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Abstract

In the aftermath of disasters, evacuating aging victims and maintaining an optimal
transportation of critical resources in order to serve their needs becomes problematic,
especially for Gulf Coast states in the USA such as Florida, where more than 6.9
million (36.9%) of the overall population are over age 50. Recent experience with
Hurricane Katrina showed that fatalities are disproportionately aging people who live
independently and who are not willing or able to evacuate. From a transportation
perspective, this problem becomes even more challenging when we consider roadway
disruptions that can drastically affect the emergency transportation operations.
Scanning the literature, there is no substantial prior work that has synthesized the
requirements for a detailed multi-modal operational emergency needs assessment that
could facilitate safe and accessible evacuation of aging people, and optimize the
transportation of critical resources into the affected disaster region to satisfy the needs
of those who remain. This project describes the conceptual foundation and
components necessary to create such a knowledge base with importance given to both
ensuring the resiliency of the transportation infrastructure and meeting the needs of
aging population. Evaluating this comprehensive knowledge base, operational
emergency transportation needs in order to serve the aging populations are also
identified. To help address these needs, geographic information system (GIS)-based
tools can assist agencies with optimal and efficient solutions/strategies to transport
aging victims, optimizing shelter locations, and provide vital commodities in the
aftermath of disasters. Therefore, following a thorough analysis of the knowledge
base, this project focuses on the development of more efficient emergency

Xii



management methodologies with a focus on aging populations. These methodologies
are also supported by an aging victim-focused and GIS-based case study application

set in the District 3 region as identified by the Florida Department of Transportation.
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1 Chapter 1 Introduction
2 Disasters, natural or man-made, are extreme events often occurring with little or no
3 warning. Figure 1.1, which depicts the natural disasters that occurred between 1900 and 2011,
4 clearly shows that we are vulnerable to disasters all around the world (1). Some recently affected
5 countries like Turkey, Haiti and Japan are extremely vulnerable to severe earthquakes that can
6  kill many people and seriously disrupt the daily lives of survivors. Moreover, the Gulf Coast
7  States in the USA such as Florida and Mississippi frequently experience major hurricanes such
8 asthe infamous Hurricane Katrina. There is also a growing need for research on emergency
9  response due to other disasters such as nuclear power plant failures, industrial accidents, and
10  man-made attacks. Millions of people each year are affected by disasters, which makes the
11 management of emergency supply flow over transportation networks a key issue for the survival

12  of victims.

Number of disasters

(42 TS 43-1 96 > 106

Cantre for Rescsrch oo the Epldemiology of Disssten b_
‘s

13
14 Figure 1.1. Number of Natural Disasters by Country between 1900 and 2011 (1).
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This issue even becomes more problematic when the focus is on the aging population. A
real story that happened in the aftermath of Katrina clearly reflects this by presenting the
importance of efficient emergency supply management. It reveals the inadequate distribution and
availability of vital resources:

An elderly man came into our shelter in Waveland. He said that his wife just had surgery
yesterday and that they were still staying at their property. | asked if there was anything he
needed. I still tear up when | remember what he said: *““It would be nice if we could have a

blanket for my wife.”” (2)

This anecdote reflects what happened in the aftermath of hurricane Katrina and clearly
shows that one of the most important issues to consider after a disaster is addressing the basic
survival needs of aging population victims. Among the 1,800 persons died in Hurricane Katrina
and its aftermath, the fatalities were mostly aging people, with 71% of the victims older than 60,
and 47% over the age of 75 since most of the aging victims living independently were either
disabled or had mobility restrictions (3). Moreover, a nationwide survey conducted as a part of
an American Association of Retired Persons (AARP) report similarly stated that, among the
interviewees that experienced Katrina, 13 % of adults that were over the age of 50 or older and

25 % over the age of 75 needed assistance for evacuating (Figure 1.2) (4).
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Figure 1.2. Help Needed Evacuating in Event of Natural Disaster by Age
*Difference from 50-74 is statistically significant at 5% (4).

The recent superstorm Sandy in the Northeast USA also had a devastating effect on the
elderly who were not willing to or unable to evacuate. According to a Guardian report (5), some
of these aging victims actually drowned while trying to flee or stay at home due to flooding.
Moreover, survival needs were not effectively satisfied at emergency shelters after Hurricane
Katrina (Table 1.1) (6). According to this study, 56% of shelter residents were left without

adequate food, 54% without adequate water, and 32% without medical supplies.
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Table 1.1 Experiences of Houston Shelter Residents (6)

Residents (Total=680)

(%)
Spent time inside the New Orleans Superdome 35
Spent time inside the New Orleans Convention Center 7
Spent at least 1 day living on a street or overpass 40
Went without adequate food 56
Went without adequate water 54
Went without prescription medicine 32

Therefore, painful lessons learnt during recent disasters such as Hurricane Katrina reveal
the vulnerability of aging people during emergency evacuations due to their functional or
economical limitations, sensory, physical and cognitive disabilities. This indicates that, after the
disasters, life was not very simple for the aging victims who were trying to meet these survival
needs. For example, of the 1,833 people who died during/after Katrina, almost 71% of the
victims were 60 and older (3). These aging victims were living alone in the rural areas, needed
special assistance to evacuate as a result of their mobility restrictions or lacked access to
vehicles. Therefore, during the recovery period after a disaster, the emergency evacuation,
rescue, and commaodity supply activities should be able to satisfy the basic needs of aging people
even if the transportation network is heavily damaged or degraded. In the literature, there are a
number of objectives pursued by planners, researchers and engineers to develop efficient
emergency transportation management methodologies. The majority of studies on emergency
demand and supply management, however, focus on a general disaster situation without
specifically addressing the specific needs of aging victims. Emergency transportation

management for aging people, in nature and characteristics, should be primarily concerned with

4
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their welfare, and therefore should try to better incorporate information on their behavioral,
disability and other health needs (effects of physical, mental and psychological limitations or
disabilities of aging population on emergency operations planning). These planning and
operational needs compel us to develop efficient and successful emergency management
methodologies with a focus on aging people.

In the context of humanitarian logistics, emergency transportation management is a
complex task that depends on the characteristics of an extreme event and the population in the
affected region. The need to study the unique features of emergency logistics have been recently
recognized (7-11). Although this is critical, transportation with a focus on aging populations is a
research area which has not been largely addressed by researchers and officials planning for
emergency operations (12). The majority of studies focus on humanitarian logistics without
addressing the specific needs of aging victims. Emergency transportation management for aging
people should be primarily concerned with their welfare, and therefore should try to better
incorporate information on their physical, mental and psychological limitations or disabilities,
and other health needs. These planning and operational considerations motivate us to develop
more effective emergency management methodologies with a focus on aging people. Since aging
people may need special assistance both during emergency evacuation and sheltering, disaster
plans should clearly specify how these needs can be addressed and how related problems can be
solved by public and/or private humanitarian agencies. To help solve these problems, geographic
information system (GIS)-based tools can assist government agencies with practical, optimal,
and efficient solutions/strategies to transport aging victims and vital commodities in the

aftermath of disasters.



N

10

11

12

13

14

15

16

17

18

19

20

21

Focusing on these problems, the aim of this project is to answer the following key

questions that emergency transportation plans and models should attempt to address:

Can the aging people secure or be provided enough resources (food, water, clothing, etc.)
and adequate shelter so that they can survive for a relatively extended period of time after
the disaster?

Will aging people have the opportunity to receive the emergency care they may need?
Will adequate resources be in place?

Can relief shelters be located and allocated optimally to conduct safe and accessible
emergency evacuation for the whole population including those who are aging?

How can we assess whether the transportation infrastructure in the impact area is
sufficient for emergency evacuation and the distribution of vital supplies?

Can the aging victims be effectively identified and tracked in the aftermath of a disaster?

Following from these questions, the main emphasis of this research is:

to state and study the characteristics of the emergency transportation needs of the aging
population,

to identify critical issues during the emergency evacuation focusing on the safety and
accessibility for the aging,

to identify critical issues related to the logistics and flow of vital commodities and
sheltering locations,

to articulate research directions and provide leadership in solving emergency operations

problems critical for the safety and survival of aging victims in the aftermath of disasters.
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The novelty of this research is that for the first time in the emergency management field
the system requirements to create such a GIS-based multi-modal knowledge base will be
identified with importance given to both ensuring the sustainability and suitability of the
transportation infrastructure and satisfying the needs of an aging population (‘the aging
population’ can be thought of as those people aged 65+ in this research project). Our objective in
this research, therefore, is threefold. The first objective is to understand the critical components
that form the proposed research methodology that is focused on safe and accessible emergency
evacuation for the aging. The second aim is to highlight the operational issues involved with the
optimal location/allocation of shelters, and efficient distribution of emergency relief goods
supply flows to these locations in support of the disaster relief efforts for the aging population.
Followed by the identification of these critical operational issues, the third objective is to
develop more effective emergency management methodologies with a focus on aging people.
Based on these objectives, this project report is organized as follows. Firstly, an overview of the
proposed methodology is provided. Next, the steps of this methodology will be extensively
supported by the evaluation of a transportation network based on the developed methodology,
with an application to the District 3 region of Florida, as identified by the Florida Department of
Transportation (FDOT) (13). Finally, several conclusions and recommendations for future

studies are provided.
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Chapter 2 Methodology

The main focus of this research is to identify key issues required to create a multi-modal
emergency transportation and decision making framework for evacuating aging victims and
transporting vital supplies. Our initial study is set in the context of Florida Department of
Transportation (FDOT) District 3. Therefore, the main challenge is to develop an effective
methodology to extract the vast amount of knowledge from available sources and to incorporate
them into an aging population-focused emergency management framework. This knowledge
extraction process is achieved using a proven scientific methodology tested for this kind of
problem in the past (14). The methodology proposed by the Pls in order to obtain this knowledge
where the problem domain is large and expertise is scattered is the one called “knowledge base

development”, which involves the following steps:

» Knowledge Acquisition: Since knowledge and experience exists in disparate sources
(several places and with a number of people in addition to the published literature), a
large domain of knowledge should be surveyed. This step includes acquiring and
reviewing the existing practice, documents and other resources to clarify the diversity of
available knowledge. Following these efforts, a metadata-based assessment and an
extensive review of existing knowledge are conducted including the following sources:
previous studies, generic tools such as transportation planning models, and relevant
published data.

» Knowledge Elucidation: This step involves assessing the collected information and
literature reviewed in the prior step in order to add value to the knowledge acquired

through comprehensive synthesis, compiling the following:
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0 Location, accessibility and capacity attributes for intermodal origins (airports,
watersports, railway terminals, intermodal connection terminals) and destinations
(staging areas, distribution centers, points of distribution, shelters) in the affected
region are determined for the decision making framework. This information is
presented in GI1S-based maps/compatible database formats so that planners/officials
could access these attributes to evaluate a facility for emergency use.

o Existing federal, state and commercial tools are evaluated based on their usage,
advantages and disadvantages during emergency operations focusing on the needs of
the aging victims.

0 Regional transportation network models developed using transportation demand
modeling software such as CUBE, which is also actively used by Florida Department

of Transportation (15), are evaluated.

o Data sources (transportation infrastructure, facility locations, truck routes/restrictions,

real-time traffic and disaster data) needed for the framework are clearly identified.

Knowledge Representation: This task is completed through the development of material

including tables, flowcharts, visual illustrations and guidelines using the knowledge
obtained and processed in the previous stages. Based on the collected data, basic GIS-
based and regional transportation network models are used to test hypothetical

emergency scenarios with the goal of assessing the performance of the transportation

network in evacuating the aging population and providing the flow of emergency supplies

into the affected regions under extreme conditions.
Validation and Verification of the Framework: Most of the information reviewed are

highly technical and procedural, and therefore it is important to verify and validate this
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information very carefully before actually using it. Upon carrying out different steps of
the framework, they are evaluated by the experts and the Pls to ensure their accuracy and
appropriateness for emergency operations. Depending upon the results of this step, the

Pls decide whether or not to go back to the previous steps, and to make adjustments.

The proposed intense knowledge base development process that involves this four-step
approach is presented in Figure 2.1 that ensures a detailed study of the problem from all

perspectives.

SEER-I

Enowledge
Acqguisition

STER 2

Enowledge
Elucidation

STEF2

Enowledge
Representation

STEP 4
Validation and Verification
of the Decision Making
Framework

Figure 2.1. Work Plan

The following chapters include the detailed information related to these steps.
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Chapter 3 Knowledge Acquisition

This chapter includes detailed information regarding Step 1. This step involves a
comprehensive review of agency reports, research literature and other resources in order to
acquire the required understanding to develop the content of the metadata-based knowledge base.
Therefore, a literature search was performed to identify the experiences of aging population and
better understand their transportation needs in the aftermath of disasters, and determine
promising approaches/best practices to improve their disaster-related mobility. As a part of this
step, the Pls sought out several critical Florida Department of Transportation and Florida
Division of Emergency Management data and reports that could be critical for the research.

The literature review conducted in this study included several steps. First, we introduced
specific evaluation criteria for the review of the related work on emergency transportation
operations with a focus on an aging population. Based on this criteria, we reviewed articles,
agency reports and other relevant documents covering a time period of 1988-2013, which
resulted in a collection of 132 critical works. An example metadata table of literature can be seen
in Table 3.1. The remaining metadata tables can be found in Appendix A. Criteria used to
evaluate the existing literature is listed as follows:

= Scope

= Obijective

= Methodology

= Spatial Coverage

= Temporal Coverage

= Data Analysis

= Media/Source Type
11



= Contribution.

Table 3.1 Sample Metadata-based Assessment Tables
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1 This review revealed the needs and vulnerabilities of aging people based on their

2  cognitive, behavioral, and health limitations. In the following chapters, these papers and reports
3 will be utilized with respect to discussing the operational needs of aging people during

4 emergency transportation operations. Figure 3.1 shows a word cloud based on the review of

5  these existing studies, where the words “assistance”, “homes”. “emergency”, “nursing”,

6  “evacuation”, “hospitals”, “disaster”, “patients” and “needs” appear to be words significant.
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8 Figure 3.1. Word Cloud based on the Literature Review
9 The following chapter will provide information on the evaluation of the available

10 literature related to aging populations and emergency transportation operations.

11

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Chapter 4 Knowledge Elucidation

This step involves assessing the collected information in order to clarify different aspects
of the knowledge acquired from the cited resources. Our review clearly shows that rapid aging is
one of the most crucial socio-economic changes affecting our world (16). As a socio-
demographic process, the USA’s 65-and-older population is projected to reach 83.7 million in
the year 2050, almost double in size from the 2012 value of 43.1 million (17). In addition, in
2013, Florida had the highest proportion of residents aged 65-and-older in the nation, comprising
18.17% of the state’s population (18). Growth among aging Floridians is expected to continue,
with those age 60 and older comprising 41% of the state population by 2030 (19, 20). This
indicates that community stakeholders should ensure that services provided to the aging enable
them to respond to and recover from a disaster (21). Moreover, disasters create an abundance of
needs and a scarcity of resources while amplifying vulnerabilities and exposing gaps in planning
and service delivery (22). Perspectives offered concerning the disaster need of aging in the
disaster management literature are generally global, national and/or local (23-40) rather than
being regional (e.g.: scale of FDOT District 3). In this context, this section explores the relief and
evacuation needs of the aging population in Florida with a focus on FDOT District 3 region in
conjunction with emergency transportation operations.

4.1 Vulnerability of Aging People to Disasters

Aging people are vulnerable by nature to extreme events, and suffer substantially higher
casualties in time of disasters as they are influenced by physical limitations, limited sensory
awareness, health conditions, and social and economic restraints (41, 42), physical frailty and
social isolation (43), and functional and cognitive disability (44). Please see (45) for a more

detailed discussion on the vulnerability of aging people to disasters. A range of health,
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physiological, psychological, social, and economic factors place people at greater risk as they
age, affecting their ability to prepare for, respond to, and recover from a disaster (46, 47). Other
factors that increase aging people vulnerability in disasters include living alone and in isolated
rural areas (48). This is critical for states like Florida where a substantial amount of aging people
are living independently in rural areas. Aging adults are also more vulnerable to the impacts of
disasters as compared with other age groups (41, 48, 49, 50). Especially catastrophic disasters
tend to result in severe psychological stresses in aging victims (49). As disasters may critically
impact aging adults, it becomes crucial for emergency planners and aging people care givers to
understand the factors that create this vulnerability (48). Aging people are also more vulnerable
to disasters since they have sensory impairments, they are reluctant to evacuate due to their fear
for dangerous environments, loss of property and pets, and language/cultural barriers (22, 51).
Medical conditions can also make one more susceptible to certain illnesses/diseases that can be
brought on by disasters, and they put one at risk if medication becomes unavailable (52).

4.2 Emergency Evacuation

Emergency evacuation is one of the most effective and widely used tactics to protect
people from disasters including hurricanes (53, 12), extreme wind and flooding (54) and many
others. In relation with disaster evacuations, aging adults are part of the low mobility groups
whose movement is a research area which has been largely unaddressed by officials planning for
evacuations (55). To achieve efficient emergency evacuations, the mechanisms for transporting
aging persons safely and providing accessible, appropriately equipped and staffed shelters are
critical (48). According to (26), in preparing for and carrying out the evacuation of aging

populations, officials face challenges in identifying these groups, determining their needs, and
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providing for and coordinating their transportation, mostly due to the poor understanding of the
size, location, and composition of the aging people in their community.

Roadway-based evacuation and simulation models have been extensively used to solve
the associated problems with evacuation (examples include (56-59)). A review of evacuation
research, development and practice can be found in (60), where the evolution of multi-modal
evacuation-based simulation models over the past decade are presented. Although much attention
has been paid to the emergency evacuations, relatively few studies focus on the needs of an
aging population during evacuations.

Several researchers state that aging people are the last to evacuate for reasons including
past experience with disasters, health issues, insufficient resources, particular life style (living
alone), fear of new environment, attachment to their natural and traditional areas of living (51,
61). Even when not living alone or in rural areas without public transportation, aging people may
not be able to evacuate during disasters because their local transportation services may be
interrupted/suspended. Those residing in institutions may also be too frail to be evacuated
quickly (62). For instance, disaster evacuations have greater risks associated with aging with
disability as not all vehicles have the capacity to transport wheelchairs (63). Disaster victims
who are house-bound, socially isolated, or who have impaired mobility, poor vision may be
compromised in their ability to respond to and recover from disasters during a rapid evacuation
(52). Decision of health care administrators to evacuate is bounded within the internal and
external environment conditions, infrastructure and management operations, and focus on
community/organizational level. (52, 64).

Communicating evacuation information to the aging population is also critical during

emergency evacuations; however, there are difficulties related to this effort in terms of
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efficiency, real-time feedback, financial aspects, and appropriate communication for the aging
population who can be worried and confused (65). Research on the use of multi-modal facilities
such as airports, sea ports, and railway terminals for evacuating aging people is also very limited
(68, 69). The use of transit systems has been recently studied for evacuating vulnerable
populations (66, 67); however, to the authors’ knowledge, there has not been any research on
transit-based evacuations with a focus on aging populations.

4.3 Sheltering

“Sheltering” itself is a general term that can refer to situations ranging from people
leaving their primary residence to stay with family or friends during a disaster or hurricane, to
the relocation of people in temporary structures outside of a storm zone (53). There is clearly a
temporal element to this definition, and in our work, we focus on the ‘emergency shelter’ which
refers to locations where actual or potential disaster victims seek quarters outside of their own
permanent homes for shorter periods; hours in many cases, overnight or possibly a few days at
most (53). People choose to use shelters because an evacuation order has been issued and they do
not (or cannot) leave the forecasted affected region. In the context of disaster evacuation, the
older adults are considered part of the low mobility groups (also including prisoners, those of the
lowest socioeconomic status, the disabled, etc.) whose movement limitations and needs have
been identified as an area for future disaster-related research (55).

Shelter location placement falls within the realm of facility location problems in spatial
optimization. This broad field is concerned with choosing appropriate locations to place
infrastructure such as warehouses, stores, or emergency facilities (70). Models are used to select
at least one new facility among several alternatives in order to optimize some objective such as

minimizing transportation costs or maximizing service coverage (71). Most models are of a
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discrete nature with candidate facility locations and service demand confined to transportation
network locations (71). Applications of these models are as diverse and varied as siting health
care facilities and medical centers (72, 73), locating hydrogen refueling stations (74), or
hurricane relief goods distribution facilities (75).

Several studies have looked at hurricane disasters and shelter location optimization in a
spatial modeling setting. For instance, a nonlinear mixed integer programming model is proposed
in (76) which determines shelter locations and evacuation paths so as to minimize the system-
wide evacuation time. Their capacitated facility location model optimally selects shelter
locations among potential alternatives consistent with available resources. The role of demand
uncertainty is considered in the context of shelter and evacuation planning (77). The spatial
location adequacy, and socio-economic and physical suitability of evacuation shelters in Florida
is explored through implementing a G1S-based suitability model in 17 South Florida counties
(78). Suitability was defined to decrease with proximity to hazardous facilities but to increase
with road accessibility and proximity to health care facilities. Other work includes (79) where a
bi-level model is designed to determine the locations of safety shelters in a transportation
network and A GIS-based multi-objective model is presented to locate emergency shelters and
identify evacuation routes in (80). Scanning the current optimization literature however, there
has been little direct focus on the sheltering needs of special needs populations and that of the
aging populations. The next section describes our study area and modeling approach aimed at
addressing this issue.

4.4 Transportation of Vital Supplies (Relief Goods)

Relief goods distribution and transportation is a rapidly expanding field of research with

most works aiming for efficiency through minimizing transport costs, integrating spatial
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considerations with regards to a range of disasters including hurricane hazards. A model is
designed in (81) that minimizes transportation costs while maximizing the amount of deliveries
for relief supply from a given distribution center to several camps. Similarly, disaster relief
operations as a multi-commaodity, multi-network flow model with time windows are studied in
(82) whereas the impacts of earthquake events on transportation networks and accessibility in
Tokyo (Japan), and Seattle, WA are examined in (83). A multimodal network flow model that
allocates first-aid items in the context of general disaster relief is presented in (84), and a multi-
objective programming method to distribute relief in a post-earthquake environment is designed
in (85). Most of this research was published after 2005 (86) with no direct connection with
disaster issues.

More recent research addressing relief distribution with specific respect to hurricanes (73,
87, 88, 89, 90, 91) demonstrated all the crucial role transportation networks play in connecting
disaster victims to relief sites and defining their accessibility to potential goods distribution sites.
Many models aim for some level of efficiency through minimizing transport costs or the access
burden of people reaching distribution centers. In particular, possible impacts of relief
distribution point locations on disadvantaged populations are examined by using socio-economic
characteristics as the key factor for facility placement (88, 90). However, no efforts have
considered the influence of aging populations’ locations on relief facility placement.

Substantial transportation scholarship has tried to understand the socioeconomic impacts
of transportation policies and of differential accessibility in various transport-related contexts,
though far less so when it comes to disaster relief issues (90). In the past, GIS-based studies
using spatial modeling techniques have extensively probed client accessibility for medical

facilities (92, 93), rail transit stops (94) or shelters for homeless people (95). Efforts looking to
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maximize accessibility for hurricane relief distribution facilities are less abundant. A model that
handles the efficient provision of relief goods to facilities within populated places with disaster-
trapped citizens is proposed in (96). The influence of changing demand assumptions on
accessibility to disaster relief for socioeconomic groups with the lowest income levels is studied
in (90) and; hurricane relief distribution siting is explored based on equity and efficiency
objectives in light of populations’ socioeconomic differences in (96). In a slightly different
analysis, a blended GIS and spatial optimization modeling to implement a hierarchical
capacitated-median model that sites relief facilities providing different and distinctive levels of
assistance is presented in (98). None of those efforts has considered the impact of age-based
characteristics on relief distribution accessibility.

In the aftermath of disasters, the availability of resources may be limited due to
disruptions in the transportation network and unavailability of personnel and vehicles. However,
commodity supply activities should be able to satisfy the basic needs of aging at any time where
the lack of even one medicine can be critical. An analysis on the points of distribution (PODs)
after Hurricane lIke also reveals that increasing the capabilities of existing PODs are preferable to
additional ones, and mobile PODs are found to be more efficient (99). Several emergency relief
planning models have been developed to focus on the delivery of the vital products during the
disasters. Please refer to (11) for a detailed review of these studies. The critical point, however, is
that, none of these studies specifically focus on the needs of the aging population which
represents a crucial research and practice gap. Moreover, to address the needs of Florida
residents who do not take heed of hurricane evacuation orders either by choice, or inability to
evacuate, state and local governments implement comprehensive disaster relief management

plans describing the mechanism of distributing relief goods in the event of an emergency (90).
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Guidelines to conduct relief operations in a hurricane context are detailed by the Florida
Department of Emergency Management, FDEM (38) specifying how the facilities providing
relief supplies, or “*Points of Distribution” (PODSs), should be set up and operated. These
guidelines which incorporate only a vague strategy for the spatial placement of these PODs
throughout a region (98), however, inspire the many existing potential designs for hurricane
relief goods distribution systems. Many efforts make use of the classic distribution model with
local PODs serving relief received from larger and more distant warehouses to the affected
neighborhoods.

Furthermore, several papers use variants of the efficiency-oriented p-median model
(sometimes compared with the equity-oriented p-center (97). While a few studies investigate the
movement of goods along the full supply chain (87), most research has argued that the
accessibility of neighborhoods to relief distribution points be given the most weight (90, 98, 96,
97). Our project embraces the latter mentioned strategy through a specific focus on the
neighborhood-distribution facility linkage and the realization that no other research has looked
directly at the influence aging populations could have on relief center location placements.

It is important to note that federal and military involvement in disasters can also be
critical for a safe and accessible evacuation/sheltering and supply transportation for aging
people. In these situations, the Governor has the absolute authority in deciding the use of Florida
National Guard and all other resources available for emergency duty, and can request an
assistance from FEMA and other federal sources (38, 100, 101, 102).

It is clear that there are a wide range of studies for the emergency management and relief
operations whereas aging-focused emergency transportation and relief management is still a very

open area of research. As the threat posed by natural disasters challenges both emergency
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practitioners and the scientific community resulting in substantial research, little of this focuses
explicitly on disaster relief and/or disaster evacuation with respect to the aging population. Aging
adults are also generally placed in the low mobility groups whose movement and/or relief
provision is a research field which has been largely unaddressed in planning for evacuations and

those who may remain behind (55).
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Chapter 5 Knowledge Representation

This step involves the development of material including tables, flowcharts, visual
illustrations and guidelines using the knowledge obtained and processed in the previous stages.
Based on the collected data, basic GIS-based software and regional transportation network
models are used to test hypothetical emergency scenarios with the goal of assessing the
performance of the transportation network in evacuating the aging population and providing the
flow of emergency supplies into the affected regions under extreme conditions.

Project research work focuses on the 2014 Florida’s Aging Road User (65+) Priority
Counties developed as a part of the strategic safety planning initiative started by the Safe
Mobility for Life Coalition (SMFL) (Figure 5.1) (107). Designated priority counties by SMFL in
District 3 are as follows:

» Urban Priority Counties in District 3: Leon, Bay and Escambia.

* Rural Priority County in District 3: Walton.
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2014 Florida’s Aging Road User (65+) Priority Counties

Y IS > -
Q- S
1

Top 10 Urban Priority Counties

Top 10 Rural Priority Counties
Percent of the Population Aged 65+

Less than 13.7% (National percentage)
B 137%-181%

- Greater than 18.2% (Flonda percentage)

op 10 Urba Top 10 Rural
Prio 0 -J| Priority Counties
Alachua Columbia
Miami-Dade Taylor
Bay Hardee
Duval Madison
Leon Baker
Broward Walton
Escambia Bradford
Hillsborough Putnam
Monroe Lewy
Pinellas QOkeechobses

Priority counties were selected using a 3-year (2010-2012) average rate of crashes
involving individuals aged 65+ compared to the population of 65+ in both urban and -
rural counties. The chosen counties were found to be above the average crash rate for a }'

rural and urban counties, respectively.

Source: Bureau of Economic and Business Research (BEBR), UF, 2012;
E0OT Crach Anglysic B a walem [CADS) 2042 March 2014

Figure 5.1. 2014 Florida’s Aging Road User (65+) Priority Counties (107)

Thus, in this project, after evaluating the whole FDOT District 3 Region for emergency
transportation operations, the PIs conduct a more detailed analysis on these four counties based
on the available multi-modal transportation facilities, roadway network, locations of assisted
living facilities and shelters, and the effect of disasters such as hurricanes and nuclear plants.
GIS-based evaluation maps for Bay and Escambia counties will be discussed in the following
sections, those maps for Leon and Walton counties can be found in Appendix B.

5.1 Evaluation of Transportation Modes for Emergency Transportation

Emergency transportation management is a critical and complex task that depends on the
characteristics of a disaster. It is also directly related with the transportation infrastructure,
disaster area security, evacuee demand, demand for vital supplies, availability and accessibility

of nursing homes, private homes, distribution centers, inventories and shelters, etc. An efficient
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management strategy should be based on a collaborative approach supported by tracking of
emergency evacuation and flow of supplies. Evacuees can be transported out of the affected
region and vital supplies can be transported to the affected disaster region by different
transportation modes that include air, waterway, rail and truck (roadway) transportation.
Especially truck transport for emergency operations is critical since it can be easier and more
convenient to carry the vital supplies to the disaster region by trucks as long as the roadway
network is available.

Table 5.1, which is adapted and extended from (103), highlights the prominent features of
these different transportation modes for emergency operations with a focus on an aging
population. The comparative evaluation process presented in Table 5.1 leads to identifying the
entire scale and levels of the network, relative speed, reliability/efficiency, accessibility,
flexibility, and capacity criteria listed in the following rows of Table 5.1. This evaluation criteria
can be revised depending on the type of disaster, the population characteristics of the area
focused on and the available transportation network. Here, GIS-based maps can also offer a
comprehensive evaluation for the evaluation of the multi-modal transportation modes in terms of
visually identifying the advantages and disadvantages of the available transportation network
(Figure 5.2).

5.1.1 Network

As shown in Figure 5.2, state roadways comprise a significant portion of the District 3’s
major urban highway network (particularly around larger cities such as Tallahassee in Leon
County, Panama City in Bay County, and Pensacola in Escambia County) whereas the railway
network is very limited with a fixed infrastructure (Figure 5.2). Railway terminals in District 3

are also limited to freight transportation only. On the other hand, there are four major airports
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(regional, with limited capacity) and three major sea ports (used for freight transportation only)
in District 3 (Figure 5.2). Based on this information, roadways are found to be integral for aging-
focused emergency transportation in District 5.2.
5.1.2 Accessibility

Accessibility of each transportation mode network is of critical importance in order to
evacuate aging victims and transport vital supplies into the affected region successfully.
Accessibility specific rating criterion for the transportation modes is given as follows (Table
5.1):

e High: Transportation mode network passes within 10 miles of highly populated aging
population blocks, or multi-modal transportation facility is located within 10 miles of
highly populated aging population blocks.

* Medium: Transportation mode network passes within 10-50 miles of highly populated
aging population blocks, or multi-modal transportation facility is located within 10-50
miles of highly populated aging population blocks.

* Low: All others.

5.1.3 Capacity
Similar to the previous criterion, this one focuses on the serving capacity of the modes for
emergency transportation operations (both for evacuating aging victims and transporting critical
supplies). Capacity specific rating criterion for the transportation modes is given as follows
(Table 5.1):
* High: Transportation mode is able to transport large quantities of supplies, or can sustain

high capacity evacuations for aging.
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e Maedium: Transportation mode is limited in terms of actual capacity; however, increasing
the amount of vehicles can lead to the completion of aging evacuation and supply
transportation operations satisfactorily.
* Low: Transportation mode can only transport limited quantities of supplies, or can
evacuate limited number of aging people.
5.1.4 Relative Speed

Relative speed of transporting aging victims and vital supplies with respect to different
modes is critical for effective emergency transportation operations. Speed specific rating
criterion for highways is given as follows (Table 5.1):

* Fast: Relative speed provided by the transportation mode is substantially high with
respect to the other modes.

* Medium: Relative speed of transportation is average with respect to the other modes.

¢ Slow: All others.

5.1.5 Reliability/Efficiency
This criterion can be used to assess the vulnerability of the mode networks based on
disruptions that can occur in the aftermath of disasters (e.g.: roadway disruptions such as traffic
congestion and flooding) especially in the highly populated locations. This criterion is based on
the emergency performance of the modes for evacuation and supply transportation as well as
their advantages and disadvantages (Table 5.1):
* High: Mode network that can provide fast and efficient emergency evacuation and supply

transportation. Vital for cases where emergency agencies have time constraints, but may

be costly.
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*  Medium: Mode network that has high and direct accessibility but medium capacity and
relative speed, usually with relatively lower cost.
e Low: Mode network that is limited to certain locations, which indicates limited
accessibility.
5.1.6 Flexibility
This criterion focuses on the flexibility of the emergency transportation operations with
respect to each transportation mode network (Table 5.1):

* High: Direct access and relatively fast evacuation and/or supply delivery with relatively
lower cost.

* Medium: Although fast and reliable, modes that have limited capacity and multi-modal
transfer locations may not be easily accessible.

e Low: Limited network, fixed infrastructure and multi-modal locations with limited

accessibility.
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Table 5.1. Matrix of Transportation Modes (Adapted and Extended from (103))

CRITERIA

ROAD

MODE

Relative
Speed

Reliability
Flexibility
Efficiency
Network

Accessibility
Capacity

Emergency
Performance
For
Transportation of
Vital Supplies

Emergency
Performance for
Evacuation

Advantages

Disadvantages

Moderate

Good
High
Good
Extensive/Large
Network
High
Low

eSmall Quantities
eShort and
Medium Distances
(Between
Inventories and
Shelters)

eShort and
Medium Distances
(Between
Distribution
Centers and
Shelters)

eRelatively Fast
eDirect Access
eRelatively Low
Cost
eHigh Flexibility

eRoadway
Network

Disruptions
eDelays

RAIL
Moderate

Good
Low
Limited

Limited and Fixed

Infrastructure
Moderate

Moderate

el arge Quantities

(i.e., from port to

inland emergency
sites)

el imited
Performance
eDepends on the
Availability of the
Transit Network
eHelpful for Highly
Populated Areas

eEconomical
el arge Loading
Capacities

eInflexible
eDifficulty Finding
Freight Cars
eDifficulty
Accessing Railway
Terminals
(Especially in Rural
Areas)
eDelays

WATERWAY

Slow
Limited
Low
Limited
Restricted

Network
Low

High

el arge
Quantities
ePre-positioning
Mostly
eLong Distance
eNo Time
Constraints

oVery Limited
Use for
Evacuation
(Coastal Areas
Only)

eEconomical
el arge Loading
Capacities
eMinimal Cost

oSlow
eInflexible
eGood for High
Supply Volumes
eAvailable Only
at Ports

AIR
Very High

Very Good
Medium
Good

Limited Network

Moderate
Very Low

oCritical for Emergency
Operations
eSmall Quantities
Possibly
ePerishable/Vital
Commodities
eShort or Long Distances
eTime Constraints

«Critical for Emergency
Evacuation
eShort or Long Distances
oTime Constraints

eFast and Reliable
eDirect Access

eEXxpensive
eRestricted to Trips
between Landing Sites
eLimited Capacity

For emergency relief operations, speed and reliability criteria become critical while

considering the choice of transportation mode. For different disasters with distinct
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characteristics, these modes will meet the speed, reliability, and cost criteria to varying degrees.
Therefore, mode choice is critical to efficient relief operations.

5.2 Evaluation of the Multi-Modal Transportation Network in District 3

Based on the knowledge base being created as a part of Step 1, the knowledge and
literature reviewed in the prior step is processed in Step 2 in order to add value to the knowledge
acquired.

Location, accessibility and capacity attributes for each intermodal facility in the affected
region are critical. This information should be accessible either via GIS-based maps or
compatible database formats to allow planners to make appropriate decisions regarding aging
populations. Roadway transportation is found to be integral for emergency transportation
operations in District 3, and therefore it becomes critical to determine the routes that could be
used to move aging people and emergency supplies from their origins to their destinations.

Figure 5.2 shows the major roadways based on evaluating available data as well as the
locations of all airports, ports, and railway terminals in District 3. Here, several locations (such
as small heliports) are eliminated from the database based on their vulnerability to disasters, and
their limited functionalities such as lack of control towers. As shown in Figure 5.2, state
roadways comprise a significant portion of the District 3’s major urban highway network,
particularly around larger cities such as Tallahassee in Leon County, Panama City in Bay County
and Pensacola in Escambia County. Figure 5.2 also shows the aging population by District 3

counties, flood hazard risk levels, and the demand for common shelters in District 3.
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Figure 5.2. Multi-modal G1S-based Representation of District 3 with a Focus on an Aging
Population (a) Major Roadways (b) Multi-modal Locations (¢c) Aging Population (65+) by County
(d) Nursing Homes and their Capacities (€) Demand for Shelters and Aging Population (f) Flood
Hazard Risk Levels for District 3
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5.3 Disruption (Hazard) Analysis

Hurricanes and floods, being the most frequent hazardous events in Florida, are
continuing to be the major focus areas. Thus, this step discusses potential issues resulting from
disruption of highways in District 3 due to disasters, with a more detailed focus on the affected
counties and cities. For this analysis, storm surge and flood zones were used to assess the
vulnerability of the roadways due to tropical storms, hurricanes and heavy rains. Figure 5.3
presents such an analysis focusing on Escambia County, where the highest aging population in
District 3 is located. Figure 5.3 presents a substantial amount of data including the aging
population blocks, available shelters including special needs and pet friendly, storm surge and
flooding zones, and roadway closures to due to flooding. The GIS-based maps (especially the
proximity of the closed roadways to the aging population blocks) can help facilitate decision

making for planners and emergency officials.
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Figure 5.3. Multi-modal G1S-based Representation of Escambia County with a Focus on an Aging
Population (The map on the bottom right shows the northern Escambia) (a) Major Roadways,
Shelters and Aging Population (65+) (b) Shelters, Aging Population (65+) and Storm Surge
(Category 5) (c) Shelters, Aging Population (65+) and Flood Hazard Zones (d) Road Closures,
Aging Population (65+) and Flood Hazard Zones in Pensacola of Escambia County

5.4 Assessment of Network Characteristics for Evacuation Operations

This section presents an evaluation of evacuation operations that can help
planners/emergency personnel decide how to transport aging people in the aftermath of an
extreme event. After a review of evacuation studies that focus on aging people, vast amount of
knowledge has been extracted from available resources and data sets in order to conduct a
thorough assessment of the multi-modal transportation infrastructure for the District 3 region. A

GIS database including highways, airport, port, and railway terminal locations was created to
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present the locations of these facilities, and their proximities to roadways and aging-populated
locations. With a focus on the challenges at the airports, ports, and railway terminals, this
database will be extremely useful for supporting the emergency evacuation operations.
5.4.1 Study Approach and Methodology

Emergency evacuation usually starts at designated distribution centers/hubs within the
affected region, which have access to the transportation modes needed to evacuate the aging
victims. Under usual conditions, aging victims can be transferred by air, rail, waterway, or
roadway modes (individual vehicles or buses), and through intermodal terminals and other hubs,
they can be transported to their final destinations. Depending on their limitations and mobility
restrictions, emergency officials may need to evacuate the aging people directly from their
houses. Efficiency of the multi-modal transportation depends on identifying the needs of aging
populations in the affected region via the available transportation network to facilitate an
evacuation. Following the determination of available modes given the disaster conditions,
available routes should be identified to facilitate the emergency evacuation.

Since all disasters differ from one another in some respect, it becomes necessary to set
forth clear assumptions about disaster characteristics and aging evacuees' expected response. A
disaster varies not only in its track, intensity, and size, but also how it is perceived by aging
residents in potentially vulnerable areas. Based on the U.S. Army Corps of Engineers and
Federal Emergency Management Agency evacuation modeling approach (104), several basic
assumptions should be made regarding the disaster scenarios, such as aging population-at-risk
and the available transportation network in order to develop an efficient evacuation

methodology.
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Therefore, the first step is to determine the number and location of aging people living in
the affected area using available resources such as state agency databases, and CENSUS data
including surveys. Then, the available transportation network databases are processed to identify
the following: (a) available roadway and railway transportation networks, (b) location and
accessibility attributes for multi-modal origins (airports, water ports, railway terminals, and
intermodal connection terminals) and destinations (staging areas, distribution centers, shelters) in
the affected region. This information is presented as compatible GI1S-based visual illustrations
using the ArcGIS tool. Next, evacuation scenarios are created focusing on the transportation of
aging victims safely out of the affected region. The literature suggests that there are two critical
outputs of evacuation scenarios: clearance times and critical locations (38, 104, 105, 106).
Therefore, the disaster scenario outputs will be evaluated based on the travel time needed to
evacuate aging people, and the condition of critical roadways and bridges.

In the following section, we present a case study application on District 3 of Florida
where we utilize the available data in order to represent this knowledge in terms of visual
illustrations that can be vital for decision making in the aftermath of disasters.

5.4.2 Study Site (District 3) Characteristics for Emergency Evacuations with a Focus on Aging

The aging population considered in this analysis comprises those over 65, which is
consistent with the aging road user priority assessment by Florida Department of Transportation
and Safe Mobility for Coalition (107). Based on 2010 US Census data, the aging population
(65+) of District 3 is 181,984, which makes 13% of the total population. Based on 2010 US
Census and Florida Healthcare Association data, and American Community Survey results, 26%
of the aging people live alone, and approximately 3% live in nursing homes, group charters and

assisted facilities in District 3 (108, 109). Moreover, if we focus only on the aging people living
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in rural areas, they comprise 20% of the total aging population in District 3 based on the 2011
population estimates by Florida Department of Elderly Affairs (110). Moreover, there are
counties such as Liberty and Jefferson, where this rural aging population percentage goes over
90%. These statistics clearly show that there is a need for specifically focusing on the needs of
aging people during emergency evacuations, especially for those located in rural areas and who
live independently. Urban counties like Escambia, Bay, and Leon counties have the highest
percentage of aging residents as well as shelter demand, and they also include the major cities of
District 3, which are Pensacola, Panama City, and Tallahassee, respectively.
5.4.3 GIS-based Analysis of the Multi-modal Transportation Network of District 3 for
Evacuations

Figure 5.4 shows the major roadway network, the railway network, The Department of
Defense Strategic Highway Network (STRAHNET) Routes (111) and evacuation routes (112)
identified by the Florida Department of Transportation as well as the locations of all airports,
heliports, sea ports, and railway terminals in District 3. In order to obtain Figure 5.4, several
facilities (such as small heliports) are eliminated from the database based on their vulnerability to
disasters, and their limited functionalities such as lack of control towers. As shown in Figure 5.4,
state roadways comprise a significant portion of the District 3’s major urban highway network,
particularly around larger cities such as Tallahassee in Leon County, Panama City in Bay
County, and Pensacola in Escambia County, whereas the railway network is very limited. Based
on this information, roadways are found to be integral for evacuating aging victims in District 3.
Since transportation of aging requires the availability and accessibility of sufficient roadway
infrastructure, it becomes critical to determine and disseminate the roadways that could be used

to move aging people from their origin to their destination. Based on this evaluation, if
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1 disruptions such as road closures (i.e., due to flooding) occur in the aftermath of disasters, the
2  planner/official can make decisions on how to optimally select the mode/route, and safely

3 transport the aging population.
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Figure 5.4. Multi-modal G1S-based Representation of District 3 with a Focus on Evacuations (a)
Major Roadways (b) Multi-modal Network and Locations (c) The Department of Defense Strategic
Highway Network (STRAHNET) Routes (111) and Evacuation Routes (112) identified by Florida

Department of Transportation

5.4.4 Evaluation of Roadways

The focus of emergency relief studies has evolved due to changes in the frequency and
types of incidents and the characteristics/needs of evacuees. Storm surges due to hurricanes and
floods have been the most frequent and dangerous hazardous events in the USA and continue to
be one of the major focus areas that affect emergency transportation operations. On the other
hand, providing accessible transportation to aging people also has utmost importance for secure
and efficient evacuations. Thus, this step evaluates the risk involved in using the major roadways
of District 3 in the aftermath of disasters such as hurricanes and plant failures based on their
proximities to the aging population living in urban and rural areas as well as their vulnerability to

those disasters.
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Since there is no formal index or model to assess the proximity of roadways with respect
to aging populations, urban/rural areas, multi-modal facilities, and subjective judgment need to
be used to assess the vulnerability of roadways. This evaluation criteria can be changed
depending on the type of disaster, the population characteristics of the area focused on and the
available transportation network. For the plant-focused proximity assessment, an evaluation
criteria based on the radii needed to create the impact buffer zones is used. On the other hand,
GI1S-based maps offer a more comprehensive evaluation for storm surges and flooding in terms
of visually identifying their adverse effects on the available transportation network, and making
decisions based on network vulnerabilities in the aftermath of such a disaster.

Proximity to Aging Populations

In order to improve the safety and efficiency of aging-focused emergency evacuations,
accessibility of the locations where aging people are living to the transportation network is of
critical importance. Location specific rating criterion for highways is given as follows (Table
5.2):

» High: Highway passes within 10 miles of a highly populated aging population block.
* Medium: Highway passes 10-50 miles from a highly populated aging population block.
* Low: All others.

Proximity to Urban/Rural Areas

Similar to the previous criterion, this one focuses on the proximity of the roadways to
urban and rural areas. This is to assess the vulnerability of the roadway based on highly
populated locations, and can be used to identify the risk associated with man-made disasters
(Table 5.2):

» High: Highway passes within 10 miles of an urban area.

42



10
11

12

13

14

15

16

17

18

19

20

21

22

23

* Medium: Highway passes 10-50 miles from an urban area.
* Low: All others.

Proximity to Multi-modal Transportation Facilities

This criterion focuses on the proximity of the roadways to multi-modal transportation
facilities such as airports, ports, and intermodal terminals. This is to identify the accessibility of
the roadways with respect to other transportation modes (Table 5.2):

* High: Highway passes within 10 miles of a multi-modal transportation facility.
e Medium: Highway passes 10-50 miles from a multi-modal transportation facility.
* Low: All others.

Storm Surges and Flooding

For the flooding analysis, the hazard analysis procedure assesses the potential impact on
the roadway if such an event did occur, rather than addressing the probability of an event. Within
this effort, each major highway is ranked as high, medium, or low in terms of vulnerability for
storm surge and flooding. Storm surge and FEMA flooding data for the GIS maps and
assessment analysis are obtained from the Florida Division of Emergency Management (113)
and the Florida Geographic Data Library (FGDL) (114), respectively. These maps are used to
estimate storm surges and flooding resulting from tropical storms and assess the vulnerability of
each facility to a storm surge with the following categorization as presented in Table 5.2:

» High: Highway is vulnerable to a storm surge or flooding from a Category | or Il storm.

* Medium: Highway is vulnerable to a storm surge or flooding from a Category 111 or higher
storm.

* Low: Highway is not vulnerable to a storm surge or flooding.

Plant Failures/Accidents
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There is only one plant (Farley Nuclear Plant) which is of interest since the plant impact

zone includes several counties of District 3 (38). Location specific rating criterion is as follows

(Table 5.2):

* High: Highway passes within 10 miles of a plant.

* Medium: Highway passes 10-50 miles from a plant.

* Low: All others.

Table 5.2. Evaluation of Major Highways in District 3

Escambia County Bay County
Analy:slsof e 5 B 2 x5 F
Major 25| 22| 3|2 Sf HIERR AR BE Sgi
; i 235 - : 2 g :
wavaen (28 5| 8|4l eE 0 E ]G
District 3 g&| & | E E 22| § B E E LS
[N w [8 (7]
110 High | High | Low | Urban | Low
Us-20 High | Med | Lew | Wrban | Low | High
Us-g8 Med | High | High | Wban | Lew | High | High | Med | High | Uban | Lew | High
Us-80 High | High | High | Wrban | Low | High
US-231 High | High | Med "F'{u":‘l' Low | High
Leon County |
Analy;m of 2 5| g
Major g5 | & | & 5|2, |28
Highways in ;.i e | B g =5 EE
District 3 B 2 g ; g2 B
o w E
U/
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L5-29
Us-98
U
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US-231
Urbain
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L
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Following this evaluation, in the following sections, we will present two scenarios that
focus on evacuating aging people in District 3.
5.4.5 Scenario 1: Application to Panama City, Bay County

The evacuation area considered in this scenario includes one of the largest cities of
District 3, namely Panama City. For Panama City, Figure 5.5 shows the major roadways and
aging population blocks as well as the emergency shelters available in the region based on the
evaluation of the available data. Note that the shaded parts of the maps show the highest
concentration of aging populations. As seen in Figure 5.5, the critical roadway and bridge
closures due to heavy rain show that the aging population that need special assistance or do not
have vehicles will have trouble evacuating given the flood and storm surge-prone areas. The
small map on the left top corner shows the remaining shelters available to the north of Panama

City.
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Figure 5.5. GIS-based Representation of Panama City/Bay County with a Focus on Aging
Populations (a) Major Roadways, Shelters and Aging Population (65+) (b) Major Roadways,
Shelters and Population without a Vehicle (c) Shelters, Aging Population (65+) and Storm Surge
(Category 5) (d) Shelters, Aging Population (65+) and Flood Hazard Zones (e) Critical Locations,
Aging Population (65+) and Flood Hazard Zones in Pensacola of Escambia County
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For the scenario, we focus only on the aging people living alone in Panama City of Bay
County, for which data is obtained through American Community Survey results (109). During
an emergency situation, the aging population can be evacuated from the affected region via
roadway (individual vehicles or transit services), or by air, rail and sea, and transported to their
final destinations, such as shelters. Therefore, origins for evacuation are usually located within or
near their homes. However, destinations could be within the region or anywhere outside the
affected region. Based on the impact zone shown in Figure 5.6, we assume that all the aging
population living alone is evacuated from the designated origins (centroids of the population
blocks) to shelters outside the affected region, and we consider two cases: with (Category 5
hurricane where critical locations such as north-bound bridges and major roadways are closed to
the storm surge) and without disruptions (Category 1 hurricane with minimal roadway
disruptions, north-bound bridges are open). The map on the left bottom corner represents the
available shelters outside the affected area to the north.

We also assume that all aging people living alone need help to be able to evacuate,
therefore we create a scenario based on the use of transit services (buses) for transporting people
from the affected region to the shelters located outside the impact zone. The carrying capacity of
each bus is identified as 45 aging people per trip. Based on these assumptions, to assess the
anticipated impact of roadway disruptions on travel times, GIS and planning model-based output
is used to measure bus evacuation travel times using the shortest path given all available
roadways, and four cases are considered: free flow and model-estimated congested (daily
background travel included) travels with or without any roadway disruptions. ArcGIS and the

Northwest Florida Regional Planning Model (115) are used to compare the travel times (
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Table 5.3) where names of the origins (airports/ports/intermodal railway terminals) and

destinations (shelters) are provided at the end of the table.

Evacuation Routes of Aging Population Living Alone
to Shelters during Hurricane Category 1 in Bay County
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Figure 5.6. Evacuation Scenarios for Panama City with a Focus on Aging Populations Living

Alone (a) Category 1 Case (b) Category 5 Case
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Table 5.3. Travel Time Comparison with and without Roadway Disruptions

Travel Times (One-way) from Population Block Centroids to Selected Shelters Outside the Affected Region

Bus Evacuation Times Bus Evacuation Times
without Roadway with Roadway
Disruptions (min) Disruptions (min)
Origins
Delay based
(Centroids of Aging Free Flow Free Flow claybase Number
) " Congested Congested on the
Aging Population L. Travel ) Travel ) of
N . Destination ) Travel Time ) Travel Time | Congested
Population - |Living Alone for Time ) Time ) ) Buses
. ) (min) N (min) Travel Time
Living Alone- Each Block (min) (min) R Needed
(min)
Blocks)
0 886 Shelter O1 37.8 39.2 74.8 111.2 72.0 20
1 602 Shelter O1 25.1 25.1 83.9 115.2 90.1 13
2 253 Shelter 02 29.6 435 85.3 120.4 77.0 6
3 466 Shelter O1 25.8 27.7 85.0 118.2 90.5 10
4 1059 Shelter O1 30.3 33.4 81.9 121.8 88.3 24
5 531 Shelter O1 24.9 25.0 49.5 80.9 55.9 12
Travel Times from Intermodal Terminals to Selected Shelters Outside the Affected Region
Airport Shelter 01 19.9 21.0 19.9* 23.7 2.7
Airport Shelter 02 29.6 34.1 107.2 134.5 100.4
Intermodal Terminal (Port/Rail) | Shelter 01 29.9 39.6 90.6 118.3 78.7
Intermodal Terminal (Port/Rail) | Shelter 02 11.2* 15.6* 11.2* 15.6* 0*

Centroids are listed in order as follows: 0, 1, 2, 3, 4, 5. Please see FIGURE 4 for locations.

Selected shelters outside the affected region include the following:

Shelter O1 (Special Needs (SPNS) Shelter): Bozeman Learning Center

Shelter 02: Waller Elementary School

Airport: Northwest Florida Beaches International Airport (ECP)

Intermodal Terminal (Port/Rail): Port Panama City

*(Roadway closure do not affect the optimal route and travel time)

Note: Loading/unloading times can vary between 5 to 15 minutes depending on the case and should be considered as

additional time needed.

During a natural disaster such as a hurricane, which can be relatively predictable in terms
of its likelihood of occurrence and area of impact, evacuees generally have enough time to
consider different options, including whether or not to evacuate, and when and where to
evacuate. This may not be the case for aging evacuees who may need special assistance and help
in order to evacuate. Time can be vital for their survival and this analysis clearly shows the
importance of considering the roadway disruptions while evacuating aging people focusing on
the evacuation times. The importance of these travel time estimation can be summarized as

follows:
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Roadway disruptions have a vital effect on evacuation times for Panama City. Especially
when the bridges that connect Panama City to the northern part of Bay County get flooded
(having a high probability of getting flooded based on previous data) (Figure 5.5),
congested travel times are almost tripled for some routes (up-to 90 minutes more than the
one without any disruptions for the farthest epicenter). This indicates that a comprehensive
evacuation plan should have a decision component to start evacuating people earlier based
on the disaster conditions/characteristics.

These travel time calculations also cover possible intermodal origins such as the airports
and sea ports in the region with or without roadway disruptions.

Destinations (shelters) selected outside of the impact zone represent outside locations that
can serve the aging residents evacuated from the affected region.

Planners/officials may not know where a disaster will strike, nor do they know to where
exactly victims will be evacuated. Although these estimations would not be directly used
for real-time emergency management operations, a widely dispersed group of aging-
population origins and outside destinations would provide more choices to the emergency
planners while evacuating aging victims. In addition, it would also help in understanding
the feasibility of certain routes and the use of transit services.

Before conducting the optimal evacuation routing analysis, officials could be aware of the
estimated travel times between origins and destinations with and without including daily
congestion, and number of buses needed to evacuate the aging people. This information
can help decision making related to the allocation of the resources (in this case, buses) so
that other options can be considered if the resources are not sufficient. This may include

the use of other transportation modes.
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5.4.6 Scenario 2: Farley Nuclear Plant Failure

For this scenario, we focus only on the aging people living alone in the counties residing
in the impact zone of Farley Nuclear Plant, for which population data is obtained through
American Community Survey results (109). Figure 5.7 shows the counties and roadways that
pass through the high risk areas within the plant impact zone. During a nuclear power plant
evacuation, there may be no widespread loss of transportation infrastructure (e.g., major decrease
in the capacity of the transportation network due to flooding in the case of a hurricane). In such
cases where disasters do not have an impact on the highway infrastructure, the rapid evacuation
of aging evacuees from the impact zone should be considered rather than a destination-based
approach (38). For such disasters, the evacuation process also has to start immediately without
any time to make for individual decision making (105). Therefore, in this section, the
vulnerability of the aging population located in the impact zone is studied with an evacuation
scenario that determines the travel times to the impacted zone border identified by the Florida
State Emergency Response Team (38). As seen in Figure 5.7, four epicenters are selected as
evacuation origins, for which the number of aging people being evacuated and optimal
routes/travel times are presented. This type of travel time analysis will give planners and
emergency officials an idea of the expected evacuation times to the border of the impacted zone

for an aging population, which can help emergency planning due to such a plant failure.
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Figure 5.7. FDOT District 3 Region Roadway Vulnerability Map with a Focus on Aging
Population (65+) (a) Farley Nuclear Plant Impact Zone (b) Farley Nuclear Plant Core Zone with
Aging Population (65+) Blocks (c) Scenario Results for Evacuation Aging People Living Alone:

Best (Optimal) Routes and Evacuation Times to the Impact Zone Border

5.5 Spatial Network Optimization Modeling for Special Needs Hurricane Shelter Placement

Serving the Aging Population

Providing critical services to vulnerable populations is essential in the event of disasters.
Recent experience with hurricane damages and impacts particularly in the Southeastern U.S. has
heightened awareness of the multifaceted nature and challenges of effective disaster relief
planning (91-118). One key element of hurricane disaster relief planning is providing adequate
shelter space at secure locations so that people who choose to evacuate their home may have safe

refuge available (78).
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The populations who wish to evacuate their residences for shelters to flee an oncoming
storm are not heterogeneous. They may consist of the young, the old, people with transportation
limitations, and those with weak housing infrastructure (119). Among these evacuees will be
those known as having ‘special needs.” So-called special needs populations consist of the aging
people, people with disabilities and health problems, certain children, and other groups (120-
122). As the requirements for accommodating special needs populations are more substantial
than those of the general population, planners must designate dedicated shelter space for them.
Site characteristics such as the amount of floor space are key to the designation of special needs
centers (123), though we would also argue that spatial proximity and accessibility are also
important to selecting shelter locations (120, 124, 76). Strategic selection of locations for special
needs shelters that maximize accessibility to these vulnerable populations is one way to promote
safe and effective utilization of these facilities, thereby helping to minimize risk.

In this section, we design and implement a geographic information systems (GIS) based
network optimization methodology to site special needs hurricane relief shelters focusing on the
transportation component. We look to find new locations for special needs shelters that
maximize accessibility to vulnerable populations all while accounting for the capacity constraints
on special needs facilities. The central focus here is on the aging component of the special needs
population. Our framework is implemented in a medium-sized Florida metropolitan statistical
area where published reports show there currently exists a deficit in the available special needs
shelter space relative to demand (37). Thus, our work has implications for informing future
policy development in our study area and beyond. In sum, our contribution is the adaptation of
spatial optimization models to the problem of siting special needs shelter locations, while

controlling for several key real-world considerations, including the capacity limits of such
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shelters along with the potential for the roadway infrastructure that would be used for
transportation to fail during extreme events.
5.5.1 Study Area and Modeling Approach

Our study region is that of Leon County, FL. It contains Florida’s capital city and
according to the 2010 U.S. Census, it had a population of about 275,000 people. According to
the Florida State Plan on Aging 2013-2016, Leon County has nearly 39,000 people aged 60 and
older. It is an economically diverse region that boasts a large number of education and health-
oriented employment options, along with a substantial contingent of state government
employees. Its southernmost point is approximately a 20-30 minute drive to the Gulf of Mexico
coast, and it has been subject to a number of previous studies on emergency management issues
(87, 90). Leon County, FL is shown in Figure 5.8 along with some key data items used in our

analysis.
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Figure 5.8. Leon County, FL Study Area
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5.5.2 Scenario Overview and Assumptions

Shelter planning is done at the County Level in Florida as a part of each County’s
Emergency Plan (37). Shelters are typically used when a category 4 or 5 storm is threatening.
The situation is such that Leon County, Florida has documented special needs of approximately
1,425 shelter spaces (2014), and we know from the literature that those with special needs are
among the most vulnerable populations. However, recent documentation suggests Leon County
does not have the shelter capacity to meet these needs, as it has a current deficit of 720 spaces
(37). Although its inland location is such that it is likely at a lower risk for hurricane damage
than other Florida counties, the capacity shortage seemingly would need to be addressed. As
special needs populations require additional care above and beyond traditional populations,
excessive dispersion of special needs populations across a large number of shelters would not be
a wise use of staffing and other resources, if possible at all. Thus, our approach is to concentrate
new special needs shelter spaces in a few targeted existing regular shelter locations. Taking a
more strategic approach, we look to open these new special needs spaces in locations that
maximize their accessibility to specific special needs populations; those of the aging. This means
attempting to minimize the travel costs of people reaching new special needs shelter space. To
motivate this scenario, we detail a number of considerations and assumptions that underpin our
work.

The approach taken is to assume that existing population shelter space at current Leon
County shelters can be ‘repurposed’ into special needs population shelter space. Shelters in Leon
County are either American Red Cross (ARC) compliant or not, and those that are ARC
compliant tend to be public schools (120, 37). Within the scenario, we work with the ARC

approved regular shelter sites (18 of 40 published shelters in Leon County) and assume that they
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can be partially converted to supporting special needs populations (see Figure 1). Shelter location
data were obtained from the 2014 State Shelter Plan (37). Special needs shelters are subject to a
number of criteria including having sufficient emergency power, electrical capacity to operate
medical equipment, potable water and plumbing, space for children to play, and many more.
Readers interested in the specific guidelines that govern shelter site compliance and
characteristics are referred elsewhere (120, 37) as our focus is on determining spatially
accessible site locations which meet other macro constraints. Currently there is a single existing
ARC compliant special needs shelter in Leon County — the Florida State University (FSU)
Charter School near Southwood in the southeastern portion of the County. It has a capacity of
705 persons. The Kate Sullivan School located more centrally in Leon County is also listed in
planning documentation as a possible special needs center, but its space has not been certified by
the ARC and is therefore not considered as an option in our modeling effort. Thus, again, there is
a deficit of 720 special needs shelter spaces that need to be added.

In all modeling scenarios, the FSU Charter School Special Needs Shelter is automatically
opened and its unaltered capacity is available for use. For the other 17 candidate shelters, we
compute their potential special needs shelter capacity by taking their existing regular population
shelter capacity and assuming some fraction of that could be converted to serving special needs.
This is done by assessing the physical space available at a given shelter and applying a series of
conversions. For example, suppose an existing shelter had 6,000 square feet available for serving
the general population. We might assume that 50% of this space could be re-purposed to serve
special needs people. We also know that approximately 60 square feet (sq.ft.) is needed to serve
one special needs person (37). Thus, in this example, 50 special needs people could be served

(50% of 6,000 sq.ft divided by 60 sq.ft per person) at this candidate location. As a point of
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background, only 15 sq. ft. of shelter space is needed for each regular shelter occupant, and
although re-purposing shelters does result in an overall drop in total shelter capacity, there is
currently a surplus of 19,685 shelter spaces for the regular population (37).

According to the sources described above (13), there is special needs shelter demand in
Leon County of 1,425 persons, however exact spatial distribution of these people and their
composition are not known; data only provided the aggregate county total. Special needs
populations include the aging people, people with disabilities, the sick, and others. While there
has been some research on identifying special needs populations and their locations (6) here we
take a more direct approach and use counts of the aging population (those age 65+) to proxy the
spatial distribution of the special needs population, as they are a primary focus of our work.
Though it could be preferable to have a more robust estimate of the special needs population
distribution, the aging people would comprise a substantial share of it and if we assume that the
remaining special needs population follows a similar spatial pattern, then the modeling results
will be meaningful.

Operationalizing the special needs demand for the shelter modeling was done in GIS. A
vector balancing algorithm was applied to distribute the 1,425 special needs shelter demand total
across 2010 Census blocks in Leon County. The population was distributed proportionally based
on each block’s share of Leon County’s county aging population. 2,880 of the 6,198 census
blocks had nonzero aging populations in the initial data - of the 2,880 census blocks, as no
fractional demand is permissible (i.e. we deal in whole persons) 727 of them were allocated
some nonzero demand based on the algorithm. See Figure 5.8 for the distribution of relief

demand.
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5.5.3 Spatial Modeling Approach

We used a capacitated p-median problem to select potential special needs shelter sites. A
capacitated p-median problem seeks to minimize the total (or average) travel costs of client
demand locations reaching facilities. The user specifies some desired number of facilities (p) for
the model to locate. Unlike the traditional p-median problem that does not account for the
capacity limitations of sited facilities (125, 98), the capacitated version of the problem ensures
that each sited facility cannot serve more than its limits. Capacitated models have been discussed
in a number of studies (125, 126, 127). The formulation of our model is adapted from that of
(128) and is:

Minimize (Z)

Z = Yien Xjem AiCij Xij

(5.1)
Subject to
Z xij = 1, VieN
JEM
(5.2)
Z Yi=Dp
JEM
(5.3)
Z a; xij < Q;y;
iEN
(5.4)
x;; € (0,1), VieN,VjeEM
(5.5)
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yj € (0,1), VieM
(5.6)

N is the set of demand points indexed on i and M is the set of candidate facility locations
(shelters) indexed on j. The objective function in Equation (5.1) minimizes total transportation
costs between client demand locations and sited special needs center facilities. Transportation
costs are captured by the variable cij and may be measured in distance, time, or some other
variable. Demand is captured by a and assignments between demand points and sited facilities
are tracked by x. Constraints in Equation (5.2) ensure that each demand location is served by one
and only one special needs facility. The total number of facilities to be sited is regulated by
Equation (5.3) with the facility location variable y. Constraints in Equation (5.4) stipulate that
demand is assigned to sited facilities and does not exceed their capacity, captured by Q. Binary
integer decision variables are required for both the decision of the facilities to be sited (y) and the
allocation of demand location to sited facilities (x).

Besides the census block data being used as demand points, and the point locations of
regular and special needs shelters, we also needed data on the likely transportation costs
connecting these origins and destinations. To accomplish this task we obtained a Census
TIGER/Line GIS file from 2010 and inferred speed limits based on functional class codes. From
there we computed free-flow travel times for each network linkage (33, 20) and applied a
congestion factor of 30% to account for possible stoppages and other normal delays (129). As
this travel time assessment is closer to what might be witnessed during ‘normal’ everyday
conditions closer to free-flow, we also computed a separate estimate of travel time that tried to

account for the possible delays that could happen during a hurricane emergency. Research has

61



10

11

12

13

14

15

16

17

18

19

20

21

22

23

shown that transportation network failure has the potential to influence the accessibility of
facility locations (88).

This second approach taken looked to add realistic possible delays to the road network.
As Leon County and Tallahassee are famous for their ‘canopy roads’ where beautiful trees cover
certain roadways, there is potential for these trees to fall down during a major storm, hence
resulting in debris and heavy plant material possibly blocking or slowing travel on major roads.
Thus we obtained a GIS file depicting the canopy roads geography in Leon County and used
them to select out 1,174 road segments from our network. From these we randomly selected 50%
(587 segments) and applied an additional 50% delay. As this is a relatively small share of the
total roads in Leon County, we looked at the remaining 32,026 of roads and randomly selected
10% of them, or about (3,202), and added an additional delay factor of 50% to their travel times.
These ranges are consistent with previously published simulation strategies from the literature
(88). This serves to simulate extra delays associated with an emergency and will allow us to
explore whether the choice of facilities to re-purpose are sensitive to the travel costs used to
select them.

The spatial model was implemented using a combination of GIS, custom programming
scripts and an external optimization engine. TransCAD GIS was used to manage the spatial data
including the aging special needs demand points, candidate shelter locations and their capacities,
and the road networks used to compute travel costs. Data on the travel costs, demand levels, and
capacity are exported from the GIS as text files and read into a custom written C++ script that
formats them according to the model equations in (91-119). Known as a linear programming file,
or LP file, this is then read into the optimization engine CPLEX. As all of these problems were

relatively modestly sized, each of the scenarios was solved to less than a 0.01% optimality gap,
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and many fully to optimality in no more than about 30 seconds of computing time each. These
problems were solved on a standard Windows Pentium 4 32-bit PC running the Windows XP
operating system. Although this class of spatial models is difficult to solve for larger problem
instances, we would expect that the approach could be applied in larger problem scenarios with
more demand points and/or candidate locations.

5.5.3 Results and Evaluation of Free-Flow and Disrupted Network Solutions

Results of the model runs are shown in Table 5.4. It contains the outputs from a series of
capacity scenarios where we increase the special needs space at candidate locations from 30% up
to 50% in increments of 5 percent. Then, for each scenario we run models for a range of values
of p, the number of special needs shelters to be sited. We provide three feasible/optimal solutions
for each capacity scenario. Table 5.5 gives the names of the specific schools and other facilities
that correspond to the shelter numbers listed in Table 5.4.

The left portion of Table 5.4 shows the solutions for models based on uninterrupted
network free-flow conditions. Initially, with the one special needs center sited at location 11 (the
FSU school), the average travel time to reach this facility is almost 21 minutes for the special
needs/aging population. However, as we know, there is not enough ARC approved capacity at
this location to handle the total estimated shelter demand, and as such, this cannot be considered

a viable solution and therefore additional facilities must be added.
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Table 5.4. Results of Shelter Placement Modeling

Base Network Case Disrupted Road Network Case
Current Situation with Unimpeded Road Network: Current Situation with Disrupted Road Network:
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins)  Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters
29,848.45 1425 20.95 1 11 31,787.25 1,425 2231 6.50% 1 11
30% Capacity Increase 30% Capacity Increase
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins)  Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters

- - - 1 - - - - - 1 -

- - - 2 - - - - - 2 -

- - - 3 - - - - - 3 -

- - - 4 - - - - 4 -

- - - 5 - - - - - 5 -
17,089.40 1,425 11.99 6 1,2,9,11,14,17 18,061.54 1,425 12.67 5.69% 6 1,2,9,11,14,17
16,017.99 1,425 11.24 7 1,29,11,13,14,17 16,916.48 1,425 11.87 5.61% 7 1,2,9,11,14,17,18*
15,039.70 1,425 10.55 8 1,2,49,11,14,17,18 15,850.85 1,425 11.12 5.39% 8 1,2,49,11,14,17,18

35% Capacity Increase 35% Capacity Increase
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins) Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters

- - - 1 - - - - - 1 -

- - - 2 - - - - - 2 -

- - - 3 - - - - - 3 -

- - - 4 - - - - 4 -
17,616.14 1,425 12.36 51,2,11,14,17 18,571.32 1,425 13.03 5.42% 51,2,11,14,17
16,231.73 1,425 11.39 6 1,2,9,11,14,17 17,133.68 1,425 12.02 5.56% 6 1,2,9,11,14,17
15,296.01 1,425 10.73 7 1,29,11,14,17,18 16,118.76 1,425 11.31 5.38% 7 1,29,11,14,17,18

40% Capacity Increase 40% Capacity Increase
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins) Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters

- - - 1 - - - - - 1 -

- - - 2 - - - - - 2 -

- - - 3 - - - - - 3 -
18,623.08 1,425 13.069 41,2,11,14 19,616.94 1,425 13.77 5.34% 41,2,11,14
16,995.35 1,425 11.927 51,2,11,14,17 17,934.91 1,425 12.59 5.53% 51,2,11,14,17
15,739.00 1,425 11.045 61,2,9,11,14,17 16,627.74 1,425 11.67 5.65% 61,2,9,11,14,17

45% Capacity Increase 45% Capacity Increase
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins)  Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters

- - - 1 - - - - - 1 -

- - - 2 - - - - - 2 -

- - - 3 - - - - - 3 -
17,936.07 1,425 12.587 41,2,11,14 18,894.42 1,425 13.26 5.34% 41,2,11,14
16,623.56 1,425 11.666 51,2,11,14,17 17,470.10 1,425 12.26 5.09% 51,2,11,14,18*
15,436.99 1,425 10.833 61,29,11,14,17 16,340.40 1,425 11.47 5.85% 61,2,9,11,14,17

50% Capacity Increase 50% Capacity Increase
Tot.Trav. SNS Avg. Trav. Sel. Tot.Trav. SNS Avg. Trav. Pct. Time Fac. Sel.
Costs (mins)  Demand Costs (mins) Fac. Sited  Shelters Costs (mins) Demand  Costs (mins) Inc. Sited Shelters

- - - 1 - - - - - 1 -

- - - 2 - - - - - 2 -
19,758.00 1,425 13.865 3 '2, 11,14 20,742.23 1,425 14.56 4.98% 3 '2, 11,14
17,463.23 1,425 12.255 41,2,11,14 18,374.96 1,425 12.89 5.22% 41,2,11,14
16,307.14 1,425 11.444 51,2,11,14,17 17,168.80 1,425 12.05 5.28% 51,2,911,14*

2 *Indicates shelter configuration that differs from its corresponding undisrupted Increase
3 Under the first capacity increase of 30%, we attempt to solve the model for p=2-5 and

4 find that these amounts of facilities cannot provide enough capacity to meet total shelter demand
5 and therefore the optimization software is unable find a feasible solution. At p=6 the software

6 finds its feasible solution, siting facilities at locations 1,2,9,11,14, and 17. Per our prior
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discussion, we “‘force’ the model to use the FSU School’s existing special needs shelter (location
11). In this case the model selected 5 other facilities for opening. If these were opened, the
average costs of an aging resident reaching a special needs facility in Leon County would be
about 12 minutes, a substantial decrease from the base case of about 21 minutes, which we note
again did not satisfy basic capacity needs.

Looking further at the results for the 30% capacity scenario, we run models for p=7 and 8
to explore how additional facilities might affect shelter access time. Adding the two additional
facilities reduces the travel access times by more than a minute. If we look at the configurations
of facilities selected in these scenarios, we can see that facility 13 is added as a consequence of
increasing p from 6 to 7. However facility 18 and 4 are added due to moving p from 7 to 8
facilities and facility 13 drops out of the final solution. This shows that the results of the shelter
selection decision are sensitive to the choice of p.

As the capacity is increased in each scenario, generally the model can find ‘feasible’
shelter solutions that satisfy demand using fewer facilities. If we look at the 50% capacity
increase scenario, the model is able to fully satisfy shelter demand using 3 facilities with
locations at 2, 11, and 14. The average time needed to reach shelters is about 14 minutes in this
case, which is about two minutes more than the previously discussed 30% capacity scenario
which utilized 6 facilities. This comparison illustrates a useful trade-off in the provision of
special needs shelters in terms of outlining the interplay between capacity addition, facility
location selection, and overall travel time. In general, as the number of facilities sited or capacity
is increased, typically overall transportation costs decrease as accessibility is improved. Of
course, adding facilities and/ or capacity to the system will generate costs. For instance, planners

wishing to minimize the total number of facilities opened may gravitate towards future strategies
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which increase shelter capacity at a few targeted locations. The results demonstrate that this
reduction in new facility changes can be achieved while still maintaining a relatively low average
access time in comparison to other alternatives.

Table 5.5. List of Candidate Shelter Locations in Leon County, FL

Shelter Number School/Shelter Name
1 Bucklake Elementary
2 Canopy Oaks Elementary
3 Carolyn Brevard Elementary
4 Chaires Elementary
5 Conley Elementary
6 Dearlake Middle
7 Desoto Trail Emementary
8 FAMU/FSU Engineering Building 77
9 Fort Braden Elementary
10 FSU School Regular Shelter
11 FSU School Special Needs
12 Hartsfield Elementary
13 Hawks Rise
14 Lawton Chiles High
15 Montford Middle
16 Oak Ridge Elementary
17 Roberts Elementary
18 Springwood Elementary

We also ran capacitated p-median models under impeded/disrupted network conditions
subject to the previously described parameters. This was done to test the sensitivity of the model
results to changes in network conditions. In this way, we are able to evaluate whether network
disruptions result in additional substantial travel time increases, as well as if the specific facilities
selected in a given scenario persist when the network is further congested.

The overall trend is that this extra level of congestion present in the network tends to add
anywhere from about 5-7% more travel time to the average trip to a shelter, and the impacts tend
to be greater at lower capacity scenarios (30% vs. 50%) (see right side of Table 5.4). At the
higher capacity scenarios, the model has more flexibility to work around the congested network
and better allocate demand. On an individualized level, this additional travel time does not seem

especially onerous, but as it is an average masking variation (i.e. each census block will have its
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own time to its assigned facility, which will vary from block to block), some individual census
blocks could see much higher travel times under congested conditions, particularly if they are
located in the vicinity of one of the affected roads. Moreover, any extra time incurred for special
needs populations and the aging people can be especially dangerous in light of health and other
safety concerns.

A second useful exercise is to determine if the facilities selected in the uncongested state
persist when the network is impeded. In three specific cases (shown in bold on Table 5.4) there
were changes in the facilities selected. Focusing on one of these outcomes, for p=5 under the
50% capacity increase scenario, facility 17 is selected in the base case, but not when the network
is congested. Facility 17 (Roberts Elementary) is located in the area of some of the densest
‘canopy roads’ and is likely being affected by their impedances. Thus the solver selected Facility
9 (Fort Braden Elementary) as a replacement. In sum, the results do suggest that some road
network changes can have significant impacts on the provision of special needs shelters,
although these are not consistent across all scenarios.

5.6 A Spatial Network Optimization Analysis of Hurricane Relief Facility Locations

Relief distribution transportation has become more pressing in emergency planning.
Forecasts for more intense and destructive future hurricanes will undoubtedly affect more
people. Research has looked to maximize the effectiveness and equity in disaster relief provision
efforts, particularly exploring the needs of various socioeconomic groups. Besides income, age
of the population can also be an important metric of equity, as evidenced by the disproportionate
death toll in New Orleans’ aging population caused by Hurricane Katrina. Yet no consideration
has been given so far to the impacts of age-based demand on the provision of disaster relief. This

research compares the service needs of aging vs. other populations in terms of the strategic siting
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of relief distribution centers. Through a case study in Leon County, Florida, we explore the
influence of the age of potential hurricane survivors on the decision of where to site relief
distribution facilities. A p-median based modeling framework linked to a geographic information
system (GIS) is employed to explore the extent to which configurations of relief facilities
adequately serve aging populations. It was found that the average travel time between
neighborhoods and sited nearest facilities varies as a function of relief demand specifications
with the population age 65 and over tending to bear the higher relative burden of the access time,
which may limit their accessibility to post-disaster relief. Such burden is even more substantial
when the associated road network is the subject of random delay congestion. Changing the
specified demand populations results in overall minor changes in the sited relief facilities’ spatial
layouts with the rare alternative facility configurations observed being driven by the spatial
distribution of the population age 65 and over (when specified as relief demand). Our results
suggest the need for emergency planners to better incorporate aging populations through priority
integration of their disaster-related special needs into existing and future emergency planning
efforts at all administrative levels to ensure a more equitable disaster relief distribution system.
5.6.1 Modeling Approach

The p-median model seeks to minimize the total transportation costs of providing
services to populations by siting accessible facilities on networks (97). Favoring conditions of
efficiency, the p-median model has enjoyed a wide range of applications from locating medical
centers (130) to vehicle refueling facilities (131). In the disaster realm, for instance, the p-median
model is extended to design the multilevel goods assignment problem (96), MGAP used to
produce a generalized distribution network. This modes is adapted in the formulation of their

Distribution and Relief Transport for hurricanes (90), DART model to explore the effects of
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alternate goods distribution strategies on the provision of disaster relief. The p-median and the p-
center respective models are combined with socio-demographic data to site hurricane relief
centers in Florida (97). Finally, the p-median (and the capacitated-median problem) is employed
to propose a model capable of producing a facility distribution that is both efficient in
minimizing travel costs and hierarchical in nature (98). The p-median model is useful for the task
at hand for allowing siting facilities such that they are maximally accessible to the population

they are intended to serve (96). The below presented formulation is borrowed from (71), and 97

as follows:
Minimize
D> acX;
iel jed
(5.7)
Subject to
inj =1Viel
jed
(5.8)
DX =P
jeld
(5.9)
Xij—Xj20 Viel, vjeld
(5.10)
X X; €(01) viel,vjel
(5.11)
where

I = index of all neighborhood locations in |
J = index of all distribution center candidate locations in J

ai = demand for relief services at neighborhood i
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cij = transportation costs between neighborhood i and distribution candidate site j
p = user defined number of distribution facilities to be sited
xij = 1 if neighborhood i is served by distribution facility j, O otherwise

xj = 1 if a distribution facility is sited at candidate site j, 0 otherwise

Equation (5.7) (the objective function) minimizes the total demand-weighted costs (e.g.
time, distance, etc.) between each neighborhood and the nearest relief facility. This optimal total
time may be divided by the total number of interactions (i} jxij) to obtain the average demand-
weighted time between neighborhoods and sited relief facilities. Equation (5.8) requires that each
neighborhood is assigned to be served exactly by one distribution facility. Equation (5.9)
requires that exactly p distribution facilities are to be sited. Per equation (5.10) neighborhoods
are only able to be serviced by sited distribution centers. Equation (5.11) ensures that the
location variables (xij) and allocation variables (x;) are binary.

5.6.2 Study Area and Material

Leon County, Florida, which contains the Florida state capital city: Tallahassee,
constitutes the study area presented in Figure 5.9. Neighborhoods considered as the basis for
service demand are represented by Leon County’s 6,198 census blocks (in 2010) of which only
those with at least two (2) persons as population counts were considered for analysis. Through
this filtering, only 3,657 census blocks remained for further analysis. The census block
population data from the 2010 census produced by the US Census Bureau were obtained from
the Florida Geographic Data Library, FGDL. The census blocks represented by their centroids

(population centers) serve as the starting point for computing demand for relief services.
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A database of 40 (general-need and special-need) hurricane shelter locations in Leon
County was used to help determine candidate locations for siting relief distribution facilities.
Those shelters were published by the Florida Division of Emergency Management, FDEM as
being fully effective for the county’s population during 2014. Each census block containing a
shelter was considered a candidate location for receiving a relief distribution facility. This
resulted in 40 of the census blocks being considered as candidate locations.

A street network was obtained from the Census Topologically Integrated Geographic
Encoding and Referencing, TIGER/Line files and speed limits were inferred based on functional
class codes present in the database. A base travel time was computed for every network link
with a uniform 30% delay assumed to allow for stoppages, normal system delays and congestion.
The base travel time was used in the first scenario. For a second scenario to reflect uncertain,
disaster-related movement possibilities, a random travel time was computed for each network
link assuming a random delay in the congested travel time. This was done to account for more
hazardous movement and congestion conditions that might be associated with weather
conditions, fallen trees, debris, excessive vehicles, and other possibilities. Each link’s base travel
time was randomly increased between 0 to 100% effectively meaning that travel times were

doubled on the worst-case linkages.
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Figure 5.9. Leon County’s major roads and census blocks with 4 panes showing respectively: the
spatial location of the 40 local hurricane shelters published for 2014 by Florida Division of
Emergency Management (a), and the distribution of Total Population (b), Under 65 Population (c),

and Age 65 and over Population (d).
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5.6.2 Scenarios and Computational Environment

The relief distribution protocol adopted in this study is identical to that assumed by (88)
and refers to the placement of relief distribution centers in pre-determined locations where
disaster survivors will pick up needed relief goods and services following the passage of a
hurricane. Relief demand, the number of people who do not evacuate but stay behind and need
relief service, is an important uncertainty affecting the quality of pre-determined locations to site
relief distribution facilities. Consistent with (87, 88, 98), we assume a uniform evacuation rate of
50%; meaning that 50% of the local population will shelter in-home (132), will stay behind with
associated relief needs. As only the census blocks with total population count of at least 2 were
considered, the total demand for relief assistance explored in this study was based on the
following: Total population: 136,834; Under 65 Population: 123,867; and Population age 65 and
over: 12,206.

We solve p-median models for a range of facility placement scenarios locating 5-15 relief
distribution centers. These models are also solved for the mentioned three different demand
specifications — one for each of the three corresponding populations namely; the total population,
the population under 65 and those 65 and older. We first solved the models using what is
essentially near free-flow or limited congestion conditions (the base travel time with 30% delay).
Then we solved the models again using the previously described random congestion travel time.

The costs to minimize are measured in average travel time (in minutes) over the network
between the census blocks / neighborhoods and the sited facilities. They deal with assignment of
neighborhoods to disaster relief facilities weighted by the population at each of these

neighborhoods similar to a related protocol followed by 96. The 2010 population at each census
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block / neighborhood is used to weight the network travel times between neighborhood and
potential relief distribution facility location.

Dell OptiPlex 9010 workstations equipped with 3.30 GHz Intel (R) Core(TM) processors
and 8.00 GB of installed RAM with Windows 7 Professional (64-bit) were used to perform the
data processing. ArcGIS 10.2 and TransCAD 6.0 were used to manage the data and to create the
final maps for this study. TransCAD was further used to create cost matrices, and solve the p-
median problems.

5.6.3 Results

In this section, we first focus on the costs of serving the various populations based on the
number of facilities sited. Then we turn our attention to the configuration of facilities.

For the facility evaluation, two distinct sets of thirty-three (33) spatial models associated
each with one of the three levels of specified demand were run to site p facilities varying from 5
to 15. Table 5.6 reports the motorized average time it takes disaster survivors in neighborhoods
to reach their closest sited facilities in search of relief. In this way, the analysis truly assumes a
‘worst-case’ scenario where it might be assumed that populations had to access relief centers
themselves, hence the focus on minimizing the amount of effort spent on people potentially
having to reach them.

With sited facilities varying (incrementally by 1) from 5 to 15, and the near free-flow or
limited congestion conditions (the base travel time with 30% delay), the average times modeled
between the sited facilities and their associated neighborhoods vary from 7.26 to 4.86 minutes,
7.21 to 4.82 minutes, and from 7.68 to 4.95 minutes with relief demands specified respectively
as: Total Population, Population under 65, and Population age 65 and over. Under a random

delay in the congestion conditions, with all other conditions being unchanged, access times from
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neighborhoods to nearest sited facilities ranging from 10.82 to 7.29 minutes; 10.75 to 7.25; and
from 11.41 to 7.40 minutes respectively are modeled for relief demands specified as: Total
Population, Population under 65, and Population age 65 and over. In both travel time scenarios,
all client nodes (3,657 block centroids) require service when Total Population was specified as
relief demand. However, when demand is changed from the total population, the number of
nodes to be served decreases slightly., In these cases, forty-seven (47), and a thousand and
twenty-two (1,122) nodes are not in need of service when relief demands are specified as
Population under 65, and Population age 65 and over respectively. These sets of blocks simply
contain none of the respective population groups.

Depending on the scenario in question, the average motorized travel time a neighborhood
needs to reach its closest sited relief distribution center ranges from 7.68 to a low 4.82 minutes;
and from 11.41 to 7.25 minutes under near free-flow and random delay respective congestion
conditions. Under both network congestion scenarios, the average motorized travel times
between given neighborhoods and their closest sited facilities were found to systematically reach
their maximum values when Population age 65 and over is used as the relief demand. By
contrast, the minimum values were obtained when demand is defined as Population under 65; the
intermediary travel time values being observed when Total Population is specified as relief
demand (Table 5.6).

Furthermore and as seen in Figure 5.10, adding additional relief facility units results in a
reduction in the average time a neighborhood needs to reach its nearest facility but only at a
decreasing rate. Such marginal reduction decreases from 6.06% to 2.41%, 6.10% to 2.36%, and
from 6.52% to 1.98% (under the base travel time); and from 6.01% to 2.28%, 6.05% to 2.36%,

and from 6.40% to 1.86% (under the random delay travel time) with relief demands specified
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respectively as Total Population, Population under 65, and Population age 65 and over. Rare
instances of increasing marginal reduction in access time are among those observed with
Population age 65 and over at p6+1 and p8+1 (under the base and the random travel time

congestions) and with Population under 65 at p14+1 (under the two travel time scenarios).
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Table 5.6. Results for Demand Relief Scenario for Linkages from Relief Distribution Facilities to Neighborhoods.

50% Total Pop 2010
Total demand: 136,834

50% Pop age under 65

Total demand: 123,867

50% Pop age 65 and over

Total demand: 12,206

P Travel Time 30pct Random Travel Time Travel Time 30pct Random Travel Time Travel Time 30pct Random Trav. Time
Avg. Total Avg. Total Avg. Total Avg. Total Avg.  Total Avg.  Total
5 7.26  993,659.60 10.82 1,480,658.68 721  892,577.30 10.75 1,331,119.11 7.68 93,712.00 1141 139,227.63
6 6.82  933,108.90 10.17 1,391,660.32 6.77  837,959.30 10.10  1,250,745.65 7.21 88,051.80 10.68  130,349.69
7 6.49  887,946.80 9.65  1,320,799.86 6.43  796,730.50 9.58  1,186,010.05 6.74 82,284.70 10.05 122,603.78
8 6.16  842,813.70 9.16  1,253,693.58 6.12  757,511.80 9.10  1,127,694.62 6.41 78,219.90 9.57 116,852.12
9 591  808,568.80 8.76  1,198,769.15 5.85  724,542.30 8.70  1,077,314.56 6.10 74,484.30 9.06 110,547.70
10 5.67 776,172.70 8.42  1,151,714.90 5.62  695,744.30 8.36  1,035,499.11 5.83 71,163.70 8.66 105,714.92
11 544  744,125.90 8.12  1,111,083.71 541  670,649.90 8.08  1,001,300.29 5.58 68,143.80 8.29 101,165.01
12 526  719,494.50 7.87  1,077,410.14 5.22  645,969.70 7.82  968,586.91 5.38 65,636.00 8.00 97,688.13
13 512  700,213.40 7.66  1,047,775.96 5.08  629,792.50 7.62  943,587.48 5.20 63,491.20 7.76 94,669.37
14 498  681,943.80 746  1,021,362.77 496  614,067.90 744  921,317.40 5.05 61,681.30 7.54 92,063.54
15 486 665,212.10 729  997,832.62 4.82  597,144.00 7.25  898,499.64 4.95 60,449.60 7.40 90,282.11

NOTE: Avg. = Average; Travel Time 30pct = 30% of delay imposed to travel time to adjust for congestion. This is the base travel time.

Random Travel Time = Random increase in the base travel time obtained through multiplying Travel Time 30pct by a random number; Time is in minutes
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Figure 5.10. Marginal reduction of access time from neighborhoods to sited facilities as unit
facilities are added to the model (in %) under network near free-flow conditions, NFC
(sphere pattern with light colors), and under random time delay in network conditions, RDC
(trellis pattern with dark colors).

With -6.52% (base travel time) and -6.40% (random delay travel time), Population
age 65 and over enjoys the study’s highest rate of marginal reduction of the access time as
a function of additional facility units sited. Moreover, it systematically shows the
comparatively higher decreases in the travel time reduction of the study except at p14+1 for
both congestion scenarios.

Figure 5.11 and Figure 5.12 show the comparative spatial locations of the relief
facilities sited under 33 different models run in two travel time scenarios. It shows that for

a given travel time scenario, the facilities tend to be co-located for relief demand specified
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as Total Population and Population under 65 (under any value of p). Facilities sited under
demand specified as Population age 65 and over tend to be in very distinct locations for a
given p. For any given travel scenario and across the three specified demands, the location
of previously sited facilities does not vary substantially as new facilities are added in the
models’ subsequent runs. It is also apparent that as more facilities are added to the model,
the census blocks located in Leon County’s central area tend to receive higher relative
service coverage than those located at the periphery.

Comparing the 33 models across travel time scenarios shows that the facilities
selected in the uncongested state (base travel time) persist when the network is impeded
(under the random delay) in most cases. For instance, the spatial distribution layout of the
modeled facilities was found to be fairly close under both travel time scenarios for p=11-
15. By contrast, the facilities sited for p=5-10 presented slightly different spatial
distribution layouts across travel time scenarios. Such differences are in the fact that the
Population age 65 and over facilities tend to fall in stand-alone locations distinct from

those of facilities sited under other specified demands.
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Figure 5.11. p-median solutions comparing changes in spatial configuration of relief
facilities as a function of specified demands with 11 panes respectively represented by: p =5
@;p=6(0);p=7();p=8();p=9();, p=10(f);p=11(9);p=12(h);p=13();p
=14 (j); and p = 15 (k). Each pane presents a pair-wise comparison between optimization
solutions obtained under near free-flow conditions (top) and random delay congestion
conditions (bottom) affecting the distribution network.
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Figure 5.12. p-median solutions comparing changes in spatial configuration of relief
facilities as a function of specified demands with 11 panes respectively represented by: p =5
P=9();p=10(f);p=11(g);p=12(h); p=13(i); p=
14 (j); and p = 15 (k). Each pane presents a pair-wise comparison between optimization
solutions obtained under near free-flow conditions (top) and random delay congestion
conditions (bottom) affecting the distribution network.
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5.6.4 Discussion

We found that how demand is specified results in a change both in response time
between sited nearest facilities and their associated neighborhoods and the spatial
configuration of the sited facilities. Under both travel time scenarios, the average travel
times modeled between the sited facilities and their associated neighborhoods decrease as
the number of facilities sited increases. Our method of adding additional congestion leads
to increasing access times (between neighborhood and sited facilities) but with less drastic
changes in facility configuration. Among the three demographic groups tested, Population
age 65 and over is associated with the lowest disaster relief accessibility translated in a
longer time to reach the sited nearest facilities. Similar to past literature (particularly (96)),
the addition of new facilities (to the models) results in a decrease in motorized travel time
from neighborhoods to their sited nearest facility. Substantially, alternative demand
specifications produce measurable impacts on Population age 65 and over for which
average travel time to the nearest facilities for p=5-15 is relatively higher: 7.68 to 4.95; and
11.41 to 7.40 minutes (against 7.21 to 4.86; and 10.75 to 7.25 minutes for Under 65
Population for instance under the near free-flow and the congested respective network
conditions (Table 5.6). Population age 65 and over has comparatively lower accessibility
to the sited relief facilities.

Unlike for (96), and (90) where average times increase as more individuals are
taken into consideration as needing relief, our modeled results show an inverse pattern
which varies more or less randomly. In fact, the average access travel time between
neighborhood and sited facilities reaches its minimum values (7.21 to 4.82 in near free flow

network; and 10.75 to 7.25 minutes in random congested network) with Under 65
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Population specified as relief demand (123,867). Intermediary values of access travel time
(7.26 to 4.86 minutes, and 10.82 to 7.29 minutes) are obtained when Total Population
associated with the highest relief demand of the study: 136,834) is specified. The average
travel time between neighborhood and sited facilities reaches its maximum values (7.68 to
4.95 and 11.41 to 7.40 minutes) under Population age 65 and over with a demand of
12,206 (see Table 5.6).

On the basis of the map of Leon County (Figure 5.9) the comparatively higher
access time to relief facilities observed in the Population age 65 and over suggests that
important clusters of aging adults generally live away from the central locations of the
county. By contrast most of the Total Population as well as the associated Population
under 65 group (representing 90.5 of the total) tend to be clustered in the central areas of
the county’s urban area (of Tallahassee) resulting in their improved accessibility.
Furthermore, the fact that the p-median model tends to favor the communities located in the
central locations at the expense of those located in the periphery justifies the differentially
higher travel time between neighborhoods and sited relief facilities observed with the
Population age 65 and over group. The overall trend of the marginal reduction in access
time is decreasing for all three specified relief demands under both congestion conditions
of the network. Population under 65 and over however systematically shows the
comparatively higher values of decreases in the travel time reduction of the study. This
suggests the higher sensitivity of the aging population demand specification to increases in
the number of sited facilities.

The most populated neighborhoods (those located in and at close proximity of the

central study area (per Figure 5.9) tend to receive higher levels of relief facility coverage
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(see Figure 5.11 and Figure 5.12). By contrast, the larger census blocks located at the
peripheral northeastern, southern and southwestern areas of Leon County with relatively
lower population counts tend to receive mediocre service coverage. As the p-median
problem is weighted to account for the number of people in an area, changes in the
population size of the served neighborhoods influence the spatial layout of the sited relief
distribution facilities which consequently tend to cluster in the most populated
neighborhoods.

A change in the population specified as the relief demand results in minor changes
of the relief facilities” spatial layout as evidenced by the high number of facility
(geographical) co-locations observed on Figure 5.11 and Figure 5.12. It is however
apparent that the spatial distribution of the Population age 65 and over (when specified as
relief demand) drives alternative facility configurations. Results suggest planners should
give weight to the aging adults as an age-based distinct group, which would ensure a more
equitable disaster relief distribution system. Consistent with (87), our research shows that
the demand and its location impacts the averaged time to relief facilities while accessibility
can be improved through augmenting existing facilities with alternative ones.

Solving the models for the random congested network results in substantial increase
in the average time neighborhoods would take to reach the nearest facilities. The associated
changes in spatial layout are less obvious. In fact, the shortest average travel times between
neighborhoods and nearest facilities modeled for the random congested network (7.40 to
7.25 minutes) reveals about a 50% higher time than those obtained with the near free flow
network (4.95 to 4.82 minutes). That is any random perturbation of the network is

susceptible to substantially increasing the travel time separating neighborhoods from their
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nearest relief distribution facilities. Using an alternative congestion strategy based on
random elements, service times are found to be very sensitive to the least case of network
disturbance as they examined the impacts of simulated network failures on hurricane
disaster relief planning strategies (88). Clearly, alternative measures of accounting for

disaster-related delays could produce alternative outcomes.
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Chapter 6 Validation and Verification

Validation and verification are an essential step in creating a knowledge base
because judging the overall quality of the “knowledge” contained therein determines its
overall utility. Ideally, this step provides a means for improving the content, aims, and
goals of the aging-focused knowledge base, as needed. In this project, as different steps of
the proposed methodology were executed, materials were evaluated by the research team to
assess accuracy and appropriateness with regard to designing better aging-focused
emergency transportation logistics. Much of the information reviewed was highly technical
and procedural in nature, emanating from sources that span multiple perspectives,
disciplines and governmental levels. Continuously refining our framework is important for
maintaining and augmenting its future utility.

Relatedly, several presentations of the research project have been given to various
groups. These include governmental entities (FDOT [Traffic Operations, Roadway
Maintenance and Emergency Management Offices], Safe Mobility for Life Coalition,
Florida Department of Emergency Management and the Florida Department of Elderly
Affairs), private companies (CITILABS), and university groups (Florida Agricultural and
Mechanical University, University of North Florida, and Florida State University (FSU),
including the FSU Institute for Successful Longevity and Disaster Incident Research
Team). Project presentations were helpful in terms of generating feedback with regard to
our ongoing work, particularly with respect to issues that would be of most interest to

practitioners and that of the project’s real-world applicability.
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Based on the results of the four-step knowledge base methodology, the Pls
identified critical research needs towards obtaining better humanitarian logistics during
emergency situations with a focus on aging populations. These needs are extensively

evaluated in the following chapter.
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Chapter 7 Metadata-based Research Needs Assessment
Based on the evaluation of the knowledge base in the previous chapters, this chapter
provides a metadata-based research needs assessment focusing on the emergency assistance
that should be provided to the aging population supported by real-life experiences and
practices. It is important to note that there are a number of objectives pursued by
researchers to obtain efficient commercial transportation management methodologies. The
majority of studies focuses on the minimization of transportation and inventory costs (11).
However, emergency transportation management for aging, in nature and characteristics, is
primarily concerned with the welfare of the aging disaster victims. Unique objectives for
this problem, therefore, are ranked in order as follows, starting with the most important:
e Minimization of suffering and maximization of survival for aging victims.
e Optimizing the emergency evacuation operations, and maximization of the available
vital supplies for the aging victims.
e Ensuring the flexibility of the emergency transportation operations in the presence of
uncertain demand and supply, and a dynamically changing environment.

e Cost minimization (transportation, supplies, inventory costs, etc.).

Constraints for the problem, on the other hand, include the following:

e Dbehavioral, disability and health constraints (effects of physical, mental and
psychological limitations or disabilities of the aging population),

e minimum tolerable disruption level constraints (due to transportation network

characteristics, extreme demand, communication and supplier related disruptions),
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e technological constraints (i.e., technological obsolescence for the stocked equipment
such as medical apparatuses, inexperience or lack of knowledge while implementing
new technologies),

e space and budget constraints (roadway, inventory and shelter service limits, monetary
issues)

e military, local and political constraints (i.e., limited communication between different

agencies, security related limitations on evacuation and delivery of supplies, etc.)

To accomplish these objectives with the given constraints, emergency planning and
relief operations needs for the aging population require the involvement of different
disciplines. Figure 7.1 represents such an inter-disciplinary action plan with an operational
perspective that clearly requires the joint work of public, private, military and humanitarian

agencies as well as research institutes and universities.
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Figure 7.1. Interdisciplinary Components of the Aging Population-focused Emergency
Transportation Problem

In order to ensure that the aforementioned objectives are realized satisfactorily in
the decade ahead, there is a need to investigate the following problems thoroughly and
develop solutions that seek to minimize their effects on the aging population:

7.1 Research Need 1: Improving State and Local Emergency/Disaster Transportation Plans

The needs of the aging population should be clearly defined in the emergency
management plans developed by federal, state and local agencies, and private humanitarian
organizations. Many agencies have been trying to include the needs of the whole
population including the aging in their plans and operations. However, it is critical to
develop and back up plans based on (a) practices that have been proven to be working in
actual disaster situations and ones that need improvement, and (b) pros and cons of the
individual components of emergency practices that address the specific needs of the aging.
Data collected from previous experiences during emergency relief operations should be
analyzed carefully, possibly with statistical techniques, to identify the strengths and
weaknesses. Lessons learned from these analyses and best practices should be provided for
future reference in the disaster plans.

There is also a clear need for easily understood and applicable plans and models
that provide decision support and emergency assistance focusing on the following issues
critical for the survival of the aging victims in the aftermath of disasters:

1. Safety: Safety measures should be taken into account at every phase of the relief

operations for the aging population since the aging people are more likely to be
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vulnerable at any time during the disasters due to their functional limitations,
sensory, physical and cognitive disabilities.

2. Accessibility: Accessibility should be provided to the aging population by any
means necessary regardless of their limitations, how they live
(independent/dependent), and where they live (rural/urban).

3. Speed and Reliability: For emergency transportation operations focusing on aging
populations, speed and reliability become critical as their survival could directly
depend on sufficient and timely assistance/treatment. For different prevailing
disaster conditions with distinct characteristics, different transportation modes can
meet the speed and reliability criteria to varying degrees.

4. Fulfillment: Another important issue is fulfilling the vital needs of the aging victims,
which may be gathered in shelters or that shelter-in-place, efficiently throughout the
entire pre- and post-disaster period even when disruptions such as transportation

network unavailability and power outages are experienced.

Moreover, as a part of emergency planning, educating officials and personnel is a
must to efficiently respond to transportation-related problems of aging in the aftermath of a
disaster. Educating the aging population is also critical for emergency operations.
Providing clear instructions, indicating the locations and dates/times for pickups, locations
and features of shelters (special needs, pet friendly, etc.), and what they can carry with
them, will enhance the overall efficiency of the operations. In order to support the widely
used registries, a robust and resilient emergency management system should also have a
way to keep track of aging people and vital supply movement during the emergency

operations. For example, use of RFID technologies will enable the officials to track aging
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population and supplies, and therefore locate the problems and disruptions within the
disaster supply chain, reaching the major causes faster (115).

7.2 Research Need 2: Location, Allocation, Accessibility and Design of Emergency

Shelters

Physical location, design and purpose of potential emergency shelters is of interest
in terms of both creating accessible and safe evacuation/sheltering and also for the
logistical aspects of transporting emergency supplies. For example, there is a need for
special needs oriented shelters (SPNS) that provide medical care for aging population (i.e.,
medical support units in the shelter that can withstand power outages). Current data
suggests a lack of SPNS shelters in Leon County, where a substantial amount of aging
population that have special needs live (37). In addition to the design aspects, the proximity
of shelters to the populated areas and their accessibility to the roadway network are also
critical to their effective utilization. Whether shelters are provided by public agencies or
humanitarian organizations like American Red Cross, emergency operations cannot be
successful without identifying their optimal locations and designs. Mapping systems and
transportation network analysis software should be used to identify shelter locations
(including special needs and pet friendly) based on the population characteristics/features
of the affected region and the accessibility of the shelters via different modes of
transportation. This requires the involvement and integration of mathematical models (such
as distance-based clustering) that can determine the optimal location and allocation of the

shelters (87, 88).

92



7.3 Research Need 3: Creating Accessible Emergency Evacuations for Aging Populations

There is a need for research that investigates the effects of transportation
infrastructure availability, multi-modal origins and destinations, roadway disruptions,
shelter locations/allocations with a focus on aging people. This will also require the
extensive use of mapping and transportation network models. Therefore, an efficient
disaster plan should also include emergency evacuation strategies to minimize the impacts
of unforeseen disruptions, or at least to address the problem at hand as quickly as possible
to create accessible evacuation for the aging population. To have such a robust plan, there
is a need for research studies that focus on real-time control and management of the
emergency disaster operations using IT-based strategies. A Dynamic Traffic Assignment
(DTA)-based research can provide capabilities that can help planners grasp the dynamic
realities of evacuation more clearly in terms of delays and queues, and help them formulate
better decisions (38). With the help of previous data on actual emergencies, this IT-based
strategies can be applied to different kinds of extreme events, possibly as part of emergency
plans and mechanisms. There may also be a lack of availability for medical assistance and
emergency vehicles for evacuation. Therefore, evacuation plans should also include a
strategy for optimally allocating vehicles for emergency use, and also should have an
emergency plan for unavailability/loss of the vehicles or designated drivers.

7.4 Research Need 4: Transportation of Vital Supplies and Emergency Inventory

Management

An efficient inventory planning and supply transportation system becomes a must to
ensure the survival of aging people since their needs can drastically change during disaster

relief operations. Even if the safety stocks for emergency commodities are planned
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individually beforehand, the delivery process can be problematic. During the recovery
period after the disaster, the emergency, rescue and commodity supply activities should be
able to satisfy the basic needs of the aging people even if the transportation network is
heavily damaged/degraded. Therefore, there is a need for research that investigates the
effects of stochastic real-life conditions, availability of resources, single/multiple suppliers,
deterministic/stochastic demand and supply, and perishable commodities, possibly using
GIS-based mapping and transportation analysis software. Communications and
infrastructure network has also utmost importance for a reliable information transfer

between the agencies and personnel, therefore studies that focus on IT solutions are needed.
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Chapter 8 Conclusions and Future Work

This research provides a detailed transportation needs assessment and knowledge
base focusing on the emergency assistance that should be provided to the aging population.
It is supported by real-life experiences and practices. Based on the knowledge base, the
project presents future research needs and challenges with a focus on the aging
evacuations. Since aging victims need special assistance in the aftermath of disasters,
public and/or private humanitarian agencies will clearly benefit by including the
assessment results of this research in their disaster plans specifically on how these needs
can be addressed and how related problems can be solved. Evaluation of the multi-modal
capabilities in District 3 of FDOT will also provide suggestions on the usage of different
transportation modes to create safe, accessible and fast emergency operations for the aging
population.

8.1 Emergency Evacuations

Evaluation results of the evacuation operations in FDOT District 3 can help
planners/emergency personnel decide how to transport aging people in the aftermath of an
extreme event. After a review of evacuation studies that focus on aging people, vast
amount of knowledge has been extracted from available resources and data sets in order to
conduct a thorough assessment of the multi-modal transportation infrastructure for the
District 3 region. A GIS database including highways, airport, port, and railway terminal
locations was created to present the locations of these facilities, and their proximities to
roadways and aging-populated locations. With a focus on the challenges at the airports,
ports, and railway terminals, this database will be extremely useful for supporting the

emergency evacuation operations.
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Roadway network and infrastructure in District 3 are found to be capable of
facilitating the optimal multi-modal transportation of aging people which would
significantly contribute to emergency plans. Despite this capability, the existing network
might not be sufficiently utilized for the emergency transportation operations during and/or
after the disasters due to the possible disruptions or capacity degradations that can occur
(Closure of roadways, bridges and tunnels) in the aftermath of extreme events such as
hurricanes and storms.

Since District 3 poses serious challenges due to its vulnerability to flooding and
storm surges, which are magnified under emergency conditions, it is significant to focus on
the hazard analysis of the roadways. Almost all evacuation routes have some percentage of
vulnerability to the disasters which should definitely be included as supplementary
information in planning. The proposed evaluation methodology can help emergency
officials identify the unexpected disruptions likely to happen during emergency evacuation
operations such as the road closures due to storm surges or flooding. Travel time analysis
results could also provide the planners with a measure of how long it would take to
transport aging people from representative origins to destinations selected outside the
impact zone given the roadway network.

The scope of this study is also limited to evacuating aging people from the affected
region. This type of study can be extended to include other types of vulnerable populations
including mobile home residents, and seasonal populations (such as people travel with
recreational vehicles). The model can be expanded towards a dynamic traffic assignment
and transit-based solution that can help emergency officials and planners with a more

detailed view of emergency evacuation performance. The authors would also like to note
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that these results will be mostly helpful to the local or state agencies in the District 3
region. However, this type of this research can be successfully extended to other areas of
Florida, and then for elsewhere in the U.S.

8.2 Sheltering

The approach used for sheltering analysis in this project is hypothetical as it takes a
possible problem scenario and adapts a spatial model to assist with solving it. The intention
of this work is not to make a specific policy recommendation in our study area, or to
critique current shelter plans. Rather, the intent here is to design a generic approach which
can be used to help address this and related shelter placement problems. Our work
contributes ideas showing how such a problem might be approached but is in no way
intended as a ready to implement recommendation for where to place facilities. Its
contribution is the framework it builds describing how this problem can be tackled.

There are a number of caveats and limitations associated with this sheltering effort
that may suggest areas for future work. First, as our focus here is on transportation and
accessibility considerations in site selection, we made assumptions that all shelter facilities
could be ‘repurposed’ in order to facilitate a series of hypothetical scenarios. At a finer
level of planning it may be the case that cost or infrastructure constraints would prevent
this from happening. Thus, good alternatives identified from a spatial modeling perspective
may have difficulty being implemented, particularly if costs and other constraints are
accounted for. However, this is a dimension which could be built into future modeling
efforts. Secondly, it is worth pointing out that there is no absolute 'nearest center
assignment rule’ inherent to the capacitated p-median model in the sense that people are

automatically assumed to go to their nearest located facility, which is the case in the
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traditional p-median problem. Such a constraint can be added to this model, which will
increase the computational complexity of generating solutions, but also allow for perhaps a
more simplified means of routing people to the appropriate special needs shelter. Thirdly,
and related to this point, the routing issue of how people get to shelters is not specifically a
part of this research — the assumption is that shortest paths would be taken, and means of
transportation would be available. However, we did not account for the modal splits and
resource allocation of transportation assets that could be deployed as a part of helping
aging and special needs populations, including questions of how they would reach shelters
given that some live alone, in retirement facilities, etc. Our modeling was at a more
‘sketch’ level of planning and future work could consider some of the ways facility
location might interact with transportation resource deployment, including other
representations of travel costs, such as those output from advanced traffic assignment
models. Related to this, it is well known that certain special needs populations may need
additional time to evacuate and reach facilities, thus suggesting future work could account
for this possibility, perhaps by further differentiation in the demand for relief services.
Knowing where the most in need special needs people to be evacuated are located could be
used to guide future siting decisions. Fourthly, our way of disrupting the network to assess
whether any impacts would be realized was fairly straightforward and simplistic. Although
our method was helpful in highlighting where difficulties might arise, future work could
look at more sophisticated ways of simulating disruptions, including assuming even higher
levels of impedance could result from storm effects, or possibly including additional
ancillary data such as flood zone information to target possibly problematic roads. Another

area of work could be in measuring shelter utilization directly through tracking people’s
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movement with RFID or other similar technologies which would lead to data that could be
used to improve shelter allocation in the spatial modeling. Lastly, and as previously stated,
we made several assumptions to focus our efforts on the aging people, and did not work
with detailed info on other components of “special needs’ populations. Were we to alter this
data component, using other assessments of the aging and/or special needs populations it
no doubt could change the results. In sum, this effort has demonstrated a strategy that can
be used to address the needs of siting special needs shelters for hurricane disasters.

8.3 Relief Goods Distribution

The relief goods transportation model has explored the relationship between age
status and various strategies for providing people hurricane disaster relief. It was found that
average access travel time varies as a function of relief demand specifications with
Population age 65 and over tending to bear the higher relative burden of the response time
which limits their accessibility to disaster relief. Applying a random delay to the near free
flow network results in a significant and visible increase of the average travel time (1.5
times as much as the base travel time) neighborhoods would take to reach their nearest
relief facilities. Changing the population as specified relief demand results in overall minor
changes in the sited relief facilities” spatial layouts. The rare alternative facility
configurations observed are definitely driven by the spatial distribution of the Population
age 65 and over (when specified as relief demand). Results suggest emergency planners
and managers should give weight to the aging adults as an age-based distinct group, which
would ensure a more equitable disaster relief distribution system.

Future work should consider experiment with relief demands assessed from non-

uniform but variable age-based and/or spatially-aware evacuation rates. Another open
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avenue for further research resides in modeling efforts using the 3657 selected
neighborhoods as candidate locations to siting the relief distribution facilities in place of
the 40 hurricane shelter locations used in this study. Future work should also consider
alternative site modeling strategies, such as equity approaches like the p-center spatial
optimization. Also, future research may wish to explore if these results persist at alternative
spatial scales such as the traffic analysis zone or census tract level. Additionally, alternative
solution tools, such as the CPLEX optimization library can be applied to these spatial
models, which may improve our ability to identify the most optimal distribution
configurations. Lastly, and more broadly, we focus only on the distribution center to
neighborhood linkage in this research and not on the movement of goods per se throughout
the entire supply chain. Were future research to venture into this area, a number of issues
would be raised, including that of “‘material convergence’, which gets at the collection and
distribution challenges associated with relief goods from multiple public and private
sources. Recent research by (9) state that material convergence-related problems should be
handled carefully using innovative mathematical models especially as part of post-disaster
humanitarian logistics. However, as the complexity of the disaster increases (especially
right after the disaster hits), it may be very difficult to handle and manage diverse goods
flows. Material convergence and the potential delays are especially critical for vulnerable
populations such as aging people, as their needs should be met immediately. Identifying
strategic facility locations before the onset of a disaster can help mediate these problems
and future research can take a more integrative approach to the management of goods flows

for aging people.
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8.4 Discussion on the Research Needs and Future Work

In order to ensure and promote the long-term usage of this knowledge base by
state/federal agencies and other organizations, it is important to conduct a scenario-based
implementation study that should address the following major goals: (a) to extend the
developed methodology to other Districts of Florida, (b) to create and evaluate new aging-
focused emergency evacuation, shelter allocation, and supply transportation scenarios and
case studies using GIS-based transportation network models such as CUBE and
TransCAD, and (c) to leverage these tools and findings to inform emergency plans.

The research needs identified in project indicate that it is critical to develop and
analyze novel dynamic traffic assignment-based evacuation and supply transportation
models as well as shelter location/allocation optimization approaches to serve the aging.
Dynamic traffic assignment (DTA)-based approaches that depart from static models in
order to provide solutions based on time-varying traffic volume should be implemented for
emergency transportation operations. Uncertainty involved in the disaster relief operations
(due to disruptions in the transportation network, fluctuating demand, unavailability of the
personnel and vehicles, drastic changes in the disaster strength, etc.) should also be
accounted for by carefully selecting the relevant scenario parameters, boundaries and
conditions. The future needs of aging populations should also be identified using the
forecasted demand figures for aging populations (based on forecasted Census population
data) in the transportation network models and shelter optimization methodologies.

It is important to note that there is still a significant gap between theory and practice
which has to be eliminated to obtain an efficient action plan. Elimination of this gap

requires the involvement of different disciplines with an action plan that should focus on
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the following components: health, behavioral and mobility limitations of aging population;
emergency planning; multi-modal transportation infrastructure and evacuation;
transportation of vital supplies; shelter management and real-time tracking of aging people
and supplies. There should also be detailed studies focusing on the use of IT, which can
cover both computing and communications capabilities to enhance the operational
management of disasters for the aging people. One critical IT-based research direction is to
make use of the real-time information regarding the movement of aging people and
supplies to dynamically adjust emergency management decisions. Investment on better
information technologies such as RFID systems and their integration with theoretical
models will definitely enhance the emergency management of disasters.

The approach used in this research can be extended to other districts of Florida and
then to other locations. Qualitatively, however, the effectiveness of the methodology in a
particular country/region for a given disaster can be affected by the following critical
variables: (a) economic system; (b) cultural traditions; (e) country/nation characteristics.
This research does not address a discussion of these variables on the efficiency of the
aging-focused emergency transportation operations, which is an interesting area of future

work.

102



10.

11.

12.

13.

14.

15.
16.

References

EM-DAT, The International Disaster Database, Center for Research on the
Epidemiology of Disasters (CRED), http://www.emdat.be.

Scurfield, R.M. 2006. “Post-Katrina aftermath and helpful interventions on the
Mississippi Gulf coast”, Traumatology, 12:104-120.

Cahalan, C., and Renne, J. 2007. “Emergency evacuation of the elderly and disabled”,
InTransition, 14:7-31.

AARP Report. 2006. “We can do better: Lessons learned for protecting older persons in
disasters”, The AARP Public Policy Institute, AARP, Washington D.C., USA.

THE GUARDIAN. (2012). “Sandy's Terrible Toll among Elderly Who Didn’t
Evacuate”, 3 November, available at
http://www.guardian.co.uk/world/2012/nov/04/sandy-toll-elderly-evacuate.

Brodie, M., Weltzien, E., Altman, D., Blendon, R.J., and Benson, J.M. 2006.
“Experiences of hurricane Katrina evacuees in Houston shelters: Implications for future
planning”, American Journal of Public Health, 96(5):1402-1408.

Beamon, B.M. 2004. “Humanitarian relief chains: Issues and challenges”, 34"
International Conference on Computers and Industrial Engineering, San Francisco,
CA.

Whybark, D.C. 2007. “Issues in managing disaster relief inventories”, International
Journal of Production Economics, 108:228-235.

Holguin-Veras, J., Jaller, M., Van Wassenhove, L.N., Perez, N., and Wachtendorf, T.
2012. “On the unique features of post-disaster humanitarian logistics”, Journal of
Operations Management, 30:494-506.

Holguin-Veras, J., and Jaller, M. 2012. “Immediate resource requirements after
hurricane Katrina”, Natural Hazards Review, 13:117-131.

Ozguven, E.E., and Ozbay, K. 2014. “Emergency inventory management for disasters:
A review”, Journal of Emergency Management, 12(4): 269-286.

Wolshon, B., Urbina, E., Wilmot, C., and Levitan, M. 2005. “Review of policies and
practices for hurricane evacuation. |: Transportation planning, preparedness, and
response”, Natural Hazards Review, 6:129-142.

Florida Department of Transportation website,
http://www.dot.state.fl.us/publicinformationoffice/moreDOT/districts/district.shtm,
2014.

Ozbay, K., Ozguven, E. E., Sertel, T., Aboobaker, N., Littleton, B., and Caglar, K. 2009.
“Manual of Guidelines for Inspection and Maintenance of Intelligent Transportation
Systems”, Transportation Research Record, 2129:90-100.

CUBE Software website, http://www.citilabs.com/.

United Nations Department of Economic and Social Affairs, Population Division,
Population Ageing,
http://www.un.org/esa/population/publications/ageing/ageing2006.htm, 2006.

103


http://www.emdat.be/
http://www.guardian.co.uk/world/2012/nov/04/sandy-toll-elderly-evacuate
http://www.dot.state.fl.us/publicinformationoffice/moreDOT/districts/district.shtm
http://www.citilabs.com/
http://www.un.org/esa/population/publications/ageing/ageing2006.htm

17.

18.

19.

20.
21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

Ortman, J. M., Velkoff, V.A. and Hogan, H. 2014. “An Aging Nation: The Older
Population in the United States, Population Estimates and Projections Current
Population Reports”, 25-1140. 28p, http://www.census.gov/prod/2014pubs/p25-
1140.pdf.

U.S. Census Bureau, Population Division,
https://www.census.gov/popest/data/index.html, 2013.

Florida Department of Elder Affairs, Bureau of Planning and Evaluation, 2013 Florida
State Profile,
http://elderaffairs.state.fl.us/doea/pubs/stats/County 2013Projections/Counties/Florida
.pdf, 2013.

Florida Department of Elderly Affairs, Assessing the Needs of Elder Floridians, 2012.
Fernandez, L., Byard, B., Chien-Chih, B., Benson, S., and Barbera, J. 2002. “Frail

elderly as Disaster Victims: Emergency Management Strategies”, Prehospital and
Disaster Medicine, 17(2):67-74.

Campbell, J. 2007. “On belonging and belongings: Older adults, Katrina, and lessons
learned”, Generations, 31(4):75-78.

US Government Accountability Office (GAQO). 2004. “Transportation-Disadvantaged
Seniors: Efforts to Enhance Senior Mobility Could Benefit from Additional Guidance
and Information”, GAO-04-97, Washington, D.C.

US Government Accountability Office (GAQ). 2006a. “Transportation-Disadvantaged
Populations: Actions Needed to Clarify Responsibilities and Increase Preparedness for
Evacuations. Report to Congressional Committees”, GAO-07-44, 1-66.

US Government Accountability Office (GAO). 2006b. “Disaster Preparedness:
Preliminary Observations on the Evacuation of Hospitals and Nursing Homes Due to
Hurricanes”, GAO-06-443R, Washington, D.C.

US Government Accountability Office (GAO). 2006c. “Disaster Preparedness:
Preliminary Observations on the Evacuation of Vulnerable Populations due to
Hurricanes and Other Disasters”, GAO-06-790T, Washington, D.C.

Conference of Minority Transportation Officials (COMTO). 2007. “Emergency
Preparedness and Response for Vulnerable Populations”.

Federal Emergency Management Agency (FEMA). 2008. “Comprehensive
Preparedness Guide 301: Emergency Management Planning Guide for Special Needs
Populations”.

Association of State and Territorial Health Officials (ASTHO). 2008. “At-risk
Populations and Pandemic Influenza: Planning Guidance for State, Territorial, Tribal,
and Local Health Departments”.

Federal Highway Administration (FHWA). 2009 “Evacuation Populations with Special
Needs — Routes to Effective Evacuation Planning Primer Series”, FHWA-HOP-09-022.

104


http://www.census.gov/prod/2014pubs/p25-1140.pdf
http://www.census.gov/prod/2014pubs/p25-1140.pdf
https://www.census.gov/popest/data/index.html

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

“Recommendations for best practices in the management of elderly disaster victims”.
2006. Baylor College of Medicine, Harris County Hospital District, American Medical
Association, Care for Elders, AARP, Washington, DC.

“CDC's disaster planning goal: protect vulnerable older adults”. 2006. U.S. Department
of Health and Human Services, Centers for Disease Control and Prevention, Atlanta,
GA.

Centers for Disease Control and Prevention (CDC). 2006 “Assessment of health-related
needs after Hurricanes Katrina and Rita — Orleans and Jefferson Parishes, New Orleans
area, Louisiana”, Morbidity and Mortality Weekly Report, 55(2):38-41.

Centers for Disease Control and Prevention (CDC). 2002. “Psychological and emotional
effects of the September 11 attacks on the World Trade Center — Connecticut, New
Jersey, and New York”, Morbidity and Mortality Weekly Report, 51(35):784-786.
Centers for Disease Control and Prevention (CDC). 2004. “Rapid assessment of the
needs and health status of older adults after Hurricane Charley — Charlotte, DeSoto,
and Hardee Counties, Florida”, Morbidity and Mortality Weekly Report, 53(36):837-
840.

Disaster Preparedness Guide for Assisted Living Facilities, Florida Center for Assisted
Living, Florida Health Care Association, 2006.

Florida Statewide Emergency Shelter Plan, Florida State Emergency Response Team,
2014.

Florida Comprehensive Emergency Management Plan, Florida State Emergency
Response Team, 2010.

Florida Statewide Regional Evacuation Study Program, Florida Evacuation
Transportation  Analysis, Florida Division of Emergency Management.
http://floridadisaster.org/res/, 2010.

Florida Field Operations Guide, Florida State Emergency Response Team, 2012.
Sikder, S., and Pinjari, A.R. 2012. “Immobility Levels and Mobility Preferences of the
Elderly in the United States: Evidence from 2009 National Household Travel Survey”,
Transportation Research Record, 2318:137-147.

Mayhorn, C. 2005.“Cognitive aging and the processing of hazard information and
disaster warnings”, Natural Hazards Review, 6(4):165-170.

Jenkins, P., Laska, S., and Williamson, G. 2007. “Connecting future evacuation to
current recovery: Saving the lives of older people in the next catastrophe”, Generations,
31(4):49-52.

McGuire, L.C., Ford, E.S., and Okoro, C.A. 2007. “Natural disasters and older US adults
with disabilities: Implications for evacuation”, Disasters, 31(1): 49-56.

Peek, L. 2013. “Age”, Book Chapter, Social Vulnerability to Disasters, 2" Edition,
Edited by D.S.K. Thomas, B. Phillips, W.E. Lovekamp, and A. Fothergill, CRC Press,
Taylor & Francis Group.

105


http://trb.metapress.com/content/y645m2022405v157/
http://trb.metapress.com/content/y645m2022405v157/

46.

47.

48.

49.

50.

51.

52,

53.

54,

55.

56.

57.

58.

59.

60.

61.

World Health Organization. 2005. Heath and Climate Change: The Now and How. A
Policy Action Guide. Geneva: WHO Press.

Banks, L. 2013. “Caring For Elderly Adults During Disasters: Improving Health
Outcomes And Recovery”, Southern Medical Journal, 106(1):94-98.

Gibson, M.J., and Hayunga, M. 2006. “We can do better. Lessons learned for protecting
older persons in disasters”, AARP report, Washington D.C.

Ngo, E. 2001. “When disasters and age collide: Reviewing vulnerability of the elderly”,
Natural Hazards Review, 2(2):80-89.

Brunkard, J.G., and Namulanda, R.R. 2008. “Hurricane Katrina Deaths, Louisiana,
2005”, Disaster Medicine and Public Health Preparedness, 2:215-223.

Phifer, J.F., Kaniasty, K.Z., and Norris, F.H. 1988. “The impact of natural disaster on
the health of older adults: A multiwave prospective study”, Journal of Health and Social
Behavior, 29(1):65-78.

Fernandez, L., Byard, B., Chien-Chih, B., Benson, S., and Barbera, J. 2002. “Frail
elderly as Disaster Victims: Emergency Management Strategies”, Prehospital and
Disaster Medicine, 17(2):67-74.

Quarantelli, E.L. 1980. “Evacuation behavior and problems: Findings and implications
from the research literature”, Disaster Research Center, Ohio State University,
Columbus, Ohio.

Archibald, E., and McNeil, S. 2012. “Learning from traffic data collected before, during
and after a hurricane”, IATSS Research, 36(1):1-10.

Urbina, E., and Wolshon, B. 2003. “National review of hurricane evacuation plans and
policies: A comparison and contrast of state practices”, Transportation Research Part
A: Policy and Practice, 37(3):257-275.

Wilmot, C., and Meduri, N., 2005. “Methodology to establish hurricane evacuation
zones”, Transportation Research Record, 1922:129-137.

Wolshon, B., 2008. “Empirical characterization of mass evacuation traffic flow”,
Transportation Research Record, 2041:38-48.

Zhang, Z., Spansel, K., and Wolshon, B., 2013. “Megaregion network simulation for
evacuation analysis”, Transportation Research Record, 2397:161-170.

Hsu, Y.-T., and Peeta, S., 2014. “Risk-based spatial zone determination problem for
stage-based evacuation operations”, Transportation Research Part C, 41:73-89.
Murray-Tuite, P., and Wolshon, B., 2013. “Evacuation transportation modeling: An
overview of research, development, and practice”, Transportation Research Part C,
27:25-45.

Bayleyegn, T., Wolkin, A., Oberst, K., Young, S., Sanchez, C., Phelps, A., and Batts,
D. 2006. “Rapid assessment of the needs and health status in Santa Rosa and Escambia
counties, Florida, after hurricane Ivan”, Disaster Management and Response, 4(1):12-
18.

106



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

74,

75.

76.

77,

Denson, C.R. 2000. “Public sector transportation for people with disabilities: A
satisfaction survey”, Journal of Rehabilitation, 66(3):29-37.

McGuire, L.C., Ford, E.S., and Okoro, C.A. 2007. “Natural disasters and older US adults
with disabilities: Implications for evacuation”, Disasters, 31(1):49-56.

McGlown, K. 2001. “Evacuation of health care facilities: A new twist to a classic
model”, Natural Hazards Review, 2(2):90-99.

Turner, D.S., Evans, W.A., Kumlachew, M., Wolshon, B., Dixit, V., Sisiopiku, V.P.,
Islam, S., and Anderson, M.D., 2010. “Issues, practices, and needs for communicating
evacuation information with vulnerable populations”, Transportation Research Record,
2196:156-167.

Cavusoglu, O., Sisiopiku, V.P., and Juri, N.R. 2013. “Role of transit in carless
evacuation planning”, Natural Hazards Review, 14(3):191-199.

Naghawi, H., and Wolshon, B., 2012. “Performance of traffic networks during
multimodal evacuations: simulation-based assessment”, Natural Hazards Review,
3(3):196-204.

Florida Department of Elderly Affairs. 2009. “Florida Master Plan on Aging”.
Transportation Research Board of National Academies, “A Transportation Guide for
All-Hazards Emergency Evacuation”, 2013.

Daskin, M.S., 1995. Network and Discrete Location: Models, Algorithms, and
Applications, New York: John Wiley and Sons.

Daskin, M.S. 2008. “What You Should Know About Location Modeling”, Naval
Research Logistics, 55(4):283-294.

Oppong, J.R. 1996. “Accommodating the Rainy Season in Third World Location-
Allocation Applications”, Socio-Economic Planning Sciences, 30(2):121-137.

Horner, M.W. and A.K. Mascarenhas. 2007. “Analyzing Location-Based Accessibility
to Dental Services: An Ohio Case Study”, Journal of Public Health Dentistry,
67(2):113-118.

Nicholas, M.A., S.L. Handy, and D. Sperling. 2004. “Using Geographic Information
Systems to Evaluate Siting and Networks of Hydrogen Stations”, Transportation
Research Record, 1880:126-134.

Widener, M. and M.W. Horner. 2010. “Modeling Hurricane Disaster Relief Distribution
with a Hierarchical Capacitated-Median Model”, Proceedings of the Transportation
Research Board Annual Meeting, Washington DC.

Sherali, H., T. Carter, and A. Hobeika. 1991. “A Location-Allocation Model and
Algorithm for Evacuation Planning under Hurricane Flood Conditions”, Transportation
Research Part B-Methodological, 25(6):439-452.

Kulshrestha, A., D. Wu, Y. Lou, and Y. Yin. 2011. “Robust Shelter Locations for
Evacuation Planning with Demand Uncertainty””, Journal of Transportation Safety &
Security, 3(4):272-288.

107



78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Kar, B. and M.E. Hodgson. 2008. “A Gis-Based Model to Determine Site Suitability of
Emergency Evacuation Shelters”, Transactions in GIS, 12(2):227-248.

Shen, Z., M.M. Dessouky, and F. Orddiiez. 2009. “A Two-Stage Vehicle Routing Model
for Large-Scale Bioterrorism Emergencies”, Networks, 54(4):255-269.
Alcada-Almeida, L., L. Tralhdo, L. Santos, and J. Coutinho-Rodrigues. 2009. “A
Multiobjective Approach to Locate Emergency Shelters and Identify Evacuation Routes
in Urban Areas”, Geographical Analysis, 41(1):9-29.

Knott, R., 1987. “The logistics of bulk relief supplies”, Disasters, 11(2):113-115.
Haghani, A., Oh, S., 1996. “Formulation and solution of a multi-commodity, multi-
modal network flow model for disaster relief operations”, Transportation Research Part
A: Policy and Practice, 30(3):231-250.

Chang, S.E., 2003. “Transportation Planning for Disasters: An Accessibility Approach”,
Environment and Planning A, 35(6):1050-1072.

Barbarosoglu, G., Arda, Y., 2004. “A two-stage stochastic programming framework for
transportation planning in disaster response”, The Journal of the Operational Research
Society, 55(1):43-53.

Tzeng, G., Cheng, H., Huang, T.D., 2007. “Multi-objective optimal planning for
designing relief delivery systems”, Transportation Research Part E: Logistics and
Transportation Review, 43(6):673-686.

Caunhye, A.M., Nie, X., Pokharel, S., 2012. “Optimization models in emergency
logistics: A literature review”, Socio-Economic Planning Sciences, 46(1):4-13.
Horner, M.W., and Downs, J., 2010.“Optimizing hurricane disaster relief goods
distribution: Model development and application with respect to planning strategies”,
Disasters: The Journal of Disaster Studies, Policy and Management, 34(3):821-844.
Horner, M.W., and Widener, M.J. 2011. “The Effects of Transportation Network Failure
on People’s Accessibility to Hurricane Disaster Relief Goods: A Modeling Approach
and Application to a Florida Case Study”, Natural Hazards, 59(3):1619-1634.
Holguin-Veras, J., N. Perez, S. Ukkusuri, T. Wachtendorf, and B. Brown. 2007.
“Emergency Logistics Issues Affecting the Response to Katrina - a Synthesis and
Preliminary Suggestions for Improvement”, Transportation Research Record, 2022:76-
82.

Horner, M.W. and J.A. Downs. 2008. “An Analysis of the Effects of Socio-Economic
Status on Hurricane Disaster Relief Plans”, Transportation Research Record, 2067: 1-
10.

Rawls, C.G. and M.A. Turnquist. 2010. “Pre-Positioning of Emergency Supplies for
Disaster Response”, Transportation Research Part B-Methodological, 44(4): 521-534.
Oppong, J.R., 1996. “Accommodating the Rainy Season in Third World Location-
Allocation Applications”, Socio-Economic Planning Sciences, 30(2):121-137.

108



93. Horner, M.W., Mascarenhas, A.K., 2007. “Analyzing Location-Based Accessibility to
Dental Services. An Ohio Case Study”, Journal of Public Health Dentistry, 67(2):113-
118.

94. Horner, M.W., Grubesic, T.H., 2001. “A GIS-Based Planning Approach to Locating
Urban Rail Terminals”, Transportation, 28(1):55-77.

95. Lobao, E.G., Murray, A.T., 2005. “Exploratory Analysis of the Homeless Shelter
System in Columbus, Ohio”, Geografiska Annaler Series B- Human Geography,
87B(1):61-73.

96. Horner, M.W., Downs, J.A., 2007. “Testing a flexible Geographic Information System-
based network flow model for routing hurricane disaster relief goods”, Transportation
Research Record, 2022(1):47-54.

97. Horner, M.W., Widener, M.J., 2010. “How do Socioeconomic Characteristics Interact
with Equity and Efficiency Considerations? A Spatial Analysis of Hurricane Disaster
Relief Goods Provisions”, in: Yao, X., Jiang, B. (Eds.), Geospatial Analysis and
Modelling for Urban Structure and Dynamics, Springer Science, Oxford, 393-414.

98. Widener, M.J. and M.W. Horner. 2011. “A Hierarchical Approach to Modeling
Hurricane Disaster Relief Goods Distribution”, Journal of Transport Geography,
19(4):821-828.

99. Chung, A.C., and Charles, D.E. 2010. “Location And Analysis Of Emergency
Management Points Of Distrbituions For Hurricane Ike”, Journal of Emergency
Management, 8(6):65-72.

100.The Florida Senate. 2013. 2013 Florida Statutes Title XVII - Military Affairs and
Related Matters.

101.FEMA. 2007. Robert T. Stafford Disaster Relief and Emergency Assistance Act, as
Amended, and Related Authorities.

102.The Florida Senate. 2011. 2011 Florida Statutes Title XVII - Military Affairs and
Related Matters, 252, 36(4-6).

103. Whiting, M., Jakobsen, H.F., and Muyundo, J. 2009. The Logistics Operations Guide,
The Logistics Support Unit (LSU) of the World Food Programme (WFP).

104.Comprehensive Hurricane Data Preparedness Study Web Site. 2007. Federal
Emergency = Management  Agency & Army  Corps of  Engineers,
http://chps.sam.usace.army.mil/USHESdata/heshome.htm., Last Accessed September
15.

105. Ozbay, K., Yazici, M. A, lyer, S., Li, J, Ozguven, E. E., and Carnegie, J. 2012. “Use of
a Regional Transportation Planning Tool for Modeling of Emergency Evacuation: A
Case Study of Northern New Jersey”, Transportation Research Record, 2312:89-97.

106.Post, Buckley, Schuh & Jernigan, Inc. 2000. “Southeast united States Hurricane
Evacuation Study, Evacuation Traffic Information System (ETIS),” for US Army Corps
of Engineers, Mobile District and US Department of Transportation.

109


http://chps.sam.usace.army.mil/USHESdata/heshome.htm

107.Florida Safe Mobility for Life Coalition website,
http://www.safeandmobileseniors.org/FloridaCoalition.htm.

108.Florida Health Care Association (FHCA) website,
http://www.fhca.org/media_center/long_term_health_care_facts.
109. American Community Survey, CENSUS website,

https://www.census.gov/acs/www/Downloads/data_documentation/GroupDefinitions/
2010GQ _Definitions.pdf.

110.Florida State Plan on Aging: 2013-2016. 2012. Department of Elderly Affairs, Bureau
of Planning and Evaluation.

111.Florida Division of Emergency Management website,
http://www.floridadisaster.org/GlS/data/evac_routes.zip.

112.Florida Department of Transportation (FDOT) website,
http://www.dot.state.fl.us/planning/statistics/qis.

113.Florida Division of Emergency Management website,
http://www.floridadisaster.org/G1S/data/Storm_surge_zones_shp.zip.

114.Florida Geographic Data Library (FGDL) website,

http://www.fgdl.org/metadataexplorer/explorer.jsp?keyword=fema%20flood

115. Florida Transportation Modeling website, Northwest Florida Regional Planning Model,
http://www.fsutmsonline.net/index.php?/model_pages/modD31/index.

116.0zguven E.E., Ozbay K. 2013. “A secure and efficient inventory management system
for disasters”, Transportation Research Part C, 29:171-196.

117.Finch, C., C.T. Emrich, and S.L. Cutter. 2010. “Disaster Disparities and Differential
Recovery in New Orleans”, Population and Environment, 31(4):179-202.

118.Curtis, A., JW. Mills, B. Kennedy, S. Fotheringham, and T. McCarthy. 2007.
“Understanding the Geography of Post-Traumatic Stress: An Academic Justification for
Using a Spatial Video Acquisition System in the Response to Hurricane Katrina”,
Journal of Contingencies and Crisis Management, 15(4):208-2109.

119.Zhao, F., K. Xing, S. Yang, C. Lu, and S. Chung. 2010. Hurricane Evacuation Planning
for Special Needs Populations. Florida International University: Center for Special
Needs of Special Populations. p. 131.

120.Florida, S.0. 2013. Vulnerable Populations Profile, County Level. [cited 2014 July 28];
Available from:
http://www.floridacharts.com/charts/SpecReport.aspx?ReplD=1234&tn=31.

121.Kailes, J.1. and A. Enders. 2007. “Moving Beyond “Special Needs”: A Function-Based
Framework for Emergency Management and Planning”, Journal of Disability Policy
Studies, 17(4):230-237.

122.Cutter, S.L., B.J. Boruff, and W.L. Shirley. 2003. “Social Vulnerability to
Environmental Hazards”, Social Science Quarterly, 84(2):242-261.

110


http://www.safeandmobileseniors.org/FloridaCoalition.htm
http://www.fhca.org/media_center/long_term_health_care_facts
https://www.census.gov/acs/www/Downloads/data_documentation/GroupDefinitions/2010GQ_Definitions.pdf
https://www.census.gov/acs/www/Downloads/data_documentation/GroupDefinitions/2010GQ_Definitions.pdf
http://www.floridadisaster.org/GIS/data/evac_routes.zip
http://www.dot.state.fl.us/planning/statistics/gis
http://www.floridadisaster.org/GIS/data/Storm_surge_zones_shp.zip
http://www.fgdl.org/metadataexplorer/explorer.jsp?keyword=fema%20flood
http://www.fsutmsonline.net/index.php?/model_pages/modD31/index
http://www.floridacharts.com/charts/SpecReport.aspx?RepID=1234&tn=31

123.Florida, S.o0. 2014. Standards for Hurricane Evacuation and Disaster Event Special
Needs Shelter (Spns) Selection. Florida Department of Health - Bureau of Preparedness
and Response.

124.Yazici, M.A. and K. Ozbay. 2007. “Impact of Probabilistic Road Capacity Constraints
on the Spatial Distribution of Hurricane Evacuation Shelter Capacities”, Transportation
Research Record, 2022:55-62.

125. Teixeira, J.C. and A.P. Antunes. A. 2008. “Hierarchical Location Model for Public
Facility Planning. European Journal of Operational Research, 185(1):92.

126.Balcik, B. and B.M. Beamon. 2008. “Facility Location in Humanitarian Relief”,
International Journal Of Logistics-Research And Applications, 11(2):101-121.

127.Chang, M.-S., Y.-L. Tseng, and J.-W. Chen. 2007. “A Scenario Planning Approach for
the Flood Emergency Logistics Preparation Problem under Uncertainty”,
Transportation Research Part E: Logistics and Transportation Review, 43(6):737-754.

128.Yaghini, M., M. Karimi, and M. Rahbar. 2013. “A Hybrid Metaheuristic Approach for
the Capacitated P-Median Problem”, Applied Soft Computing, 13(9):3922-3930.

129.Horner, M.W., B. Zook, and J.A. Downs. 2012. “Where Were You? Development of a
Time-Geographic Approach for Activity Destination Re-Construction”, Computers,
Environment and Urban Systems, 36(6):488-499.

130.0ppong, J.R., and Hodgson, M.J., 1994. “Spatial accessibility to health-care facilities in
Suhum district, Ghana”, Professional Geographer, 46(2)”199-2009.

131.Nicholas, M. A., Handy, S. L., Sperling, D., 2004. “Using geographic information
systems to evaluate siting and networks of hydrogen stations”, Transportation Research
Record, 1880:126-134.

132.Cova, T. J., Dennison, P.E., Drews, F.A., 2011. “Modeling evacuate versus shelter-in-
place decisions in wildfires”. Sustainability, 3(10):1662-1687.

111



Appendix A Metadata Tables

Table A.1 Metadata-based Assessment Table 1
- _METADATATABLE

administrators.

- Sorensen et al Blanchard et al Burnett et al
Criteria 2004) MecGlown (2001) 2009) Dosa et al (2012) Li et al (2012) Pekavic et al (2008) 2008)
A Comparison of Bt o
ETII 5T Evacuation of Health | the Nursing Home SriETmEaes: Population Aging Planning for and Rapid Needs
Protective Action P Implications of Responding to
B Care Facilities: A Evacuation Gender, and the Assessments for
Scope decision Making : . : Universal Hurricane Special Needs of ?
new Twist to a Experience = Transportation Older Adults in
Evacuate or Evacuation Policies Elders in Natural
5 Classic Model between Katrina : system " Disasters
Shelter-in-Place and Gustay on Nursing Home Disasters
Residents
Examines the Reviews the nature Sxptiz?azleietz;s of
Provide a ramework | Compares two Examine whether differential of older people’s hep:hh and fail
for decision making | models fom studies | nursing home morbidity/mortality interaction with the eldersym relation to
during an related to evacuation | administrative associated with transport system planning for and Lessons leamed
— emergency process : Vogt's directors were more | evacuation versus by gender, older 9
Objective . P . y responding to in the Astrodome,
especially adaptation and prepared with the sheltering in place people’s attitude to natural Houston
hazardous McGlown's model by | experience of for nursing home travel and disasters inclugin )
chemicals. examining variables Katrina before residents exposed involvement of 9
. . hurricanes
of decision making Gustav. to the 4 most recent | aging as road
tornadoes, ice
Gulf hurricanes. trafic casualties
storms etc
Decision trees / Data collection/ Data collection / Data collection / Data collection /
Methodology Padre Cluster grouping Surveys Surveys / modelling | Sureys NONE s
Spatial Coverage usa UsA Gulf States Gulf States UK India, Gulf States NOME
Temporal Cowerage | 1987-2002 1969-1999 2005-2009 1982-2011 1995-2011 1985-2006 1996-2006
Data Analysis No Yes Yes Yes Yes Mo Partial
Academic Academic Academic jounals. | Academic
Type of Source / Academic joumnals Academic joumals Academic journals oo s s joumals,reports, Practitioners joumals, websites,
Media books, reports reports. websites i : : : Jjoumals guidebooks.
websites websites
guidebooks, reports
Involvement of older
Is the first of its women increases
Data collected from N Although there is in transportation
kind to compare the
Describes a model | the source-managers hurricane significant increased | system and Emphasis on Introduction and
for detailed analysis | and decision eparedness and morbidity and population planning, identifyin emphasis on
Contribution of specific makers.|ssues of :rvagiatmn mortality relatedto | structure day by and cn:?rdlnatlon g SWIFT(senior
emergency importance to exposure, there is day. More research without family
experiences of A among agencies 5
scenarios managers were nursing home added risk in and policy changes triage) tool
ascertained g evacuation. needed for aging

112



Table A.2 Metadata-based Assessment Table 2

Golmohammadi et

Christensen et al

Criteria Hyer et al (2010) Langan et al (2012) Chung et al (2010) Mando et al(2011) al 2011) Manley et al (2012) (2008)
Improving Relations Modeling Agent-Based
Between . Location and Hurricane M- Emergency
E Factors Infuencing Estimation ofthe Emergency
mergency . Analysis of Preparedness and . Evacuation of 3
the Decision to Evacuation time in Evacuation
Management Emergency Sheltering Individuals with 5
Scope Evacuate or Shelter . an Emergency A _ | Simulation with
Offices and Mursing Management Points | Preferences of Disabhilities (exitus):
a in Place - Follow-up Al = Situation in Individuals with
Homes during of Distributions for Muslims Living in An Agent-based
= of Hurricane Katrina 3 Hospitals N Disabilities in the
Hurricane-related Hurricane lke Florida Public Decision P
5 opulation
Disasters Support system
. Given the increasing
To describe the diversity ofthe US
development and 4 Presenting a model
To document the population and
5 . sue ofthe software 5 - that is designedto | This manuscript
impartance ofthe To determine ckane POD hurricane threats, to | A prediction madel safely evacuate describas the
P relationship of NHs | barriers and packag adress different is presented that ¥
Objective : . locator. Analyzing = N individuals with BUMMPEE model,
and EM entities facilitators for cultural or religious | estimates
N the PODs of A disabilities during an agent-based
before, during and evacuation groups and their evacuation time
Hurricane lke and 3 emergency simulation
after hurricanes. hurricane
suggest_mg preparedness situations
altematives attittudes.
Data collection / Data collection / Data collection / B cul\ec_uun f Data collection / Simulation Simulation
Methodology Sureys Suneys POD locator Sl Model design madellin: Modellin:
¥ i software [ GIS Seurvey 9 9 9
Spatial Coverage Florida Mississippi Harris County, TX Tampa,Florida MNOMNE Utah MOMNE
Temporal Coverage | 2006-2009 2002-2011 2005-2010 1997-2010 1991-2009 1966-2009 1989-2007
Data Analysis Yes Yes Yes Yes Yes Yes Yes
g::::ueﬂrg\ncejroumals, Academic joumnals Academic journals, | Academic journals, Academic journals,
Type of Source coumnals Practitioner Practitioner Practitioner Academic journals | Academic joumals | websites books
1 : journals, websites journals, websites Journals,websites
guidebooks

Differentiation

Emphasis on an
effective working
relationship between
nursing homes and
EM offices during all
phases of disaster
preparedness.

A unique findingis
that those with less
means were more
likely to evacuate
that those with
greater means.
($20000=annual
heousehold income)

Suggests mobile
PODs as future
work. Significant
finding is that rather
than additional
PODs, one should
increase the
capabilities of
existing ones.

First study on
different religious or
cultural groups and
their behaviour and
needs during
hurricanes.

The major
advantage of the
prediction model is
that the
computation time is
short and the model
does not need a
costly design.But
also that model
considers one-floor
hospitals.

System reveals

that people using
wheelchairs and

those with lower

stamina such as
elderly are at the
greatest risk.

Indicates that the
BUMMPEE model
is a reasonable
approach for
simulating
evacuations
representing the
disability in the
population

113




Table A.3 Metadata-based Assessment Table 3

Criteria

Femandez et al

Rosenkoetter et al

Mitchell (2003)

Adams et al (2011)

Enarson (1999)

IcGuire et al (2007)

Cocanour et al

(2002) (2007) (2002)
" Aging Disaster: . .
Frail Elded_y as 7 Perceptions of Older Mortalty, Wumen_ and Housing | Natural Disasters Lessons lsamad
Disaster Victims - Prayer in Disaster : Issues in Two U.S and older US adults
Adults Regarding Vulnerability, and N N - from the evacuation
Scope Emergency Case Study of Disasters: Hurrican with disabilities
M Evacuation in the o Leng-term Recovery of an Urban Teaching
anagement Christian Clergy . Andrew and the Red | Implications for
5 Event of aNatural Among Katrina Hospital
trategies " 5 River Valley Flood evacuations
Disaster Sunivors
Examines root To estimate the
Identifying the Offers insight on how | causes reproducing | number of
wilnerabilities of To investigate the . older adults copes women's disaster community dwwlling
evacuation need and | Toinvestigate the Toinvestigate the
elderly to disasters, with disasters and wilnerability in people aged 65
— beliefs of older adults | role of faith and lessons leamed after
Objective and to develop illustrates that long- | developed nations years or older with a
in Georgia. to prayer in hazards Tropical Storm
strategies to address . term catastrophes among them disability and 1
=5 identify heatlh risk adjustment S . o . Allison
these winerabilities. Bctors age’ in specific economic requiring special
ways. dependency,male equipment by
viclence etc. BRFSS.
. Data collection / . Data collection / .
Methodolagy A relevant literature | Data collection / Suney 1 A relevant literature Suneys / Intendews / Data callection / A Case study
search. Suneys search. Suneys
Questionnaire Group Sessions
Richmond&Columbia Florida, Minnesota,
Spatial Coverage USA Georgia South Carclina New Orleans North Dakota Louisiana
Temporal Coverage | 1988-2001 1991-2005 1961-2000 1976-2009 1982-1998 1992-2005 1982-2002
Data Analysis No Yes Yes No Yes Yes No

Academic journals,

Academic journals

Academic journals

Academic journals,

Academic journals,

Academic joumals

Type of source / government government government government overnment government Academic joumals
media matenials, news materials, news materials, news materials, news gﬂateria\s news materials, news
reports reports reports reports reports
Demonstrates that
the people of Eﬂp:?zi::e:;e Baseline data of Provides a
different religious older adults with
Addresses Addresses groups hold contrary = ecCrbu g Provdes 2 needs of special LTI 27

Contribution

“insurance’problems
of aging evacuees.

‘memories/photos’ of
evacuees and their
look for trust

beliefs on prayers
Secondly, addresses
the main reason to
evacuate NHs as
flooding

after catastrophes, is
tied in the US to
larger social
structural
relationships.

framework for women
in disaster housing.

equipment is
crucial Many older
adults requires
assistance.

hospital evacuation
and offers
maximization of use
of volunteers.

114




Table A.4 Metadata-based Assessment Table 4

Florida Seaport
Transportation and
Criteria Hayunga et al (2006) | ke (2013) FDOT(2010) FHCA (2012) AHRQ (2011) | Cahalan et al (2007) Economic
Development
Council (2013)

We can do better : Emergency Safeguarding

Lessons leamed for | Procedures for Investment Element Eacts about Lon Hospital Evacuation | Independent Living - | The Five-year Florida
Scope Protecting Older Employees with ofthe 2010 Florida Tarm Care in Fload.a Decision Guide Emergency Seaport Mission

Persans in Disabilities in Ofice | Rail System Plan (Chapter 2) Evacuation ofthe Plan

Disasters Occupancies Elderly and Disabled

Reporting the Provding information Eliiimugg\ﬁilmads Highlighting

proceedings ofthe such as Provides guidance Providing a general operational and
Objective AARP conference equipments, procedu Hling examinin Providing key facts | pre-disaster and examination over economic

held on December 1, | res,comments for pr 9 9 evacuation latest experiences numbers, information

iy movements and
2005. facilities managers of seaports
trends

Methodology NONE NONE NONE NONE Case Studies Case Studies Data Collection
Spatial Coverage Gulf States NONE Florida Florida USA Louisiana Florida
Temporal Coverage | NONE NONE NONE 2012 2011 2007 20132017
Data Analysis No No Yes Na Partial No Partial
Type of source / Conference NONE NONE NONE News _articles Mews / Articles / NONE
media speakers Inteniews

Provide wide range Provides evac Provides exclusive Provides definitions

ofideas, thoughts equipments and information for o ton L Provides extensive Extensive

from different highlights the supply operations 85% occupancy at or evacuation Wmes, | o prmation on information on
Contribution . L historical examples

disciplines, people importance of atermath ofa any given time of hospital hurricanes focusing | Seaport

regarding aging understanding the disaster as evacugiuns on elderly cases development

population. needy. multimodal

115




Table A.5 Metadata-based Assessment Table 5

. Florida Department . . Florida Department Florida Department
Criteria Brachman et sl (2014) |  Simkins (2005) Sm&ﬂ% stsl of Elderly Affairs F'"Tr“:j;'ﬁ'”e of Elderty Afiairs of Elderly Afiairs
(2010) (2012) (2010)
A spatially explicit : The efiect of an sging = 5
network science model th-Rl.se and less fit Fll?nda EEnEiE . Aszzessing the Assessing the
evacustion of - Friendty Older Floridians
Scope for emergency - population on the = Meeds of Elderdy Meeds of Eldery
3 3 eldery during fire b Transportation Handbook A ]
evacustions in an alarmas ability of people to R h Proiect Floridians:PSA1 Floridians:PSA1
urban context egress buildings. .
: N To examine the
To identify curment - A needs assessment
PV behaviour of possible eflects of of To analyze sureys It contains usefl A needs assessment conducted by FDEA
The objective is fo . . gender, age, and conducted by FDEA )
. . residents during ) . and develop legal and program ) to detemine the
‘design and implement - obesity and using a - . - ; to determine the
_— . fire alarms while conclusions and information on topics needs of elders.
Objective Network Science - Monte-Carlo ewac 3 . needs of elders o
. evalusting methods ; recommendstions on | of special interest to P residing in the
Emergency Evacustion . model to see if e ) residing in the )
Medel (Netseem) that could improve changes would sf dementia fiendy parsons over sixty community ‘community
evacuati t ati of 3
the ation. evac time of high-ise ransportation wears of age.
buildings.
- Data Collection 7 Data Collection / Suneying § . 3
Methodology Modelling Suneys Modeliing Dizcussion NOME Suneying Suneying
Bay, Calhoun,
Franklin, Gadsden,
Escambis Gulf, Holmes,
B Jacksen, Jeflerson,
- - Canzda , MNew = . Oksloosa, Santa T :
Spatial Coverage Bumaby, Canada lllingis Zesland Florida, USA Florids Rosa. Walton Leon, Liberty,
N - Madison, Taylor,
counties of Floida
Wakulla,
Washington
Counties of Florida
Temporsl Coverage | 1990-2013 1972-2005 Mone 1990-2010 MNone 2002-2012 2002-2012
Dats Analysis No Yes fes Yes/MNo Mo fes Yes
f Academic papers, . Academic papers, Academic papers, . -
;y::i:f = guidelines, news. uidemz = guidelines, news guidelines, news NOME ;cadr;mm joumsls, y s e
articles g articles articles, reports P ! s
The study shows Results suggest that -
NetSEEm provides an | thereis a need for | tofsl evacustion RE.UIIS TEEEE . -
- ) 3 particular focus as . . . Provides statistical
exploratory tool that fire officials and times may incresse | o L S lone Provides answers to | Provides statistical data regardi
«can be used to building managers | by up to 20% when na challenges that oider | data regarding ?is regarding
oi . . ; . - - and extensie P minarity, rural and kow
ifferentiation examine what-if types | to cooperate in comparing historical | © ) people usually have minority,rural and low |
- N - information and N : income elders of
of scenanios in developing much dats from Canada in Lotes regarndi regarding legal and income elders of mentioned counties
‘emergency planning needed fire safsty 1971 with a future a regerding fizcal issues. mentioned counties. N
- transportation and
and and Mew Zesland terrrETEaTE
plans. scenanio for 2031 °g :

116




Table A.6 Metadata-based Assessment Table 6

US Govemnment

Criteria Renne et al (2009) Elmore et al (2008) | Sullivan et al (2006) Hebert (1993) Gray et al (1992) (2008) Brunkard {2008)
Disaster
Emergency Preparedness for
The Challenge of Preparedness and Vulnerable Afican Rainfall as 2 The Federal
E _ Populations Precursor of Hurricane Katrina
vacuating the Carless | Response - Health . Freezes and N Response to 5
Scope . : Determining Eflective . Hurricane-related . Deaths, Louisiana,20
in Five Major U.S. and Social Policy . Hurricanes in Florida N Hurricane Katrina
’ S Strategies for Destructionon the 05
Cities. Implications for C Lessons Leamned
ommunicating US East Coast
Older Adults - -
Risk,Warning,
Respaonse
The paper explores ) To verify, document,
Paper examines the the challenges faced Desciibes a and characterize
Focusing on the predictive
carless and special by winerable Examines the To identify and Katrina-related
policies and what | relationship between
needs evacuation s and occurences of " ! establish a road map | minority in Louisiana
Objective can be done to b . West African rainfall :
planning for five imprave policies for discusses strategies | freezes and and US Humicane- on how to do better and help identify
selected U.S prove pa that may prove hurricanes in the future. strategies to reduce
older adults spawned which is
Metropolitan Areas. effective in prowding based on 1949-1990 mortality in future
information disasters.
Methodology Focus groups Data Collection g:;_aevau\lemiun ! Data Caollection Data callection Data collection Data Collection
New Orleans, Miami, West Afica Gulf Gulf Coast region e, g
Spatial Coverage Chicago, Mew York UsA Southeastern Asia Florida especially Katrina uisiana, g Y
Ci Coast Mississippi
ity. San Francisco zone
Temporal Coverage | 2000-2008 1995-2007 1961-2005 1970-1992 1971-1991 1906-2005 2000-2007
Data Analysis Yes Mo Mo Yes Yes Yes Yes

Type of source [
media

Academic journals,
governmental
materials,

Academic journals
governmental
materials

Academic journals,
governmental
materials,reports
guidelines, news
articles

Academic Journals,

government reports,
publications

Academic journals,
government
reports, publications

Academic jounals.
governmental
materials reports
guidelines, web
articles

Academic journals,

government
reports, publications

Contribution

States the fact that
New Orleans was a
success regarding
carless and special
needs evacuation.

Emphasizes on
the needs of
“diversed” aging
population

Provides an Far East
aspect on elderly
evacuation planning.

Classifies hurricanes
according to
SaffirSimpson scale

States that category
3,4 and 5 hurricanes
are responsible for
80% the damages
associated with US
hurricane landfalls

71 % ofthe victims
were older than

Strongly emphasizes
on the fact that there
is an winerable
population that
needs to be
evacuated. (with
statistical facts)
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Table A.7 Metadata-based Assessment Table 7

Transpartstion R;’::fﬂ“:gzz‘ o Florida Department s G " The Federsl
Criteria Flerida Depariment of | Research Board of e Nations) Yeetal 2010 of Elderty Affsirs Accuumau:hw"eomee Intersgency Forum
Elderly Affairs (2013) the Mational - . (2003 on Aging-Related
¥ ! Acsdemies(2013) (2004) ng
Academies(2008) Statistics (2012}
Transportstion -
Dissdvantaged
The Roe of Transit A Transportstion Use of Rural Seniors- Efforts to Older Americans
Seo Assessing the Needs inEm - Guide for All-Hazerds | Transportation Florida Master Plan Enhance Senior 2012 - Key Indicators
pe of Elder Floridians. Emu:?:n el in on Aging 2007-2008 | Mobility Covuld of Well-Being
Evacustion Ewvacuations Benefit from
Additional Guidance
and Information
To enaluate the use | The purpose of this
To ::::IS:;:; ::r::zsﬁ DTD“ of transportation plan is to establish & To provide &
f:ns't e | aenep ":f‘ infrastructure in et of palicy A reiew of the comprehensive sy
This report assess the times nfy pel?slion ‘evacustion recommendations mability needs of to-understand picture
Objective nesds of Floridians age | 7% ° e‘e"mculaﬂ S operstions through | that will sene to transporiation- of cider populstions's
60 or older. mufé"oﬁ = ::EIE muil_ = the imestigetion of | enhance snd improve | disadvertaged heslth, financas and
urbanized area in 'urisd;ctional curment practices in the senices that semniors. well-being.
us ! valion rural Morthem Gulf of | state provides to the
N Mexico ‘aging populstion.
o Suney / Data
. - Data Collection f o Suney ! Data
Methodology Sureying Dsta collection Framework Dsta Collection - Cu\l_ecnm. Litersture Callection
Review
y B 32 urbanized ares Morthem Gulf of :
Spatial Coverage Florida State nUS USA Mexico Florida State usa usa
Temporal Coverage 2002-2010 1983-2007 20072010 1991-2008 Mone 1997-2004 2000-2010
Data Analysis Yes Yes Mo fes ez fes fes
Academic joumals, P
Type of source | Academic government Academic joumals, Agcademic Academic journals, iournals, e
n"::ﬂeia ! joumsls, reparts, materisls, news govemment materials | joumals, reports, Mane govemment materisls | e ports,
guidelines reports guidelines e
Assessment suney Explor the
e h similiarties.
ome ey differences, and ] .
areas of need amang Recommends. issues in rural Whilz gathering
elders age 60 orolder. | inclusion of transit N Focuses on disaster | information fom local
especially slders in providers for Mationwide ﬁ:mdm“;‘;‘r;"mt ™ | preparedness and | agencies, it L".‘;e = ‘E ﬂ
Contribution historically emergency Evacustion e o e‘:ﬁs transportation emphasizes on e 3'“‘5 e
undersened and plans.Most of the Framework DMS found to be ﬂ‘!e sendces of the stste | Health Depariment’s ﬂmEriearr:
disadvantaged group.in | plans do not ot efient dece, | With @ Femework guidance and -
general, minority include them. . supendsion.
< meors in evacs.Lack of
pawad budget is the main
pronounced neecs barier.
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Table A.8 Metadata-based Assessment Table 8

Gray-Graves et al

Criteria Sanks (2013} Clary et al {2010} Wilson (2004) Campbell (2008) 2015 Pielke (1957 Migg et =l (2006)
Caring for Eldert fﬁ'l".f - thil Hurticane Ktrins
g or =y Specia ) On Belonging and The Lewel of and the Flooding of
Adults During needs - Utilizinga | Frailty- and lis !
N N . N Belongings : Older Willingness to Refaming the US Mew Orlesns -
Scope Disasters: improving | function-based Dangerous Efiects- : s :
adults, Katrina, and | Evacuate Amang Huricene Protlem | Emergent Issues in
Health Outcomes and | approach to Might be Preventable )
3 Lessons Leamed Older Adulis Sheltering and
Recowery special needs. == —
planning ¥ 2
To stimulate
3 = Advocating a Discussing what . constructive debate To reniew the:
ZE"E 2 m:”h;th function-based happened to the \Eviylul‘iarmr’::st:‘: feel of about how it is disaster literaturs
o ' peopie spproach rather Examining Failty of | belangings of older na #amed the problem | with respest to
Ohjective chelenges during e evecuste smang - >
. b than "list of lists' the older people adults how people of hurricanes and sheftering and
disasters, identifies older adults in the - ;
ways to im approach for for reacts to what event of a disacter defining the problems | temporary housing
s prove special needs. happened. : in extraordinary and contrasts.
events.
Methodology Review Mw Review [ Discussion Dsta Collection Dsta callection / Data collection Rewew | Discussion
Discussion Suney
" Gulf Coast Hurricane Katrina Hurricane Katrina Gulf Coast , Atlantic
Spatial Coversge: USA Homicens Zones | USA b Pl Cosst New Orleans
Temporsl Coverage 20022012 2000-2010 2002-2004 2005-2006 1875-2010 18621987 2005
Data Analysis Mo Mo Yes Partial Yes Yes No
Academic
Joumnals, . 3
Academic Joumnals, Government Academic Joumnals, Acsdemic J Is. | Academic Joumsls,
A Sovemment Goemment
Type of source / Acsdemic Joumnsls demic Joumals | Cov=Tment blicstions, agency | publicafions, sgency
media publicstions. agency agency publications. sgency P rts nem.sl aEti:IEy; = news e
reports reports, news repens, repol Eports.
aricles
Identifies winersbility | Ststes that Strongly indicstes

Contribution

problems or elderly
people Health
cutcomes and recowery
should be improved for
older adults during
disasters

emergency plans
sheuld focus on
function-based
spprosches mere
than list-ofists
approach

20% of persons age
20 or cider are

#rsil aside from amy
acute or chronic
conditions they may
have.

Emphasizes on cider
adults with pets.

Oldar aduits sre
more likely to
comply with =
mandstary
evscustion order

the fact that
huricanes cannot be
stopped so
wilnerability of the
nation should be
decreasad.

Incressed sttention
must be psid to
identifying refuges of
last resort and
‘emergency shelters
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Table A.9 Metadata-based Assessment Table 9

National Council on

US Govemnment

Florida Health Care
Education and

National

Monroe County

Criteria Disability (2005) Day et al (2010) Comerio (1997) Accountability Ofice Development O_rgar!\zat\on on Website(2014)
(2006) Foundation (2008) Disability (2006)
Disaster
Preparedness :
Sawng Lives : Including | Aging and Disaster Preliminary National Criteria for Report on Special
Scope People With Coping in the Housing Issues after | Obsenations onthe | Evacuation Decision | Needs Assessment | Special Needs
P Disabilities In wake of Hurricane | Disasters Evacuation of - Making in Nursing for Katrina Evacuees | Registry Information
Emergency Planning Katrina Hospitals and Homes (SNAKE)
Mursing Homes due
to Hurricanes
Provides an ovendew of | Examines the self To capture a
steps the Federal reported To document the sna sphtot n time
Government should experiences housing losses and Ihmﬁ h
take to build a solid psychological recovery problems in | To assess the e egemali\»e Providing information
Obisctive and resilient effects, and Northbridge evacuation of To create a tool for sa?nplm of on Monroe County
! infrastructure that will evacuation earthquake and to hospital and nursing | decision making ox enengce and special needs
enable them toinclude | behavors of New compare the home patients obgervatlcn for registry program
the diverse population | Orleans people experiences to US
further reviews of
with disabilities in across age groups. | urban disasters
emergency Hurricane Katrina
Review / Data Data Collection / . Survey / Data Discussion / Data .
Methodology collection Discussion Data Collection Collection Suney Suney / Discussion | NOME
Spatial Coverage USA Mew Orleans usa USA Gulf States ZH;E?H Katrina Monroe County
Temporal Coverage 1983-2005 1978-2009 1986-1995 NONE NONE NONE NOME
Data Analysis Mo Yes Yes Preliminary No No No
Academic journals, Academic journals,
Type of source / ITEIMEL Academic Journals | 9evemment reparts. | oy NONE NONE NONE
meda publications, reports, publications, agency
magazines reports
Older peaple less States the fact that
Provides planning likely to report Housing problems Fimies ‘?19 ez aEiEn nursing homes and States the need of
. for hospitals and hospital are Shelter registry
steps for disaster material losses after disaster are s wheelchairs for .
Contribution - . . . nursing homes to responsible for " program example is
relief emergency and difficulties with | potential for major T evacuation E
" . have emergency deciding whether to provided
preparedness. some routine financial crisis. operations.

activities

plans.

evacuate patients or
to "shelter-in-place”
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Table A.10 Metadata-based Assessment Table 10

US House Committee
on Homeland Security

American Red

Moore, USA TODAY

Criteria Democratic Staff Cross (2005) (2005) Castle (2008) Hyer et al (2009) Zane et al (2010) Hansen (2006)
(2006)
‘Weathenng the Through Hell and
Trouble Exposed : Storm : Challenges High Water : the
Scope Katrina, Rita, and the .Sgs;l:;;io;ﬁ[:mns g:la::usa?g:?rans for Mursing Home to Nurses providing Hospital Evacuation | Epic Struggle of Two
P Red Cross: Familiar Wurkbczi Elderl Evacuation Plans Care to Mursing Decision Guide Hospitals to Rescue
History ¥ Home Residents the Abandoned, a
During hurricanes Serial Narrative
To examine
To present helpful evacuation panslofit| To document the To design a guidance
information and for evacuation
To present an article | nursing homes and experience of 291
Revewing the specific shelter e 5 ; decision teams on .
. about Gulf States analyzing national Florida nursing . to offer lessons in
Objective experiences of Red procedures that - how to consider
5 . programs for elderly | data to determine the | homes during the - disaster response
Cross and Humicanes | will guide you = . different factors
evacuation types of nursing 2004 hurricane .
through the shelter involved in hospital
ocess homes cited for season evacuation
pr deficiencies
Methodology Review Framework Review Data Collection Data Collection Data Callectian / s
Framework supplements
Spatial Coverage Eiﬂﬁil?éff”d NONE Gulf States USA Florica USA Louisiana
Temporal Coverage 1990-2005 NONE NONE 1882-20086 1998-2008 2002-2009 2004-2005
Data Analysis No No No Yes Yes Yes No
Academic journals, . _Academ\_c
Type of source / websites, government . Academlc Academic joumnals, intervews Mews articles
. NONE Legislations Journals, legislations, | Journals,agency government ’
media reports, publications, pr intervews
S codes.news articles, | reports reports, publications
news articles
States the fact that in States the fact that
the aftermath of
Hurricane Katrina, even Red Cross cannot Casualties due to
: operate a facility The decision to Presenting examples | Presenting

Contribution

the nurse volunteers
had appropriate
education and
credentials, many were
no allowed to provide a
care due to "red tape”

during a disaster
that would require
licensure during

non-disaster time

drowning in New
Orleans and due to
bus accident in
Houston during
evacuation

In USA, out of 2134
nursing homes, only
31% specified an
evacuation route.

evacuate must be

made long before a
storm is projected
strike

of intermodal
evacuations of
hospitals such as
helicopters

evacuation examples
such as Charity
Hospital, moving
patients by truckg
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Table A.11 Metadata-based Assessment Table 11

Strawderman et al

The Florida Senate

The Florida Senate

Criteria Schultz et al (2003) Kaisar et al (2012) 2010) 2013) (2011) Fritz Institute (2006) Taylor (2001)
An Emergency
Evacuation The Role of Inter-
i s o 3 i) Planning Model for | modal Transportation | Florida Statutes - Florida Statutes - Hurricane Katrina : ity FETs (e
Evacuation after the Military Affairs and Unprepared for
Scope Special Meeds in Humanitarian Military Affairs and Perceptions ofthe
Morthridge, California Related Matters Terrorist Attacks or
Populations using | Supply Chains- Final | Related Matters Affected
Earthquake. - - Other Disasters
Public Transit report
Systems
To evaluate
To examine the different evacuation | To identify the role of Emergency To present a o s e e
procedures for and impact of inter- Management summart of indings
reasons for and Emergency level of anxiety and
special needs modal transportation Chapter 252.36 from research .
Objecti methods of evacuation Management people’s
jective populations from on the performance Emergency conducted among a
and the emergency- Chapter 252.34 preparedness for
large urban areas of response and Management Powers | total of 1089 adults
management i . Definitions - disasters or terrorist
using current recovery operations ofthe Govemor affected by Humican
strategies used. R - - attacks.
public transit following a disaster Katrina
systems
. . Data collection / Data Collection / Data Collection /
Methodology Survey / Questionnaire Mocelling Suney | MNONE NOME Survey Surey
Alabama,
Spatial Coverage California Washington.DC Gulf States Florida Florida Mississippi NONE
Louisiana
Temporal Coverage 1983-2002 2002-2010 1999-2008 NONE NONE NONE NONE
Data Analysis Yes Yes Yes Mo Mo Yes Yes
Tyoe of source | Academic jounals, Academic journals, | Academic journals,
r‘r?epdla government agency manuals | Websites agency NONE MONE NONE NONE
publications, reports
With use of available Each bus sta
resources and P Women, minorities Large numbers do
personnel evacuation scenario that Relief organizations people living alone not know who to
contained a greater | have limited use of Definitions of Emergency

Contribution

oflarge numbers of
inpatients from multiple
hospitals can be
accomplished quickly
and safely.

number of bus stop
locations
performed superior

modes with an
emphasis on truck
and air

Emergency
Management

Management Powers
ofthe Govemnor

and persons with
lower income or less
education are more
likely to need help.

contact or have no
plans to evacuate
their homes or their
workplaces.
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Table A.12 Metadata-based Assessment Table 12

The Federal
- Interagency Forum on Simmons, LA Saft, TheGuardian
Criteria AgngRelated TIVES (2006) 2006) FEMA(2007) FEMA (2011) EVACUSLED (2014)
Statistics (2010)
In New Orleans FEMA May Provide
Scope e s Self Suficiency is Blood is Thicker that The Stafford Act up to 18 menths of NONE
Detailed Tables Floodwater
the Theme Rental Assistance
By this act, to
provide an orderly
Providing detailed and continuing
tables on life means of assistance
expectancy, mortality.c | To paint out how To poi . by Federal . .
point out in To provide Website to provide
Objective IEE EEVETE people do nal rely aftermath of disaster Er gL HE information about evacuation
sensory impairments on government and local .
N what happened . rental assistance equipment
and oral health, plannning governments in
memory impairment carrying out the
etc. responshilities whic
results from
disasters
Methodology NONE Intervews Intenrdew NONE NONE MNOME
Spatial Coverage NOMNE Mew Orleans MNew Orleans NOMNE NONE MNOMNE
Temporal Coverage NOME NONE NONE NOME NONE NONE
Data Analysis NOMNE NONE NONE NOMNE NONE NONE
Type of source / NONE NONE NONE NONE Website NONE
media
Physical FEMA may only

Contribution

Prowding numbers
regarding aging
population

conditions can
affect evacuation
decisions. Also
people do not rely
on government

planning anymore.

Superdome, New
Orleans did not
admit eldery and
infirm back that time
during Katrina.

provide assistance
when a governor
requests it and
responds ifit is
beyond capabilities
ofthe stae

18 months rental
assistance from
FEMA

Provding evacuation
equipment
information
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Table A.13 Metadata-based Assessment Table 13

K Y. Hend 1| castro. c. P Aurbach. G.
amo, Y. Henderson, T. | Castro, C., Person
o ’ ' P ' Murray-Tuite, P. & (2001) Archibald and McNeil
Criteria L. and Roberto, K. A., | D., Bergstrom, N., Wolsh)t;n B. (2013) Rincon, E., Linares, 012) Dow & Cutter. (2002)
2011 & Cron, S. (2008). T M. Y-R, and
Greenberg, B. (2000).
Asse.ssmg.the Effect of previous
relationship between . Access to "
. . Emergency . experience of a Traffic data value to
hurricane disaster . Evacuation Transport . transport systems X . .
Scope y preparedness in . hurricane on . understand hurricane Hurricane evacuation
displacement and X . modeling for persons with X
) nursing facilities preparedness for - evacuation
psychological well- : reduced mobility
. future hurricanes.
being of older adults
e characterlz.e e To present To identify ways to
effects of hurricane . X
. To assess the . recommendations | use traffic data to
Katrina on the Focuses on highway- | To check whether or .
. preparedness of N . . bound to increase | better understand
s s long-term care based evacuation A GG /improve barrier- | evacuation behavior To provide solutions
Objective being of displaced older g modeling and past hurricanes results P P

adults and examine the
factors that may worsen
and/or mitigate such
effects

facilities in response
to Hurricanes
Katrina and Rita

simulation and its
evolution over time

in better disaster
preparedness

free access to
transport services
for persons with
reduced mobility;

and to explore ways to
integrate traffic data
into evacuation
planning and response

for future evacuations

Methodology

Surveying

Data collection
through mail-out

Literature review

Data Collection
through survey and

Data collection

Analysis of traffic
data collected at all

Phone survey

L X Field survey phases of Hurricane
survey statistical analysis
Irene
Spatial Coverage New Orleans, LA Texas USA Dade County, FL Europe Delaware South Carolina
Temporal Coverage 2002-2010 2008 2000-2010 decade 1999 2000 2001 Oct. Nov. 1999
Data Analysis Yes Yes No Yes Yes Yes Yes

Type of source /
media

Academic journals,
reports, guidelines

Academic journals,
government
materials, news
reports

Academic journals,
government materials

Academic journals,
reports, guidelines

Academic journal

Academic journals,

Academic journals

Contribution

The authors used the
ecological framework
and previous research on
response to disasters to
explain the coping
strategies of older adults
in situation of disaster

Reports a higher
susceptibility of
assisted facilities to
[higher]financial
losses than nursing
facilities as a result
of transportation
and staff overtime;

Highlights the need
for improved
disaster
preparedness
training, better
coordination and
transportation;
Recommends
change in policy
and practice as a
way to satisfy the
need for improved
health outcomes
during future public
health disasters.

Suggests the
following future
directions to
evacuation
transportation
modeling: attention to
logistical difficulties;
further
interdisciplinary
efforts, including the
medical community;
using new
technologies for
communication of
warnings and traffic
condition information,
data collection, and
increased modeling
resolution and
confidence; using
real-time information;
and further model
refinements and
validation.

Finds that experience
with (past) major
hurricanes doesn't
promote better
preparedness for the
future ones

Provides
recommendations
for improving free
access to transport
services for
reduced mobility
persons in the
four main
transport modes
(e.g. bus, taxi, air,
and rail) with
practical
implementation
suggestions;

Formulates
certain guideline
principles which
may lead to
further suggested
improvement.

Suggests that the
evacuation patterns of
residents from beach
communities are
similar to traffic
patterns experienced
on summer weekends;
Suggest such results
may serve
opportunistically to
model evacuation for
other (disaster) events
in other communities

Provide important
information about:
evacuation rate (e.g.
percent of evacuated
households); number
of cars taken per
household; preferred
evacuation time
window; and the
distance travelled by
evacuees;
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Burnett, J., Dyer, C.

Jenkins, P., Laska, S.,

McGuire, L. C., Ford,

o L I Mayhorn, C. B.
Criteria McGlown, K. J. (2001) | Barratt, J. (2007) B., & Pickins, S. &Williamson, G. ay(;ggs)c E.S., & Okoro, C. A. |  Ngo, E. B. (2001)
(2007) (2007) (2007)
Identlflca_tlor_l and ey 6 s Cognitive aging Elderly’s perception
characterization of . L ? . . and response to
. . Rapid needs older adults’ influence | and the processing | Disaster evacuation .
Evacuation of Health factors creating X . natural disasters from
Scope L assessment for old and safety in current of hazard and older adults with .
care facilities older adults - . ; X . sociological,
- adults in disasters and future disaster information and disabilities .
vulnerability to o . X psychological, and
N rebuilding effort disaster warnings " .
disasters medical standpoints
Differentially
characterizing older
c e del adult vulnerability . To study how the
omparing two models to disasters in Presentatloq and elderly perceive and
from Sttlfd)’ related to developed and documentation of a respond to natural
evacuation process: . rapid need assessment i
) . developin T h disasters from
Vogt’s adaptation and countri[;s‘g tool for screening mc;:;adne;;s:r;tfi e | T4 estimate the
McGlown’s model by ' disaster vulnerable interaction of number of community | L
examining variables of . elders with urgent Evaluating the success older adults with dwelling older adults g cholgo ic;il il
decision making; Proposing needs: the SWIFT, of individual and oral hasand with disability or pmé' i gers e ives:
I mechan_lsms to Seniors Without community recovery g . required to use health- persp !
Objective I addressing the P ] information and -
Identification and Family Triage efforts in the warnings in an related special . o
analysis of variables emergency ne_eds of screening tool aftermath of attem tgto identif equipment toward To _|dent|fy |n_d|V|duaI
significant in executive | 299 populations | yecigned to reduce Hurricane Katrina their t’:isaster- Y | reducing rates of variables of risk that
decision making around the world harmful and fatal related special harms and casualties | contribute to the
involving disaster based onagreed- | impacts of hurricane et P in case of disasters; | differential and
evacuation or sheltering- upon slans andd disasters on old adults ' dlspropo!t.lonate
in-place of a health care phroce ;: Tes mace and make relief efforts vulnerability of the )
facility throug dlscussw_ns more efficient; elderly populations in
between the public situation of disasters;
and the private
sectors;
Analysis of data from
the 2003 and 2004
Behavioral Risk
Community-based Description of the gag::nsg\ée’;gggcz Literature review on
planning process to normative age- Y- ! disaster impacts on
S state-based, random X
Focus group, Data identify the New related - the elderly using
> - digit dialed telephone L
collection/ Orleans groups that characteristics as primarily peer-
L . . . . . h : survey of the non- .
Methodology Multidimensional Literature review Questionnaire would coordinate contrasted with I N reviewed research
" Lo institutionalized US . §
scaling and Cluster mobilization to some articles compiled from

analysis

evacuate the elderly
residents during a
future hurricane threat

idiosyncratic
changes of the
older adults;

population, aged 18
years or older
employed to monitor
behavior associated
with the leading
causes of morbidity
and mortality;

medicine, psychology
and sociology
databases

Spatial Coverage

The USA

World

New Orleans, LA

New Orleans, LA

The USA

New Orleans-
Metairie-Kenner
Louisiana, LA
Metropolitan or
Metropolitan
Statistical Area,
MMSA

Global

Temporal Coverage

1969 - 1999

2007 - 2050

2007

2007

2005

2007

2001

Data Analysis

Yes

No

Yes

No

Yes

Yes

Type of source /
media

Academic journals,
books, reports

Academic journals,
books, reports

Academic journals,
books, reports

Academic journals,
books, reports

Academic
journals, books,
reports

Academic journals,
books, reports

Academic journals,
books, reports

Contribution

Provision of a formal
definition and a
typology of the concept
evacuation;

The decision to evacuate
was found to be
bounded within the three
continua of the (internal
and external)

Proposal to
integrate both needs
and contributions of
older adults in
emergency
preparedness using
different the U.S.
Administration on
Aging’s (1995), and
the International

Proposal and design
of a new tool to
swiftly identify older
adults in situation of
urgent disaster needs.

Suggestion of a
community-based and
participatory planning
process to identify the
groups that would
coordinate a
comprehensive
mobilization to
evacuate the elderly
residents during a

Revival of the
Protective Action
Decision Model,
PADM (Lindell
and Perry, 2004);

Recommendations
to tailor risk
communication
messages for

Derivation of a
method to measure
prevalence of older
adults with a disability
and/or who require
special equipment as a
function of
demographic
characteristics;

Proposition of five
main relationships
Actual Loss versus
Relative need;
Perception of loss;
Service stigma;
Psychological
vulnerability; and
Morbidity and
mortality) as the basis
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environment,
operational
determinants, and extent
of foci;

Longevity Center
approaches: in the
developed
countries; and the
Help Age
International’s
(2003) guidelines
for the developing
countries.

future hurricane
threat.

older adults ina
way which
compensates for
the age-related
negative changes
(e.g. sensory
impairments and
decreased
mobility) inherent
in that
demographic
group.

Assistance in
understanding the
needs of community
dwelling older adults
with disability and
special equipment
requirements for
better delivery of
necessary services
during the next
disaster.

of a conceptual model
on elderly’s response
to disasters;

Suggestions to
associate initiatives
aiming at responding
to elderly disaster
needs with (1)
targeting; (2)
connection; and (3)
modification
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Bayleyegn, T.,
Wolkin, A., Oberst,

Pekovic, V., Seff, L., Phifer, J. F., K., Young, S., Baker, E. J. (2011) World Health Martinson. M. &
Criteria &Rothman, M. B. Kaniasty, K. Z., & Sanchez, C., Phelps, Gibson, M. J. (2006) Organization Berridae C’(2014)
(2007). Norris, F. H.(1988) | A., Schulte, J., Rubin, [WHO],2007 ge.C.
C., and Batts, D.
(2005).
| ¢ of natural Disaster protection of
Needs of elders in d?;z:feroonn;:ra Rapid assessment of | Household older persons in both City [old] age Successful aging and
Scope natural disasters: post-hurricane needs preparedness for the community 1ty loldl ag " ging
. health of older . friendliness discontents
planning and response adults and health status hurricanes
and nursing homes
To assess the post- . .
event needs and health . -c;—:sgrri‘?)\il;detigggg
To examine the status of affected To prov_lde . . 9 .
. s of flood community in Santa suggestions and links | age-friendly city
impacts of floot i to practical features which
exposure on the Rosa and Escambia romotes active
. - physical health of | Counties, Florida; To assess household- 2 ing: UOCIERZOE
Identifying and sizing older adults: level disaster tools and resources ging; critiques of successful
up the special needs of . helpful to polic aging models and the
N . preparedness in a P policy .
Objective elders in relation to . L . makers: non- suggestions for
. To clarify the situation of high scale ’ .
natural disaster o loss of electricity and governmental improvement as
management [exapt] natrure ofthe | To providing timely >iectricity organizations: and : expressed in the social
relationship and reliable other utilities 9 »and To ultimately engage "
i : ) older persons, family | cities to become more | gerontology literature
between disaster information that could caregivers. and -
and physical health | be used in response grvers, age-friendly so as to
: A persons with tap the potential that
in older adults efforts and aid isabiliti
lanning for future disabilities older people represent
Zisaslerg' for humanity
Rapid needs
assessment (RNA)
survey using a
. . questionnaire adapted
Interview (six from templates
L waves) ona sample | geveloped by the
Reviewing/of of 222 elders who s
L . Centers for Disease
vulnerability and risk experi dl
X perienced losses Control and
facing older persons in the Kentuck |
. e Y Prevention (CDC);
particularly in disaster 1981 and 1984
situations in terms of: 1) | 004 events: Telephone interviews; .
the assistance required ’ Focus group with old . .
24 daily living; 2) the Modified cluster short survey bortgm-up 9 gnalysis
inability to qt.ulckly react _ sampling method; P i TE D ST articinatory approach
to alerts requiring Maximum- S — participatory app
immediate actions; and likelihood factor !
analysis, regression
3) various physical and analysis, linear, .
rrzental heat?thy roblems; | duadratic and cubic Probability
P " | trend analysis proportional to size
techniques sampling
methodology
modified from the
World Health
Organization;
Santa Rosa County
Spatial Coverage Global State of Kentucky and Escambia County, | The state of Florida The USA World N/A
Florida
Temporal Coverage | 2007 1981 - 1985 2004 2004 - 2006 2006 2006 - 2007 1987 - 2013
Data Analysis No Yes Yes Yes No Yes Yes

Type of source /
media

Academic journals

Academic journals

Academic journals

Academic journals

Institution technical
report

Institutional report /
field study

Academic journals
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Contribution

Preconization of a
flexible disaster
planning (integrating
coordination among
aging services network
providers and non-aging
service providers and
practice) as a way to
effectively address the
disaster needs identified
for older persons in
disaster situations;

Suggestion of an all-
hazard perspective
concerning older
people’s disaster needs;

Provision of a
formal definition of
the “older adults”
concept (that is:
adults of 55 or
more);

Devising a
relationship
between flood
exposure and health
status of older
people as follows
such that

pre-flood health was
the strongest
predictor of post
flood health for
each health measure
with small
contributions of the
socio- demographic
factors;

Recommendations to
planners to give
special consideration
to the needs of
sensitive and
vulnerable groups
(such as the elderly),
and the chronically ill
people in a post-
hurricane situation;

Suggestions to
identify how best to
restore public utilities
in the first days after a
hurricane through
evaluating the
community resources
essential to a great
number of residents;

Identification of
predictors of hurricane
preparedness;

Levels of hurricane
preparedness is
presented as a
function of wealth,
education, ethnicity
(lower in blacks and
Hispanics), and
extreme low and high
ages.

71% of the 1,330
deaths brought about
by Hurricane Katrina
in the New Orleans,
LA metropolitan area
were older than age
60, and 47 % of those
were over age 75;

About 13 million
persons age 50 or
older in the U.S. say
they will need help to
evacuate, and about
half of these
individuals will
require help from
someone outside of
their household;

Explores eight topics
relative to city’s age-
friendliness covering
the city’s structures,
services environment,
and policies that
reflect the
determinants of active
ageing such as:
outdoors paces and
buildings;
transportation;
housing; social
participation; respect
and social inclusion;
civic participation and
employment;
communication and
information; and
community support
and health services.

Distinguish four
categories of critiques
of the Rowe and
Kahn’s original
successful aging
model which
individually are
associated with
improvements
ranging from
definition criteria to
the proposition of
alternative models;

Suggest greater
reflexivity about
gerontology’s use of

“successful aging”
and necessity for other
normative models;
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Sanders, S., Bowie, S.

United States

Criteria L. &Bowie, Y.D. | Wilesetal. (2012) | Dickerson et al. 2007 Government Phelan etal. (2004) | Martin etal. (2014)
i Accountability Office
(2004). United States
Government (2004).
Accountability Office
[GAOQ] (2006)
. . Review of the
Health»|mpacts Siiceed Beﬂecnon on the Transportation and Disaster evacuation of | mobility needs of Older adults view of .
Scope relocation on older ideal place to age / . X X X Successful aging
aging vulnerable population | transportation- successful aging
adults grow old . .
disadvantage seniors
To identify (1) federal
programs that address
elderly’s mobility
To review the state of Ls)s\tll\:ehsi,c(hZi;::eextent To determine whether
knowledge about To discuss GAO’s . older adults have
. L programs meet their .
older driver safety and | preliminary - thought about aging
. . - . mobility needs, (3) . -
To investigate how | mobility, and observations on X and aging successfully | To highlights work of
. - N program practices that X
To study the impacts of | older people highlight research ongoing work on the R - and to compare their scholars who made
i " . L L enhance their mobility . Lo )
Objective forcible relocation on understand the needs for achieving evacuation of perceptions of significant theoretical

and the cost-

older adults meaning of “aging the safety and vulnerable . successful aging with | contributions to the
. o ™ X effectiveness of X .
in place mobility goals for the | populations due to ) B attributes of topic
. ) service delivery, and .
aging baby boomers hurricanes and other successful aging
© . (4) obstacles to N e
and future generations | disasters . . identified in the
N addressing their . .
of older drivers - published literature.
mobility needs and
strategies for
overcoming those
obstacles;
Interview with
transport planners,
federal officials and
Description of key . ) seniors mobility
Interview with .
areas to meet the goals . . experts;
Focus group and X hospital and nursing .
. . of crash prevention L Cross-sectional, 5 .
Methodology Survey interview based and mobilit home officials, local . i mailed surve Literature review
case study X Y and state officials on Review of prior GAO Y
maintenance for older . reports on the
emergency evacuation o
adults coordination of
transportation services
for disadvantaged
populations
. . Aotearoa New Florida, Mississippi, King County,
Spatial Coverage Miami-Dade County Zealand The USA California, New York The USA Washington Global
Temporal Coverage 1992 2012 2007 2006 2000 - 2004 1992 - 2004 1990 - 2004
Data Analysis Yes Yes Yes No Yes Yes No
Type of source / Institutional Institutional /

media

Academic journals

Academic journal

Academic journal

/governmental report

governmental report

Academic journal

Academic journal

Contribution

Discuss implications
regarding the need for
pre-emptive “elder-
sensitive” strategic
planning, the role of
Public Housing
Authorities in properly
caring for older adults
before and after a
hurricane or other
natural disaster, the need

Present thematic
and narrative
analyses on the
meaning of aging in
place;

Find that older
people prefer
having control on

Propose the adoption
of an interdisciplinary
research approach to
address the issues
surrounding the
maintenance of safe
transportation for
older adults;

Highlights the
challenges hospital
and nursing home
administrators, local
government and state
officials face in time
of hurricane
evacuation including:
transport means,
adequate receiving

Shows that:

Most transportation-

disadvantage seniors
needs are not being
met; Inconsistent
methods to assess
seniors’ mobility
needs through HHS’s
Administration on

Find that older adults
do think of aging and
aging successfully
whose

Attainment they
associate with at least
13 important attributes
and following a

Suggest the necessity
of further theoretical
work to better
understand successful
aging, including the
way it can encompass
disability and death
and dying as well as
the extent at which
rapid social and
technological change
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for appropriate training
of public housing
property managers, and
the key role of social
workers during post-
disaster interventions
with older adults and
their families.

their aging places:
preferably
communities they
are attached to and
from which they
derive a feeling of
security, familiarity,
and identity;

Propose that aging
place and the way it
operates should be
taken into account
in both policy and
research;

Point out four cross-
cutting themes
emerging importance
of safe transportation
for older

Variety and diversity
older adults needs,
abilities, and
resources; synergic
benefits to persons
with disabilities from
research on
transportation needs
for older; and
multifacetedness of
transportation issues
concerning older
adults;

facilities and/or
evacuation shelters

Aging not holding to
its mission to provide
guidance to states on
how to assess seniors’
need for services;

Recommends actions
to improve guidance
and information on
transportation-
disadvantaged
seniors’ mobility,
including guidance on
assessing mobility
needs and publicizing
information on
alternative
transportation
services;

perception which
changes over time;

Show that none
already published
work describing g
successful aging
include the four
(physical, functional,
psychological, and
social) health
dimensions assigned
to successful aging by
the surveyed older
adults;

influences views on
successful aging;
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Fernandez, S. L., Byard,
D., Lin, C-C., Benson,

Adler and Rottunda

Institute of Food and
Agricultural Sciences

Brossoie, N., Roberto,

Department of Elder

Rosenbloom, S.

iteri Affairs, State of Di , C. R. (2000
Criteria S. &Barbera, ). A. | (2006) . _ K.A., Willis-Walton, i enom € . (2000) (2009)
University of Florida Florida
(2002) (1998) S., & Reynolds, S.
(2010)
- - Disaster Planning f Rapid agi d Public ti rtati .
Emergency management | Driving cessation in isaster anr_ung or apl _aglng an Elder’s need u_ e r_anspo ation Transportation needs
Scope DY S older adults Elderly and disabled associated challenges assessment satisfaction of people and agin
9 Y populations in the US with disabilities ging
To examine the level
of preparedness of To determine the
To identify th communities across needs of elders
0|I enbl_lfy_/t_ e £ elderl To help extension America; to tap the residing in the To explore options for
vuineraoilities ol elderly ) personnel assist vast potential of the community in order to | To examine consumer | Making transportation
I to disasters, and to Data collection / . . : . . q o
Objective ) oncoming wave of assist service satisfaction of para- in our communities
develop strategies to focus groups . o . .
address these their communities in | adults and evaluate planners, agency transit service
. times of disaster the initiatives directors and policy more aging-friendly
vulnerabilities; . .
underway to address makers with their
the "aging/maturing planning endeavors
America”
Methodology Literature review Data collection / Literature review and Telephone survey Survey (of people age Interview / Survey Opinion / Reflection
focus groups others 60 or older)
Spatial Coverage Global The US Midwest Florida USA nationwide Florida (statewide) Delaware (statewide) | The USA
Temporal Coverage | 2002 2006 1998 2010 2013 2000 2010
Data Analysis No Yes No Yes Yes Yes No

Type of source /
media

Academic journal

Academic Journals

Institutional report

Institutional report

Institutional report

Journal article

Journal article

Contribution

Find disaster
vulnerability in old
adults to be related to
impaired cognitive
sensory and mobility
conditions and socio-
economic limitations
that prevent their
adequate preparation for
disasters, and hinder
their adaptability during
disasters;

Recommend emergency
managers recognize the
frail elderly as a

special needs
population, and develop

Recommend the
self-evaluation, and
periodic evaluation
of old drivers with
medical conditions
and the recourse to
a "retirement from
driving” worksheet
as ways of helping
old drivers realizing
when to stop
driving and what to
do for alternative
transportation;

Also recommend
the inclusion of the
topic driving
cessation
incorporate

Propose a specific
approach to identify
and properly handle
the needs of elderly
and disabled
population based on
their adequate
identification
provision of disaster
information whose
transmission accounts
for hearing, visual and
mental impairments
they may have;

Further recommends
evacuation actions
which take into
account their frailty
and various health

Reveal challenges and
important advances
being made including
increase in specialized
training for
emergency and public
safety staff in dealing
withholder adults;
growth of in-home
supportive services;
greater support for
advanced education
for the workforce; and
expanded volunteer
opportunities

Cautioned against the
insufficiency of the
progress made to
ensure that

Findings:

Global needs of
Floridian elders have
increased over the
2004 - 2006 period
with more elders
living alone with more
nutrition, home and
job related (lower
salary rates) problems;

4% of elders were not
able to go where they

needed and when they
needed to;

Findings:

Satisfaction varies
with the type of
disabilities with
hearing impaired
being the least
satisfied; and walking
impaired less
satisfied (of transit
fares, bus comfort) as
compared to people
with no mobility
restrictions;

People with disability
voice for increased
para-transit services;

Finds the auto-based
system and walking to
be the most realistic

travel options
currently available for
many older adults;

Recommends: more
funding for transit
operators to develop
meaningful transit
services and

increase ADA-type
para-transit services
for older people
without serious
disabilities; promotion
of community
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targeted strategies that
meet their needs;

retirement seminars
to make driving
cessation a part of
typical retirement
planning process.

Rather than a
response to an
adverse event;

issues and
impairments, their
sheltering in particular
shelters medically
equipped and able to
accommodate eservice
animals; and their
optimal re-entry in
their community or
nursing homes after
the disaster;

communities are
livable for people of
all ages including the
elderly;

33% of elders
reported mobility
impediments due to
health problems

Males and females in
Florida have about
identical rates of
transportation use
despite having
differences inactivity
and mobility;

Recommendations:

Transit providers
wanting to satisfy
para-transit service
consumers should
understand their needs
and socio-
demographic and
political composition.

transport provision;
enhancement and
maintenance of
pedestrian network;
enforcement of traffic
regulation;
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Whelan, M., Langford,

Koffman, D.,
Weiner, R., Pfeiffer,

Ortman, J. M.,

Saunders, J. M.

Kar & Hodgson

Criteria J., Oxley, J., Koppel, S. Velkoff, V.A. and Berkoune, D., Caunhye et al. (2012
& Charlton,3.2008) | o™ S| Hogan, H.(2014) | Renaud, 1, Reldk M., (eoon- (2008)
& Ruiz, A. (2012)
- PUbI!C transportation US Population and T»ransportatlon n Vulnerable population thlmlzatlon models Evacuation shelter
Scope Elderly mobility funding needs and . disaster response . . in emergency L .
" R aging . and disaster sheltering location site analysis
aging population operation management
To identify the range
of actions needed to .
expand mobility To define and
options for older formulate the To examine problems
To assess the current . Transportation facing hurricane To provide a focused .
To examine expected Lo : . . U To rank the existing
state of knowledge on . . . .| Problem in Disaster Katrina stricken and allowing to identify X
driving and travel people; quantify the | change mechanisms in Response Operations | displaced people as the research gaps and e LR il
Objective demand for these US age structure with available in the study

pattern changes, ageing,
health status and
mobility;

public transportation
services; and
estimate the
associated funding
needed,;

a focus on older
population

(TP-DRO), a practical
problem often
encountered by crisis
managers in
emergency situations

well as the experience
of health care workers
who attended patients
those disaster victims;

suggest future
research directions in
emergency logistics

area based on their
site suitability

Methodology

Literature review

Data collection and
time projection

Time projection of
demographic data

Literature review;
modeling and
algorithm
development;

Model of Vulnerable
Populations (a
conceptual
framework)

Literature review

Implementation of a
GIS-based model
integrating the
Weighted Linear
Combination principle
to screen existing and
candidate shelters for
environmental and
socio-economic
suitability;

South Florida 17

Spatial Coverage Global The USA The USA N/A Jacksonville, FL N/A counties
Temporal Coverage 2000 - 2006 2010 to 2030 2013 to 2050 2011 2007 2012 2008
Data Analysis No Yes Yes No No No Yes

Type of source /
media

Institutional report

Institutional report

Institutional report

Journal article

Journal article

Journal article

Journal article

Contribution

Show that:

Driving cessation in
older adults results in
reduced mobility and
associated quality of life
with women and
financially
disadvantaged groups
being more affected by
such reductions;

Old drivers have
declining driving skills
which they adjust

Estimate the dollar
amount needed
through time (2010 -
2030) to operate a
desirable level of
public transportation
services for older
people in the United
States;

Suggest
enhancement actions
needed in
transportation
operation and
planning; vehicles;
supplementary

Find that:

The US population
will grow older over
the next decade due to
the baby boomers
projected moving to
the old adult group;

The US older
population is
projected to be larger
than that of the other
developed countries
except for China;

Modeled a practical
transportation
problem faced by
crisis managers;

Developed heuristic
algorithm which can
solve large instances
of the TP-DRO
problem at hand in
relatively short
computation times
putting an efficient
crisis management
tool in the hand of
emergency managers;

Demonstrated the
potential of the Model
of Vulnerable
Populations as a tool
to improve mental
health assessment and
services by
counseling, advocacy,
triage, and teaching
disease prevention
strategies such as
hand washing;

Situated the post
2005period as that of
an exponential growth
in emergency logistics
research publication;
Made
recommendations
relative to better data
availability, more
efficient information
sharing, and the
reduction of solving
of optimization
models;

Found 48% of the

existing shelters and
57% of the candidate
shelters respectively
to be located in
physically unsuitable
areas;

Showed a spatial
mismatch between the
demand and supply of
shelters with the more
populated Southern
portion of the study
area revealed with a
shelter deficit
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behaviorally through
self-regulation;

Safer vehicles, roads,
and provision and
promotion of alternative
transport options may
increase mobility and
associated quality of life
of elderly population.

services and design
strategies;

The expected changes
in old population may
provoke a shift in the
country’s needs (in
education and health
care in particular);

contrasting with the
Northern part being,
the site of a shelter
surplus;
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Appendix B GIS Maps for Leon County

Aging Population Percentage and Shelter Total Capacity in Leon County
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Aging Population without vehicle and Shelter location in Leon Count

lLegend
@ —— Statc Roads
Population without vehicle
0-21
262
83-113
114- 188

frms LS Roads.

200401
Aging population
41z
T oan
I 275 - 450
B s -7o
| EAIESIEN]

JEFFERSON

5 U
ﬂ iles

FLORIDA STATE UNIVERSITY CIVIL ENGINEERING DEPARTMENT 2014

Population without vehicle and Shelter Total Capaci

egend

pecial Need Shelters —— Stata Roads

L] — S Ruads
. s Population without vehicle|

0 21

|Shelter Total Capacity ‘} 26
o 0-517 [ ]es-n3
Q s18-705 [ 14199
O 706 - 1512 [ 200 - 401

Aging population
O 1513 - 2099 T J4-122

I 123-274
O oee W

I st 710
-

JEFFERSON

FLORIDA STATE UMIVERSITY CIVIL ENGINEERING DEPARTMENT 2014

136



Legend
Special Need Shelters

L
. 705
Shelter Total Capacity

6 0517
O s8-705

@ nrore
O 1613 - 2099

Ozmnrzyzo

e U Roadls

—— State Roads
Flood Risk Level
MODERATE TO LOW RISK AREAS|
MODERATE RISK AREAS
HIGH RISK AREAS

g hiles

FLORIDA STATE UNIVERSITY CIVIL ENGINEERING DEPARTMENT 2074

Population without vehicle and Shelter Tota/l Capacity in Leon County
o /

ir \m\

Legend r)
Special Need Shelters —— Stoe Raads /
& 0 — US Roads g
. Population withaut vehicle|
705 £
[ oz
IShelter Total Capacity 22-62
o 0-s:7 [ R
O 175 [ RIRE

O 706 - 1512 T 200401

OHOO 2920

JEFFERSON

iles

FLORIDA STATE UNIVERSITY CIVIL ENGINEERING DEPARTMENT 2014

137



Population without vehicle and Shelter location in Leon County
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Storm Surge and Shelter Total capacity Map of Leon Count’
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Figure B.1. Leon County Maps
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Appendix C GIS Maps for Walton County

in Walton County
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ation without vehicle and Shelter location in Walton County
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Flood Zones and Shelter Total Capacity of Walton County
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Figure C.2. Walton County Maps
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