies and could lead to a breakdown of communication
with the first responders. This of course, with the caveat that an orderly evacuation was not
communicated to these individuals. The issue of collective syncing arises when individuals
tend to follow each other as a group during disasters. This could also lead to a potentially

disastrous situation when group leadership makes a wrong decision, especially when time

28



¥ Safe Zones
" 0 1,002,000 Ft_~% e Mobile Phones

[ | ) -

Figure 3.1: Map of the Study Area

is critical. As emergency personnel prepare and plan for evacuations, ideally they should
take into consideration these important factors.

Mark Weiser, one of the early researchers of ubiquitous computing, commented on the
trend of pervasive computing across several problem domains (Weiser, 1991, 1993). The
extension of these ideas across disaster response and recovery occurred as a direct result of
this vision (Jiang et al., 2004; Catarci et al., 2008). In terms of providing users services,

ubiquitous computing refers to the accessibility of communication and computation with
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individuals via handheld gadgets, such as cell phones and smart phones. In the case of dis-
aster response, first responders will be better equipped with a service that can communicate
with individual cellphones and therefore provide subjects with directions to guide them to
safety. This first responder-subject communication via mobile phone is critical to avoid a
host of issues related to evacuation planning, including the three behavioral issues listed
above.

In June 2011, the United States mobile penetration rate was over 101% (CTIA - The
Wireless Association, 2012). The International Telecommunications Union (ITU) estimates
that there are currently over 5.9 billion mobile subscriptions around the world (International
Telecommunications Union, 2011b). Leveraging technology as a component for ubiquitous
communication and computing is only natural. Emergency response personnel are responsi-
ble for conducting emergency operations, including, but not limited to emergency evacuation
and response. Performing spatial analysis for route calculations includes static and dynamic
mapping in the emergency evacuations arena. Therefore, emergency planners require a set
of analytics that can be quickly deployed and provide them with various evacuation options.

This chapter presents a methodology that can be adapted for use by emergency planners
during their preparation for different emergency scenarios. The analysis uses the weights of
evidence method and network route calculations to minimize time for individual evacuations
and maximize coverage within the evacuation zone. Criteria used in the analysis includes:
a) distance as a metric for time, b) congestion as a metric for time, c) spatial association
of points with underlying geographic features as a metric for maximizing coverage, and d)
area density as a metric for congestion for maximizing coverage.

The remainder of this chapter is organized as follows. Section 3.3 provides an overview
of evacuation planning methods, including the use of geospatial techniques and network
analysis to solve routing problems. Section 3.4 discusses the proposed methodology to plan
an evacuation, using the weights of evidence method and network analysis. Finally, Section

3.4 presents results, followed by the conclusion and recommendations for future research.
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3.3 Overview of Evacuation Planning Methods

Evacuation planning using route optimization has been extensively researched for several
decades (ReVelle, 1989; Cova and Church, 1997; Church and Cova, 2000). The p-median
problem, when studied in the context of evacuation planning, transforms a typical network
based solution to a facility-network solution. If linear programming is used to solve a purely
network based problem via route optimization, the facility-network problem can be solved
using a combination of linear programming and/or spatial methods.

Revelle and Swain introduced a linear programming solution to the problem of central
facility location (ReVelle and Swain, 1970). Revelle and Swains research provided a method
for minimizing the travel time from numerous origins to their associated closest destination.
GIS has been used to address the complexity of increasing the number of facilities and
communities served to arrive at a computationally efficient solution (Church, 2002).

Over the years, evacuation planners have faced numerous challenges while determining
how to efficiently evacuate people from an area and determine the best routes to evacu-
ate individuals to safety (Cova and Church, 1997). Models have been developed to op-
timally locate emergency shelters for evacuations and for identifying evacuation routes in
low-population urban areas by comparing day and night time routes for a changing pop-
ulation (Algada-Almeida et al., 2009). One challenge that emergency evacuation planners
face is diurnal population change or changes that occur as a result of a major event (i.e.
sporting, music, etc). This causes population fluctuations yielding inaccurate evacuation
planning procedures. Urban areas, in particular, are in a constant state of change and plan-
ners need decision support tools that provide them with accurate and updated information.

Some methods from operations research and computer science address efficient multi-
objective, multi-criteria based solutions for resource management in supply chain and com-
puter networks, which can be emulated for evacuation planning (ReVelle and Swain, 1970;
Cova, 1999; Kwan and Lee, 2005). However, methods that can leverage evacuee locations

and provide notification and evacuation route in an evacuation zone crosses into a new
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paradigm with the availability of smart phones and their positional accuracies. Cayford
and Johnson (2003) have studied the use of cellular phone location data and associated ac-
curacies. They found up to 50-meter accuracy using 30-second updates; however, accuracies

are known to fluctuate (Cayford and Johnson, 2003).

3.4 Methodology

3.4.1 'Weights of Evidence

The Weights of Evidence (Agterberg, 1992) method has been applied and customized with
learning algorithms for studying spatial patterns of point features. It has a been used
extensively in mineral exploration for identifying mineral deposits, given a host of geological
layers as evidences for their predictions (Agterberg et al., 1993; Raines and Mihalasky, 2002).
The method has also used to predict a hypothesis about occurrence of a phenomenon based
on combining known explanatory variables (evidence) associated with the phenomenon.
This paper applies weights calculations from the WoE method creating a spatial association
matrix for use in the network route calculations and for the multi-criteria, multi-objective

analysis for evacuation planning (as shown in Figure 3.2).
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Figure 3.2: Illustration of the Calculation of Weights

The following demonstrates the weights calculations:

N(T) represents the total number of unit cells across the B and NOT B regions,
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N (B) represents the total number of unit cells covered by a category of geographic evi-

dence B.
N (D) represents the total number of cell phone locations in the evidence category.

N (B&D) represents an overlap between the cell phone locations and an evidence category.

Thus,

e N(T) = 1000 unit cells (total area (B 4+ Not B))

N (B) = 500 unit cells (Area covered by B)
e N(B&D) = 20 (count of number of cell phone points on B)

e N(D) = 30 (count of total number of cell phone points)

The weights and Contrast C calculations are then represented as:

W+ = In[P(B|D)/P(B|D)] = 0.2980 (3.1)
W— = In[P(B|D)/P(B|D)] = —0.4157 (3.2)
C=W+-W-=0.7138 (3.3)

The conditional probability represented by B — D seeks to find the probability of occurrence
of a geographic feature given known cell phone locations. A complement C to either (B or
D) represents the absence of occurrence. In our example, there are two geographic feature
(road connectivity towards safe zone, and proximity to the safe zone) themes - each with
six categorical classes. Thus, there are 36 different weights calculation for the evidences.
In the equations above, W+ refers to the weight associated with a categorical class of a
theme, given the presence of subject (cellphone) D, whereas W — refers to the negative
weight and hence negative association with a categorical class of a theme, given the absence
of subject (cellphone). The value of Contrast C, a measure of strength of association of

each evidence layer towards the presence or absence of object is calculated by combining
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the higher positive weights with the higher negative weights (lesser in value). In simple
terms, this scheme gives exaggerated preference to the presence of objects and penalizes
the value of a particular evidence theme for their absence. C' is used as a criterion weight
for multi-objective / multi-criteria analysis. The studentized value of C, calculated as the
ratio of C' to its standard deviation, C'/s (S_Contrast), serves as a guide to the significance

of the spatial association (Bonham-Carter, 1995).

3.4.2 Multi-Objective/Multi-Criteria Analysis

Decision rules are based on combination of subjective and objective information for the
presented study. The decisions in our case involved choosing features for analysis and their
classifications, choosing distance measures for safe zones, and choosing the appropriate gen-
eralization scheme. The data driven objective decisions were made by identifying the most
relevant class categorization of features based on the known dataset and spatial association
between various geographic layers. The following paragraphs defines the terms of objective

and criterion and its descriptions for the presented study.

Objectives: The decision rules are identified based on the context of the objectives set
for a particular problem. Objectives are means of testing the functional outcome of solving

a problem analytically and can be used to validate the analysts intent.

Criterion: A criterion is some basis for a decision that can be measured and evaluated.
Criteria can be of two kinds: factor and constraint. A factor is a criterion that enhances the
suitability for an alternative, whereas a constraint limits the alternative under consideration.

For the presented study, the complementary objectives are to:
e Reduce time for individual evacuations and

e Expand coverage for evacuating most individuals.

To satisfy the above objectives, the following criteria was used for calculations:
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Distance as a metric for time

Congestion as a metric for time

Spatial association of points with underlying geographic features
e Area density as a metric for congestion.

The evacuation plan presented includes three safe zones locations. The buffer distance
for these safe zones is 500 meters. The importance of evacuation beyond this buffer distance
increases with the increased evacuation distance and time. Thus, given three safe zone
locations, the task is to optimize routes from incident sites by minimizing distance and
congestion, maximizing the spatial association with geographic features, and maximizing
coverage to evacuees. A final optimization that will maximize the total score, which is a
linear weighted combination of all the above factors is also desired. Table 3.1 shows the
criteria for the two objectives.

Using weighted linear combination (Voogd, 1983), the criteria parameters are combined

by applying scaled weights based on two parameters each, for weights of evidence and routes.

Thus,
S = Z W; Tg (3.4)

Table 3.1: Objective Criteria
Criteria Minimize Maximize Factor Constraint
Shortest Distance (Routes) X X
Road Congestion (Routes) X X
Spatial Association Geographic Features X X
(WoE)
Area Density (population coverage) (WoE) X X
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where, S is the suitability index, w; is the weight of factor ¢ and x; is the criterion score of
factor i. The criterion weights for the factors are computed using the WoE method, while

the criterion weights for the constraints are computed using a cost function.

S = Z Cz; for factors (3.5)

A contrast value C' is calculated using weights of evidence method, providing both
a positive and negative weight to the association between locations and the two chosen
underlying geographic features (road connectivity towards safe zone, and proximity to the

safe zone). The criterion weights for the constraints is based on a cost function:

S = Z Cost;jx; for constraints (3.6)

Where, Cost;j = f(W, L, D). Here W represents the width of individual road segments,
L is the length of individual road segments, and D is the shortest distance from the nearest

safe zone.

After the factors and constraints are developed, evaluation of the criteria involves com-
bining individual maps and ranking each of the cells to get an overall generalized evacuation
map of the study area (see Figure 3.3). A test case for 11 sample cell phone locations are
also evaluated for optimal routes to the safe zones using a linear weighted combination of

the above four criteria as a cost along each of the routes (see Figure 3.4).

3.4.3 Network Routing

ESRI ArcGIS Network Analyst was used to determine routes for each of the criteria used in

this study. The Network Analyst extension solves several routing problems, route analysis,
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Figure 3.3: Linear Weighted Cost Map

closest facility, and Origin-Destination (OD) cost matrix. These tools are all based on Dijk-
stras Algorithm, a well-known algorithm that finds the shortest path on a graph (Dijkstra,
1959).

Route Analysis provides the shortest route from a starting point to one (or more) des-
tinations in a network. Closest Facility determines routes from incidents and facilities,
determining which facility is closer to each incident. Closest facility can solve for travel
from the incident to the facility or from the facility to the incident. Closest facility deter-

mines the costs for traveling to the facility, as well as provides driving directions. Since
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Closest Facility also provides

cost matrix. The OD cost matrix finds the shortest distance between multiple origins and
destinations and is more efficient when solving for multiple origins and destinations. The

closest facility tool provides the necessary information to complete our analysis of the routes,

Best Routes Using Linear Weighted Cost

driving directions, it is a less efficient method than the OD

as well, as provide routing information from the incident to the Safe Zone.

The closest facility function is based on Dijkstras algorithm, which determines the short-

est length between two nodes

path between an incident and all facilities is determined and the closest facility is then

in a graph (Dijkstra, 1959). In Network Analyst, the shortest
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Figure 3.5: Shortest Routes

selected. Driving directions are provided from that incident to the facility.

The Closest Facility tool was used to find only one facility; however, it can be used
to find more than one facility (i.e. to find the 3 closest facilities). There are additional
constraints, such as limiting the route to a certain distance or time away from the incident.
This can be used to limit the processing time or can be implemented as part of a real-world
constraint. Finally, additional constraints such as adding point, line, or polygon barriers are
very important when determining evacuation routes and ensuring evacuees are not directed

into known hazardous areas.
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Figure 3.6: Best Routes with Minimum Congestion

3.4.4 Determining Evacuation Routes

In order to determine the optimum route for individuals in the evacuation area, it is neces-
sary to gather cell phone location data within the evacuation area, to determine designated
safe zones, and to determine possible road networks and pedestrian trails that can be used
as evacuation routes. The following section provides details on the determining the routes
for each of the criteria and for the criteria combined.

The initial on-scene commander or the Emergency Operations Center (EOC) designates

Emergency Evacuation Safe Zones. For this study, Designated Safe Zone #1 is located
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Figure 3.7: Best Routes Using Weights of Evidence to Minimize Congestion

at the parking lot of Public School 142 (intersection of Attorney St and Delancey St),
which will be used as a staging area for emergency personnel as well as location for ground
transportation to transport pedestrians away from the area. Designated Safe Zone #2 is
located near a subway and hospital (intersection of Pearl Street and the Avenue of the
Finest). Designated Safe Zone #3 is located in a large parking lot that provides a staging
location for emergency personnel and ground transportation (intersection of Spring St and

Washington St).

The on-scene commander or EOC designates the evacuation zone. To test the model for

41



N umEEEE S N
\ " [Routes to Safe Zone

- ——
%= —— )
\ — 3
\ 'y + Safe Zones
~ L (0]

0 1,000 2,000 Ft Incidents y

e

Figure 3.8: Best Routes Using Weights of Evidence - S_Contrast

determining the quickest evacuation routes, eleven (11) incident sites were randomly chosen
in the study area. The first two criteria for determining the routes included: finding the
shortest distance (Figure 3.5) and finding the route of least congestion (Figure 3.6) using
the closest facility tool in ArcGIS Network Analyst. The next four methods used Weights of
Evidence to determine the quickest evacuation routes: road distance minimizing congestion
(Figure 3.7), road distance minimizing S Contrast (See Figure 3.8), shortest distance from
the Safe Zones minimizing congestion (Figure 3.9), and shortest distance from the Safe

Zones minimizing S Contrast (Figure 3.10). Finally, Figure 3.3 presents a linear weighted
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Figure 3.9: Best Routes WoE Distance & Congestion

combination to solve for the best route from each incident to their closest Safe Zone. Routes
for each method were solved using ArcGIS Network Analyst after determining the cost of
the road arcs. An overview of this methodology is provided in Figure 3.11.

The next step is to determine optimum routes from each evacuation safe zone to each
road intersection. The Closest Facility function in Network Analyst provides the shortest
route to each intersection from the safe zone. Figure 3.6 displays routes (symbolized ac-
cording to closest facility) that were generated for the 11 individual evacuation sites to their

closest safe zone. The sample size of cell phones in New York City would be significantly
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Figure 3.10: Best Routes Using Weights of Evidence - Distance and S_Contrast

larger and require significant computing to solve the routes for each cell phone. In order to

minimize the complexity of the methodology, routes from the road intersections are deter-

mined and cell phones are assigned to the closest intersection providing an individual with

an evacuation route.

The closest road intersection for each cell phone was determined using a spatial join.
Each cell phone is matched to the closest road intersection (node) and the attributes of the
node (including route from that node to the closest safe zone) are assigned to that cell phone.

The final step is exporting the data in a format that can be shared with emergency service
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Figure 3.11: Methodology Chart

personnel and others in order to broadcast evacuation routes. Emergency planners can also
use this data for determining where to position police checkpoints or to send ambulance

vehicles, paramedics, and other response vehicles.
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3.5 Case Study Used for Analysis

3.5.1 Study Area and Data

New York City was selected as a study area for this research. The study area is approxi-
mately 4512 acres. Street networks were collected from the New York City Data Mine and
used to create a network data set in ArcGIS (New York City, 2011). Street data includes
the bridges from Manhattan to NJ and the other boroughs in NYC. Census data was col-
lected of the evacuation area for mapping the city boundaries (U.S. Census Bureau, 2011).
Data is mapped using the New York Long Island State Plane Projection, NAD 1983. See
Figure 3.1 for map of study area, along with street network, and cell phone locations used
in this research.

Cellular phone location data was downloaded from OpenCelllD, a database that provides
open source cellular location data (OpenCellID, 2011). A total of 16,597 cell phone locations
were used in the analysis. The data attributes include: Id (individual row identity) Latitude,
Longitude, Mobile Country Code (MCC), Mobile Network Code (MNC), Location Area
Code (LAC), id_of cell (identification number for mobile phone), extralnfo (miscellaneous

field), created_at (date when collected), and signal (measure of signal strength).

3.5.2 Information Dissemination - Output

This methodology determines the best routes from each cell phone location to the closest
safe zone (three total safe zones). The results of this study identified evacuation routes for
15,000 cellular phone locations. The .dbf file that was produced contains the route name,
cell id, and route directions. After the optimal route was identified for each phone location,
the information can be converted to other formats, such as KMZ so it can be shared with

emergency services personnel and individual cell phone users.
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Table 3.2: Cost to Travel From Each Incident to the Closest Safe Zone

Incident Safe Zone Cost(Distance) Incident Safe Zone Cost(Congestion)
1 2 5820 1 1 0.002027
2 2 3355 2 1 0.000015
3 1 3576 3 1 0.000011
4 1 2934 4 1 0.002098
5 2 2215 5 2 0.001085
6 3 2896 6 3 0.00001
7 2 3483 7 2 0.000009
8 2 2327 8 2 0.000008
9 3 4547 9 2 0.000013
10 3 2996 10 2 0.000012
11 3 7256 11 3 0.000425

3.5.3 Analysis

In Figure 3.5, the best routes are determined for each incident site using the criteria of min-
imum distance to the closest Safe Zone. In Figure 3.6, routes are determined by minimizing
congestion from each incident to the closest Safe Zone. There are significant differences in
the routes between Figure 3.5 and Figure 3.6. Using congestion as a measure increases the
distance traveled for all routes except the route from Incident 6 to the closest Safe Zone
(see Table 3.2 ). The remaining routes increase the distance traveled, ranging from 0.43%
to 120% with a mean increase of over 29% in distance. Determining the best route by min-
imizing congestion and total distance traveled resulted in a slight increase (0.09% average
for the 11 incidents) in the total distance traveled. The largest increase in distance traveled
was less than 1%. Distance traveled will change as congestion varies within the city street
network (i.e. rush hour traffic, snow storm, protest, parade, etc.).

The weights calculation from the Weight of Evidence method was used to measure
congestion and the spatial association of the number of cell phone users to the street network
(using two geographic feature layers) for the variable of S Contrast. Weights of Evidence

is used to measure the association between the distance from the incident to the Safe Zone
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for variables of congestion and S Contrast (See Figure 3.7 and Figure 3.8). Congestion
is measured as the number of cell phone users who have been located within an area and
distance is measured using Manhattan Distance. There are significant changes in the routes
using Congestion and S Contrast parameters, resulting in three of eleven incident routes

being redirected to a different safe zone (see Table 3.3 and Table 3.4 ).

Table 3.3: Weights of Evidence Distance from Incident to Safe Zone

Incident Safe Zone Congestion Incident Safe Zone S_Contrast
1 2 0.2182 1 2 1.9386
2 2 0.1075 2 1 1.6885
3 1 0.1237 3 1 1.37
4 1 0.105 4 1 1.3945
5 2 0.0642 5 2 1.5051
6 3 0.097 6 3 1.6627
7 2 0.0973 7 2 1.4835
8 2 0.0902 8 2 1.4698
9 2 0.1369 9 1 1.468
10 3 0.0756 10 2 1.5776
11 1 0.1819 11 1 1.5124

In Figure 3.7 and Figure 3.8, the congestion and S Contrast variables were calculated
using the Euclidean distance from the safe zones. Safe zone 2 is the closest safe zone for 7 of
the 11 incident sites when minimizing cost on the routes using congestion and S Contrast,
respectively. In Figure 3.7 and Figure 3.8, the routes are very similar; however, there are
some slight changes in the routes. For example, the route for Incident 5 in Figure 3.7
initially travels south, whereas in Figure 3.8, it initially travels to the east.

The evaluation criteria were used to determine the best routes individually. Figure 3.10
displays eleven (11) linear weighted evacuation routes. As a direct result of using a multi-
criteria, multi-objective approach, the linear weighted cost is reduced over 19% from the
cost calculated when determining the routes using only the minimum distance calculations

as the base case (Figure 3.5). As expected, this results in an increased distance traveled
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Table 3.4: Weights of Evidence Road Distance

Incident Safe Zone Congestion Incident Safe Zone S_Contrast
1 2 0.7016 1 2 0.845
2 2 0.4379 2 2 0.48
3 1 0.3425 3 1 0.4604
4 1 0.2977 4 1 0.4077
5 2 0.2977 5 2 0.3103
6 3 0.431 6 3 0.4566
7 2 0.2705 7 2 0.3583
8 2 0.2433 8 2 0.3089
9 2 0.4234 9 2 0.5577
10 2 0.2954 10 2 0.459
11 1 0.723 11 1 0.7223

Table 3.5: Evacuation Route Impedence for Sample Sites

Impedance - Length Impedence - LW Cost

Iri?c)lzlt LW Cost  Length LW Cost Length
To Safe Zone To Safe Zone
(Distance) (LW Score)

1 2 64.64 5820.46 2 49.73 10976.35
2 2 24.72 3354.61 2 23.52 3468.49
3 1 22.62 3575.98 1 21.01 3619.04
4 1 28.71 2934.08 1 22.44 3287.15
9 2 24.04 2214.89 2 19.19 2677.95
6 3 25.03 2896.27 3 25.03 2896.27
7 2 20.13 3483.50 2 20.13 3483.50
8 2 20.76 2326.97 2 17.99 2848.55
9 3 47.44 4547.28 2 % 28.80 4846.37
10 3 37.39 2996.10 2 * 24.94 3411.74
11 3 55.71 7256.37 1* 46.44 11380.80
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(increase of 27% for the 11 sample incidents), with a prime advantage of a safe evacuation.

3.6 Conclusions and Future Work

Currently first responders and emergency response planners plan evacuations based on cen-
sus data and updated population estimates for evacuation zones. This research methodology
provides a means for sharing additional information with emergency personnel during their
response to an emergency or disaster. It also provides a more efficient means for determin-
ing best routes for evacuees based on their cellular location. This research serves to provide
first responders and emergency evacuation planners with a more informed decision-making
process as well as provides evacuees with a safe and efficient evacuation route.

Evacuation planning and response for tragic events, such as Hurricane Katrina and the
Japanese Tsunami highlight the need to take into consideration human behavioral aspects
of Altruism, Normalcy bias, and Collective Syncing. The need to model these parameters
in emergency response plans and models is critical. However, an alternative in leveraging
mobile connectivity and ubiquitous computing can also be an effective means for evacuation
planning and to help guide individuals during emergencies.

Future research in evacuation planning should include the development and integration
of dynamic data with methods for sending critical evacuation related broadcasts and rout-
ing to individual cellular phones in an emergency. Visualization techniques for presenting
evacuation routes on mobile devices such as smart phones, tablet computers, and laptop
computers should be further researched. Additionally, the use of social network analysis to
understand communication within families, friends, and employee networks during emer-
gency situations is critical. This is especially true for people with disabilities and the elderly.
Future research should also develop methodologies for sending aggregated location data to
Emergency—911 services in large—scale disasters or emergency situations, which could pro-
vide for more accurate population estimates, regardless of spatio-temporal changes. With

mobile penetration rates exceeding 100% in the U.S., mobile phones provide an excellent
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opportunity to explore additional methods for estimating population totals and diurnal pop-
ulation change with commuting / work schedules and during major events (International
Telecommunications Union, 2011a). Understanding the challenges of sending possibly mil-
lions of messages and associated data through the cellular network requires some additional
though into the prioritization of voice and data during an event. Policies that prioritize
emergency service voice and data transmissions should be implemented and a protocol for
implementing these policies should be understood by all companies (i.e. telephone, Internet,
data providers, among others), and government agencies. Finally, researching the scalabil-
ity of this methodology will determine the key factors that limit the number of people that
are notified and receive evacuation routes during an evacuation.

In countries with limited resources, access to a mobile cloud-based decision support
tool would greatly enhance the response and awareness of emergency services. In under-
developed countries, this scheme could prove beneficial to Non-Government Organizations
(NGOs) for estimating resources to respond to human needs. In conclusion, the privacy
of individual locations collected during emergency planning and operations should be safe-

guarded.
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Chapter 4: Analysis of Social Media Data to Reduce Risk

During No-Notice Evacuations

4.1 Abstract

From the 2007 Virginia Tech shooting to the 2011 Japanese earthquake and Tsunami, social
media have been used to generate a wealth of data and information. However, only a small
number of relatively limited techniques have been developed to integrate social media into
the emergency management cycle immediately following a no-notice disaster. In no-notice
evacuations, citizens are faced with determining whether or not to evacuate. When evac-
uating, evacuees determine the shortest and safest route to a safe zone. In October 2012,
emergency managers from Federal and local agencies participated in an Simulation Experi-
ment (SIMEX) at George Mason University to determine how social media can be utilized
to improve situational awareness. The SIMEX was conducted using the Citizen Emergency
Response Portal System (CERPS), which collected and shared information between the
EOC and participants. Chirp is a social media platform similar to Twitter; however, Chirp
is a closed system that reduces the likely-hood that the simulation is mistaken for a real
event, possibly leading to the Orson Welles effect (Leaming, 1995). Over 200 volunteers
participated in this exercise. The goal of the simulation was to demonstrate the viability of
receiving volunteered information from citizens during an emergency. This study analyzes
social networking data from the simulation to determine locations of reported incidents and
map the risk to evacuees. Evacuees are notified to shelter in place if they are within a
high-risk area. Citizens who can evacuate with minimal risk are identified and routed to

safe zones while avoiding high-risk areas.
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4.2 Introduction

Citizens and government agencies increasingly use social media and mobile applications to
communicate during crisis events (American Red Cross, 2012; Hughes and Palen, 2012). In
2012, over 20 million tweets were sent about the Hurricane Sandy (Olanoff, 2012). Social
networking sites, such as Facebook and Twitter, are used to update friends, family, and
co-workers and provide an alternate method to update large numbers of people with one
message as compared to making multiple phone calls. In the United States and many other
countries, local and state emergency management agencies have established a presence on
social media, primarily to disseminate information to citizens. Building a social media
presence prior to a disaster or emergency creates online credibility for government agencies
and non-profit organizations. With a credible social media profile, agencies increase the
network of followers who will share, re-tweet, or respond during an emergency providing an
alternate means of two-way communication.

Craig Fugate, the Administrator of the Federal Emergency Management Agency (FEMA),
said “individuals, families, and communities are our nations first first responders. The
sooner we are able to ascertain the on-the-ground reality of a situation, the better we will
be able to coordinate our response effort in support of our citizens and first responders”
(U.S. Congress, 2011). Further he states that FEMA values two-way communication from
all sources and that cell phones and social media have provided new methods of commu-
nication. Finally, he encourages state and local agencies to communicate with the public
through the use of social media sites.

Internationally, government agencies are focusing their efforts on using social media to
inform communities and as a multi-directional sharing platform during emergencies (NGIS,
2009; U.S. Department of Homeland Security, 2012). Many government agencies are con-
cerned with the reliability and validation of crowd-sourced information and the challenges
of filtering information from social media feeds (NGIS, 2009). The Australian Government
developed the report “Social Media helping Emergency Management” and following the
2010 earthquake in Christchurch, the New Zealand Government developed “Social Media
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in an Emergency: A Best Practice Guide” (NGIS, 2009; Rive et al., 2012). Realizing the
importance of social media as an alternate means of communication, these reports seek to
enhance the use of crowd-sourced data by government agencies and to enable the devel-
opment of new methods that will help save lives and reduce property damage in future
emergencies.

Geographic Information Systems (GIS) are robust tools that support emergency re-
sponse, evacuation planning, collecting and analyzing data from citizen sensors, risk mit-
igation, and emergency communication (Cova and Church, 1997; Cova, 1999; Zarcadoolas
et al., 2007; Goodchild, 2010). Although GIS provide increased support and more efficient
workflows, challenges exist with implementing GIS so that lesser-educated citizens can un-
derstand digital and paper-based GIS products (Zarcadoolas et al., 2007). Zarcadoolas
et al. found that over 83 percent of lesser-educated participants in their study could not
identify their evacuation zone. With smartphone saturation rates of over 50 percent in
the U.S. and numerous mobile applications that provide GIS enabled features, researchers
and developers have the tools and knowledge to better inform citizens during evacuations.
The Federal Communication Commission (FCC) in coordination with the FEMA, recently
developed Wireless Emergency Alerts (WEA). WEA is also known as the Commercial Mo-
bile Alerting System (CMAS) and Personal Localized Alerting Network (PLAN). WEA is
a tool that notifies citizens with a 90 character message, similiar to a text message, but
WEA messages have higher network priority than text messgages. The messages are sent
based on their mobile device’s location (Federal Communications Commission, 2013; CTIA
- The Wireless Association, 2013). Integrating WEA, smartphones, and social media to
support crisis events enhances multi-modal two-way communication between federal, state,
and most importantly local authorities and citizens and increases situational awareness.

Social media provides near real time data on crisis events, enabling emergency managers
the ability to communicate with citizens through mobile phones and mobile applications.
Various techniques have been developed to extract information from social media feeds to

improve situational awareness (Palen et al., 2010; Stefanidis et al., 2011). Zhao et al.’s
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(2011) recent work demonstrated a technique that detected events using Twitter within 40
seconds of the event. Near real-time detection of events techniques leads to the question,
how can we use the data gained from such events to minimize risk to citizens during crisis
situations. This research introduces a method to model risk within an urban area using
social media. The risk model is used to notify citizens within the evacuation zone to shelter
in place or to evacuate using a route that minimizes risk and distance traveled.

The following sections provide an overview of mobile device use during emergency evac-

uations and the value of social media during a no-notice emergency evacuation.

4.3 Mobile Device Use During Emergency Evacuations

In New York City, the percentage of 911 calls from mobile phones have increased from 29
percent in 2003 to almost 59 percent in 2010 (Gonzalez, 2012). Although there are concerns
with using social media during an emergency, there are similar issues with mobile devices.
In 2010, New York City received over 4 million false calls, many of them occurring when
users accidentally call 911 when their phone is in their back pocket, commonly known as a
butt call (ibid). Similar challenges exist in Britain, where less than 25% of over 7.5 million
emergency calls turned out to be real emergencies (Boyle, 2012). As with land-line phone
calls, mobile phones have introduced false alerts into the 911 system; however, emergency
personnel have developed procedures to address false reports. Similar procedures are needed
to address the use of social media during emergency situations.

The Federal Communications Commission (2012) announced that 911 text messaging
would be available nation-wide in May 2014. This will provide increased capabilities to
911-call centers to monitor networks. Although text messaging provides another method of
notification, it does not address situations when phone service is disrupted. In 2012, Fairfax
County experienced a full outage of 911 services for over 7 hours with some 911 services not
restored for over 4 days (Callahan, 2012; Flaherty, 2012). Using social media platforms that
can be accessed through an Internet service provides an alternate communication method

for citizens.
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Many universities have already integrated notification methods to text students and
faculty during emergency situations. Sattler et al. (2011) found that with prior planning
text messages provide an effective method to notify faculty and students at a university
campus. Their study found that 95 percent of participants complied with the recommended
actions in text and email messages they received during an active shooter simulation.

Following the 2011 Japanese earthquake, the Japanese government and its citizens real-
ized the importance of social media to share information when many phone networks were
damaged or overwhelmed with too many callers (Wallop, 2011). In 2012, the Japanese
government collaborated with Twitter to conduct an exercise that evaluates techniques for
integrating Twitter into a notification and communication platform during earthquakes and

tsunamis (Russell, 2012; Panzarino, 2012).

4.3.1 Contributions of Social Media in Emergencies

Immediately following a no-notice emergency, limited information is available about the
event (as shown in Figure 4.1). After emergency response personnel and managers determine
what has occurred, they begin informing citizens of what steps to follow and also inform
media outlets of messages to release to the public. Immediately following an incident is the
most critical time to notify individuals of what has occurred and how they should respond;
however, traditional methods are slow to release official information regarding an incident,

whereas social media reporting often occurs much quicker (Zhao et al., 2011).
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Figure 4.1: Demand for Information versus Information Availability Following an Emer-
gency (Source: Olafsson, 2010)

On March 18th, 2013 at the University of Central Florida, a student pointed a weapon
at his roommate around 12 AM. Students living on campus received and shared messages
through Twitter (as early as 12:56 AM) before receiving notification through the campus
email messaging system (emails sent at 2:10 AM) (as shown in Figure 4.2). Although many
students were notified by the universities’ email messaging system, many students received
notifications through social media before the ’official’ notification from the university.

Lindsay (2011) evaluated the current use, future options and policy considerations for
social media support in emergencies and disasters. Lindsay considered two broad categories
of use for social media in emergencies and disasters. The first involves the use of social
media by government agencies in a passive role, primarily disseminating information and
receiving feedback through messages, posts and polls/surveys. The second approach involves

a systematic use of social media including;:

e Using social media for emergency communications and to issue warnings

e Receiving requests for assistance from victims
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Important message from UCF Alert
March 18, 2013, 2:10 AM

*UCF Alert* Tower one evacuated due to
suspicious death. Police on scene.

Man I'm so scared there is an armed man .
Councilors on way. Info at www.ucf.edu

somewhere in the towers. People please be

safe Sent by UCF Emergency Management to All
- Feply 13 Retuest W Fanorte sae More users (E-mail, Pagers, Cell phones) through
12:56 AM - 18 Mar 13 UCF ALERT

Figure 4.2: University of Central Florida Notifications, March 18, 2013 — Unofficial notifi-
cation through Social Media vs Official notification from the University through Email

e Increasing situational awareness by monitoring social media

e Improving damage estimates with photos and video from social media

Significant changes have resulted as a result of social media use during emergencies;
however, many emergency managers have not accepted social media as an additional method
of engaging the public (For-mukwai, 2010). Although many emergency managers primarily
use social media to disseminate information in a passive role, there has been a shift to
more active use of social media as a communications platform enabling victims to request
assistance, share photos and video with FEMA and to increase situational awareness for
citizens and emergency personnel. Castillo et al. (2011, 2013) recently introduced a method
for predicting information credibility in social media during emergency and crisis situations.
Castillo et al. (2011) found 86% ROC (receiver operating characteristic curve) for English
tweets and 82% ROC for Spanish tweets. ROC is a measure of the true positive rate against
the false positive rate, providing a measure of the predictive quality of their model.

Immediately following the 2011 Japanese earthquake, when phone lines were damaged,
many Japanese citizens used social media to share messages with others about what hap-
pened and if they were safe (Winn, 2011; Taylor, 2011). Twitter reported a 500 percent

increase in tweets from Japan following the earthquake and spikes of over 5,000 tweets per
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minute (Chowdury, 2011). Since the 2011 Earthquake, the Japanese government conducted
an earthquake drill to test messaging with over 100 citizen volunteers. Twitter messages
during the drill included notifying citizens of evacuation shelters, appropriate evacuation
routes, and injuries (Russell, 2012).

From October 27th through November 1st, 2012, over 20 million tweets were sent dis-
cussing Hurricane Sandy. The Red Cross monitored over 2.5 million Hurricane Sandy mes-
sages and responded to 4,500 of them on-line or in person. NYC Digital shared information
in over 2,000 tweets in English and Spanish (Baer, 2012). Following the 2011 Virginia
earthquake, many phone networks in the State were overwhelmed by the increased number
of phone calls and many found it difficult to impossible to make a phone call. Many people
turned to social media to let family and friends know they were okay. Some government
agencies encouraged citizens to use social media instead of reducing network reliability by
making voice calls. The Department of Homeland Security turned to social media, instead
of traditional media and tweeted to its followers: “Quake: Tell friends/family you are OK
via text, email and social media (Qtwitter & facebook.com). Avoid calls” (McCarty, 2011).

Social media is a valuable source of information for citizens and emergency person-
nel; however, additional improvements to filtering and analyzing the massive data sets are
needed. Schnebele and Cervone (2013) introduce an innovative approach to fuse volunteered
geographic information and remote sensing data to improve situational awareness during
flooding. Using Youtube and Flickr data, Schnebele and Cervone, reduce spatial and tem-
poral gaps and improves flood assessments. Additional improvements to spatial, temporal,
and contextual filtering methods are needed to extract and analyze the appropriate data

leading to improved situational awareness.
4.3.2 Concerns of Emergency Managers and Citizens During a No-Notice
Evacuation

Social media networks are playing a greater role in emergency scenarios. Citizens use

social media to report information and they believe that response organizations should
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be monitoring social media during disasters (American Red Cross, 2010, 2011b). A 2012
survey by the American Red Cross found that mobile applications and social media are
tied as the fourth most popular way to get information during an emergency (American
Red Cross, 2012). The American Red Cross survey also found that over 76 percent of users
expect to receive help in less than 3 hours after posting a request on social media platforms.
Most emergency managers have been slow to integrate social media into disaster response;
however, efforts such as the American Red Cross Digital Operations Center and Virtual
Operations Support Teams are forging new methods and techniques for integrating social
media into emergency response.

In March 2011, Jeff Phillips developed and tested the concept of a Virtual Operations
Support Teams (VOST). In emergency management and disaster recovery, VOSTs make use
of new communication technologies and social media tools so that a team of trusted agents
can lend support via the internet to those on-site who may otherwise be overwhelmed by the
volume of data generated during a disaster (Stephens, 2012). VOSTs have been integrated
into Emergency operations supporting several events including Hurricane Sandy, Hurricane
Irene, and the Shadow Lake Wildfire (St. Denis et al., 2012; Stephens, 2012). St. Denis

et al. (2012) highlight several key VOST objectives:
e Monitoring social and traditional media and reporting trends

e Communicating issues and concerns expressed by the public

Identifying misleading information and addressing the concerns of citizens

Working with the Public Information Officer to synchronize reporting through social

and traditional media outlets

Documenting information and trends from social media

Many of the efforts of implementing social media to support crisis communications and

response, such as VOST, have occurred as a result of self-organized groups of individuals
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who were concerned with providing accurate information to citizens in a timely manner to

reduce injury and death and to respond to calls for assistance.

4.4 CERPS Simulation Experiment (SIMEX)

On October 1-5, 2012, emergency preparedness experts gathered at George Mason Uni-
versity to conduct a Simulation Experiment (SIMEX). The purpose of the SIMEX was to
evaluate the effectiveness of social media during emergency response. The SIMEX supports
Presidential Directive-8: Our national preparedness is the shared responsibility of all lev-
els of government, the private and non-profit sectors, and individual citizens. Everyone
contributes to safeguarding the Nation from harm (Obama, 2011). During the simulation,
over 200 students responded to simulated explosions, shootings, hostage situations, and
fires on the George Mason University Campus. The students communicated with each
other and emergency personnel through a Twitter-like platform known as Chirp. The Cit-
izen Emergency Response Portal System (CERPS) collected and shared the chirps with
emergency managers, operators and public information staff from the City of Alexandria,
Fairfax County, George Mason University, Virginia Department of Emergency Management,
National Guard Bureau, Department of Defense, and the Federal Bureau of Investigation
(Wright, 2012).

The Citizen Emergency Management Portal enabled students participating in the exer-
cise to view a simulated environment through the Simulated Sensory Environment (SSE) in
Figure 4.3. As students observed day-to-day activities and incidents occurring from their
simulated position on campus, they could post messages using Chirp. Chirp is a Twitter-
like application that allows users to post messages. Chirp provided a medium for two-way

communication with the Emergency Operations Center (EOC) and other students.
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4.4.1 Study Area and Data

The study site for the analysis reported here is George Mason University (GMU) located
in Fairfax, Virginia. The main campus is over 677 acres. The university serves over 32,000
students with over 5,700 living on campus (George Mason University, 2012). Esri shapefiles
were downloaded from the George Mason University library. Data was originally published
in 2005, including building footprints, hydrology, orthophotography, parking, paved areas,
roads, stairs, and walk ways. Building footprints, parking, roads, and walk ways were
revised in 2009 (George Mason University, 2009).

The Mitre Corporation provided Chirp data from the simulation experiment. Over 6,700
Chirps were collected during the simulation experiment described above. The Chirp data

included: user nickname, user ID, message content, and message date/time (as shown in

Table 4.1).
Table 4.1: Sample Chirp Data from CERPS Simulation Exercise

Nickname Id  Content Modified

harrypotter613 1832 #explosion at the #RAC. Stay away!!!! 3/10/12 14:39

rpetersh 1828 I see an active fire at the RAC and police 3/10/12 14:39
personnel #SNN

adalovelace 1836 Did any #911 make it to Innovation yet to 3/10/12 14:40
investigate the possible gunshots?

crel46 1835 It’s the RAC 3/10/12 14:40

1g678 1838 RT @harrypotter613 #explosion at the #RAC. 3/10/12 14:41
Stay away!!!!

gmu 1845  Another #explosion has been confirmed on the 3/10/12 14:42

GMU Fairfax Campus near the Recreation and
Athletic Complex continue to #shelter in place

4.5 Objectives

The primary objective of this research was to model feature-based static risk during an

emergency evacuation using social media. Evacautions during a no-notice evacuation seek
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to maximize the number of people evacuating or minimize the number of casualities or
exposure to risk in the incident area (Chiu et al. 2007). The intent of this risk model
is to minimize casualties and minimize exposure to incidents occurring within a no-notice

emergency, such as a terrorist attack.

4.5.1 Methodology

The first step in this research is to mine the data for incidents and locations. Mining the
Chirps data included two steps: a hashtag/keyword search and geo-parsing the messages.
The first step included searching for hashtags and keywords that identified emergency in-
cidents. Some examples of hashtags and keywords include: fire, 911, explosion, bomb,
shooter, gunfire, shooting, and others. Extracted messages are sorted according to incident
type, date and time.

The next step was to parse the Chirp messages. Facility and building locations for
George Mason University were matched against text within the messages to match features
within the messages to geographic features in a dataset. Then Chirp messages were searched
to determine what location attributes where found within the messages that identified where
the incidents occurred.

As part of the CERPS Simulation exercise, the data collected did not have geographic
locations (i.e. latitude and longitude) included in the metadata. However, volunteers during
the event often messaged others with information on incidents and the location. The Chirps
data was parsed to extract locations of the incidents from the messages. George Mason
University buildings and facilities were used to determine locations of incidents across the
campus. Numerous types of incidents were identified (Table 4.2). The methodology section
below analyzes data from October 3rd. On October 3rd, six major incidents were identified
and located. The incident locations were assigned to the associated facility or building
footprint. The six incidents included an explosive device at the Recreation and Athletic
Complex (RAC), a fire at David King Hall, a shooting/hostage situation at Innovation

Hall, and suspicious backpacks/backpack bombs at Fenwick Library, the Johnson Center,
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and Research 1. The reported incidents occurred starting at 9:28 AM with messages received

until 3:31 PM(See Table 4.2).

Table 4.2: Incident Locations, Incident Type, and Times for October 3, 2013

Location Incident Type Time messages received
Johnson Center Explosion 0928 - 1104
David King Hall Fire 1010 - 1014
Research 1 Backpack 1410 - 1416
Recreation and Athletic Center Explosion 1434 - 1531
Innovation Hall Shooting 1433 - 1443
Fenwick Library Backpack 1428 - 1434

Emergency evacuations are inherently dangerous situations, especially in no-notice evac-
uations. Dyck (2006) defines risk as a measure of the probability and severity of an incident
within the hazard zone. In this study, risk is defined as the likelihood that threats occurring
at the incident(s) may cause injury or death to an individual at a location within the study
area. Equation (4.1) determines the maximum risk for each incident that a citizen may

encounter along a route.

T,
R = spgp (4.1)

sp is a measure of severity for each incident p. T}, is the maximum distance away from
the incident that injury or death may occur. d is the distance from the closest point on the
road or sidewalk to the incident. Risk for incident p is calculated for all road vertices where
d is less than T}, feet from incident reported location. Features associated with the incident
p maybe represented as polygon or point features. For example, messages with geographic
coordinates (e.g. Latitude, Longtitude) are recorded as point features. Reports that include
feature-based locations (e.g. Johnson Center) would be represented as polygons. The Chirps

data did not have any coordinate data associated with the messages, therefore incidents are
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represented as polygons.

Clauset et al. (2007) analyzed 10,878 terrorist events (occurring from 1968-2005) that
resulted in injury or death, including small to large-scale events. They sought to determine
a mean measure of severity for different types of terrorist events. Clauset et al. sought to
produce an accurate severity distribution for different terrorist events to better determine
how severe terrorist events are likely to be. The severity measure used in this research is
based on the work of (Clauset et al., 2007). The mean severity values, in Table 4.3, are

used as severity measures (sp) in this study.

Table 4.3: Mean Severity for Global Terrorist Events Resulting in Injury or Death

Event Type Number Mean severity
Chemical /Biological 19 274.11
Explosives 4869 18.93
Fire 133 16.79
Firearms 4603 4.09
Knives 254 2.43
Other 1,000 9.30

Table 4.4 is a list of the distances used for 7},. These planning distances are derived
from the Emergency Response Guide, U.S. Department of Transportation and the George
Mason University Emergency Evacuation Guide. It is important to note that these planning

distances may vary depending on local, state, or federal emergency response procedures.

4.6 Results

The following results represent the risk from events that occurred on October 3, 2012 during
the CERPS Simulation Exercise. Figure 4.4 represents six major incidents that occurred
at George Mason University. These images highlight the risk from each of the six incidents
and can be used by emergency personnel for prioritizing response efforts, determining where

individuals should shelter in place, and for evacuation planning.
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Table 4.4: Outdoor Evacuation Distance

Incident type Distance (feet)
Fire 100
Pipe bomb 850
Weapon/gun (pistol, rifle, shotgun) 1500
Sedan (Improvised Explosive Device) 1750
Briefcase/suitcase bomb 1850

Combined severity for multiple incidents within the same area were solved using Equa-

tion (4.2).

n

T,
Ry =Y sp EP (4.2)
1

R,, represents the total risk on a path from all incidents. n represents the total number
of incidents that are within T}, feet of each road/path.

In Figure 4.5, the left image represents the combined risk for the incidents that occurred
on the morning of October 3. The morning incidents were reported from 0928-1104 (9:28—
11:04 AM). The two incidents involved an explosion at the Johnson Center and a fire at
David King Hall. The right image visualizes the combined risk from the four incidents
that occurred on the afternoon of October 3rd. These incidents were reported from 1410-
1531(2:10-3:31 PM). These incidents include a vehicle explosion at the RAC, a shooting &
hostage situation at Innovation Hall, and reports of backpack bombs at Fenwick Library

and Research Hall.

67



Fenwick Library

N 0 250 500 1,000 Feet

A

Johnson Center

N 0 250 500 1,000 Feet

Recreation and Athletic Complex

\

0 250 500 1,000 Feet

David King Hall

N 0 250 500 1,000 Feet

Innovation Hall

0 250 500 1,000 Feet

Research |

N 0 250 500 1,000 Feet
S |

During CERPS Simulation Experiment

Figure 4.4: Risk for Individual Incidents
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Risk measures for individual routes for the two reported incidents as of 11:04 AM are

shown in Figure 4.6.
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Figure 4.6: Risk for Roads and Paths at 11:04 AM

Measures of risk along individual routes for the four reported incidents as of 3:31 PM

are shown in Figure 4.7.
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4.7 Future Efforts to Increase Social Media Use During Dis-

asters and Emergencies

The use of social media provides a medium for improving situational awareness during
disasters and emergencies and provides an alternate method of two-way communication
with the public. Several efforts to improve situational awareness of the real-time disease
have lead to increased situational awareness and risk reduction. Chunara et al. (2012)
found that outbreaks of cholera could be monitored and estimated using social media data
up to two weeks earlier than formal methods. Khan et al. (2012) introduces a method that
classifies self-reported illness (flu) through twitter with an 88.7% precision. Integrating
the efforts of Chunara et al. (2012) and Khan et al. (2012) into future research efforts
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may provide increased credibility, situational awareness, and risk reduction during a crisis.
The next step in furthering social media use during emergencies is a coordinated effort by
government and social media companies to build more trust in using social media as an
alternate communication method, to establish policies that protect the privacy of citizens
who use the social media, and to educate emergency personnel on methods for integrating
social media into operations.

Through a collaborative effort, the integration of social media and mobile devices will
provide citizens and emergency personnel with an additional means of communication. Mo-
bile devices and applications also provide a platform for emergency personnel to minimize
risk to citizens and first responders. During emergencies, damaged electric and communica-
tion lines often affect efforts to communicate with citizens through traditional media such
as television and radio; however, many citizens update their status on social media sites
and ask for assistance through social media.

Given the challenges of collecting and filtering social media and producing information
that is beneficial to citizens and emergency personnel, the following recommendations are
proposed to assist with increasing the adoption and acceptance of social media use during

emergency evacuations:

e Social media sites should enhance methods for verification of social media accounts.
One example includes verifying or linking a user’s account to their mobile phone

through a verification text message with a response to acknowledge the account.

e FEMA in coordination with the FCC, should develop an emergency hashtag such as

#911 and educate the public and emergency personnel on the use of it.

e Utilize social media, the Internet, and Wireless Emergency Alerts (WEA, previously
known as the Commercial Mobile Alert System (CMAS)) to disseminate emergency

hashtags during no-notice evacuations. Follow up with TV and radio dissemination.

e Coordinate with social networking sites to establish procedures that automatically
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encrypt location data for all emergency messages, posts, or tweets that use the desig-
nated emergency hashtag. Procedures should include methods for emergency opera-

tions centers to access location data for response.

e Establish methods that geo-fence social media data to enable emergency operations
centers and/or 911 call centers to only receive emergency messages that are within

their jurisdiction.

e Establish a Social Media Crisis Research Center that forms a collaborative research
community for academics, corporations, non-government organizations, and emer-
gency personnel to focus on harvesting social media, text extraction, geolocation,

privacy, and the analysis of social media during and after crisis events.

4.8 Conclusion

Social media provides an opportunity to leverage millions of citizen-sensors to increase
situational awareness during emergencies and disasters (Goodchild, 2007a). Castillo et al.’s
(2013) recent advances in predicting credibility in social media during emergencies and
Crooks et al.’s (2013) improvements to data mining techniques provide the opportunity to
reduce risk to citizens and emergency personnel. Our research introduces a method for
measuring risk using social media immediately after an emergency on a university campus.
In this scenario, we detected six simulated incidents that occurred as part of the CERPS
Simulation Experiment; however, additional research is needed to determine the feasibility
of detecting real-world incidents using social media, with differences in the culture and

languages used across the United States.
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Chapter 5: Discussion

Citizens face increased risk during no-notice emergencies, yet they may lack situational
awareness of what occurred or what actions to take. The most risk occurs immediately fol-
lowing the incident; however, traditional methods of notification can take one to two hours
or longer. Citizens, non-government and government agencies would benefit from a common
platform that identifies high risk areas and enabling emergency personnel to focus response
efforts in those regions (Oxendine et al., 2012). As part of this effort, citizens should be
educated on alternative methods of communicating risk during an evacuation resulting in
increased awareness for their community and emergency managers during the next crisis.
The discipline of geographic information science is ideally positioned to provide and coor-
dinate these developments. Fusing Volunteered Geographic Information (Social Media and
Mobile Phone Data) with additional data sources in the emergency operations center will
increase situational awareness leading to reduced risk to citizens and first responders. In-
ternational and domestic government and non-government agencies should place increased

focus on integrating Social Media and Mobile Phone Data by:

developing appropriate policies and procedures

educating the public and emergency personnel on these policies and procedures

integrate Social Media as an alternate communication method

analyze Social Media and Mobile Phone Data with GIS

5.1 Policies and Procedures

Through a collaborative effort, the integration of social media and mobile devices will

provide citizens and emergency personnel with an additional means of communication.
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With increasing phone ownership, mobile phones and Social Media will increasingly affect
emergency and crisis events. Policies and procedures need to be developed that address
citizen privacy and the use of this data by emergency personnel. For example, in a terrorist
attack, emergency personnel could use mobile phone location data to determine where
people were located at the time of the attack? Which locations of a city had the highest
population densities? Can emergency personnel use individual social media or mobile phone
location data to determine the last known location of missing individuals? Although finding
missing and injured during an emergency is a top priority, are we violating their privacy by
tapping into their social media accounts? National, State, and Local government officials,
in coordination with Emergency Managers, need to develop laws that address these and

other questions.

5.2 Education on Social Media Policies and Procedures

To further integrate mobile devices into emergency response, efforts must be made to edu-
cate the public and emergency personnel. Citizens are concerned with their privacy if the
government is tracking them. As National and International organizations and agencies
develop Social Media Policies, it is imperative that they educate the public on how VGI is
used to minimize risk during an emergency or crisis. Recent efforts; such as North Atlantic
Treaty Organization (2012), provide forums to identify risk and benefits for using social
media. It is important that this dialog continues internationally and domestically to en-
sure that emergency personnel understand and know the proper procedures to protect the

privacy of citizens during a crisis event.

5.3 Social Media as an Alternate Communication Methods

Although New York City power outages following Hurricane Sandy lasted for over 5 days,
there were still over 20 Million tweets that were sent between October 27th and November

Ist (Olanoff, 2012). Instead of radio and television, many users used Social Media to
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maintain situational awareness during Hurricane Sandy. As seen in Figure 5.1, there was a
slight increase in mobile Twitter traffic from October 27th to the 28th; however, on October
29th, there was a significant spike in traffic. Olanoff (2012) found that on October 29th,
over 20% of Twitter’s traffic was search queries. Twitter users were using the search and

discover function to maintain situational awareness.

Mobile usage* in NYC, 12pm-11pm EDT October 29

*measured by home timeline loads
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Figure 5.1: Mobile Twitter Traffic for October 27-29, 2012 (Twitter, 2012)

5.4 GIS Support to Reduce Risk in Emergency Evacuations

GIS provides a web-enabled tool that Emergency Managers can use to analyze and model
risk during emergencies. During an evacuation, GIS provides the ability to publish maps
and evacuations routes to smart phones and mobile applications, or directions can be pro-
vided that are text based for flip phones. As a complement to WEA, future research
should focus on the development of a web-based, mobile GIS platform that supports no-

tification, reporting, and evacuation routing. This tool would provide alternate means of
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two-way communication between citizens and emergency personnel. A communication plat-
form integrated with spatial and temporal capability would increase situational awareness
between National, Federal, and Local governments as well as Non-Government Organiza-
tions (NGOs). Before, during, and after an emergency, citizens would be able to find the
closest open shelter, hospital, police or fire station from their current location. This tool
should also be used to route citizens away from high risk areas during an event. Finally
this platform should provide the ability for EOCs to only receive and analyze reports from

citizens within their jurisdiction.

5.5 Research Contributions

Significant improvements in mobile technology over the past decade provide opportunities to
drastically improve notification and reporting during emergencies. This research contributes

to reducing the gap between research and applications by:

e providing a methodology that enables citizens to become sensors that can share in-
telligence with emergency services which in turn can be used to notify surrounding

communities of impending hazards

e forging a new generation of emergency response alerting procedures, planning, and

response in no-notice evacuations
e providing a model minimizes risk to evacuees in urban areas

e providing a model that reduces the likelihood injuries and deaths during and after a

hazardous event

Analyzing mobile phone data and social media data enhances situational awareness of cit-

izens and first responders during no-notice emergencies and crisis events. Further analysis

is needed to examine how to integrate this information into the disaster management pro-

cess. Finally, this research benefits many under-developed countries, where resources are

limited. From 2005 to 2013, mobile phone subscriptions (per 100 inhabitants) in developing
77



countries increased from 22.9% to 89.4% (International Telecommunications Union, 2013).
In countries where communication methods are limited, mobile phones provide an alternate
method of notifying many citizens who are at risk from a man-made incident or a natural
hazard (e.g. a tsunami). This research enables emergency personnel to quickly identify
high risk areas and prioritize the notification based on risk. Non-government organizations
also benefit from the increased situational awareness leading to better estimates of resource

needs and where to prioritize allocation of resources.

5.6 Conclusion

Social media provides an opportunity to leverage millions of citizen-sensors to increase sit-
uational awareness during emergencies and disasters (Goodchild, 2007a). Castillo et al.’s
(2013) recent advances in predicting credibility in social media during emergencies intro-
duces a method for determining the veracity of messages during a crisis. Crooks et al.’s
(2013) improvements to data mining techniques provide a method for harvesting citizen
sensor data to identify and localize the incident areas. Further research on harvesting
social media, determining the credibility of messages, and calculating incident areas will
enhance efforts to provide real time risk modeling during no-notice emergencies. Further
development of these concepts will lead to increased credibility and situational awareness
for emergency personnel and citizens. These efforts will be especially beneficial in countries

with limited resources to notify citizens during no-notice emergencies using mobile phones.

78



References

79



References

Abdelgawad, H. and Abdulhai, B. (2009). Emergency evacuation planning as a network
design problem: a critical review. Transportation Letters: The International Journal of
Transportation Research, 1(1):41-58.

Agterberg, F., Bonham-Carter, G., Cheng, Q., and Wright, D. (1993). Weights of evidence
modeling and weighted logistic regression for mineral potential mapping. In Davis, J. and
Herzfeld, U., editors, Computers in Geology - 25 years of Progress, pages 13-32. Oxford
University Press, New York.

Agterberg, F. P. (1992). Combining indicator patterns in weights of evidence modeling for
resource evaluation. Natural Resources Research, 1(1):39-50.

Alcada-Almeida, L., Tralhao, L., Santos, L., and Coutinho-Rodrigues, J. (2009). A multi-
objective approach to locate emergency shelters and identify evacuation routes in urban
areas. Geographical Analysis, 41(1):9-29.

Altay, N. and Green, W. G. (2006). OR/MS research in disaster operations management.
European Journal of Operational Research, 175(1):475-493.

American Red Cross (2010).  Research on social media in crises from the red
cross. http://www.scribd.com/doc/35890800/Research-on-Social-Media-in-Crises-from-
the-Red-Cross.

American Red Cross (2011a).  Executive summary: Social media and disasters
survey. http://www.scribd.com/doc/63022566 / Executive-Summary-Social-Media-and-
Disasters-Survey-2011.

American Red Cross (2011b). More americans using social media and technology in emer-
gencies.  http://www.redcross.org/portal/site/en/menuitem.94aae335470e233{6¢f911df
43181aa0/?vgnextoid=7a82d1efe68f1310VgnVCM10000089f0870aRCRD.

American Red Cross (2012). More americans using mobile apps in emergen-
cies.  http://www.redcross.org/news/press-release/more- Americans-using-mobile-apps-
in-emergencies.

Anonymous (2012). Casualties of the September 11 attacks. http://en.wikipedia.org/w/
index.php?title=Casualties_of_the_September_11_attacks&oldid=524861981.

Baer, D. (2012). As Sandy Became #Sandy, Emergency Services Got Social. http://
www.fastcompany.com /3002837 /sandy-became-sandy-emergency-services-got-social.

80



Bergen, J. (2012). Phone charging stations pop up around NYC in aftermath of hurri-
cane sandy | digital trends. http://www.digitaltrends.com/mobile/nyc-pop-up-charging-
stations-help-hurricane-victims-power-up-their-phones/.

Bonham-Carter, G. (1995). Geographic Information Systems for Geoscientists: Modelling
with GIS, Volume 13. Pergamon, Oxford.

Boyle, E. (2012). Fake 911 calls aren’t cheap - CBS news. http://www.cbsnews.com/8301-
504923_162-57449369 /fake-911-calls-arent-cheap.

Brenner, J. (2013). Pew internet: Social networking. http://pewinternet.org/Commentary/
2012/March/Pew-Internet-Social-Networking-full-detail.aspx.

Callahan, W. (2012). Fairfax county says verizon to blame for 911 out-
ages.  http://tysonscorner.patch.com/articles/fairfax-county-says-verizon-to-blame-for-
911-outages.

Castillo, C., Mendoza, M., and Poblete, B. (2011). Information credibility on twitter.
In Proceedings of the 20th international conference on World wide web, pages 675684,
Hyderabad, India.

Castillo, C., Mendoza, M., and Poblete, B. (2013). Prediciting information credibility in
time-sensitive social media. Internet Research, (In Press).

Catarci, T., de Leoni, M., Marrella, A., Mecella, M., Salvatore, B., Vetere, G., Dustdar, S.,
Juszezyk, L., Manzoor, A., and Truong, H. (2008). Pervasive software environments for
supporting disaster responses. Internet Computing, IEEE, 12(1):26-37.

Cayford, R. and Johnson, T. (2003). Operational parameters affecting the use of anonymous
cell phone tracking for generating traffic information. In Transportation Research Board
82nd Annual Meeting, volume 1.

Cheng, Z., Caverlee, J., and Lee, K. (2010). You are where you tweet: a content-based
approach to geo-locating twitter users. In Proceedings of the 19th ACM international
conference on Information and knowledge management, CIKM ’10, pages 759-768, New
York, NY.

Chowdury, A. (2011). Twitter blog: Global pulse. http://blog.twitter.com/2011/06/global-
pulse.html.

Chunara, R., Andrews, J. R., and Brownstein, J. S. (2012). Social and news media enable
estimation of epidemiological patterns early in the 2010 haitian cholera outbreak. The
American Journal of Tropical Medicine and Hygiene, 86(1):39—-45.

Church, R. L. (2002). Geographical information systems and location science. Computers
& Operations Research, 29(6):541-562.

Church, R. L. and Cova, T. J. (2000). Mapping evacuation risk on transportation net-
works using a spatial optimization model. Transportation Research Part C: Emerging
Technologies, 8(1-6):321-336.

81



Clauset, A., Young, M., and Gleditsch, K. S. (2007). On the frequency of severe terrorist
events. Journal of Conflict Resolution, 51(1):58-87.

Cova, T. J. (1999). GIS in emergency management. In Longley, P. A., Goodchild, M. F.,
Maguire, D. J., and Rhind, D. W., editors, Geographical Information Systems: Principles,
Techniques, Applications, volume 2, pages 845-858. Wiley, Barcelona, Spain.

Cova, T. J. and Church, R. L. (1997). Modelling community evacuation vulnerability using
GIS. International Journal of Geographical Information Science, 11(8):763 — 784.

Crooks, A., Croitoru, A., Stefanidis, A., and Radzikowski, J. (2013). #Earthquake: twitter
as a distributed sensor system. Transactions in GIS, 17(1):124-147.

Crowe, A. (2012). Disasters 2.0: The Application of Social Media Systems for Modern
Emergency Management. CRC Press, Boca Raton, Florida, 1st edition.

CTIA - The Wireless Association (2012). U.S. wireless quick facts. http://www.ctia.org/
consumer_info/index.cfm/AID/10323.

CTTA - The Wireless Association (2013). Wireless emergency alerts FAQ - consumers.
http://www.ctia.org/consumer_info/safety /index.cfm/AID/12081.

Cutter, S. L. (2003). GI science, disasters, and emergency management. Transactions in
GIS, 7(4):439-446.

De Wind, D. (2012). The largest maritime evacuation: It happened on 9/11.
http://themoderatevoice.com /136974 /the-largest-maritime-evacuation-it-happened-
on-911/.

Dijkstra, E. W. (1959). A note on two problems in connexion with graphs. Numerische
Mathematik, 1(1):269-271.

Elwood, S. and Leszczynski, A. (2011). Privacy, reconsidered: New representations, data
practices, and the geoweb. Geoforum, 42(1):6-15.

Estellés-Arolas, E. and Gonzdlez-Ladrén-de Guevara, F. (2012). Towards an integrated
crowdsourcing definition. Journal of Information Science, 38(2):189-200.

Federal Communications Commission (2006). FCC report on impact of Hurricane Katrina
on communications network. Technical report, Federal Communications Commission.

Federal Communications Commission (2012). Chairman genachowski announces commit-
ments to accelerate text-to-911. http://www.fcc.gov/document /chairman-genachowski-
announces-commitments-accelerate-text-911.

Federal Communications Commission (2013). The Commercial Mobile Alert System.
http://www.fcc.gov/document /fcc-renames-cmas-wireless-emergency-alerts-wea.

Federal Emergency Management Agency (2012a). Commercial mobile alert system.
http://www.fema.gov/commercial-mobile-alert-system.

Federal Emergency Management Agency (2012b). FEMA: to Private Sector Industry Part-
ner: CMAS Participants. http://www.fema.gov/emergency/ipaws/ps_plan_cmas.shtm.

82



Flaherty, M. P. (2012). Verizon details errors in derecho, calls response to 911 outages
‘insufficient’. http://www.washingtonpost.com/local /crime/verizon-details-errors-in-
derecho-calls-response-to-911-outages-insufficient /2012/08 /13 /e2589596-e57{-11e1-8741-
940e3f6dbf48 story.html.

For-mukwai, G. F. (2010). The transformative power of social media on emergency and
crisis management. International Journal of Information Systems for Crisis Response
and Management, 2(1):1-10.

Fox, Z. (2012). Red cross launches social media disaster response center.
http://mashable.com/2012/03/07 /red-cross-digital-operations-center/.

Frank, C., Caduff, D., and Wuersch, M. (2004). From GIS to LBS—An intelligent mobile
GIS. IfGI prints, 22:261-274.

Galloway, G. E. (2003). Emergency preparedness and response: Lessons learned from 9/11.
In The Geographical Dimensions of Terrorism, pages 27-34. Routledge, New York.

George Mason University (2009). George Mason Campus Data. http://129.174.55.51/
campus.html.

George Mason University (2012).  Mason visitors center—-mason facts and figures.
http://irr.gmu.edu/FastFacts/index.htm.

Glik, D. C. (2007). Risk communication for public health emergencies. Annual Review of
Public Health, 28(1):33-54.

Gonzalez, J. (2012). City flooded with nearly 4 million inadvertent 911 calls on cell phones
a year. New York Daily News.

Goodchild, M. (2007a). Citizens as sensors: The world of volunteered geography. GeoJour-
nal, 69(4):211-221.

Goodchild, M. (2007b). Citizens as voluntary sensors: Spatial data infrastructure in the
world of web 2.0. International Journal of Spatial Data Infrastructures Research, 2(2):24—
32.

Goodchild, M. and Glennon, J. (2010). Crowdsourcing geographic information for disaster
response: a research frontier. International Journal of Digital Earth, 3(3):231-241.

Goodchild, M. F. (2010). Twenty years of progress: GIScience in 2010. Journal of Spatial
Information Science, 1:3-20.

Gruteser, M. and Liu, X. (2004). Protecting privacy, in continuous location-tracking appli-
cations. IEEFE Security & Privacy, 2(2):28- 34.

Gupta, A. and Kumaraguru, P. (2012). Credibility ranking of tweets during high impact
events. In 1st Workshop on Privacy and Security in Online Social Media (PSOSM), In
conjunction with WWW?’12, Lyon - France.

Haklay, M. (2010). How good is volunteered geographical information? a comparative
study of OpenStreetMap and ordnance survey datasets. Environment and planning. B,
Planning & design, 37(4):682.

83



Harvey, F. (2013). To volunteer or to contribute locational information? towards truth in
labeling for crowdsourced geographic information. In Sui, D., Elwood, S., and Goodchild,
M., editors, Crowdsourcing Geographic Knowledge: Volunteered Geographic Information
(VGI) in Theory and Practice, pages 31-42. Springer, Dordrecht.

Howe, J. (2006). The rise of crowdsourcing. Wired magazine, 14(6):1-4.

Hughes, A. L. and Palen, L. (2012). The evolving role of the public information officer: An
examination of social media in emergency management. Journal of Homeland Security
and Emergency Management, 9(1):1-20.

International Telecommunications Union (2011a). International telecommunications union
(ITU) - ICT data and statistics. http://www.itu.int/ITU-D/ict/statistics/index.html.

International Telecommunications Union (2011b). Key global telecom indicators for the
world telecommunication service sector. http://www.itu.int/ITU-D/ict/statistics/at_-
glance/KeyTelecom.html.

International Telecommunications Union (2013). Key global telecom indicators for the
world telecommunication service sector. http://www.itu.int/ITU-D /ict/statistics/at_-
glance/keytelecom.html.

Jiang, X., Hong, J., Takayama, L., and Landay, J. (2004). Ubiquitous computing for
firefighters: field studies and prototypes of large displays for incident command. In
Proceedings of the SIGCHI conference on Human factors in computing systems, pages
679-686, Vienna, Austria.

Johnston, A. (2012). David cameron says terror fight needs diplomacy.
http://www.theepochtimes.com/n2/world /david-cameron-says-terror-fight-needs-
diplomacy-207167.html.

Kar, B., Crowsey, R. C., and Zale, J. J. (2013). The myth of location privacy in the
united states: Surveyed attitude versus current practices. The Professional Geographer,
65(1):47-64.

Kawasaki, A., Berman, M. L., and Guan, W. (2012). The growing role of web-based
geospatial technology in disaster response and support. Disasters, 37(2):201-221.

Kean, T. (2004). The 9/11 commission report: Final report of the national commission on
terrorist attacks upon the United States. US Government Printing Office.

Khan, M., Iwai, M., and Sezaki, K. (2012). A robust and scalable framework for detecting
self-reported illness from twitter. In 2012 IEEFE 1th International Conference on e-Health
Networking, Applications and Services (Healthcom), pages 303-308, Beijing.

Kwan, M., Casas, 1., and Schmitz, B. (2004). Protection of geoprivacy and accuracy of
spatial information: How effective are geographical masks? Cartographica: The Interna-
tional Journal for Geographic Information and Geovisualization, 39(2):15-28.

Kwan, M. and Lee, J. (2005). Emergency response after 9/11: the potential of real-time
3D GIS for quick emergency response in micro-spatial environments. Computers, Envi-
ronment and Urban Systems, 29(2):93-113.

84



Latonero, M. and Shklovski, I. (2011). Emergency management, twitter, and social me-
dia evangelism. International Journal of Information Systems for Crisis Response and
Management, 3(4):1-16.

Leaming, B. (1995). Orson Welles, a biography. Amadeus Press, New York.

Lenhart, A., Ling, R., Campbell, S., and Purcell, K. (2010). Teens and mobile phones.
Technical report, Pew Research Center Internet & American Life Project.

Leslie, T. F. and Waters, N. M. (2009). Geographic information systems (GIS). In Ency-
clopedia of Library and Information Sciences, Third Edition, pages 1943-1954. Taylor &
Francis.

Li, L. and Goodchild, M. F. (2010). The role of social networks in emergency manage-
ment. International Journal of Information Systems for Crisis Response and Manage-
ment, 2(4):48-58.

Lindsay, B. R. (2011). Social media and disasters: Current uses, future options, and policy
considerations. Technical report, Congressional Research Service.

McCabe, C. (2010). Haiti’s  entrepreneurs keep life going, part 2.
http://firstperson.oxfamamerica.org/2010/01/29 /haitis-entrepreneurs-keep-life-going-
part-2/.

McCarty, B. (2011). Following quake, US government urges citizens to use social me-
dia for contact. http://thenextweb.com/socialmedia/2011/08/23/following-quake-us-
government-urges-citizens-to-use-social-media-for-contact /.

Meier, P. (2012a). Social media and emergency response.
http://irevolution.files.wordpress.com/2012/04 /social-media-emergency-lg.jpg.

Meier, P. (2012b). What was novel about social media use during hurricane sandy?

Meier, P. and Munro, R. (2010). The unprecedented role of SMS in disaster response:
Learning from haiti. SAIS Review, 30(2):91-103.

Mileti, D. (2010). Social media and public warnings.
http://www.slideshare.net/ COEmergency/warnings-social-media-rev-3.

National Research Council (2010). Review of the Department of Homeland Security’s Ap-
proach to Risk Analysis. The National Academies Press, Washington, D.C.

National Research Council, Committee on Disaster Research in the Social Sciences: Future
Challenges and Opportunities (2006). Facing Hazards and Disasters: Understanding
Human Dimensions. The National Academies Press, Washington, D.C.

National Research Council, Committee to Review the Department of Homeland Security’s
Approach to Risk Analysis (2010). Review of the Department of Homeland Security’s
Approach to Risk Analysis. The National Academies Press, Washington, D.C.

New York City (2011). Geographic data - NYC data mine. http://www.nyc.gov/
html/datamine/html/data/geographic.shtml.

85



New York City Population Division (2010). Population - new york city department of city
planning. http://www.nyc.gov/html/dcp/html/census/popdiv.shtml.

NGIS (2009). Social media helping emergency managment: Final report.

North Atlantic Treaty Organization (2012). Social Media: Risks and Opportunities in
Military Applications. Tallinn, Estonia.

Obama, B. (2011). Presidential Policy Directive-8: National Preparedness. The White
House.

Okolloh, O. (2009). Ushahidi, or ’testimony’: Web 2.0 tools for crowdsourcing crisis infor-
mation. Participatory Learning and Action, 59(1):65-70.

Olafsson, G. (2010). Digital disaster responders. http://www.slideshare.net/gislio/digital-
disaster-responders.

Olanoff, D. (2012). Twitter releases numbers related to hurricane sandy: More than
20M tweets sent during its peak. http://techcrunch.com/2012/11/02/twitter-releases-
numbers-related-to-hurricane-sandy-more-than-20m-tweets-sent-between-october-27th-
and-november-1st/.

OpenCellID (2011). OpenCellID. http://opencellid.org/.

Oxendine, C., Sonwalkar, M., and Waters, N. (2012). A multi-objective, multi-criteria
approach to improve situational awareness in emergency evacuation routing using mobile
phone data. Transactions in GIS, 16(3):375-396.

Palen, L., Anderson, K. M., Mark, G., Martin, J., Sicker, D., Palmer, M., and Grunwald,
D. (2010). A vision for technology-mediated support for public participation & assis-
tance in mass emergencies & disasters. In Proceedings of the 2010 ACM-BCS Visions
of Computer Science Conference, ACM-BCS ’10, pages 8:1-8:12, Swinton, UK. British
Computer Society.

Panzarino, M. (2012). Twitter launches emergency helper lifeline feature in japan.
http://thenextweb.com/twitter/2012/09/22 /twitters-new-lifeline-feature-japan-helps-
people-find-relevant-accounts-quickly-emergencies-disasters/?utm_source=dlvr.it&utm_-
medium=linkedin.

Paul, B. K. (2012). Factors affecting evacuation behavior: The case of 2007 Cyclone Sidr,
Bangladesh. The Professional Geographer, 64(3):401-414.

Pew  Research  Center  (2011). Americans and  their cell  phones.
http://pewinternet.org/Reports/2011/Cell-Phones.aspx.

Pew Research Center (2012). 46% of american adults now own a smart-
phone of some kind, up from 35% in may 2011; smartphone owners now out-
number users of more basic phones | pew internet & american life project.

http://www.pewinternet.org/Reports/2012/Smartphone-Update-2012/Findings.aspx.

Pham, D. (2012). Google mobile ads blog: New research shows 6 countries are the clear
leaders in smartphone adoption. do you know which ones?

86



Raines, G. and Mihalasky, M. (2002). A reconnaissance method for delineation of tracts for
regional-scale mineral-resource assessment based on geologic-map data. Natural Resources
Research, 11(4):241-248.

Raymond, E. S. (2008). The Cathedral & the Bazaar: Musings on Linuxz and Open Source
by an Accidental Revolutionary. O’Reilly Media, revised & expanded ed. edition.

ReVelle, C. (1989). Review, extension and prediction in emergency service siting models.
European Journal of Operational Research, 40(1):58-69.

ReVelle, C. S. and Swain, R. W. (1970). Central facilities location. Geographical Analysis,
2(1):30-42.

Richards, J. and Lewis, P. (2011). How twitter was used to spread — and knock down —
rumours during the riots. The Guardian.

Rive, G., Hare, J., Thomas, J., and Nankivell, K. (2012). Social Media in an Emergency:
A best practice guide. Wellington Region CDEM Group.

Russell, J. (2012). Japan tests twitter and mobile apps in emergency situa-
tions.  http://thenextweb.com/asia/2012/09/20/twitters-emergency-service-potential-
tested-japanese-earthquake-drill/.

Sattler, D. N., Larpenteur, K., and Shipley, G. (2011). Active shooter on campus: Evalu-
ating text and e-mail warning message effectiveness. Journal of Homeland Security and
Emergency Management, 8(1):1-15.

Schnebele, E. and Cervone, G. (2013). Improving remote sensing flood assessment using
volunteered geographical data. Natural Hazards and Earth System Science, 13(3):669—
677.

Selyukh, A. (2013). US FCC wants incentives for states to adopt
next  generation  911. http://www.reuters.com/article/2013/02/27 /usa-fcc-
idUSLINOBRDKA20130227?goback=%2Egde_125039_member_218276270.

Sorensen, J. (2000). Hazard warning systems: review of 20 years of progress. Natural
Hazards Review, 1(2):119-125.

St. Denis, L., Hughes, A. L., and Palen, L. (2012). Trial by fire: The deployment of
trusted digital volunteers in the 2011 shadow lake fire. In Rothkrantz, L., Ristveg, J.,
and Franco, Z., editors, In Proceedings of the 9th International Information Systems for
Crisis Response and Management Conference, Vancouver, Canada.

Stefanidis, A., Crooks, A., and Radzikowski, J. (2011). Harvesting ambient geospatial
information from social media feeds. GeoJournal.

Stephens, K. (2012). What is a virtual operations support team?
http://idisaster.wordpress.com/2012/02/13 /what-is-a-virtual-operations-support-team/.

Sui, D., Elwood, S., and Goodchild, M., editors (2012). Crowdsourcing Geographic Knowl-
edge: Volunteered Geographic Information (VGI) in Theory and Practice. Springer, Dor-
drecht.

87



Sui, D. and Goodchild, M. (2011). The convergence of GIS and social media: challenges for
GIScience. International Journal of Geographical Information Science, 25(11):1737-1748.

Surowiecki, J. (2004). The Wisdom of Crowds. Random House, New York, NY.

Taylor, C. (2011). Twitter users react to massive quake, tsunami in japan.
http://mashable.com/2011/03/10/japan-tsunami/.

The World Bank (2012). The world bank databank. http://databank.worldbank.org/
data/Home.aspx.

Toomey, T., Frost, E., and Jennex, M. E. (2009). Strategies to prepare emergency manage-
ment personnel to integrate geospatial tools into emergency management. International
Journal of Information Systems for Crisis Response and Management, 1(4):33-49.

Twitter (2012). Twitter / twittercomms: Here’s a graph that shows the
https://twitter.com/twittercomms/status/264430487517396992/photo/1.

U.S. Census Bureau (2011). Census bureau home page. http://www.census.gov/. #1 source
for current population data and the latest Economic Indicators. Households to Business
to Government - Income & Spending. Race by Sex by Age or poverty & health insurance
data. Foreign Trade shows what is coming in and what is going out. Federal Spending
and much more.

U.S. Congress (2011). Understanding the power of social media as a communication tool in
the aftermath of disasters:.

U.S. Department of Homeland Security (2005). DHS: Remarks for Secretary Michael
Chertoff U.S. Department of Homeland Security George Washington University Home-
land Security Policy Institute.

U.S. Department of Homeland Security (2012). First responder communities of practice
virtual social media working group community engagement guidance and best practices.

Voogd, H. (1983). Multicriteria evaluation for urban and regional planning. Pion London.
Wallop, H. (2011). Japan earthquake: how twitter and facebook helped. Telegraph.co.uk.

Waters, N. (2013). Social network analysis. In Fischer, M. and Nijkamp, P., editors,
Handbook of Regional Science. Springer, Berlin, Heidelberg. (In Press).

Waters, N. M. (2011). Crisis mapping with GIS: a game changer. Geoworld, 24(5):12-13.

Weiser, M. (1991). The computer for the 21st century. http://sandbox.xerox.com/want/
papers/ubi-sciam-sep91.pdf.

Weiser, M. (1993). Some computer science issues in ubiquitous computing. Communications
of the ACM, 36(7):75-84.

White, C., Plotnick, L., Kushma, J., and Hiltz, S. R. (2009). An online social network for
emergency management. International Journal of Emergency Management, 6(3):369-382.

88



Winn, P. (2011). Japan tsunami disaster: As japan scrambles, twitter reigns.
http://www.globalpost.com/dispatch/news/regions/asia-pacific/japan,/110318 /twitter-
japan-tsunami.

World Economic Forum (2011). Personal data: The emergence of a new asset class. Tech-
nical report, World Economic Forum.

Wright, K. (2012). Community and government stakeholders collaborate to
explore how public input via social media influences emergency response.
http://www.mitre.org/news/simex_09_28_2012.html.

Yates, D. and Paquette, S. (2011). Emergency knowledge management and social media
technologies: A case study of the 2010 haitian earthquake. International Journal of
Information Management, 31(1):6-13.

Zandbergen, P. A. (2009). Accuracy of iPhone locations: A comparison of assisted GPS,
WiFi and cellular positioning. Transactions in GIS, 13:5-25.

Zarcadoolas, C., Boyer, J., Krishnaswami, A., and Rothenberg, A. (2007). GIS maps to
communicate emergency preparedness: How useable are they for inner city residents?
Journal of Homeland Security and Emergency Management, 4(3):1-11.

Zerger, A. and Smith, D. I. (2003). Impediments to using GIS for real-time disaster decision
support. Computers, Environment and Urban Systems, 27(2):123-141.

Zhao, S., Zhong, L., Wickramasuriya, J., and Vasudevan, V. (2011). Human as real-time
sensors of social and physical events: A case study of twitter and sports games. Technical
report, Rice University and Motorola Labs.

Zickuhr, K. (2011). Generations and their gadgets. Technical report, Pew Research Center’s
Internet & American Life Project.

Zickuhr, K. (2012). Three-quarters of smartphone owners use location-based services.
http://www.pewinternet.org/Reports/2012/Location-based-services.aspx.

Zimmerman, C., Brodesky, R., and Karp, J. (2007). Using highways for no-notice evacua-
tions - routes to effective evacuation planning primer series.

Zimmerman, R. and Sherman, M. F. (2011). To leave an area after disaster: How evac-
uees from the WTC buildings left the WTC area following the attacks. Risk Analysis,
31(5):787-804.

Zook, M., Graham, M., Shelton, T., and Gorman, S. (2010). Volunteered geographic infor-
mation and crowdsourcing disaster relief: A case study of the haitian earthquake. World
Medical & Health Policy, 2(2):7.

89



Curriculum Vitae

Chris Oxendine is a proud member of the Lumbee tribe and originally from Pembroke,
North Carolina. In 1991, Chris graduated from Purnell Swett High School and entered
the United States Military Academy Preparatory School. In 1992, he entered the United
States Military Academy (USMA) at West Point. In 1996, Chris graduated with a B.S. in
Mapping, Charting, and Geodesy and was commissioned as a Second Lieutenant in the U.S.
Army. Chris served for over ten years as a Military Police Officer, serving as a company
commander, Department of Public Safety Operations Officer, and Special Reaction Team
Officer in Charge. Chris also served for over six years as a Space Operations Officer. Chris
deployed twice in support of Operation Enduring Freedom from 2008-2009, and in 2010.

In 2001, Chris completed a Master of Arts in Business and Organizational Security from
Webster University. In 2004, Chris graduated with a Master of Science in Cartography/GIS
at the University of Wisconsin-Madison. From 2004 -2007 Chris taught in the Geospatial
Information Science Program, Department of Geography and Environmental Engineering
at West Point, NY. During the three year assignment, he taught EV203 Physical Geogra-
phy, EV378 Cartography and EV379 Photogrammetry. He completed the Master Teacher
Program from the USMA Center for Teaching Excellence. He presented his research in four
conference proceedings and was invited to present his research twice at the Institute of Na-
tional Security Studies (U.S. Air Force Academy). Finally, he received four grants (totalling
over $17,000). In 2006, he was promoted to Assistant Professor, Department of Geogra-
phy and Environmental Engineering. Chris entered the PhD Program in Geography and
Geolnformation Sciences at George Mason University in 2010. Chris is a Sequoyah Fellow
with the American Indian Science and Engineering Society, a member of the Association of
American Geographers, and Gamma Theta Upsilon.

Chris is a candidate for the PhD degree in Earth Systems and Geolnformation Sciences
from George Mason University in May 2013.

90





