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ABSTRACT

THE CONNECTIVITY BETWEEN DAMAGE TO PHYSICAL INFRASTRUCTURE AND

SOCIAL SCIENCE: A NEW FIELD STUDY PROTOCOL CONCEPT

The primary objective of this thesis isitdroduce dield studymethodologythat will be
calibratedover the next several years to enable researchers to collect data in the field that can be
used to better understand amaantify community resilienceSpecifically, a key objective is to
provide a mechanism to link damage ttee physical infrastructure teocial and economic
dimensions of a communitg a measurable way. Although there have been several past attempts
at creating a common pedisaster field study protocol, none of them have attempted to quantify
community resilience in a quantitative manner that can be used for risk dmhcesanalysis.
Themethodologyexplainedn this thesigs unique becausediscussepotential metrics that can
be used to quantify community resilience and describes methods of quantifgsey metrics
using field data. These metrics come from a comimnatf disciplines including engineering,
sociology, and economics. This work combines a literature review of past fieldstutdcols
with perceived data requirements in order to outline a field shuetihodologythat can be used
for disasters (primawl naturaj not anthropogenic) of any type including tornados, hurricanes,
flood, tsunamis, wildlandirban interface (WUI) fires, and earthquakes. Algorithms were derived
that include the ability to process raw field study data in order to create pisitrabiodels of
resilience metrics (i.e., fragility functions). These algorithmsewttren demonstrated using
existing field data related to population dislocation caused by Hurricane vinéieally, a
community resiliencdield study was conductefive yeas into the recovery process order to

investigate and model the long term effects of the May 22, 2011 tornado that occurred in Joplin,



MO. The planning and execution of this study is described and the data that wasdgatheed
to provide an illustitive example of thénterconnectivity between the physical damage and

sociceconomic consequences
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1. Background

This thesis describes féeld study methodologyhat ha the objective of linkingthe
sociaeconomic dimensions of a communityith the physical effects on a commuyng
infrastructurethat are caused by a natural hazditte NIST Center for RisBased Community
Resilience Planning is a NIST Center of Excellence (Cafijch is headquartered at Colorado
State University (CSU) with nine partnering universities across the WIS fiVe-year project is
focused on developing a computational environment called Interdependent Networked
Community Resilience Modeling Environment ((BORE). INCOREis a research tool that will
allow researchers a mechanism $tudy and quantify resiliencand provide informative
decisionmaking support for communities. Theethodologyoutlined in this thesis explains the
process of generating fragility functions fagsilience metrics, which are typically driven by
sociaeconomic consequences, whicdéin be added to the {NORE databases once a series of
field studies are conducted.

One of the tasks within the NIST CoE involves conducting several resiliencetidielss
in communities that have been affected by disasters. The methodology mresehie thesis
has been creatad order to provide a mechanism to develop fragility functions that link hazard
intensity and potential resilience metrics. This, in turl, pvovide insight into what data should
be collected in the field to allow researcherbuild thenecessargatabases for lCORE.This
methodologyfocuses primarily on the soegconomic consequencessulting fromdamage to
physical systemsSocial and economic changes calso impact physical systems, but those
effectsare not considered in this body of wofkhis thesisprimarily focuses on the social
consequences of physical damagel only briefly discusses economic impact studies, wdnieh

typicdly performed using secondary dakdowever it will be important for future work to create



newdata collection proceduréisat allow economists taseprimaryfield data to quantify fiscal
impacts. That work, however, is outside of the scope of this thesis.

Presidential Policy Directive 21 (PPEL 2013) defines resilience as “the ability to
prepare for and adapt to changing conditions and to withstand and recover rapidly from
disruptions.” NIST defines a community as “a place designated by geaglaptundaries that
functions under the jurisdiction of a governance structure, such as a town, city, or county.”
However, it is also important to understand that communities are composed of suhller
communities that are formed by people who share views,esalperspectives, and life
circumstances (Kwasinski et al. 2016). By combining these two definitions thetenmunity
resilience can be better understodée have definedwo major goaldor community resilience
field studies:

1. To quantify the connectity between physicaldamage and socb-ecanomic
consequences. This includesmediateeffects such as damage, but should focus on long-
term recovery.

2. To collect the dataeeded talevelopprobabilistic nodels of communityevel resilience
metrics for eventdaddition to INCORE databases.

The methodologypresented in this thesgemonstrateshe procedure to achieve these
goalsduring a field study.Chapter 2 describesraview of past protocols for conducting field
studies after natural disasters agentifies gaps in thecurrentprocess typically used worduct
postdisaster field reconnaissandehapter 3 discusses conceptual framework for assessing
resilience at the community scaleatwas createthy NIST and identifies seven crucial resilience
metrics that form the basis of this protocol concept. In Chapter 4 a diagram is presented that

provides field questions that focus on the interconnectivities between the physical, and



economic domains withia community, and a sample field study questeireis alsoprovided.
Throughout this thesis, the term “connectivity” is used to represent the linkage plcysssal,
social, and economic community domains, and the term “dependency” is used whamgrederr
linkages between physical systems orGhapter 5 includes some practical suggestions for
planning and executing resilientmcused field studiesChapter6 describes algorithms that were
createdto process field data in order to generaggility functions for evaluating resilience
metrics These algorithms were tested using household population dislocation data from
Hurricane Andrewand the results are shown in ChapteiChapter8 provides an illustrative
example of afield study that focused on connecting physical damage to seetmnomic
consequences support ofa hindcastor Joplin, MO about five years after it was devastated by
an EF5 tornado. Finally, Chapt& provides final conclusionslescribes the significance of this

thesis, identifies data concerns, and outlines future work that should be done in this area.



2. Literature Review

Since the origin of modern disaster research, field studies have been conducted in the
aftermath of disaster events investigate and improve the built and social environments.
Traditional field studies fyically focus on either infrastructure performance or human behavior.
Further, the majority of past field studies have focused on a single sector ofréstruicture
within a community or city with the intent to, for example, improve building codestailish
public policy of some sort. Very few field researchers have attempeinvestigate the
interconnectivitiesof physical systems, economic structure, and social vulnerability within a
community. As the field of disaster research shifts to the new paradigm obvimgpra
community’s resilience to natural (or other) hazards, field researchest begin studying
system interconnectivities within communities. This thesis bebnseviewing thirtyfive
relativelyrecent field studies from different diplines and across different natural hazards with
a focus placed on their stated or implied protocol. fits¢ goal of this review is to identify
common features from each field study protocol in order to lay the ground worthdor
development of a community resilience study protocol and provide a brief overview of the
current methods, tools, and strategies that are being used for field stidiesecond goal is to
identify gaps in past field study protocols related to collecting data for the stwdmmunity
resilience.Each study that was reviewed was carefully selected with the guidance of leading
experts in disaster field studies in order to provide the reader with a broad urtiegstd field
study protocols for various disciplines and natdisaster types.

Following this review of past field study protocoldyréef overview ofthe dependencies

and interdependencies of critical infrastructure systemgrovided in order tdighlight the



complexities of infrastructure systemand the difficules that are associatedth attempting to
guantify the resilience of these systems.
2.1. Field Study ProtocolsLiterature Review

In order to learn from past field study protocols and the large volume of literiduat
exists in disaster research, thifiye past field/case study reports were examined. It was not the
intent of this selection to be exhaustive, which would involve hundreds and even several
thousand studies, but rather to select a large enough sample with breadth across the three
disciplines that intertwine to form the basis of modern community resiliencesenaigamely
engineering/physical infrastructurggcial dimensions (including epidemiologgnhd economics.
These studies werselectedby first consulting leading experts in each disagliand then
choosing studies that the author believes present a case for understanding tinel tstoddeies
that have been used to conduct field studies of various disciplines for varioasofypatural
disasters. There are many more studies that meet these criteria and couldemireclonded
however, it is believed that the papepsesented in this thesis provide the reader with a
fundamental understanding of mdtisciplinary field studies and provide direction for future
field studies that willfocus on community resilience. Thus the reviewed repmthkided:
engineering (I), sociology 6), economic (J, and epidemiologidfocusing on physical and
mental morbidityand mortality) (5) studiesSeveral of the studies were mudisciplinaryand
care has been taken to consider them as, dudhthey havebeen classified by their primary
objective. The reviewed reports covered a number of natural hazards incladmigquakes,
wildland-urban interface (WUI) fires, tornadoes, floods, hurricanes, and tsunamis.|®¢vthea
reports are classified as case studies because the authors did rottge field to collect data;

instead they analyzed data obtaineddbyers, which is often characteristic of economic loss



studies since those data are typically not available for some time after the dneesariple of
reportsalso contains a combination of quick response and long termtigatess. Quick
response investigatiorae typically conducted quickly after the disaster, as their name implies,
in order to obtain cross sectional data about the community and are useful |éatirgpl
perishable data but fall short in understanding a community’s recovery over tingg.tdrom
studies are more useful for studying community resilience because thest data that relates
to the community’s recovery in the years following the disaster.

Figure 21 presents a schematic showing the prinfapus area of each of the studies
that were examined as part of thierature review. This schematic shows that altffoseveral
of the field studies were muidisciplinary, none investigated all fouwategorieswhere
community resiliences depicted It is important to note that while it was convenient for us to
make edidemiology its own category for the purposes isfliferature review, it is nabeing
considered ags own community domain. Instead, ittigically consideredo bea subset of the
social domainThe studies that did investigate multiple domains within the community focused
only on individual systemwithin the community instead of the linkages between systems that
can affect a community’s resilience. For each study reviewed in this chapt@atth collection
methods strategies, tools, personnel, and decision making processes were identifidagrand t
each report was summarized and critically analyzed to determine its effectiveness. It is
envisioned that identifying the methods and tools used by researchers can informilivbeat
effective for conducting community resilience field studies. Additionallystudy methods and
tods that were not effective werdentified. This chapter reviews and assesses past field studies
for thethreekey domains that, together, form the basis for understanding community resilience

field studies: physical systenmsqcial sciencéincluding epidemiology), and economics.



Physical Systems

Epidemiology

Webh et af. 1999
Dahthameretal. 1996
Schrank et al. 2012
Merz et al. (2010)
Addyand ljaz 2011
Pan 2015
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Economics

Figure 2-1:Reviewed Reportsy Primary Objectives
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Table 2-1 providesa list of all the reports that werewiewed, the hazard type, the
location, and a summary of thesearchers’ methodologwhile reviewing each of these reports,
the primary focus was on the protocdéta collectiormethods strategiestools, and personnel

that were used to collect field data.



Table 2-1 Field Study Protocols Comparison

Reference Hazard Type | Location/Name Study Type Summary of Approach Positives Negatives
(Year)
Adams et al. Earthquake Boumerdes, Engineering | Pre and pst-disaster satellite imagery Field It is difficult to
(2004) Algeria and Bam, was purchased and algorithms were| researchers obtain high
Iran (2003) used to identify low resolution were guided to | resolution imagery.
damage to buildings. All images werg points of This problem is
gectagged and were used to guide | interested by solved through
field researchers to the most damaged&/IEWS either the use of
building clusters. Tis methodology is| technology. expensive high
difficult to apply to any earthquake | This aids in resolution
eventbecause building stock and planning of instrumentsor
construction materiahaychange field activities | algorithmic
depending on the location of the and reduces improvements as i
earthquake. The algorithms must be| wasted time in | Zhou et al. (2015).
modified for different sites. the field
Todd et al(1994) | Earthquake/| Northridge, CA Engineering | A teamenteredhefield quickly to They were able | There were
Fire (1994) obtain perishable dat@&hey triedto to besite elements of
representtte whole community with a8 immediately community
moderatesample sizeUsed notes, after the resiliene that were
photos, and recorded interviews. Theyarthquake and| not considereih
started near the epicenter and usead minimal their scopeThey
investigatedutward, focusing on resources to investigated
only the most damaged components|afhtain data damaged
the infrastructure. They collaborated| related to structuresbut
with other research organizations to | damage tduilt | lacked resources tg
obtainadditional data. Theglso infrastructure. | investigate
investigated the cause and effects o undamaged
the postearthquake fire. structures
Eidinger andTang | Earthquake | Christchurch, New| Engineering | The teanfocused on lifelineand They were able| Theydid not

(2012)

Zealand(2016
2011)

worked closely with private and
public lifeline companies tobtain
data. They supplemented thiata
with field notes and photosshile
focusingondamagedystems that
would allow them to easily collect
data.

to use external
resourcesnd
connections
with private
companies and
city engineers
to access large
amounts of

emphasize the
interconnectivities
of lifelines and
otherinfrastructure
systemsThey only
investigaed the
most damaged
systems.




data.

Borrero (2005) Tsunani Sumatra, Indonesig Engineering | A field team was deployed to northel They were able| Theyfocused
(2004) Sumatra seven days after the to conduct a primarily on the
earthquake and tsunariiheir quick and wave
purpose was to study the inexpensive characteristics and
characteristics of the tsunami preliminary did not studyother
inundation, the structural damage, andield aspects of
the shoreline erosion. They used fieldinvestigation community
notes, interviews with community andtheir resilience. Their
members and government officials, | collaboration data collection
and aerial and grourtasedyec with other methods did not
located imageastheir methods of entities allowed | allow them to
data collection. them to gain collect high
access to resolution data.
additional data.
Kuligowski et al. Tornado Joplin, MO(2011) Multi - This holistic technical inestigation They While thisstudy
(2014) disciplinary | analyzed the tornado hazadhmaged| thoroughly was multi
and nondamaged structures, lifelines, investigated all | disciplinary, they
disaster warning, morbidity, mortality, community did not attempt to
and emergency response. They used sectors. They | connectdisciplines
traditional field techniques to collect | were able to in orderto quarify
data includingranscribed interviews, | approximate the conmunity’s
photos, field inspection data, etc. Thewind speed resilience They
main focus was on improving codes| from treefall in | analyzed different
and public policies. specific sectors of the
locations which | community
helped them independently.
compare actual
loading with
code
recommended
loading.
Prevatt et al. Tornado Tuscaloosa, AL | Engineering | Wood frame buildings that were in th The method of | They only
(2011) (2011) path of the tornado were investigated.dividing the inspected damageq
The team investigated transec community into | structuresThe
perpendicular to the path of the transects reportwasnot
tornado that were a half mile apart apdllowed them to| multi-disciplinary;
a half mile longLiDAR scanners obtaina focusing on
were used to capture high resolution| representative | engineering
data. sample of tk aspects
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entire
community.

Kashani et al. Tornado Tuscaloosa, AL | Engineering | Thisreportoutlines a methodology | Ground based | Obtaining post
(2014) (2011) that can be used to astite scanners were | event geometric
percentages of damage to walls and| used because | data isaslow
roofs after a tornado event. A wind | they provide procesglue to the
estimation model then ud¢hese higher use of ground
damage estimates to approximéte | resolution data | based scanners.
likely wind speeds at the structure. | than aerial They were only
This methodology waalsoemployed | based scanners| able to evaluate a
by Graettinger et al. (2013) after the| They were able | small samplef
tornado in Moore, OK. It uses to provide structues. Aerial
terrestrial laser scanners to capture | accurate based scanners an
postevent geometries and aerial damage field teams are able
photography to capture pevent assessments andto collect datadr
geometries. Then it automatically wind speed much larger sampl¢
estimates the damage based on estimdion with | sizes.
differences in geometry using customminimal time
made GIS software. Bomethod is and effort
tested for accuracy using data from the
2011 Tuscaloosa tornado.
Graettinger et al. Tornado Moore, OK(2013) | Engineering | This approach was similar to the All team This was a rigorous
(2013) approach taken by Prevatt et al. members and well performed
(2011). Wood structures were collected all study for the
investigated in perpendicular transegtsypes of data inspection of wood
to the tornadoes path. Howay this which allowed | structures only.
study introduced an automated for a robust data However, this
damage assessment and wind speed set. The focus | procedurevould
estimation methodology using[3 on data require substantial
laser scanner data as described by | collection resourcesf it were
Kashani et al. (2014). The authors alsthrough social | expanded to
placed an emphasis on data collectiormedia allowed | investigate all
through social media. All data points| them to identify | aspects of a
were spdal and temporal, andiDAR | areas of community’s
scanners were used to capture high | interest. resilience.
resolution data.
Maranghides WUl Witch Creek Engineering | Performancsof residences were Their heavy LiDAR is not able
(2009, 2a.3) Canyon, CAand investigated by fieldasearchersThe | collaboration to see through solig
Rancho Guejito, initial team was deployed 4 days afterwith other objects so it was

CA (2007)

the fires. They investigated a single

organizations

|

insufficient for data

11



community that was highly affected
by the fires. Interviews, surveys, fielg
notes, and remote sensors were use
for data collection. A combination of
aerial and ground based imagery wa
used. The first priority of the field
team was to collect perishable data
(e.g., completely burned struces).
Remote sensor data sources include
Pictometry, Ortherectified Imagery
(USGS), Google Imagery, Ortho
rectified Imagery (San Diego State
University), LIDAR, Property
boundaries (SanGlIS), and Vegetatio
Community Types (SanGISyhis
provided obliqe imagery, aerial
imagery, point measurements, and
vector GlSdata.

allowed them to
access
dadditional
necessary
sinformation.
They were able
to develop a fire
timeline using
dnterviews of
first respondes.
The report was
rigorous and
provided a very
ngood
understanding
of the fire
behavior.

collection related
to burned
vegetation. They
were not able to
gan access to
certain propsdies,
andthey were not
able to make
conclusive
observations of
totally burned
elements. They ha
some issues with
inconsisgencies in
interpretations of
the damage
obsenations

Maranghides et al. WUI Amarillo, TX Engineering | Thefocuswason only one of the thre( Due to lack of | GIS data was too
(2011, 2016) (2011) areas that were affected by fire. Twg necessary large to transfer to
to four teams spent 21 days in the fieltechnology, theremote GIS
investigating performance of very few team. They sugges
structures and to recommend changesomprehensive | having the GIS
to standards and codes. The study waa/Ul fire field team on site in the
performed in two tiers: WUI 1 was | studies have future.
used to ollect general data across thebeen performed
perimeter of the fire and WUI 2 was | This field study
used to collect in depth fire behavior| was more
timeline, defensive action, and rigorous than
structural performance. Tools used | most other
include digital cameras, aerial studies. They
photography, field notes, remote were able to
sensing technolggand more. enter the field
within 48 hours
and collect
perishable data.
MCEER (2006 Hurricane Katrina (2005) Multi - This five volume report was a multi | This is one of | Theydid not
2008) Disciplinary | disciplinary effort to study the impact the few studies | attemptto connect

of the hurricane on physical systems

thatwastruly

and response and recovery efforts.

multi-

socioeconomic

—

factors and damag

12



They investigated advanced damage
detection using remote sensing,
damage to engineered structures,
organizational decision making
primarily in hospitals and
environmental and public higa
issues. They used face to face and
telephone interviews to collect
gualitative data, and numerous remag

disciplinary.
They made
excellent use of
interviews and
remote sensing
technology to
collect data that
was useful for
tastudying

to physical
infrastructure.
They treated
physical,
economic, and
social issueas
independent

sensing tools, field journals, and aerfatommunity
and grounebased imagery to collect | resilience.
guantitative data.
Van de Lindt etal.| Hurricane Katrina (2005) Engineering | The most damaged wodchme This detdied The sample they
(2005, 2007) structures were investigated ower ard focused investigated only
three dayperiodby a field team. This | study allowed | includedheavily
team investigated more thaid investigators to | damaged
structuregor neighborhoodsh order | understand the | structures. They
to determine the effectiveness of specific causes | did not attempt to
codes and construction practices. Theof failure of connect the
tools that they used in the field wood-frame perfamance of
consisted of handheld cameras and | structures under wood structures to
field notes. Wind speed estimates | wind loading. other aspects of thg
were obtained from the NOAA. community
Zhou et al. (2015)| Hurricane Sandy(2012) Engineering | In order to provide a detailed damag| This method In order toobtain
assessment of residential buildings, | allows high good results, image
dozens of images were taken of eachquality, 3D overlap should be
structure by field teams. These imagepoint cloud data| about 90%. In
were then reconstructed in 3D using| to be captured | order to capture the
both 123D Catch and SURE softwargwithout the use | images of the roof,
The results from these two methods| of expensive UAVs shouldbe
were compared with the results from anstruments used. This method
LiIDAR scanner, and it was such as LiDAR.| does not workor
determined that the use of SURE extremely detailed
software is more accurate than the use assessments (e.g.,
of 123D Catch aftware. displacements
<lcm).
Texas Departmen{ Hurricane Ike (2008) Multi - This case study investigated four They were able | They did not
of Homeland disciplinary | areas: the social, built, economiogda | to obtain vast | identify all of their
Security (2008) natural environments. They did not | amounts of datg data sourcesThey

obtain any data from the field

without ever

investigatedhe

13
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themselves. Instead, they obtained

entering the

individual aspects

data from government agencies, field through of community
university researchers, and online | connections reslience but did
resources. They focused on reportingwith other notdiscuss their
the broad impacts of the hurricane apdgencies and | interconnectivities
not on minute details researchers
FEMA (2009) Flood Midwest Floods in| Engineering | FEMA first sent a préMAT in order | The study was | Theywere
lowa and to conduct a preliminary assessment extremely primarily interested
Wisconsin(2008) of the flood damage. They used this| detailed and in the causes of
preliminary data talecide if they wereg thorough in structural damage.
going to send a full MAT into the field regards to While theydid
and to develop data collection damage to briefly disciss
strategies. They inspected the most | buildings and social and
damaged buildings and structures to other structures| economic losses,
determine causes of damage and lossThey were able | theydid not
of functionality. Their purpose was tq to investigate | attemptto connect
provide recommendations that would many different | these losses to
reduce future damage and update | communities physical
building codes. They also conducted effectively infrastructure.
brief studies of social and economic | which is
losses and disaster preparation and| important for
response effectiveness. investigations
of widespread
disasters.
Dashtiet al. (2014) Flood Colorado Flooding| Engireering | The twitter APl was used to search f{ A massive data| Using this method
(2013) keywords, user IDs, and geographic| base was made itdifficult to
locations intweets during the created by using geclocate. Data
flooding. 212,672 unique tweets werg passive data may not be
collected and 2,658 of them were geocollection technical or
located. These gelocated tweets activities that detailed. This
were then combined with hazard mapare both methodology is
and other remote sensing data (e.g., inexpensiveand | only used as an aig
satellite imagery) in order @id more | effective. to additional field
detailed field esearch activities. Perishable data| study activities.
was captured
that may have
otherwise been
lost.
Wilson et al. Tsunami N/A Multi - This sectionidentifies 10 crucial The authors The protocol is
(2014) Disciplinary | components of a pessunami field help identify very general. It
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study. It was creatkbased on the
experience of tsunami field study
experts. It focuses on the logistical
issues of communication,
coordination, and collaboration. Som
of the most important components
include: staying in constant contact
with the local area’s event
coordindor, including a local expert
on your teamand shang data with
other researchers.

several
important
factors to
conducting a
efield study
without wasting
time and
resourceslt
also provides
guidelines for
accessing
restricted agas.

provides advice on
general procedures
when dealing with
local community
members, the
government, and
other researchers.

Lu et al. (2012) Earthquake Haiti (2010) Sociology: | This study tracked the location§1.9 | Collaboration | The sample was
Dislocation | million Digicel mobile phone users 42 with Digicel limited because it
days before t@41 days after the 2010 allowed them to| only included
Haiti Earthquake. The data from obtain a Digicel users. The
Digicel allowed them t@btainone massive data | time and space dat
location data point for each mobile | set. It also resolution was
user per day. The location§the allowed them to| limited (1 data
users were tracked toobile phone avoid the bias | point per day and
towers which limited the study’s of interviews up totens of
spatial resolution. They concluded tha&nd to obtain kilometers betweer
dislocation after disasters can be data at any data points). Powe
predicted with decent accuracy. point in time or | outages and lack o
space. Cell charging stations
phone use is caused further datg
more prealent | issues.
in developed
countries.
Gray et al. (2014) Tsunami Sumatra, Indonesig Sociology: | A baseline survey was conducted Local students | Some qualitative
(2004) Dislocation | before the tsunami and about @0 | conducted the | data were lost du

follow-up interviews were conducted
afterwards. The respondents were
tracked and interviewed annually for
years. Similar to Adams (2004),
damage estimates welevelopedy
using satellite imagery befe and
after the tsunami. Mulariate
statisticalmethods were used to

interviews and
less than 1% of
Bhe respondents
declined a
follow-up
interview. An
unbiased
sample of both

analyze the data.

damaged and

to the large scale 0
the project. It was
difficult to find
many of the
respondents from
the original survey
after the tsunami.

[}
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undamaged
locations was

collected.
Sutton et al. (2008 WUl California(2007) Sociology: | The goal of this report was to use The initial field | Thesetechniques
Social Media | empirical data tehow the importancg reconnaissance| that wereused to
Data of social media playing a role in allowed them to| obtainqualitative
“backchannel” communication during develop and quantitéve
disaster recovery. They used a strategiesnd data However the
combination of an initial field guestions for sampé waslimited
reconnaissance and a secondary onlitieeir follow up | because only socia
survey to gather data related to the ussurvey. They media usersvere
of Information and Commuacation were able to able to access the
Technology (ICT) by community reach a large survey.
members during recovery. They number of
recruited participants for their online | participants
survey using local forums, online using little time
newspapers, Craigslist, Facebook, andnd effort due
Flickr. to recruiting on
social media.
Rodriguez et al. Hurricane Katrina(2005) Sociology: | In order to study the prsocial The authors Any propagatiorof
(2006) Community | behavior that occurred after Hurricanesaved time and | data thatvere
Behavior Katrina, the authorselied heavily on | money by collected by others
collaboration and fieldwork done by | buildingonthe | would be difficult
others. They chose a specific time | work of others | to quantify
periodto studya representative and studyinga
sample of the communityirsthand | representative
accounts were considered more sample othe
credible than media accounts. There community.
was a focus on studying improvised
dedsion making.
Sherwood et al. Typhoon Suoer Typhoon Sociology: | This study used qualitative and The qualitative | They only
(2015) Haiyan: Philippineg Dislocation | quantitative data to draw conclusions data was investigated the
(2013) about dislocation in the aftermath of | combined with | most damaged

the 2013 Typhoon in the Plgpines.
The quantitative data weosllected
through a gastionnaire that was
distributed to 4,518 households in 43
municipalities withinthe most
damaged region. The qualitative dat

the qualitative
data to draw
important
conclsions. It
is important for
athe NIST

was collected in two stages with the

Center’s

region which
represented a
fraction of the total
damaged area and
dislocated
population. Data
werecollected
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findings from the first stage informing
the development of the second stage
Methods includd: focus groups,

individual interviews, and site visits.

protocolto have

>.the similar
capabilities of
collecting both
data typs.

about 2 years after
the event which
may havecause
data inacclacies
due to memory loss
of the interviavees.

Quarantelli (1997) Various Various Sociology: | Thissectionsummarizes the protocol| Using graduate | Transcribing all of
Community | used in hundreds of field studies students for the interviews was
Behavior conducted by thB®isaster Research | field work kept | tediousand time
Center(DRC). Graduate students werecosts lowMore | consumingwork,
trained and used to conduct field experienced and theyeventually
studies in a cost effective manner. Oné&RAs would lackedfunding.
member of the team was put in trainless
leadership in order to make crucial | experienced
decisions on the direction of the field GRAs.
study. They were prepared to travel at
all times.Formal questionnaires were
used, andjuestions were open ended.
Photos were taken and interviews
were recorded then transcribed.
PeekAsa et al. Earthquake Northridge CA Epidemiology| In order to study the quantity and They were able| Complete autopsie
(1997) (1994) causs of injuries due to the to link injuries | andlist of injury
earthquake, the authors obtained datéo building diagnoses were not
from the Los Angeles Department | damage states | always available,
Coroner. They then saeed every which isa and the hospital
hospital in the county to check for | crucialelement | screening process
earthquake related cheats. The to the NIST may have missed
injuries were coded using the AIS Center’s some earthquake
scale, and related building inspection protocol. The related injuries.
data was purchased from the local | study was
department of building and safety. | rigorous and
There is always a great deal of comprehensive.
uncertainty about quantity and type of
injuries following a major disaster.
Frankenberg etal,  Tsunami Sumatra, Indonesig Epidemiology| In order to assess the posttraumatic| They were able | Ther focus was

(2008)

(2004)

stress eactivity (PTSR) of over
20,000 tsunami survivors, tlaeithors
collected andnalyzel survey data
from coastal locations. This techniqu

to utilize pre

disaster

interviews to
eobtain a base

is similar to Galea (2007). Pevent

line for mental

only on PTSR not
on any other
mental illnesses.
Therewere
inaccuracies due td
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interviews were conducted with loca
residents and 97% of them were
tracked dowrand interviewed after

health. The
surveyremoved
bias by

the event. PTSR levels were analyzedncluding

for correlation with damage states,

individuals

socioeconomic factors, and numerousrom

other demographic data.

undamaged
areas as well as
damaged areas

assessing mental
health using a
survey method
instead otlinical
interviews by
medical experts.

Brunkard et al. Hurricane Katrina (2005) Epidemiology| This case study provided an upper a Obtainingthe Mortality estimates
(2008) lower bound estimate on deaths data from were conservative
caused by Hurricane Katrina. They | reliable, because they
obtained their data from the Hurricanesxternalsources| included people
Katrina Disaster Mortuary Opational | allowed them to| who diedmonths
Response Team (DMORT) database quickly and cost] after the disaster
and death certificates collected effectively meet| andpeoplewho
through Louisiana vital statistics and| their research | died from pe-
out-of-state coroners’ offices. They | goals. existing conditions.
then grouped and analyzed these dgta It is difficult to
by cause of death, race, gender, time determine whether
of death, location of death, aade. or not the disaster
was the cause of
these deaths. They
were not able to
account for missing
persons and bodies
that were never
found.
Galea et al. (2007) Hurricane Katrina (2005) Epidemiology| Between 5 and 7 months after the | Using over the | It was difficult to

hurricane, over the phone surveys
were conducted with 1,043 residentg
of Alabama, Louisiana, and
Mississippi who were affected. This
survey included a screening scale
called the K6 scale of nonspecific
psychological distresto estimate
mental illness ireachrespondent. The
survey included 29 questions. The
data was analyzed for association
between mental illness and the

phone surveys
allowed the
researchers to
obtain a large
sample size
using relatively
low funds. The
person
delivering the
survey does not

necessarily

find and contact
people who were
affected by the
hurricane. Using
screening scales
rather than clinical
interviews causes
less precise
estimations of
mental illnesses.
The sample was
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following factors: age, sex,
race/ethnicity, family income in the
year before the hurricane, education

have to be
skilled or rave
experience in

limited becausdt
did not include
people who could

pre-hurricane marital status, and pre| disaster not be reached by
hurricane employment status. research. telephone.
Zahran et al. Floodng Texas(1997-2001) | Epidemiology| In order to analyze the correlation | They were able | Their daa was
(2008) between vulnerable populations and| to obtain large | limited to the
casualties due to extreme flooding | mortality data | county level so
events, this study analed 832 floods| sets without they could not
over a four year span from 74 countiesver deploying | determine the
in Texas. They did not collect any | into the field. socioeconomic
field data.Instead, b of their data was| They were also | status of
retrieved fromexternalsources able to account | individuals who
(typically government agencies). Theyor many were harmed by
used three predictors of flood important flooding.
casualties: populatiodensity, local factors of
preparedness, and presence of sociallyortality such
vulnerable populationg(g., low as built and
income and minority populatiops natural
They adjusted for characteristics of | environment
the natural and built environment suclcharacteristics
as number of dams and percentage pand
impervious surface. socioeconomic
vulnerability.
Webb et al. (1999) Earthquake Loma Prieta Economic | A long-termdisruption model for They were able | The sampm was
and Earthquak€1989) individual businesses was created thato contact every| limited because
Hurricane and Hurricane included five components: business | business in the | they were only able
Andrew(1992) and owner characteristics, previous | community due | to contact

disaster experience, direct and indire
disaster impacts, loss containment
measures, and owner perceptions of
the bugess avironment. In order to
modelthese 5 components, surveys
were mailed to all businesses in two
separateommunities that had
survived a recerdisaster. These
surveys were completed 6 years afte
the hurricane and 8 years after the
earthquake. They useccambination

2db the quick and
easy nature of
mailed surveys.
This was a
rigorous study
that quantified
individual
business
rdisruption in a
way that no
other study had

of mail surveys and phone calls (“tot

done

businesses that ha
survived the
disasters. They als
did not account for
broad economic
trends that may
have affected
business
performance. The
regponse rate was
low (27% and
34%) due to the
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design method”). previously. impersonal nature
of mailed surveys.
Dahlhamer et al. | Earthquake Northridge CA Economic | This study investigated business This report There was a large
(1996) (1994) recovery after the 1994 Northridge | outlines a amount of variance
earthquake. Similar to Webb et al. | rigorous and whichthe authors
(1999, they used a combination of | systematic were not able to
mail surveys and phone calls (“total | method of explain.Also, they
design method”) to obtain data. A | quantifying only accounted for
random sample of 1,110 Los Angelesbusiness businesses that
area firms was surveyed. A three recovery after | recovered and
staged stratified sampling design wasdisasters. The | neglected those
used, with shaking intensity and type “total design that did not recovel
and size obusiness used as stratifyingnethod” (or closed)and
variables. improves the they did not
response rate of investigatecauses
the surveys. for businesses
performng better
as a result of the
disaster.
Schranket al. Hurricane Katrina (2005) Economic | This paper proposes and tests a Thisdesk study | The desk study is
(2012) methodology for locating and methodcan be | very labor
coniacting demised small business | performed by | intensive.D&B
owners. They purchased the 2004 | students with records have soe
D&B dataset and the 2003&B little prior inaccuracies. If
dataset which containformation on | training with a | possible, state
all businessem a region They were | higher success | business license
then able to determine which ratethan records should be
businesses started and which deployirg a used instead.
businesses ended after Hurricane | field team,
Katrina. They then hired students to | minimizing the
use a desktop search process called cost of
“record linkage” in order to obtain fieldwork.
contact information for thenostof the
demised businesses.
Merz et al. (2010) Flood Various Economic | General guidelines are provided for | Many economic| Thisreport does

performing economic flood damage
assessments including conducting
uncertainty analyses. Tliferences
between quantifying direct losses an

models used for

flood damage

assessments ar
doversimplified

indirect losses and the positives and

not provide the
standardized

e methods and
strategies that are

and do not

needed fofuture
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negatives of different economic

quantify their

economic flood

models are discussed. There is error. This damage
currently no standardized method for methodology assessments.
flood data collection, but it is provides a
important for it to be developed. means for
fixing these
problems.
Addy and ljaz Tornado Alabama(2011) Economic | Thiscasestudy approximated the In order to Their method of
(2011) preliminary fiscal impact of several | simplify the analyzing tax data
tornadoes that went througliabama | analysis, did not allow them
in the spring of 2011 by analyzing multipliers from | to estimate fisal
data from various federal and local | the Regional recovery in the
sources. Metrics that were analyzed| Input-Output community
include changes in employment, stateModeling requiring them to
tax collections, Alabama Gross System (RIMS | make additional
Domestic Product (GDP), local tax | Il) from the assumptionsThe
collections, and the effect of cleanup BEA were used | report also did not
and rebuilding. Uncertainty was to account for | account forquality
accounted for by providing Y@ and unknown of life, physical
high end estimates. variables. and mental health
issues, and
displacement.
Pan (20%) - ASCE Hurricane Ike (2008) Economic | Pan developed a new frework for His case study | There issignificant
evaluating direct and indirect approach uncertainty in
economic loss after hurricanes. He | allowed him to | economic loss
gauged the accuracy of his predictiongvaluate direct | prediction models.
using work from other researchers apdnd indirect Estimates were not]
Hazus models. Like Addy and Jiaz | ecoromic loss | as closdo the
(2011),he relied entirely on external | using data from| estimatess those
sources for datdHe used Gl$lata and| others. His use | made by other
spatial allocation models to estimate| of existing researchers.
economic loss and assitpssego software helped
small zones withinthe community him to estimate
the error inthe
method.
Dolfman et al. Hurricane Katrina (2005) Economic | This ase study utilizeé data from the | The authors Theydid notstudy
(2007) Quarterly Census of Employment andprovided a the effect of the
Wages (QCEW) program of the broadoverview | event on indridual

Bureau of Labor Statistics to analyze
employment and wage patterns in

of the effect of
the disaster on

firms. They also
focused only on
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New Orleans before and up to 10 theNew wages and total
months after the event. They utilized Orleans’ employment.
two methods: evaluatthe economy. They
concentration of jobs in each industry obtaired their
sector and compare with the nationa] data from
average and evaluate the number of| external sources
jobs, total wages, and average weeklyvhich saved

wages over time. time and
resources.
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2.1.1.StudiesFocusing on Physical Systems

Sixteen field studies were reviewedith the primary objective of investigating the
physical systems domain. The specific purposes of these field studies vanedhfproving
building codes to simply providing a preliminary damage assessment. Althoughséserdi
types and specific goals of each study were different, many of these fidilelssshare common
principles that may be important for field researchers to understand. The folleetrans will
provide a brief overview of each of these sixteen field studies followed by observations
conclusions for field studies of physical systems.

Adams et al. (2004) discum$an application of remote sensing technology to damage
assessment of buildings after the 2003 Boumerdes, Algeria and Bam, Iran earth@bakes
methodology described is an extension of previously developed and tested methddwehat
been used by research teams in the U.S., Japan, and Europe for earthquake darmagmissses
in urban environments. This methodology includes a Tiered RecoanegsSystem (TRS) that

is explained irFigure2-2.
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1. Automated change detection 2. Visual inspection 3. Results enable the prioritization
algorithms provide ‘guick look’ determines the damage and coordination of site visits and
regional damage assessment state of individual buildings  relief efforts, and may support the
monitoring of recovery operations

- L 4 ..1 ,-' !
PR
Building
damage

'After’ image

Figure 2-2: Schematic representation of the post-earthquake Tiered Reconnaissanmoe Syste
(Adams et al. 2004)

Satellite imagery from before and after the evemiswbtained from DigitalGlobe and
analyzed using ENVI image processing software in order to obtain approXinilaiieg damage
assessments. Building collapse was also identified using an algorithm wbogmizes texture
changes in the poslisaster imagery. The VIEWS (Visualizing Impacts of Earthquakes With
Satellites) system translates this approximate damage assessment in ordey fielduebns to
locations of interest, and then enable them to regmallocated observations and damage
descriptions. The authors also recommend using this system for monitoangkend recovery
activities. One challenge of using this method is that it is difficult to identify damdgeltings
that are constructeidlom material that is similar in color and texture to the surrounding ground.
This was an issue for the damage assessment after the Bam, Iran earthquaketbecaoss
were constructed from local, sandlored material. Furthermore, it is difficult taeate
universally applicable algorithms because the algorithms vary by builtiok) &nd construction
materials. Another issue that the authors mention is that it was difficult to obtain image
resolution that was fine enough to accurately identify darstages for all buildings (Adams et

al. 2004).
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After the devastating and historic Northridge Earthquake that occurretdlosAngeles,
CA in 1994, a field study was led by the National Institute of Standards and Teph(EI&T)
with the purpose of documenting the effects of the earthquake on the built environment (Todd et
al. 1994). Their primary task was to document perishable information imnigdatewing the
disaster, and to be a catalyst for more in depth studies to follow. They began orgtmazing
multi-disciplinary, multtagency field team and preparing for the field study within hours of the
event. The field team investigated damage to physical infrastructuredcayséoth the
earthquake and pestirthquake fires, and provided recommendations for future studies and code
revisions. They conducted interviews with the engineers who designed therucftas and
obtained stamped drawing sets when possible. Their primary tools werdimgs of their field
observations and handheld cameras. They started their investigation near therepiciate
earthquake and then made general observations of the damage that they saw fordiagh buil
type, often assuming similar damage for similar types of buildings. They ralsstigated
closures of meda facilities, commercial buildings, and bridges. Their approach to bridge
damage assessment was to only investigate the few bridges that were mosy daveagied.
They were unable to inspect some bridges because demolition of the severajgdidndgs
began within 24 hours of the event, presumably for public saftyen the bridge had already
been demolished, they inspected what they could from what was left at thiéhsite.were 163
bridges that were damaged, and they inspected about 5% of tHenNIBT team also
investigated lifeline systems at sites where they were already studyingcturstr systemA
small section was written on airport and railroad damage, but minimal field sttalywwedee
actually gatheredlhe postearthquake fire data were gathered by interviews, news articles, and

observations of the sites. Collaboration with other organizations was crucial farctess of
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this field study. The NIST team collaborated with the Earthquake Engigdeesearch Center
(EERC) at the University of California in Berkeley, CA and the Fedeigiiway Administration
(FHWA) to obtain additional data (Todd et al. 1994).

The American Society of Civil Engineers (ASCE) conducted a field studyder do
investigate the performance of lifelines afferee earthquakes devastated New Zealand between
September 4, 2010 and June 13, 2011 (Eidinger and Tang 2012). The field team investigated
systems such as electric power, water, wastewater, gas and liquid fuelspah apads,
bridges, railways, levee postearthquake fire, and debris management. Their goal was to
evaluate the damage done to each system, document the specific causes of that ddmage, an
make recommendations to mitigate similar damage in the future. In order tdigateeshe
electric power network and the telecommunications they analyzed all of the damage done to
systems owned by private companies. They obtained data from these priv@g@niesnby
establishing connections with local engineers who then connected them with local @anpani
They used traditional field study tools such as photographs, field notes, anceimsenviorder
to gather data for each of the three earthquakes (Eidinger and Tang 2012).

Seven days after an earthquake and tsunami occurred in northern Sumatraidndone
rapid response tsunami survey team deployed to the Banda Aceh, Sumatra region tioestudy
characteristics of the tsunami inundation (Borrero 2005). The data that thestemblrelated to
tsunami characteristics, structural damage, and shoretiseer Field data that were collected
included: field observations and notes, i@gged photos and videos of damage and inundation
indicators, interviews with government officials and relief workers, reporégsmand other
materials related to the tsuna Information about the wave characteristics was gathered through

interviews with witnesses and videos taken during the event. The field studyigitel
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topography data were then analyzed along with satellite imagery obtaireed bafl after the
event They were also able to use photographs taken during a helicopter flight lzsdocggsst of
Sumatra. Corresponding GPS locations were recorded for images. This report was not
comprehensive. It only offered a preliminary investigation of the tsunamaatastics(Borrero
2005).

After the May 22, 2011 tornado that devastated Joplin, MO, NIST conducted a
preliminary postornado field study (Kuligowski et al. 2014). Theld teamarrived in Joplin
two days after the tornado and spent four days there. Their purpose was to performi@apyelim
investigation of the performance of structures, human behavior, and emergency ccationgi
This initial multi-disciplinary and multdepartmentainvestigation led to a more in depth
investigation which was condued over a span of two years. The goals of this more detailed
study were to investigate and recommend improvements for: structures dimeéslifender
tornado loads, tornado warning systems, emergency response procedures, f¥efocode
buildings, and pulad policy. Prior to the release of the final report, NIST released a special
publication that outlined the approach and strategy of their technical investidaiotan et al.
2012). This preliminary report lists four primary objectives for the techmealtigation. The
first objective was to determine the tornado hazard characteristics by degeloipd speed
estimates from both direct measurement and indirect estimation from thenenent (observing
treefall) using techniques similar to Prevatiakt(2011).This was done by collecting data on
meteorological conditions, pigorm natural and built environment conditions, gietm
conditions, and historical tornado information in the area. The second objective was to
investigate the causes of fatalities and injuries and to analyze the effestivaithe emergency

communications. These data were gathered from-seautured interviews (in person and over
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the phone) with first responders, business owners, and friends and families of thé anjure
deceased and from official records, publications, transcripts, news stories,easgaper
articles. Interview questionnaires were developed from a combination authgssobjectives,
eyewitness news stories, and interviews conducted by the initehmaissance team. All
interviews were transcribed and uploaded into a data analysis software tool talymed
similar to Quarantelli (1997)The third objective was to evaluate the performance of damaged
and nondamaged residential, commercial, andical buildings. Field observations and design
drawings were obtained and analyzed, and the current building code’s effestiveras
evaluated. The fourth and final objective was to determine the performance of difene
collecting and analyzing dathat described the lifecycle of damaged lifelines using traditional
observational method3 heyused all of these collected dataidentify areas in building codes,
fire codes, emergency communication policies, standards, and practices tha regsio.
(Kuligowski et al. 2014).

After the April 27, 2011 Tuscaloosa, AL tornado, a field team was assembled with the
purpose of evaluating failure modes of wood frame structures (Prevatt, et al. 2011gaithe
arrived in Tuscaloosa five days after the ewvard the investigation lasted three days. The field
team investigated the six mile long fraction of the eighty mile long tornado péattathidorough
Tuscaloosa by investigating transects that ran perpendicular to the pathtoftmdo. These
transects were approximately half a mile in length with half a mile between eacddctyamsl
damage assessments were performed for all buildings along each transedatalrem this
assessment were then used to develop Enhanced Fujita (EF) wind speed natioggtuare
damage distribution spatially over the community. Field data collection equipmémtedc

digital cameras, global position system (GPS) units, smart phones, and a groundgbased |
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detection and ranging (LIDAR) scanner. Text descriptions, field measuemamd hand
sketches were also recorded. Each of the 6,000 photos that were taken uexgggdoand
positioned on a map. On the last day of the study, five locations were identifiecpforirea
high precision geometric data. Team members lassd scanner units and panoramic photos to
capture more detailed data in these five locations (Prevatt, et al. 2011).

Kashani et al. (2014) proposed a method for structural damage data collection following
tornadoes. The proposed method, which was implemented after the 2011 Tuscaloosa, AL
tornado, was to obtain GIS point cloud data from terrestrial scanners, and thenectimepar
postevent data with prevent aerial images to estimate damage and wind speeds at the locations
of structures of interest. GImodels were used to overlay point data sets with image layers, and
then customized algorithms automatically identified buildings, and assesgedatinage state
by detecing roof and wall surfaceasnd calculahg the percent damage by comparing-pvert
and postvent geometryy estimating polygons and comparing geometric differences. Then,
based on the percentage of structural damage, a wind speed estimation model wasinged to f
the wind speeds at each location. It was determined that this meitodly sinderestimated
structural damage, but accurately estimated wind speeds. It was noteantbetjnately, the
scanning process is time consuming and does not allow a large sample size tonieel.oble
benefit of an aerial data collection methedhat it allows researchers to gather large amounts of
data in a short amount of time. However, aerial collected data are often lessddatailat a
lower resolution than data collected using grebaded methods, and aerial imagery only
captures the fws of objects, making it difficult to observe vertical elements of structbas

longer buildings (more than 100 meters long) the building was divided into three segntkents a
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then damage and wind speed estimates were foa@ach of the three segmeliashani et al.
2014).

After an EF5 Tornado passed directly through Moore, OK in 2013, an initial field study
reconnaissance team was sent into the city to investigate the performance strwoindes and
storm shelters (Graettinger et al. 2014). The goals of the study were to penodanendations
for improving building codes, improving public policy, and assisting in-gisstster social
media strategies. The damage data collection strategy was to investigagets perpendicular
to the tornado’s path in order to create damage contour maps (similar to Preala2(41).
They obtained getocated damage photographs through passive data collection on social media
and supplemented this approach by actively requesting damage data from tendgrsing
social media. Additional data were obtained from storm chasers, news reportecshers who
photographed the event. Three days were spent investigating residential buddthgtorm
shelters using ground teams and aerial photography, and over 3,000 photographs were taken. All
members of théield teamcollected all types of data, which enabta@id data collection and the
creation of a more robust dataset. During the day team members investigakedfainterest,
recorded data, and took photographs, and at night the team compiledfeyeaced, and
analyzed photographs in order to create GIS maps. They then used these maps to plan the next
day’'s work. All data were gelmcated,using custom software created at the University of
Alabama calledlime-Image Positioning Software (TIPZ)nd stored in electronic format online
providing easy access for various researchiérs dataset is spatial antemporal because they
gecolocated data points and recorded the time that each data poiobtaased.The method that
was described in Kashani et al. (2014) was also used in two separate locations ito order

conduct automated GIS damage assessments. This allowed them to compareagdce
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geometry to postornado imagery, and automatically estimateudtrral damage Teams
consisted of 4 to 5 members that would investigate damage along transects unéathey ra
point where damage was no longer visible. Thiad Your Friends Applicatidhfor the iPhone
was used to keep track of team members’ locations. After the data were collected teaensmemb
looked at a single photo of each structure to determine the damage dtaf&iarate an upper
and lower boundary on wind speed based on the Enhanced Fujita Scale (Graettinger et al. 2014).
NIST deployed a &ld team four days after the October 2007 California fires
(Maranghides et al. 2009, 2013). The field data collection and processing lasteehfoustahs.
The field data collection effort took approximately 1300 person hours over fount@ghs (not
all in the field). They focused primarily on the Trails development at Rancho Berimawhich
seventyfour homesout of 270were destroyed ansixteenhomes were damaged. This study
included event timeline reconstruction, general fire behavior observatadsthe effect of
structure attributes, landscaping characteristics, topographicaldgaand potential wildland
fire exposure on structure performance. Data collected in the field includetusgrparticulars,
specifically roof type, proximity of aobustibles to the structure, and damage to wildland and
residential vegetation. Some of the questions that they attempted to answer Idittiatee
included: How far within the Trails did the fire spread? To what extent did erobetisbute to
ignition of structures? Why did the fire spread stop when it did? Did all the structuitesfigm
the passage of the wildland fire front, or were somecsires ignited later and whyHeld
researchers used prescribed field forms to record data and took over 11,000 photos. Then
emergency responder data logs were obtained, and first responders and mertiteerBraifs
Homeowners Association (HOA) were interviewed in order to develop a firanendl survey

was then sent to each member of the community by thes H®A. After that the community
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was revisited by field researchers who performed damage assessmentsdadstmyed homes.
Researchers relied heavily on collaboration with government agencies, upipesgirams, and
local organizations during the datollection process. Remote sensing data were collected from
several different sources including: Pictometry, Oubctified Imagery (USGS), Google
Imagery, Ortherectified Imagery (San Diego State University), LIDAR, Property bouesa
(SanGlIS), and Vegetation Community Types (SanGlIS). These data sources proviged obli
imagery, aerial imagery, point measurements, and vector GIS data. Seaaratotlection
limitations included: lack of access to certain properties, inability to identifyticartion
materials in photos and on the ground, inconsistencies in interpretation amongatrsbserd
incomplete mapping of burned features. Furthermore, LIDAR scanners caearibt@gyh solid
objects (e.g., fallen branches) which caused inaccuracies during vegetatorcotattion
(Maranghides et al. 2009, 2013).

Within forty-four hours of a wildlandirban interface (WUI) fire beginning in Amarillo,
NIST deployed a team of field researchers to perform a preliminarytigatsn of fire losses
and fire behawar (Maranghides et al. 2011, 2016). During the twentg days that this team
spent in the field, their primary focuses were on the effects of fire lassdspographical
features, evaluation of infrastructure construction, and mitigation attemptedy thuei event.
They chose to focus only on the Tanglewood Complex fires where 183 structures wesedest
becauseof resource limitationsThe overall goal of the study was to discover the factors
responsible for the failure or successful performance of buildings and otheurssuend to
recommend improvements to standards, coded,practices. They used a tivered approach
for data collection. The first tier (WUI 1) was used to collect general datasattre perimeter of

the fire, and the second iti@VUI 2) was used to collect data related talepth fire behavior,
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defensive action, fire timeline, and structural performance criteti@y Took over 29,000
photographs using handheld cameras, investigated 2,330ogded marmade features,
recorded281 instances of burned vegetation, and transcribed interviews withefghty first
responders and homeowners. In addition, they printed descriptions of emergency’ sadiwes
logs from the day of the fireTheir field measurements related to rest@nstructures,
combustible features, namombustible features, fire direction, fire timeline, burned vegetation
and defensive actionslhey also investigated undamaged structures to see why they were
undamaged. In addition, pre and post fire aerial imagere acquired for the study area. All
data that was collected was put into a GIS system databheg. used automated vehicle
location (AVL) systems, mobile phones, global positioning systems (GPS), andro#geng
technologies to allow recording aal time fire information. Formal field study data collection
guestionnaires were used for all structures that were investigétecuthors concluded that the
field study technology that is currently available is not sufficient for théeat@n of
comprehensive WUI fire field data, resulting in a lack of rigorous WUI fire studiiegsas also
difficult to collect timely aerial imagery since data is lost with time during fires. It was
determined that remote sensing data collection combined with fiebsmsents is the best
means to obtain pre and post fire vegetation information. It is also impossibletmidet the
ignition sequence of a burned structure without eyewitness accounts. Theytrasso tke
importance of collecting both aerial and groubdsed imageryand found that damaged
structures provide more useful information than destroyed structures. Theynglisasezed the
difficulty of collecting and documenting imagery over the life of the fireesiire data are lost
quickly over time. TheGIS data were too large to transfer to remote GIS team quickly, so they

suggested having a GIS team on site. Finally, they stressed the importanearlgf d#fining
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team member roles before the team goes into the field and properly trainingféhehtam
members for their respective roles (Maranghides et al. 2011, 2016).

Hurricane Katrina made landfall on August 29, 2005 causing massive destruction and
loss of life. Soon after the event, the Multidisciplinary Center for Earthquakgnéaring
ResearciMCEER) deployed a mukldisciplinary field investigation team with the objective of
improving physical systems and response and recovery efforts for futurmexduents of any
type. Their primary goal was to collect data that could be used to make cdreshamre
resilient, and the topics that they addressed included: organizational decision (pakiagily
in hospitals), advanced damage detection using remote sensing, environmental and ptiblic hea
issues, and damage to engineered structures. The investigation report was diwid@ck int
volumes. Volume 1 (Arendt and Hess 2006) focusedhencauses and effects of hospital
decision making (e.g., hospital evacuation). In order to do this, they collected tiyeabtaia
from interviews with variousospital administrators and staff members, their family members,
security personnel, remediation personnel, public health officials, health #ssocia
representatives, and federal, state, and local emergency eapeértecorded field notes from
visual inspections of the hospitals one month after the eVhatfocus was on 15 different care
hospitals including publicly owned, investor owned, and-foosprofit. They also obtained
information fromnews reports and web sitd&olume 2 (Womble et al. 2006) focused on remote
sensing technology for damage assessments. The objective for this teaonragadly perform
building damage assessments in order to preserve perishable damage data. Thayaised re
sensing data from optical and radar sensors, and then deployed a ground team tgemollect
referenced photographs and videos using the VIEWS (Adams et al. 2004) system in order to

validate remote sensing dafehey focused primarily on two areas: the Mississippi Coast and
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New Orleans. The details of their field strategies and tools aocgilolss in detail in the report.
Volume 3 of the series (Jenson and Ram 2007) outlinedntlestigaion of public health,
drinking water infrastructure, and wastewater infrastructure. The massance team consisted
of two members: a civil engineer and a medical ex{deata for morbidity and mortality were
obtained from the Centers for Disease Control and Prevention (CDC) and the nauisia
Department of Health and Hospitals (DHH). The field team visited facilitiesughimut
Louisiana and interviewed residents, nurses, social workers, doctors, manager§rdes
personnel, and others over a four day period. Volume 4 (Mosqueda and PortedeXifibed
theinvestigaion of damage to commercial buildings and lifelines (eleqgtower, water supply,
wastewater, telecommunication, and police and fire statidihgre were two deployments: the
first was within a week of the event (Septembdrl6 2005) and the second was after the flood
waters had receded and the evacuation ondet lifted (October 3, 2005). Twenty-three
Buildings were investigated using traditional field notes, observations and photograpime
5 (O’Connor and McAnany 2008) focused on damage to bridges and tunnelsobtaaed
initial aerial imageryfrom anairplane flyover andhen afield team deployed twice: September
6-11, 2015 and October 1%L, 2005. Their goal was to capture photographs of the raw damage
(perishable data) caused by the event in order to understand bridge pectarmbeir site
inspections consisted of expert observation through the recording of field notes and phetos.
field inspectors kept an “Inspectors’ Daily Journal” which w&tHached as an appendix.

From September 23 to 25, 2005 a team of researchers funded by the Natienak
Foundation (NSF) conducted a field investigation after Hurricane Katrina hetipurpose of
collecting and analyzing perishable wind damage data for residential, woodftaroires in

order to suggest improvement to residential building codes and improve woodfraoteretru
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performance in hurricane winds (van de Lindt et al. 2005, 2007). In order to do this, they
investigated twentgeven damaged woodframe structures or subdivisions. Their data included
structural observations and nstructuralobservations which were recorded in the field. They
recorded damage to buildings through extensive field notes and photographs using handheld
cameras. They obtained wind speed estimates at each structure by oyetth@yistructure
locations with a wind sged map that was obtained from the National Oceanic and Atmospheric
Administration (NOAA). The causes of failure for individual elements wera ttetermined
through expert forensic opinion using the collected data (van de Lindt et al. 2005, 2007).

Zhou etal. (2015) proposed a new methodology for the damage assessment of residential
buildings using imagéased 3D reconstruction, and then tested this method using data from
Hurricane Sandy. The primary problem with using remote sensing is thatntpotidices low
resolution imagery. This problem is usually solved through algorithm improvemenAdams
et al. (2004) or through the use of expensive, high resolution equipment such as LiBARy(se
Prevatt et al. 2011; Greattinger et al. 2012). The proposed methodology for 3D recamstructi
does not require a LIDAR scanner or algorithm improvement. Instead, it uses photobytake
less expensive digital cameras to reconstruct a 3D image which can be useddte ektimage
to structures. In order to achietlds, dozens of photos of a single building at different angles
were taken, then the 123D Catch software by Autodesk and the SURE open sourced platform
were used to create the 3D reconstruction, and LIDAR point cloud data wer¢echbttegalidate
the results and method. The point clouds from these three methods (LIDAR, 123D Catch, and
SURE) were compared, and it was determined that SURE point clouds are moateattan
123D Catch point clouds. This study suggests that irfbaged 3D reconstruction cédie a

valuable tool for assessing the damage to buildings after a hurricane. Howenegxifeanely
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detailed damage assessment is desired (e.g., displacements < 1cm) thethtidscarenot be
used. Photos taken with large overlaps (more than 90%) téadadduce the highest quality
point clouds. Unfortunately, only small portions of the roof were able to be reconstructed
because of the images were taken at ground level. This problem may be ableesoledr
through the use of unmanned air vehicles (UAVS) (e.g., drones) (Zhou et al. 2015).

After Hurricane lke, a team from the Texas Department of Homeland Security talemp
to assess hurricane damage in Texas in the social, built, economic, and natural em&onm
They focused on broad topics instead of specific details. Their purpose was not to poujgse
changes or policies but simply to report the damage. They obtained their inborrfratin
internal government agencies, universities, and online resources. For ex&eplebtained a
portion of their data on the natural environment by collaborating with the Texks &adl
Wildlife Department (TPWD). Similar to many of the other studies discussed iseittion they
focused primarily on damages and losses and chose not to study the undamagedcinire.
They also investigated each of the community domiachisidually, but there was no discussion
on their interdependencies (Texas Department of Homeland Security 2008).

After the 2008 Midwest riverine flooding, the Federal Emergency Managehgemicy
(FEMA) deployed a Mitigation Assessment Team (MAT) with the purpose ofndigiag if
mitigation strategies employed by FEMA for buildings and other structuriesva and southern
Wisconsin were effective (FEMA 2009). The conclusions and recommendationsniezraged
to aid decision makers in reducing damage to structures in future flooding events and provide
information that may be useful in updating building codes. AMAE was deployed to perform
initial inspection and determine if a MAT woule mecessary. The pMAT entered the field

about a month and a half after the flooding and spend seven days collecting field data. The full
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MAT was deployed in the field for one week starting after theM#d field investigation
ended. They developed an investigation plan based on tHdAF&s findings in which they
attempted to investigate the most damaged communities. Data that were collected ineldided
notes, photographs, aerial imagery, GIS information, and interviews with building oamgrs
govenment officials. The field team was comprised of FEMA staff, design and aotstr
experts, engineers, architects, building code experts, floodplain expertsd maiigation
planners, GIS specialists, and technical writefhle community components ah they
investigated include: social and economic impacts, residential and commaiiciedds, critical
and essential facilities, mitigation technigues and planning effectiveness, riak
communicationMore specifically, they investigated systems tinatudedfoundation damage,
non-sstructural damage, interior finishes, electrical and mechanical systembfetinds. Their
general methodology was to visit a structure that sustained flood damagmseidige specific
causes of the damage or loss of functionality, and recommend future practices taraNaid s
damage based on expert opinion (FEMA 2009).

In an effort to obtain perishable damage data after disasters, a methodatogsoposed
by Dashti et al. (2014) that utilizes social media and atkerote sources for data collection.
After the September 2013 flooding in Colorado, geferenced tweets of images were collected
and used for estimating infrastructure damage. In order to collecirdatdwitter, a system that
uses a founode Cassandraluster to store tweets from Twitter's streaming application
programming interface (APIl) was implemented during the first nine days ofldbdirg.
Twitter's API allows the user to search for keywords, user IDs, and g#gogiaounds, and then
it shows all matching tweets. A total of 212,672 unique tweets were collected and 2,658 of the

were geetagged. These tweets were then combined with hazard maps and satellite.iflaigery
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method of damage assessment is meant togyeliainary planning and decision making tool
for future field investigations (Dashti et al. 2014).

Wilson et al. (2014) providguidelines from multdisciplinary tsunami reconnaissance
experts on the best practices for conducting a tsostami feld study. The protocol consistefl
10 components that are recommended tiobewed by research and focused coordination,
communicationand collaborationelated issuesThey first address the importance of conducting
ethical research in both studies that include human subject and those that do not. The ten
components are:

1. Contact event coordinator: Discuss conditions of impacted area, other surveyaiedms
local logistical support. This will help eliminate redundant data collection efforts.

2. Prepare and share field plan: Provide ¢wsordinate with necessary information such
as: dates and locations of field work, names and affiliations of field team nerdatx
collection plan, and dissemination plan for sharing data with others.

3. Obtain official survey badge: After approval by the event coordinator, thisfidatbn
would allow access to damaged sites.

4. Include local experts on your team: Someone withememt knowledge of the impacted
area and knowledge of local culture and language.

5. Coordinate and communicate with others: This allows your team and other teams to
obtain additional data and not waste time collecting redundant data. Team mems$ers
have communications equipment teatble them tgovernment officials in case of
emergency.

6. Follow check in procedures
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7. Pay attation to all safety regulations: The event coordinator should supply teams with
safety regulations that must be followed. Aftershocks leading to additionairtisumeay
occur.
8. Be prepared to answer questidresn emergency respondersficials, and survivors: Be
clearabout your purpose, background, and expertise. Do not provide misleading
information.
9. Follow check-out procedures and provide buefings Provide a summary of the work
accomplished and future work intended as well as a plan for sharing information.
10. Provide final data for others quicklycluding the individuals in the affected areas and
other collaborators.
Discussion of Studie$-ocusing on Physical Systems

In the days immediately following a disaster, perishable data are availabler¢hoften
lost during the cleanup process. In order to prevent this data from being lostpioisant to
send a preliminary reconnaissance team as soon as possible after the disagesamltan then
collect some of this valuable, perishable data] use it to aid in deciding if a more detailed field
study should be conducted (Todd et al. 1994; FEMA, 2009; Kuligowski et al. 2014). There are
different data collection strategies for different disaster types.aRornado field study, it is
common to investigate damage along transects perpendicular to the tornado pettm¢@raet
al. 2014; Prevatt et al. 2011). However, for an earthquake field study, it is motiegbraxc
investigate starting from the earthquake epicenter and moving outward (Taldd @94). Data
collection strategies should be carefully planned and modified to fit the ispéisidster and
community. The development of a data collection strategy should be informed inyinae}

data and, preferably, aerial imagery (O’Connor and McAnany 2008).
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Part of the planning process includes the selection and training of field teabemseih
is important to have a diversity of skills and expertise within the field {§add et al. 1994;
Kuligowski et al. 2014; MCEER 2006-2008; FEMA 2009). Every member of the field team must
be trained properly for their specific task. When team members are not treopedy the field
study can become chaotic and possibly unsuccessful (Maranghides et al. 2011, 2016). Also,
during the planning process, interview questionnaires should be developed foretifec sp
disaster and community. The development of questionnaires should be informed byprdata
preliminary investigations (Kuligowski et al. 2014). All interviews should bedtribed and
analyzd using software if resources allow (Kuligowski et al. 2014; Maranghidak 2011,
2016)

Technological advancements are rapidly changing the tools and methods theingre b
used for field data collection. Approximate damage estimates can be providdg Quithe use
of pre and post event satellite imagery. These damage estimates should be usdel fieldui
researchers to locations of interest, and not as a final product (Adams et al. 208y Bbal.
2005). Grouncand aeriabasedscanners cahe useful for collecting damage data with varying
resolution. Aerial scanners collect data quickly, but the resolution can be coarsed Gased
scanners take a long time to collect data points, but the resolution is often matep@meling
on the specific equipment that is used. It is most beneficial to use both drased and aerial
data collection methods. However, it is typically not feasible to use terrestiaheys as the
primary method of damage data collection due to time and resource constiagytsaré often
supplemented with traditional data collection methods (field notes, photos, and videdsdecor
by team members). In certain situations, it may be useful to combirey@né satellite imagery

with postevent data obtained using restrial scanners. This allows researchers to obtain fairly
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accurate estimations of wind speed and strattlamage (Kashani et al. 2013radtingeret al.
2014; Prevatt et al. 2011; Maranghides et al. 2011, 2016; Maranghides et al. 2009, 2013;
Womble etal. 2006).

An alternative to remote sensing technology is to use digital photos for 3D rectiostr
as in Zhou et al. (2015). Another method of obtaining rgéerenced damage data is through the
use of social media (Dashti et al. 2014; Graettingel.e2C44). In order to obtain unbiased
samples, field researchers should inspect a representative sample ofuctirestthat is not
based on their damage states (Kuligowski et al. 2014). Throughout the field studys proces
collaboration with other researchers, government agencies, and universitieggabkino order to
gain additional data and prevent redundant data collection (Todd et al. 1994; Mdearajhal.
2009, 2013). When possible, field study data should be made available to other reseadchers a
the public. This can be done by creating an easily accessible online databasen{@rasitial.
2014).
2.1.2.Studies fausing onSocial Dimensions of Communities

In order to understand the strategies and techniques that researchers have uksd to col
field data that help them understand the social science domain after disasterddfisteidies
were reviewed that focused on studying human behavior after disasters. iVaaspdrts are
summarized below.

After the Haiti earthquake of 2010, Lu et al. (2012) sought to track the locations of
affected people before, during, and after the event. In order to do this, they rewédbaith
Digicel, the largest mobile phone operator in Haiti, to track the locations of 1.9 millio
anonymous people from fortwo days before the earthquake to 341 days after. It was assumed

that this sample of Digicel users was representative of the entire populatitentiofDigicel
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provided them with the locations (to the nearest cell tower) of all mobile phoneonserper

day. The spatial resolution was from 100 meters to a few tens of kilometers depending
distance between cell towers. This alternate data collection method allowedlLtoeavoid the

bias of interviews and to obtain data at any point in time ocespid also allowed them to
accurately study population movement as a surrogate for investigating the reicajeetpry of
individuals affected by the disaster. They concluded that population dislocatiorsamably
predictable in the aftermath of detars.This methodmay be applicable to the NIST Edield
studymethodologybecauseur field studies will focus on more developed countwesch will

likely have even more prevalent mobile phone use than Haiti. Unfortunatelstuli had a
limited sample because they were not able to track people who don’t use mobile phones or don’t
use Digicel. This may be less important for developed countries becausereofprevalent
mobile phone use. The study was also limited by desolution of time and space (1 data point
per day and up to tens of kilometers between data points). Also, the data provided by DRigicel di
not provide any demographic or socioeconomic information about the users. Firealydly

was limited because they could not account for power outages (or lack of chategiogs) and
mobile phone tower disruption (Lu et al. 2012).

Gray et al. (2014) utilized a combination of techniques to estimate and model population
dislocation after the 2004 Indian Ocean tsunami including: surveysijtedatathgery, and muki
variate statistical analyses. First, they obtained data from a survey deatlome before the
tsunami as a baseline. Then, they tracked a sample of the original respandeapgroximately
10,000 households and interviewed themuatly for the first five years after the tsunami with
plans to interview them again ten years after the tsunami. Local unyvstisitents conducted

the interviews after undergoing four weeks of training. These interviews refrged by less
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than 1% of the respondents, although the students sometimes had to visit a site up tosfive time
over a year in order to obtdine data they needed. The interviewees were asked where they were
living before, during, and after the tsunami. The authors then approgithaelamage extent of

the tsunami using techniques that were similar to Adams et al. (2004): pre and past disas
satellite imagery was compared to determine damage to communities. Multivariateaitatis
methods were then used to analyze the majoosmmnomic factors that affect displacement.
The primary limitation of this study is that there was some difficulty in tracking theidluials

from the pretsunami survey because many of them were missing or decddsed people
dislocate very quicklyfger disasters which makes it difficult tdtaina representative sample of

the original population. The information that they got from the questionnaires had toybe ver
broad because the sample was so large which caused th@sstsome important detsi(Gray

et al. 2014).

Sutton et al. (2008) investigated the communication practices of community nsember
during the October 2007 California Wildfires. Their goal was to show thatk¢haanel”
communications supported by social media may be used more prominently in the future of
disaster response. Backchannel communication occurs when community meoni@xsneate
their needs to emergency responders after a disaster. Days afteeshstdited, the research
team began collecting qualitative data fromemitews and online resources. After evacuation
orders were lifted, an online questionnaire was developed to investigate tbkinfsemation
and communication technology (ICT) by community members. The questions on thisdogm w
developed from initial research findings and earlier research, and included encitqgapte and
open ended questions. The questions that were asked were related to the effeché€llesse

for communicating with others during the fire, evacuation, and cleanup process. Btey po
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solicitations on social medigracebook and Flickrlocal forums, and online newspapers in the
affected communitiesThey had 279 respondents who completed the fdrns method of
distributing and recruiting for the survey allowed them to reach a gmreatdber of people with
less time and money spent (Sutton et al. 2008).

In order to study the nemaditional and prosocial behavior that occurred after Hurricane
Katrina, Rodriguez et al. (2006) used databases that were created by field resesritiger
University of DelawareDisaster Research CenteDRC), media reports, and government
agencies. They investigated five areas in the community: hotels, hospitatdarbmpd groups,
rescue teams, and the joint field office (JFO). The data that tredyzad came from quick
response field studies that were performed by teams that entered thediglthade weeks after
the event and remained there for five to ten days. The data collection aciivitieded:
interviews, observations, and the gathering of related documents. The fieldvieaets local
response centers and interviewed local, state, and federal officials, raliefrsy and evacuees.
Firsthand accounts were assumed to be more credible than media accounts because in the
aftermath of Katrina there were many media stories that falsely portrayed theuwciynm
response as antocial. They used the acquired data to analyze individuals’ responseseat thre
stages of the disaster: immediately before, immediately after, and longRedrnguezet al.
2006).

In November 2013, Super Typhoon Haiyan, the strongest storm ever recorded at landfall,
hit the central Philippines causing over four million people to be displaced. Intorsteidy and
learn from this mass dislocation, Sherwood et al. (2015) used a method that was medotdo e
the relationships between pegent socioeconomic conditions, the experience of the displaced,

and the obstacles to recovery. They collected quantitative and qualitavéaat December
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2014 to March 2015. The quantitative data were collected through a questionnaire which was
designed to investigate socioeconomic conditions before and after the event and tleeeegeri

of the displaced. The survey was distributed in the region most damaged by tter,chsagll

other regions were neglected. In all, 4,518 households intfae municipalities received the
survey. To supplement the surveys, qualitative methods were used to gain a deeper
understanding of the displaced persons’ experiences. Qualitative fieldwsr&onducted in two
stages with the initial findings from the first stage informing the development ofetderdrk
strategies for the second stage. These methods included: thirteen focus grosgiatis (one to

two hours long), site visits to heavily damaged sites, and interviews (45 minutes to 2.5 hours
long) with thirty-four individuals including local government officials. These individuals were
selected based on characteristics that allowed the researchers to gaifrangiitg perspective

of the experiences of the displaced. Conclusions and recommendations were drawhnefrom
trends in the quantitative and qualitative data (Sherwood et al. 2015).

From 1967 to 1988 the Disaster Research Center (DRC) conducted over 450 sociology
oriented field studies. The DRC was originally established by Quaraatellhe Ohio State
University, but has since moved to the University of Delaware. In this articlaragtelli
attempts to capture the general protocol that was used in these field studiesf Mesdata
were collected by graduate research assistants (GRAs). These GRAs had go ertensive
training and preparation. A large emphasis was placed on having researchersitat dbeng
the peak of the disaster recovery process. Field study kiespwepared and ready for dispatch at
all times. Once in the field, formal interview guides were used. The openingomsesiere
usually general and open ended. The guidelines given were usually loose, stheesdwd to

have a complete understandingvdiat the purpose of the study is and what data needs to be
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collected. Qualitative data can be collected formally through interviewsfamally through
casual conversation, etc. One member of the field teasplaced in a leadership position and
made he decisions regarding strategies and direction in the field. All interviews swedio
recorded, and photographs were taken to record significant findings. When fatidimgd, all
recorded interviews were transcribed and used for analysis. At the eadlotlay in the field
the researchers would meet together, discuss their findings of the d&g, \mbs¢her they were
meeting the goals of the project, and decide on strategies for the next day’'d ike several
other organizations including NIST, they would do a reconnaissance studyhérsteport back
and decide whether or not to do an in depth study. Since GRAs were used as field study
researchers, their positions were inherently temporary. The DRC atteimgi@sé this problem
by having a costant cycle of older, more experienced GRAs training new GRAs. Delals in t
post data processing (due to GRAs work schedules) sometimes caused thedfittabddtawed
(Quarantelli 1997).
Discussion ofStudies Focusing orgocial Dimensions of Communies

Conducting field studies that focus on social issues typically involves surveys and/or
interviews of various community members. Just like physical data, perisdde data are lost
quickly after a disaster due to the inability to track individ@add groups, so it is important to
have an initial field teanmenter the field rapidly following a disaster. (Sutton et al. 2008;
Sherwood et al. 2015). The development of surveys and interview guides should be guided by
the data that are collected after thisaster if a longer, more detailed study is to be conducted
(Sutton et al. 2008; Sherwood et al. 2015). Unskilled workers can be used to conduct surveys and
interviews if they are trained properly (Gray et al. 2014). When researateets aonduct

interviews or surveys in a foreign culture, it is best to train local citizens to cbriideic
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interviews if possible, which leads to higher rates of cooperation from theeaffeenmunity
(Gray et al. 2014).

Sometimes, detailed social data may be available from before the disasteedcitus
important to find and obtain any data that may have been collected in the commungythefor
disaster. These data can serve as a baseline for data that are collected after éhéGligg st
al. 2014). It is important to use survey methods that avoid bias in population samples (Lu et al
2012). There are several effective methods for obtaining survey data includingp féaee
surveys (Gray et al. 2014), online surveys and solicitation on social media (SuttoA0£i83,
mail surveys (Webb et al. 1999), and telephone surveys (Galea et al. 2007). Most impdrtantly, i
is critical that field teams communicate with government agencies, news repatieer
researchers, and private firms (e.g., cell phone compasget)at they can obtain social data for
which they would otherwise not have access (Lu et al. 2012; Rodriguez et al. 2006).

The majority of these studies do not investigate specific connections between huma
behavior decisions and physical infrastructggstems damage and functionality which are
believed to be needed to model community resilience. For example, in order to undehstand
family has been displaced from their home, researchers should investigatg/sieal damage,
social issues, and ecamic stressors that caused the family to make the decision to leave their
home. The decision to dislocate is often driven by a combination of these (and other)lfissues.
this decisioamaking process can be modeled then community models move frordrileta

models to physics or first principle models.

2.1.3.Studiesfocusing on Epidemiology
This section includes studies that investigated quantities, locations, and aladsath

and injuries. Reports are also included that investigate mental illness anichposdtic stress
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disorder (PTSD) resulting from disasters. The five reports that weeawediinclude both field
studies that used surveys and interviews to identify morbidity and case shadiebtained data

from government agencies or other organizations. These five reports are szedrbalow.

In order to investigate the injuries that occurred during the 1994 Northridie) eake
that resulted in hospital admission or death, Pesk et al. (1998) obtained mortality data from
the Los Angeles City Coroner, and then screened all seegty hospitals in Los Angeles
County for earthquake related admissions. A total of 171 earthquake related injarees w
identified, thirtythree of which were fatal. These injuries were coded using the Abbreviated
Injury Severity (AIS) scale, which classifies the nature, severity, logadiwh type of anatomic
structure of the injuryand then analyzed by gender, age, and cause of injury. Census data were
then obtained and used to determine injury rates. The injuries were linked tocsipeitdfings
when possible (fiftyseven linkages), and the Los Angeles City Department of Building and
Safety inspection data were then purchased for these buildings. This study ek biecause
complete autopsies and lists of injuliagnoses were not always available, and the hospital
screening process may have missed some earthquake related injuries. Theayssaafjreat
deal of uncertainty about quantity and type of injuries following a major disasie this report
concludeghat predicting injuries due to earthquakes is a complex process which includes many
behavioral and environmental variables (Peek-Asa et al. 1998).

In order to assess the posttraumatic stress reactivity (PTSR) of over 20,000i tsuna
survivors, Frankenbergt al. (2008) conducted a study that collected and analyzed survey data
from Aceh, Indonesia and North Sumatra, Indonesia, using techniques similar oeGalle
(2007). A representative sample of the population was interviewed beforeitlentas a jart

of the National Socioeconomic Survey (SUSENAS) which was performed by tiSsatis
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Indonesia and then these inmt@ewees were locatedfter the evenfwith the help of Statistics
Indonesia)for a follow up interview. Ninetyseven percent of prevent irierviewees were
contacted for the secondary survey. Thegwent interviews took place in 2004, the tsunami
occurred on December 26, 2004, and the-pusnht surveys took place from May 2005 to July
2006. The survey removed bias by including individualeni undamaged areas as well as
damaged areas. PTSR was measured by using a seven symptom checklist bekasténeadd

at the point of maximum stress during or after the disaster. Yes/No, multiple croicepen
ended questions were all a part of these surveys. The rates of mental illnedskezt to
building damage estimates, and it was found that the individuals with the highesifIBM&R
were from the most severely damaged areas. Approximate damage estimatelstaiaed using
remote sensm data from NASA’'s MODIS sensor, reports by community leaders, and
observations of field teams. The data were also analyzed for trends relatsdién, gige, and
socioeconomic status (socioeconomic status was found to be the least sigridatant
Multivariate regression analyses were used to draw conclusions from various aj@mmgnd
other pertinent data (Frankenberg et al. 2008).

Brunkard et al. (2008) performed a case study that sought to document and describe
Hurricane Katrina related deathslinuisiana in order to help reduce mortality in future events.
They obtained their data primarily from the Hurricane Katrina Disaster MgrfDperational
Response Team (DMORTWhich isa federal response team that deals with mortuary activities
in the aftermath of disasteatabase and death certificates collected by Louisiana vital statistics
and outof-state coroners’ offices (such data did not become available until two yearshaft
disaster). Mortality data points were ¢gecated and analyzed d$fly. They grouped and

analyzed the data by cause of death, race, gender, time of death, locakathofand age, and
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then analyzed these data using advanced statistical methods to discovepayhilation groups
were most vulnerable to Hurricane Kaa. A lower bound and an upper bound mortality count
were estimated by adding the deaths that occurred in the proper time framerthatiginally
classified as “indeterminate.The mortality estimates that they provided were conservative
because theyncluded people who died from a number of different causes in the weeks and
months after the hurricanéMany people died from prexisting conditions (primarily the
elderly), and it is difficult to determine whether or not the hurricane aggavaese dieases.
The study was not able to account for missing persons and bodies that were never found.
(Brunkard et al. 2008).

Galea et al. (2007) used surveys to determine the connection betweeilvBiMety
mood disorders and hurricane related stressors anesidents affected by Hurricane Katrina.
From five to eight months after the event, 1,043 individuals were given a soveeythe
telephone. Respondents were selected from three sources: a random samplphoheele
numbers connected to households indteas affected by the hurricane, a sample from telephone
numbers of those who applied for assistance from the American Red Cross, anpleafisam
the hotels that sheltered evacuees. The survey included tnieetyclosed ended questions,
several additinal open ended questions, and the respondents were asked to rank their stress level
during the hurricane on a scale of one to ten. This allowed researchers ify tdamtnatic and
nontraumatic stressors. They used the K6 scale of nonspecific psyclabldigitess to predict
the probability that the respondent would be diagnosed with a mental disorder @i$ of the
hurricane. The data were analyzed for association between mental illnesgyeggndex,
race/ethnicity, family income in the year befahe hurricane, education, pheirricane marital

status, and praurricane employment status. One challenge of this study is that it was difficult to
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locate and contact people who were affected by the hurricane. Only 64.9% eotigdot
respondents were eventually able to be contadtied.survey volunteers were also required to
commit long term to the study so that changes could be tracked over time. This comimitmen
level likely dropped the response rate even furtiibe sample waBmited because it did ro
include people who could not be reached by telephone,adalitional factors that were not
mentioned in the survey may have been the cause of mental disématifser limitation is that

they used screening scales rather than clinical interviews wtighsén less precise estimations

of mental illnesses (Galea et al. 2007).

Zahran et al. (2008) investigated casualties due to extreme flooding eventeirtcor
determine if socially vulnerable populations see a disproportionate number of deattts due
flooding. They analyzed 832 flood eventsseventyfour counties in eastern Texas from 1997
2001, primarily focusing on geographic localities characterized by higemages of socially
vulnerable populations. Three socioeconomic predictors of floodaktiegsu were used:
population density, local preparedness, and presence of socially vulnerable populati@ts. Soci
vulnerability was measured based on household income and racial data from the U.S. Census.
They obtained mortality data from the Spatial HdZavents and Losses Database for the United
States (SHELDUS) and the Centers for Disease Control and Prevention (@xh provide
data at the county level. This forced them to perform their analysis at the cmaigy which
means that they were not alib determine the socioeconomic status of individuals harmed by
flooding which they stated created intrinsic error in their models. Ottgoriant data that were
collected and included in their analysis were: precipitation data (Natidinzht€ Data Ceter),
number of dams in each county (U.S. Army Corps of Engineers), percent of iaysesurface

(NASA Stennis Space Center imagery), property damage (SHELDUS), FEBEMAesonomic
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rating (FEMA Community Rating System), population density, and social nalditiey index
(US Census Bureau Population and Housing FilBsjoinflated negative binomial (ZINB)
regression models were used to analyzedtata.(Zahran et al. 2008).
Discussion of Field Studiesdcusing onEpidemiology

Epidemiologic studies thdbcus on morbidity and mortality caused by disasters have a
great deal of uncertainty and typically utilize data are typically gathered remote sources
(e.g., government agencies and hospitals) (Brunkard et al. 2008 ABaei al. 1998; Zahran et
al. 2008). The exception to this is mental morbidity studies which often involve surveys that
evaluate individuals’ mental health before, during, and after a disasidresSof this type may
be inaccurate because they rely on surveys to determine menlidl imstead of clinical
interviews (Galea et al. 2007). It would be beneficial to obtain a mental hemitay sof
individuals before the disaster if these data are available (Frankenlzér@@08). It is common
for researchers to obtain approximatanestes of physical damage using satellite imagery or
other quick methods in order to link morbidity and mortality to the severity of gdlydamage.
These approximate damage estimates are sometimes validated through field iohservat
obtaining data from other sources (Frankenberg et al. 2008). In order to remove Isaspdata
must be collected for individuals of varying levels of morbidity (no injury to dektiapkenberg
et al. 2008).

When conducting community resilience focused field studiess itecessary to link
morbidity and mortality to other community domains. In the studies that were szijieavera
of the authorsconneced morbidities and mortalities to physical systems. However, there are
other community systems that affect mental physical injuries during disasters. For example,

a treatable injury may lead to death because the emergency responders coulfbmottipeir
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jobs effectively because of damage to transportation networks, or an individual’'s 80&R
might be extremelyigh because they did not receive the financial aid that they needed after a
disaster. These are examples of the critical linkages that should be investigatedollecting

data to model community resilience.

2.1.4.StudiesFocusing on Economics

The following six studies focus on how disasters affect a community’s economy. The
purposes of these studies range from investigating how individual businesses vatee affea
disaster to creating a model of a community’s economy that estimatetsasicemdirect loses
after a disaster.

Webb et al. (1999) conducted a field study to investigate the long term recovery of
individual businesses eight years after the 1989 Loma Prieta earthquake am@rsiafyer
Hurricane Andrew in South Florida. They used a modified version of Dillman's (1&%8)
design method," which combines mail surveys and follow up phone calls to maximize the
number of quality responses. The surveys were sent only to businesses that wetdlopéame
of the disaster and were still in busgs at the time of the studyhe 4,286 businesses South
Dade County had a 27.0% response rate and the 3,705 businesses in Santa Cruz County firms
had a 33.6% response rate. Data collected included physical damage, duration ef mlosber
of lifelines lost, and disruption of operatiofhey were also asked whether the business was
currently worse off, about the same, or better off thavas before the disaster, and theners
were asked to identify whether the changes that took place were dis&stt or notOrdinary
least square (OLS) regression techniques were then used to analyze .thbala¢sults of the
surveys suggested that the greatest indicators of business interruptiaterinobimportance

were: economic sector, pdesaster fimncial condition, business age, primary market (e.g., local
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or international), and business size. They also created a business disruptiothatoddbased

on five factors: business and owner characteristics, previous disastereegpgemirect and
indirect losses, measures taken to contain losses, and owner perceptions of the business
environment. One large limitation of the study was that it only measured mesnbst were
successful in staying open after the disaster (Webb et al. 1999).

A model ofbusiness recovery was developed and tested by Dahlhamer et al. (1996) using
surveys of businesses that survived the 1994 Northridge earthquake (similar to Webb et al
1999). A random sample of Los Angeles area firms was selected for the survey ¢y usin
stratified sampling, with shaking intensity, type of business, and size of busingssgsups.

A modified version of Dillman's (1978) "total design method” was used to conduct the surveys.
The collected data included: Business size, disruption of business operations due to the
earthquake, characteristics of the earthquake at the site, and the availabilitiyexternal aid.

The results of this study lead to two important conclusions. First, physical dasmaagt the only
indicator of business performance. The effects of the disaster on busines®ipemad the
impacts of the disaster on the businesses’ surroundings must also be irecgtsfigabnd, the aid
available to businesses following disasters may not actually help them. Somegnags dimly
created more problems such as additional debt. This study was limited becadis®itadaluate
businesses that performed better as a result of the disaster (e.g., mangfaciirconstruction
sector), and it did not investigate businesses that clxsedresult of the disaster (Dahlhamer et

al. 1996).

Studies such as Webb et al. (1999) and Dahlhamer et al. (1996), while useful, lgave a ga
in knowledge of small Biness behavior after disastéecause these studies only investigated

surviving businsses. After disasters, businesses often move, close, are resathed, morph
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into something else making it difficult to find and contact the owners. Schrank @0&P)
proposed a methodology for tracking owners of small businesses after disadtéestad the
methodology after Hurricane Katrindhe authors attempt to solve many problems related to
postdisaster reconnaissance such as: timing, generalizability, and atkegdirst selected a
representative sample of small businesses 200 employees) that were in operation prior to
Hurricane Katrina by purchasing data from the 2004 Dun & BradstreeB)Riatabase, and
then identified businesses that began after Katrina and businesses that hadteloBedriaa by
comparing the 2004 D&B databe to the 2009 D&B database. Once they identified potentially
demised businesses, student worleaked the old phone number to see if it was operational
andif it was not operational, thetmey used an online search process called “record linkage”
which finds information across pairs of files to determine if those pairs areassiowith the
same business. Using this method they were able to find and contact the vasy rofjtiet
demised business owners. In addition to this, they sent four team members indtdtbedr a
period of twelve days to try to find these business owners. The field team membensotver
nearly as effective at finding and contacting the demised businesssoam#re desktop search
process.One of the limitations of thistedy is that D&B records have some inaccuracies. If
possible, state business license records should be used instead of D&B records @chlrank
2012).

Merz et al. (2010)eview the current state of the art practices for economic flood damage
assessmentand identifies future research directions. Oversimplified approaches to economi
damage assessments are often used by researchers due to lack of data kufdndey
argue that uncertainty analyses of model inputs and assumptions should alwayerbeedeit

is important to understand the spatial and temporal boundaries of the specifihiatyutwant
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to do. The authors identify 4 types of damage (direct, tangible; direct, intanmibiesct,
tangible; and indirect intangible) and 3 types ad@al scales (micro, meso, and macro). For the
NIST COE methodology we are interested in all three of these spatial scales.following
three steps describe a procedure that is often used for the evaluation of iscacfldod
damage:

1. Classify eéments of interest into homogenous groups

2. ldentify thequantity,type and estimated value$ at risk elements

3. Evaluate vulnerability by relating flood impacts to damage to assets.

Indirect economidossesare a result of changes in the economy due to direct damages.
Business interruption is a common result of indirect damages. In order to undenstiaect |
economic damages, linkages within the economic system must be defined. Two examples
immediate short term losses after a disaster are: input/output losses to firms evho ar
manufacturers or suppliers to the impacted businesses and reduction of demand or consumption.
Indirect losses are difficult to measure which has led to the use of econodetsrtm estimate
losses. Examples of economic models include: Hopipput models,simultaneous equation
models,and computable general equilibrium models. There are many limitations of economi
data assessments. Very few data sets are publicly available and litthews labout their
quality. Standardized methods of flood damage data collection have not been developed, but
have consistently requestéderz et al. 2010).

Addy and ljaz (2011) provided preliminary estimates of the fiscal ingfabie numerous
tornadoes that occurred in Alabama on April 27, 2011. This study is character&zedsesstudy
not a field studybecause the authors analyzed data that had already been collected instead of

collecting data in the field. They attempted to define the fiscal impact on teeastatwhole by
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looking at individual metrics such as changes in employment, Alabama gross dqredict
(GDP), state and local tax collections, and cleanup and rebuilding costs. They depended on
several organizations for data including: Alabama Department of Finance sldbepartment
of Industrial Relations (ADIR), Alabama Department of Revenue (ADOR), Bu#eau of
Economic Analysis (BEA), U.S. Bureau of Labor Statistics (BLS), and mepitatse They used
the reported sales and income tax revenues to determine the total loss of staentax v is
often the case with peslisaster fiscal impact studies, there was a great deal of uncertainty in the
analysis. This uncertainty was accounted for by providing low and high end estiarades
empirical multipliers were used taccount for unknowns in the analysis such as recovery of
waste managemé and construction industrie§hey made the assumption that economic
damages occur only in 20Hhdassumed valuef®r amouns spent on cleanup, assistance, and
rebuilding. These assumptions ensure that the estimates are conseraaiveport did not
attempt to estimate the disaster’'s effect on important resilience snstroh as quality of life,
displacement, and mental and physical health issues (Addy and ljaz 2011).

Pan (204) evaluated the economic loss associated with Hurricane lke in Houston and
developed a framework for loss estimation. Like several other economic studieé\dely and
ljaz, 2011), Pan analyzed data from existing databases and relied on datgofremmat
sources. Pan used GIS data and spatial allocation models to estimate direct iatl ind
economic losses and assign these losses to small zones within a community. Ttietdas
used included: GIS software, census data, Hazus models, and intesiilewwsmmunity leaders
and business ownerblis methodfor estimating uninsured losses relies knowing the total

insured losses and then applying a factor to predict the uninsured losses. (Ban 2014
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Dolfman et al. (2007) discuss the effects of HurricKagrina on the employment and wage
patterns in New Orleans. They did not collect any field data during this procdsadinthey
obtained their data from the Quarterly Census of Employment and Wages (QZ&ygm of
the Bureau of Labor Statistics. Economic patterns were compared before antenprtonths
after the event, and the number of jobs lost and the total loss of wages during these ten months
were estimated. They measured the economic diversity of the community bytiagathe
concentration of jobs in each industry sector and comparing it with the nationajeavéhey
then evaluated the changes in the total employment, total wages, and averagevageglgver
time in order to track the recovery of the community. Levels of employment cuthent month
were compared with levels of employment in the same month of the prior yeareintord
remove the bias of seasonal patterns of employment. They concluded that the New of
Orleans reached its low point of job loss in November 2005 (105,300 less jobs than the previous
year), after which employment began to increase slowly. The authorshsiiatastimportant to
identify all tangible costs which include direct and indirect damages (incluciisgy of
emergency services). It is also commonly accepted to use depreciated vajoesiothat are
damaged instead of full replacement cgbtslfman et al. 2007).
Discussion of Studie$-ocusing on Economics

Postédisaster field studies that collect data focusing on fiscal impact to a community are
rare. It is more common for researchers to obtain data from external publivate sources in
order to develop models. Fiscal impact studies are similar to epidemiologic studiastimeth
both primarily analyze data collected by government agenciether researchers, which are not
made publicly available until several years after a disaster occurs. Hweyypically include

large assumptions and uncertainties (Addy and ljaz, 201120H5). However, some survey
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type studies have been conductednvestigate the effects of disasters on individual businesses
(Webb et al. 1999; Dahlhamer et al. 1996). The greatest difficulty while congubgse types

of studies is locating and contacting owners of businesses that have closed, momed, bee
renaned, merged, etc. This problem can be addressed by using the time consuming process of
“record linkage” to locate business owners, which was determined to be arareffective

method than using a field team to track business owners (Schrank et al.Gfri&ih industries

such as construction or manufacturing may actually perform better aféstenlss and future
studies should investigate these effects (Dahlhamer et al. 1996).

In future community resilience focused field studies, it will be importarmot only
predict values of direct and indirect economic losses due to disasters, but alggatevegtat
physical damage caused these economic losses and how these economic lessdkeaff
everyday lives of individuals within the community. For example, economic lossesathyol
loss of employment, population dislocation, or school closings-dtsester research must begin
to be able to quantify and predict these types of secondary effects and interdepsndenc
2.1.5.Discussion and Closure

There aremany important lessonhat can be learned from the thiftye reports that
were reviewed herein. Although several of these reviewed studies weredistifiinary
(Kuligowski et al. 2014; MCEER 2068008; Texas Department of Homeland Security 2008),
there is still a dearth of studies that provide insight into thieraonnectivity of the physical
social (including epidemiology)and economic domains or even the interdependencies across
physical infrastructure sectors within that domain. Individual ntsvand systems are a part of
a resilient community, but athreedomains, and the sectors within the domains, must work in

concert and continue to be functional following an event for a community to be esiligmt.

60



Hence, the linkages across thteyscal, social (including epidemiologyand economidomains
must be understood in orderstudyand modecommunity resilience. Models of these linkages
are constantly improving and becoming more detailed, and conducting field shadibave the
ability to quantify community resilience is crucial for the future of disastsrarch.

There arenumerous linkages that can be found through additional data inquiries related
to other sectors within the physical systems domain. While many of the reviswdes
investigated the physical systems domain, they did not investigate how damagastouictinre
may have affected the social science and economic domains. For example, residé&htigkbu
are interconnected with the social science and economic dobeiaase when a residence loses
functionality (i.e., its ability to provide shelter for its residents) then thdeawets’ physiological
needs are no longer being met and they may choose to relocate which deareasesce
activity in the community. As arther example, religious buildings are interconnected with the
social science and economic domains because when a religious building is no longandunct
then individuals will lose social connections and a sense of fulfillment. Furthermabigious
organizations often provide volunteer services and financial aid for individuals in neatitse
organization has no building in which to meet, then their ability to provide these senlidas w
impaired. These are just two example of how these community domains interachchitbtieer
to drive individual decision making. In order to conduct future community resilienceefibcus
field studies these interconnected factors that influence individual decision nrakisigbe
captured by quantifiable data.

2.2. Infrastructure Dependencies Overview
In order to studya communitys resilience,it is important tounderstand the complex

infrastructure systems ah affect theeveryday lifeof its residents. These infrastructure systems
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include but are not limited to p@wvgeneration and supplyater and wastewater treatmeuit,
and natural gas production, transportation, buildings, and communication. Many ofygteses s
are dependent on each other, so if one fails the other one cannot function p@persystems
are interdependent, meaning that they both rely on each other to function properkeciiois
contains a briebverview ofthedependencies and interdependencies of infrastructure sydtems.
is not intended to be comprehensive, but only to provigevaekamples of interdependencies for
each physical system and the questions that might be asked in order to stutiyttemi-or a
more detailed literature review of lifelines and their dependettugemterested reader is referred
to NIST CGR 16917-39 (Applied Technology Council 2016).

Table 22 was created in order to show a sumnadrgachof the systens, their primary
dependenciegsand suggested field data collection methods. This is followed ubhef
explanation okach system’dependenciesThe most significant findingf this review is that in
nearly all cases, the use of backup generators and batteries greatly increaseseitiie syst

resilience and minimizes functionality interruption.
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Table 2-2 Critical Infrastructure Primary Dependencies

System Primary Explanation Reference Data Needed Data
Dependency Collectio
n Method
Power Generation | Oil and Natural| Oil and natural gas Gursesli Was there an oil | Interview
Gas provide fuel for and or natural gas power
generators Desrochers| shortage? Why? plant
(20m); manager
Rinald et or
al. (2001) governme
nt official.
Water and Electric Power | Pumps ned electric Gursesli Did you have Interview
Wastewater power to function. and power outages? city
Treatment Loss of power leads t¢ Desrochers|  How did that engineer
loss of pumpsvhich (20@) affect water or plant
leads to dss of distribution and | manager
pressure which can treatmert?
lead to boiwater
advisories
Oil and Natural Communication| Oil and natural gas | Lesar eth Did you lose Interview
Gas Systemsand producersely one- (2001) communication plant
Electric Power | commerce, commaodity between manager
trading, businesto- infrastructure
business systems, systems? Why?
electronic bulletin How did this loss
boards, computer affect production
networks, and other and distribution?
critical business
systems to operate and
connect their
infrastructures
Transportation Oil andElectric | Urban communities | Gursesli Did you lose Interview
Power rely on electricsignals and power? Why? city
for traffic regulation | Desrochers| How did it affect | engineer.
and power for rail (20@) transportation
transportation. throughout the
community?
Buildings Varies Loss of functionality | Pederson e| Did your building | Interview
Depending on depends o the al. (2006) | lose functionality?| building
Building purpose of the Why? manager
Purpose building. Some
businesses depend on
communication
systems while
hospitals depend on
electric power, etc.
Communication Electric Power Commurication Lesar et al. Did you lose Interview
systems are largely (2001) power? How did city
powered by electricity this affect official or
communication® | company
manager
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Table 2-3 (Pedersonet al 2006) show a list of utilities and services antheir
dependenciesAn “H” means that there is a high level of dependeanyM” means that there is
a medium level of dependency, amal“L” means that there is a low level of dependeniyis
matrix supports and affns the informatiomiven previouslyn Table 22.

Table 2-3:Interdependency Matrix
(Pederson et al. 2006)

Sector Fnergy & Ulilities Servieps
o
=
g a
o
-
@ g
T
== = T
= a = =
Element b= g =
= N — = >
- = m ; ) _— - [
e =2l 8 = g s 5
— I: : - ] fan] &2 =
- = Iy : £ W = =]
4 & &84 5 £ 8 ‘a »
S I B = I
H | = & Z 2 o I =
Enerey & Utilities Electrical Power L

Sewage Treatment

Water Purilication
|

Natural Gas .

0il Industry El
services Customs & Immigration n L L L L L

Hospital & Health Care Services n“ L n n

Food Industry H[H|H N L

Key: “ High m Medium |I| Low

Figure 2-3 (Rinaldi et al. 2001)shows a diagram of tb dependencies and

interdependencie®r each system withia community. This diagram is not comprehengiue
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is believed to be the first of its kind, aniddoes provide good examples of thges of

interdependencies that exist within a community.
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Figure 2-3 Infrastructure Interdependencies Diagram

(Rinaldi et al. 2001)
2.2.1.Power Generation

The majority of power outages are caused by physical datwag@nsmission and
distribution lines, or occasionally ta@eneration systemsHowever, the electric power
infrastructure increasingly relies aml and natural gas for electric power generati@uc(sesli
and Desrochrs 20@). Oil and natural gas provide the fuel that is requirettel®p generators

functioning awl lubricationfor the machinery. If access to natural gas and oil is cut off, power
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generators will cease functioninghen the reserves are empBower generation is also highly
dependent on water to cool the machines. However, since most plewes areeonstructed near
a natural water source they do not relyextternal infrastructuréor their water need€?ower
failure has a significant effect on the resilience of a community because lofotde range of
other systems that it impacts. Figurd gRinaldi et al. 20013hows a diagram that illustrates the

dependencies ather systems withia communityon electricpower.

Repair Crew
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Resupply \\ \ / Operation and
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Center /
E-Commerce )
Component Telecom = Materials
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A — — Services

Shipping Natural ___— Fuel for
Rail Electric Gas Generators
Fuel / Power c
- AT b omponent
Component / ! \\
Shipping \ Cooling

Fuel for Fuel for Emissions
Maintenance Generators Control

Figure 2-4 Electric PowerDependencieBiagram
(Rinaldi et al. 2001)

Sample qudsns for gant manageior similar)during a potential field study

Sample Question Did you have failure of transmission and distribution lines? Why or why
not?
Sample Question Did you have enough watéar cooing? Why or why not?

Sample Question 3Vhat is the source of your water supply? How was thecsoaffected?
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Sample Question Did you have enough fuébr the power generators? Why or why not?
Sample Question 3Where do youobtain your oil and natural from? How was the source
affected?
2.2.2.Water and Wastewater Treatment

Water production is directly dependent upon power generéBarsesli and Desrochers
2003. Power disruption may cause pumps to become ineffective which in turn causes a loss of
water system pressure, which often leadsbtal-water advisoriessince without pressure
groundwater and potential contaminants can leak tidosystemPower outages also cause
sewer lift stations to stop working, which causes sewage build up and in some sabesgdiof
raw sewage (Miles et al. 2015).

Sample questions fotgnt manageror similar)during a potential field study

Sample Question Did you have power outages? How did they affect water treatment and
transportation?
Sample Question 2f there was a power outage, did sewer lift stations stop working? How did
this affect wastewater transportation and treatment
Sample Question Did you have a backup generatar batterieson site?How long can the
generatoor batteriesupply power to your primary systems?
2.2.3.0il and Natural Gas

According to a report by the National Petroleum Council Committee on Critical
Infrastructure ProtectiofLesar et al. 2001 )il and natural gas systems gmemarily dependent
upon information technologyelecommunicationsand electric powerThey alsorely on e
commerce, commodity trading, businéssdusiness systems, electronic bulletin boards,

computer networks, and other critical business systemsdrmatepandconnect their systems
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This increasing dependence on communications systeimiscreaing new problems and
complexities for oil and natural gas resilience. As refineries continuectort®emore automated

they become more dependent on external ressitsuch as communications systems and electric
power. Most new natural gas appliances use electronic ignition and will not operate without
electricity. Petroleum production and delivery also dependransportation systemBetroleum
products are often transported through the use of pipelines, but the primary method of
transporting petroleum products to the end user is through the use of barges, rail, and trucks.
Therefore, if transportation infrastructure is damaged then the petroleaducts wil neve

reach their destination. In additiorggystations require electricity ander to operate pumps, and
many gas stations do not have backup generdi@tssesli and Desrochers Z)Qesar et al.
2001).

Sample guestions fail or naturalproduction plant mnagenor similan during a potential field

study:

Sample Question Did you lose communication between systems? For how long? Why?
Sample Question Did you have power outages? How did they aff@cobduction and
transportation of petroleum products?
Sample Question 3Vhat is the source of your power sughbHow was the source affected?
Sample Question Oid you have a backup generatmr batteriesonsite? How long can the
generatoor batteriesupply power to your primary systems?
2.2.4.Transportation

Most modes of transportatioare dependent upoail or gas to power their entes;
however, electric power is also crucial for certain transportatystemsFor examplein urban

communitiestraffic flow is largely regulated with the use of electric traffic signdlpower to
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thesetraffic signalsis cut off, traffic will be significantly disrupted Another example is the
dependence of electric traimd similar public transportation systems on electric power to
function (Miles et al. 2015)These are just a couplustrative examples of interdepeadcies in
transportation sstems, buthere are many more that aret discussetierein

Sample questions faity transportation engine¢or similar)during a potential field study

Sample Question Did you have power outages? How didtagesaffect electric trains and
traffic signal®
Sample Question 2//hat is tle source of your power supply? How was the source affégted
the evert?
Sample Question Did you lose telecommunication service? How did this affect public
transportation?
Sample Question 4Vho provides this telecommunication service?
Sample Question 3//as there an oil or gas shortage? How did this afifafftc patterns?
Sample Question 8/as there an increased usage of public transportation after the event?
2.2.5.Buildings

Although community resiliencéocuses on all physical and nphysical sectors within a
community,it is clear thafunctionality ofcertainbuildingsin a @mmunity plag a central role
The causef loss of functionality varydepending on the purpose of the building. Most
businesses depend on electric power for computgrtelecommunicationsand typically their
ability to function properly Other types of buildings may depend on other systems such as water

or natural gagPederson et al. 2006).
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Sample guestions for building aratflity manager (or similarfluring a potential field study:

Sample Question What is the primary function of your building not apparen Was this
function interrupted? If so, for how long?
Sample Question Did you have enough watéor necessary building functions? Why or why
not?
Sample Question 3¥hat is the source of your water supifify not apparent) How was the
source affected?
Sample Question Did your wastewater systems work properly? How did this affect your
building’s functionality?
Sample Question ®id you have enough oil and natural gas (heating, coddingj,fuel source)?
Why or why not?
Sample Question 8/here do you obtain your natugdsfrom? How was thisource affected?
Sample Question Did you have power outages? How diley affect your building’s
functionality?
Sample Question 8Vhat is the source of your power supply? How was the source affected?
Sample Question id you have a backup generatmr batteriesonsite? How long can the
generator supply power to your primary systems?
2.2.6.Communication Systems

Communication systems are primarily dependent upon electric power. Without fh@ver
systems will cease to function. As discussed previously, electric powywemarily dependent
upon oil and natural gas. When the oil and natural gas reserves are depleted or when the
transportation of oil and natural gas is disrupted, electricity cannot be produced and

telecommunications will be cut off unless a backup generator is conrieetsat et al. 2001)
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This is an example of the complexities of phgsiofrastructue dependencies, and how a single
system may depend on multiple other systems.

Sample guestions for communications coordinéiosimilar)during a potential field study:

Sample Question Did you lose power? For how long?

Sample Question 2A/here do you obtain your power? Why was this seaffected?

Sample Question Did your parent server lose functionality? Why?

Sample Question Did you have a backup generatmr batteriesonsite? How long can the

generatoor batteriesupply power to your primary systems?
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3. Identifying Resilience Metrics

In order to conduct community siience field stugks and fill the gapsin past field
studiesthat were identified irBection 2.1 a set of quantifiable metrics must be identified. This
chaptermprovides a brief review of two reports that have been published by NIST thabdescri
conceotual framework for assessing resilience at the community soadethen usesthis
conceptual frameworko helpidentify the specific field data needs for seven crupgsilience
metrics.

3.1. NIST Conceptual Framework for Assessing Resilience at the Communigcale

NIST has published two reports as a part of their Community Resilience Asaessme
Methodology (CRAM) project witlthe goal of providing a basis fassessing resilience at a
community scale. The first report (Lavelle et al. 2015) reviewed ninerexistethodologies for
evaluating community resilience. Each tbe nine methodologies provided separate set of
guantifiableresilience metris. Each of them waviewed, analyzed, and scoreased on their
effectiveness. The second repdfiMasinskiet al. 2016) proposea conceptual framework for
assessing resilience at the community sdhbt combinesthe strengths ofhiese existing
methodologies antills any gapghat were identifiedThe authorgproposehat it is theprimary
purpose of a communityo allow for the provision of the following sevenommunity
dimensions:

1. Sustenance

2. Health

3. Housing and Shelter
4. Security and Safety

5. Education and Personal Development
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6. Culture and Identity
7. Belonging and Relationships
These essential community dimensionssangported by community services that include

communication, transportation, water, sewage, energy, education, policing, firdipnotetc
These services afaeledby resourceshat are separated into the following categoffiesincial,
built, political, social, natural, timegtc If a community loses its ability to provide these
resources or these services fsr membersthen its ability to provide theevencommunity
dimensions becomes impaired. Any of these community dimensions, serviceguocgsan
be dependent on other dimensions, services, and resoditeeg. might also be mutually
dependent on each other interdependent. Thisonceptis outlined inFigure 3-1 (reproduced

from Kwasinski et al2016) below.
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Community Dimensions

Sustenance Security and Safety
Health Culture and |dentity
Housing and Shelter Belonging and Relationships
Education and Persenal Development
Services
Transportation Palicing Commerce & Exchange
Energy Fire Protection Banking
Communication Medical Entertainment
Woorer & Wastewater Educational Construction
Governance Religious
Systems
Infrastructure Systems: Housing (permanent, temporary), Surface
Transportation (roads, rail), Electricity [bulk generation, distributed generation),
Talecom (wiraless, wireline), Drinking Water [reglonal systems, private wells), ...
Social Systems: Public Safety, Education, Health Care, Religious, ...

A

Resources

Financial Built Politicol Sodal Human Cultural Metural

Infermation Time Values, Policies, Regulations

Community Dimensions are the broad purposes or desires of the community.

Services are the provision of specific activities. supplies or goods that support commumity dimensions.

Infrastructure Systems are specific combiations of resources and human actions organized to deliver services primarily
through the built environment and cybemnetic sub-systems. Infrastructure systems comprise three primary domains: physical
human, and cybernetic.

Social Systems are specific combinations of resources and human actions organized to deliver services primarily through human
interactions. Social systems are formed by the same three primary domains as infrastructure systems. but with an emphasis on
the human dimension over the physical and cybernetic dimensions.

Resources are inputs to systems that are used, and in some instances consumed, in order fo deliver services.

Figure 3-1: NIST Community Dimensions
(Kwasinski et al. 2016)

The authors recommend that in order to quantify resilience, several important coynmuni
dimensions must beelectecand analyzedThis involves determining the services and resources

that are required to achieve a certain community dimension and investigating chepeshdad
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interdependencies. Performance indicators should be identified in order to atisev®otne
examples of performance indicators apepulation dislocation, employment levels, housing
availability, crime levels, etcThe terms performance indicator and resilience metric are used
interchangeably throughothis thesisPerformance goals can be established foh eadicator

and then the actual performance of each systemmeasured in the fietthn be compared with

the performancegoalsin order to gain an understanding of resiliencies and vulnerabilities within
a community. Figure 3-2 (Kwasinski et al. 2016showsa visual of the end result of this
conceptual frameworkrhis plot allows us to see where a community is resilient and where it is
vulnerable by looking at the difference between the black and blue Times.Hack line
represents the measured resilience and the blue répeesentsthe performance goals
Community systems with very large negative gaps are colored purple or redeaindneed of
improvements in resilienc€ommunity systems with no gap or aipige gap are colored green
and do notnecessarilyneed to be made more resilidnhsed on the targets selectdthis
conceptual frameworks the basis of the development m&silience metris or performance

indicators that are quantifiable with field syudata which arelescribed in Section 3.2.
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COMMUNITY
SYSTEM #12 —
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COMMUNITY
SYSTEM #7 MINIMAL
COMMUNITY COMMUNITY
SYSTEM #10 SYSTEM #9 CRITICAL

Figure 3-2 Comnunity Resilience Assessment Tool
(Kwasinski et al. 2016)

3.2. Resilience Metrics

The field studymethodologydeveloped in this thesis is driven by a&ide to measure and
guantify canmunity resilienceln orderfor this to be possible a clear set of resilience metrics
(i.e., performance indicators) must be defingeleral examples which are believed to be good
metrics, butareyet to be proven, are usduoughout this thesis. The resilience metrics that are
outlined below have been identified through a combination of literature review and expe
opinion. The purpose of these metrics is to provide an illustrative relationship betwee
community resilienceand field study data that allows the utilization of the data processing
methodology described latar this thesis The field study concept described herein builds off of
the NIST conceptual frameworkdescribed inSection 3.1. In order to achieve this, eh
community dimensions, essential services, and resources described by theaedatioms of

Kwasinski et al. (2016) were incorporated into the development of a set of illustesilience

metrics. However, these resilience metrics canmacessarilybe directly equated to the
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community dimensions and more developmeraty beneeded to understand how these two
concepts are aligned. In the following sections seven resilience metridesaribed that may be
used to characterize resilience in any comnyuhibwever, these metrics may need to be revised
depending on the specific community and field study’s goals. The seven prirsdignce
metrics that were selected are listed below. To see a more substantial list of thatrzan be
used to describe community interconnectivities, please see Appendix A.

PossibleCommunity Resilience Field Study Metrics:

1. Population Dislocation
2. Business Interruption
3. Employee Dislocation
4. Critical Facilities Impact
5. Housing Loss
6. Physical and Mental Morbidity and Mortality
7. Fiscal Impact
3.2.1.Population Dislocation

Population dislocation is an ambiguous term that can mean a number of different things
depending on the cause or timing of the dislocationth@®purpose of this thesis, it is defiresl
the migraion or displacement of an individual or family immediately following a disa3i&s
does not includéorced evacuation or dislocation that occafier an extended period of time
Population dislocatiotis believedto be one othe most important measigsref a community’s
resilience although this has not yet been pravéhis metric primarily contributes tofour

essential community dimensiofi©m the NIST conceptual frameworkhousing and shelter,
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security and safetygulture and identityand relationships and belonging. When members of a
communityare dislocatedhe community cannot provide these four dimensions effectively.
There is an abundance of research that has beaducted to define, measuiemd model
population dislocation immediately folldong a disasteror the purposeollecting data that are
compatible with thedata processingoolbox described irSection 6 it is assumed that the
primary indicatorof population dislocation is residential building damdgee classifications of
damagemeasures or damage states are defined in the Hétidubechnical User's ManugDHS

and FEMA 2011, 2015)The Earthquake Engineering Research Institute Field Study Manual
(EERI 1996 takes a different approach and classifies damadauildings by loss of arket
value of the building.

Using thesedamageclassifications field investigators camecord residential damage
states Thenusing afield study questionnairsimilar to the onen Section4.2, the duration of
dislocation of the corresponding resideman also be recordedJsing the methodology
described irSection § these dataanbe processed and probabilitefsexceedancef dislocation
can be found for different durations of dislocationrat lacation Performance goals can then be
determinedor these probabilitiesas suggsted in the NISTconceptual framework. Finallyhe
measuredprobabilities can be compared with the performance goals in order to determine
whether an area is vulnerable or resilient (similarFigure 3-2). This process of finding
probabilities of exceedance and comparing them with performance goatslas sor all of the
identifiedresilience metrics.

The dislocationdurations for whichprobabilities of exceedancare found must be
divided into categoried-or examplethe durations can bdivided into six categories and a

differentprobabilitycan beproducedor each categoryisted below.
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Category 1The residents are dislocated for 1 day or longer

Category 2The residents are dislocated for longamiwo months

Category 3Theresidents are dislocated for longer than five months

Category 4The residents are dislocated fonger than eight months

Category 5The residents are dislocated fonger than ten months

Category 6The residents are dislocated permanently

Secondary Factors

Physical denage is not theonly reason that residents decide to leave their homes

following a disaster There are many secondary factors tbat have a significant effect on

population dislocation. When applicabbgatashouldalso begatheredin order to modify the

probabilities of population dislocatiobhased onsecondary factorsSeveral of the possible

secondary factors are listed beldlis list is not comprehensive, aady secondary factor can

be considered as long as the data éinatollectedfor that facor arecorrelated withthe location

of the residence

1.

2.

3.

4.

5.

Lossof lifelines

Loss of job of head of household
Damage to surrounding infrastructure
Insurance coverage

Householdbemographics

3.2.2.Business Interruption

Businesses interruption in the aftermath of desgstanresultin loss of jobs, lower

incomes and additionakhallenges for households, neighborhoods, and communities as they

attempt to recover from disastgfBierney 2006).In order to quantify these effects, business
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interruption canbe measured by the number of days that a certain business is closed after a
disaster. The primary indicator of business interruption is assumed to be danttagéuildings
that contain businesses. This may be highly related to housing 1628w@efsmall businesses
are operated from the owner's home (Pratt 20009ing this simplifying assumption, we can
predict probabilities of business interruptidor different durations. This metric primarily
contributes tothree essential community dimensiorfilom the NIST conceptal framework
sustenance, security and safety, and culture and identity.

Two datafields are reuired in order to quantifigusiness interruptiorhe first datdield
is the damage states of the buildings that contain businessies can k& obtained using the
damage classifications described Section 5.5.The second datéield is the duratios that
businesss lost functiorality, which can be obtained by interviewing business owners,
community laders, ad government officials usingfeeld study questinnairesimilar to the one
in Section4.2. Performance gals forthe probability ofbusiness closure can be determjreeti
gaps between thmeasuregrobabilties and the performance goals identifisonilar o Figure
3-2).

The business closure probabilities candbpaded into six categories based doss of
functionality duraton, andadifferentprobability can bgroducedor each of thesix categories
as listedbelow.

Category 1The business is closed for 1 day or longer

Category 2The business is closed for longer than 2 months
Category 3The business is closed for longer than 5 months
Category 4The business is closed for longer than 8 months

Category 5The business is closed for longer than 10 months
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Category 6The business is closed permanently

Secondary Factors:

Physical damagéo buildings is not the only reason that businesses lose functionality
after disasters. There are many secondary factors that have a significant effeasiness
resilience, vulnerability, and reovery. When applicable data should also be gatheredfor
secondaryactorsin order to allow modified probabilities of loss of business functionality to be
found. Severalpossible secondary factors are listedobe(Tierney 2006;DHS and FEMA
2015).

1. Lossof lifelines

2. Lossof customer base

3. Damage to surrounding infrastructure
a. Damage to transportation (shipping and receiving) networks

4. Insurance coverage

5. Economic sector

6. Predisaster financial condition

7. Business age

8. Primary market

9. Business size

10. Ownerdemograptus

According to a survey performed by Webb et al. (1999), the factors that havedtesigre
effect on business closure atgpe of business, prdisaster financial condition, business age,
primary market (e.g., local or international), and businessisizlbat order.Several of these

factors are accounted for tine field study questionnaire ire&ion4.2.
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3.2.3.Employee Dislocation

Employee dislocation is a second ordesilience metricdbecause it depends on two
previous metrics: population dislocation and business interruptibhe wit of measure for
employee dislocatiors the duratiorof timethat that an employestoes not report to work after a
disaster andit is assumed that its primary indicator is damegthe employee’s residenckais
metric primarily contributes téour essential community dimensions: sustenance, security and
safety, education and personal development, and culture and identity.

Employee dislocatiors quantified by finding the numbef employees that mied work
for specified drations of time. In order to obtathese datathe field teamshouldinterview
business owners, managers and employees in tvderd out how many employees missed
work and for how long. The questions that should be askedem&ibed further in the field
study questionnaire iBection4.2 In addition the damage states of the employees’ residences
can be obtained using tltkamage classificationthat are propogd in Section5.5. It may be
difficult or nearly impossibléo perform a damage assessment of emsployeés home, but an
attempt should be made to assess the damage of the homes that are easily accesstolel and
the corresponding duration of work &g} even providing spot checks for consistency
Performance goals fahe probability of employee dislocation can be determined, and gaps
between the measured probabilities of exceedance and the performance goh&di@antilar
to Figure3-2).

The emplgee dislocation probabilities can lbvided into six categories based on
dislocation duration, and a different probability can be produced for each of the soriestes
listed below.

Category 1The employee is disloted for 1 day or longer
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Category 2The employee is dislocated for longer than 2 months
Category 3The employee is dislocated for longer than 5 months
Category 4The employee is dislocated for longer than 8 months
Category 5The employee is dislocated for longer than 10 months
Category 6The employee is discated permanently

Secondary Factors:

Physical damage to residences is not the only reason that employees are diafterated
disasters. There are many secondary factors that have significants effecemployee
dislocation.When applicabledata should also begatheredfor secondary factors in order to
allow modified probabilities of employee dislocation to be fouBeveral possible secondary
factors are listed belawAdditional secondary factercan be considered as long as the data that
arecollectedfor thosefactors arecorrelated with the residence location

1. Lossof lifelines
2. Damage to surrounding infrastructure
3. Insurance coverage
4. Demographics
5. Morbidity or mortality
3.2.4.Critical Facilities Impact

Critical or essentiafacilities are defined as facilities that are necessary for society to
function at is most fundamental levelhis includes hospitals, fire stations, police stations,
storage of critical substances, and schools (DHS and FEMA .20iBact to these facilities is
measured byhe duration of loss of functiatity. Loss of functionality occurs when the facility

is no longer able tperform its most basitunction (e.g., a hospital loses functionality when it
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can ro longer be used toeat patients effectively)t is important to note that arsece (e.qg.,
healthcare) can be provided through temporary means duringnthediate aftermath of a
disaster. The ability of a community to provide temporary servikedy accelerates the
recovery of acommunity. It is assumed that the primary indicatafr loss of functiomlity is
damageto the structure This metric primarily contributes to threessentialcommunity
dimensions: healtlsecurity and safefyand education ancepsonaldevelopment

Data that should be collected includée tdamage stageof critical facilities and the
duration of loss of function for the corresponding facilititamagedatacan be obtained using
the damage classifications that are describe@®ention5.5. In order to obtain the lossf o
functionality data,the field team should interview the managers of the critical facilitig,
possible, and ankpcal government officials and community leadénsfind out howlong each
facility lost functionality according to the guidelines i8ection4.2. These datacan then be
processedusing themethodologydescribed inSection 6.2 in order to find probabilities of
exceedance diritical facility loss of functiomlity for different durationsPerformance goals for
the probability of loss of critical facility functionality can be detened, and gaps between the
measured probabilities and the performance goals calebgfied (similar toFigure3-2).

The loss of functionality probabilities can be divided into six categories based on
duration,and a different probability can be produced for each of the six categories as listed
below.

Category 1The critical facility loses functionalitfor 1 day or longer
Category 2Thecritical facility loses functionalityor longer than 2 months
Category 3Thecritical facility loses functnality for longer than 5 months

Category 4Thecritical facility loses functionalityor longer than 8 months
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Category 5Thecritical facility loses functionalityor longer than 10 months
Category 6Thecritical facility loses functionalitpermanently

Secondary Factors:

In additionto physical damage, there are many secondary factors that have a significant
effect on the loss of functionality of critical facilitiee/hen applicabledata shouldalso be
gatheredfor these secondary factors in order to allow modified probabilities of loss of
functionality to be foundSeveral possible secondary factors are listed below, and additional
secondary factors can be considered as long as the data that are cfulettiede factors are
correlated with the facilities’ location.

1. Lossof lifelines
2. Damage to surrounding infrastructure
3. Insurance coverage
4. Demographics
5. Employee dislocation
3.2.5.Housing Loss

The loss of available housing in a commungypelieved to bean importantresilience
metric because itanresult inpopulation dislocation, employee dislocatiand economic loss
The unit of measure fohousing losss the duration of loss of functiatity of a residence, where
loss of functionality refers to ¢éhlack of a building’s abilityo provide shelterlt is assumed that
the primary indictor of this loss of functicality is the damage state ofesidenceThis metric
primarily contributes to four essential community dimensions from the Ni&iceptual
framework housing and shelter, security and safety, culture and identity and relationsthips a

belonging.
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In order to create probabilistic models of housing Idss damage stag@nddurations of
loss of functioamlity for residencemust be collected. The damage states oféhElencesan be
obtained by using classificatiossich as thasproposed inSection5.5. It is also common for
posteventinspectors to place either green, yellow, or t&g on each residence. The color of
the tagon thebuilding describes the corresponding damage Ibasked on a cursory inspection
It may be usefl to utilize these tagyas an alternativemeasure of damage stafen example of
what they typicallymean is given below, and the formal placards can be downloaded from the
Applied Technology Council’'s website.
Green Tags: “The building has been inspectadd no restrictions on use or occupancy have
been found. The placard includes the date of inspection and inspector’s identification number.
An evaluation form is prepared and given to the building official. Events &femspection,
such as severe wéatr or aftershocks, could require additional inspections and a change of the
placard (Brallier 2006).
Yellow Tags: “The building has been inspected and found to be damaged as described on the
placard This placard can be useéd cover a wide range of hada that may limit use of the
building or portions of the building but not make it completely unsafe. Examples of suctishaza
include water saturated ceiling drywall, collapsed chimney on a portion of the raefating a
falling hazard on an adjacentrigcture, electrical power lines that had been inundated during
flooding, or a portion of the building has collapsed but other portions do not appear to have been
damaged. A yellow card may allofer limited use of the buildingbut restrict continuous
halitation or sleeping in the building” (Brallier 2006).
Red Tags:“The building has been inspected and is damaged and unsafe. No entry is allowed,

except as specifically authorized in writing by thagdiction. A red placard does niotply that
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the structee is condemned and must be demolished. Repairs can be made to mitigate the hazar
Specific hazards are noted on the placard and may include falling hazarddphszaaterials,
loss of safe dis or a potentigfor collapse” (Brallier 2006).

In order toobtain the loss of functionalitdata for this metric, thdield team can
interview government officials, community leaders, éohl residentsasdescribedn thefield
study questionnaire inSection 4.2. Damage data can be obtained using the damage
classifications that are described $ection5.5. These datacan then be processed using the
methodology described i8ection6 in order to predict housing loggobabilities.Performance
goals forthe probability of housing loss of functionality can be determined, and gaps between
the measured probabilities of exceedance and the performance goalsdmmtibed (similar to
Figure3-2).

The loss of functionality probalties canbe divided into six categories based on
duration, and a different probability can be produced for each of the six categorigeds lis
below.

Category 1The residencéoses functionality for 1 day or longer
Category 2The residencéoses functionality for longer than 2 months
Category 3The residencéoses functionality for longer than 5 months
Category 4The residencéoses functionality for longer than 8 months
Category 5The residenctses functionality for longer than 10 months
Category 6The residence loses functionality permanently

Secondary Factors:

In addition to physical damage, there are many secondary factors that hguiéieast

effect on the loss of functionalityf residential structure¥Vhen applicablegdatashouldalso be
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gatheredfor secondary factors in order to allow modified prob#ébgi of housing losso be
determined Several possible secondary factors are listed below. Additional secondarg factor
can be considered as long as the data that are colfectdtse factors are correlated with the
residence locatian

1. Lossof lifelines

2. Damage to surrounding infrastructure

3. Insurance coverage

4. Household émographics
3.2.6.Physical and Mental Morbidity and Mortality

Morbidity and mortality areoften the most reported statistics after a disaster occurs.
Researchs available on the predictiamorbidity and mortality during disaste(s.g., Jennigs
2014, DHS and FEMA 2015). Howevdtr is rarefor field study teamso attempt tanvestigate
the number omorbiditiesand mortalities that are caused by a disaster bedaiages months or
evenyeas to determine an approximate number of deatit injuriesdue to factors such as
missing persons, delayed fatalities, and unclear causes of injury, illness, lor(Bleatkard
2008).This metric primarily contributes to three essential community dimmasfiom the NIST
conceptual frameworkealth, security and safety, and belonging and relationships.
Simplifying assumptions hee to be made in order toreate probabilistic models of

morbiditiesusing themethodologydescribed inSection6. The primaryindicatorfor death and
injury is assumed to be damage to physical infrastructure.dbatddbe collected for locations
and causes of morbidities and mortalitissng aquestionnairsimilar to the onen Section4.2.
Then damage states can be evaluated for each corresponding infrastructure @dergetite

damage state descriptionsSection5.5. Finally, using thenethodologydescribed irSection6,
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these dataan be processed and probaiatitof exceedamcof morbiditiescan be found for
specific locations. Performance goals can then be set for these probabilgescedancas
suggested in the NISGonceptual frameworkrhen themeasuregbrobabilities can be compared
with the performance goals in orderdetermine whether notan areas vulnerablgsimilar to
Figure3-2).

In the methodologypresented in this thesishe severity of physicamorbidities is
described byhe six severity levelsshown inTable 3-1 whereSeverity Level 1 is no injury and
Severity Level 6 is death(category descriptions taken directly from DHS and FEMA 20A5).
differentprobability is generatefbr each of thesix severity levelghat ardisted below

Table 3-1: Morbidity Category Descriptions
(DHS and FEMA 2015)

Injury Severity Level | Injury Description

Severity Levell No injury or an injury of lesser severity that could be selfted.
Severity Level An injury requiring basic medical aid that could be administere
paraprofessionalsThis type of injurywould require bandages
observation. Some examples are: a sprain, a severe cut req
stitches, a minor burn (firgtegree osecond degree on a small part
of the body), or a bump on the head without loss of consciousng
Severity Level3 An injury requiring a greater degree of medical care and us
medical technology such asrays or surgery, but not expected
progressd a life threatening status. Some examples are third d
burns or second degree burns over large parts of the body, a/bump
on the head that causes loss of consciousness, fractured
dehydration or exposure.

Severity Leve# An injury that poses aimmediate life threatening condition if n
treated adequately and expeditiously. Some examples
uncontrolled bleeding, punctured organ, other internal inju
spinal column injuries, or crush syndrome.

Severity Leveb Instantaneously killed or miadly injured

Mental morbidity can be just as damaging to a community as physical morbidity. This
field study methodologyaccounts for rates of pestumatic stress disorder (PTSD) in a

communityafter a disastdoy treatingPTSD as a binary inputhere a person either has PTSD or
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does not have PTSD. Whether or not a person has devedgpgrdioms of PTSDvould need to

be determined through eithétre use of mental health surveysdiscussions with mental health

professionals. This process is described further in the field study questom&action4.2.

The quantities of each severity levir morbidity can bedivided into six categories, aral

different probability can be produced for each of the abtegories that are listed beloand for

each of the severity levdisted inTable3-1.

Category 1Thereis 1 or moreof a certain morbidity category related to a certain type of
infrastructure.

Category 2There are more thatO of a certain morbidity categoryelated to a certain type of
infrastructure.

Category 3There are more than 3ff a certain morbidity categomglated to a certain type of
infrastructure.

Category 4There are more than 5ff a certain morbidity categomglated to a certain type of
infrastructure.

Category 5There are more than Q@f a certain morbidity categomglated to a certain type of
infrastructure.

Category 6There are more thad00 of a certain morbidity categomglated to a certain type of
infrastructure.

Secondary Factors:

In addition to damged nfrastructure there are many secondary factors that have a
significant effect on morbidity and mortalitiates When applicable data should also be
gatheredfor secondary factors in order to allow modified probabilities of morbidity sgverit

levelsto be foundSeveral possible secondary factors are listed below.
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1. Building function

2. Number of buildingoccupants

3. Time of disaster

4. Community’s emergency services capacity

5. Demographics

6. Population density
3.2.7.Fiscal Impact

Fiscal impact$ a crucial metric becaa the economy controls many important aspects of

communityrecovery If the economy is doing well, then the city will recover more quiekig
vice versa This metric primarily contributes to fouressential community dimensions:
sustenance, security andfety, education and personal development, and culture and identity.
Fiscal impact is a second order metric because it is a function of businasaptite,
population dislocationemployee dislocatignand other metrics This is a complexmetric to
quariify because there are many unknowns and constantly changing variables. It is common for
fiscal impact reports to be released monthgwenyears after a disaster occurs. Due to &ll o
these factors, it mape difficult to gather these types of data ie field. It is typical for an
economist tanvestigatethe fiscal impactof a disaster om communityby conductinga case
study; obtaining secondadata from privatendpublically available data basdd4owever, using
only secondary dateould result ina study missingerishable data, and collecting data in the
field may add additional value to economic models, but little exploration has been dbise in t
area It may be advantageous to considethods of collecting fiscal impact field data in future

field studies. This work is outside the scope of this thesis.
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3.2.8.Summary Table

Table 3-2 belowshows a summary of the informationSectiors 3.2.1 through 3.2.7. It
includes each resilience metric, its primary inthcaand the minimum data that need to be
collected in the field in order to enable the development of probabilistic modelscabetksn
Section6.2. It should be noted that these metrics are exdynpls, and can be revised for future
field studies Although not listed in the table, additional data related to individual demographics
and secondary factors should be collected if possible. Fiscal impact is excludetthifdable

because it cannot be modeled using the same methods as the other six resiliec&e metri

92



Table 3-2: Resilience Metric Indicators and Data Requirements

Resilience Metric

Primary Indicator

Minimum Data Needed to
Model

Population Dislocation

Physical damage to residenti
buildings

Durations of dislocation;
damage states of residentia
buildings

Business Interruption

Physical damage to business

Durations of business
closure; damage states of
businesses

Employee Dislocation

Physical damage to residenti
buildings

Durations of emjpyees
missing work; damage state
of residential buildings

[72)

Critical Facilities Impact

Physical damage to critical
facilities

Durations of critical facilities
closure; damage states of
critical facilities

Housing Loss

Physical damage to residenti
buildings

Durations of loss of housing
functionality; damage states
of residential structures

Physical and Mental
Morbidity and Mortality

Physical damage to
infrastructure

Severity of physical
morbidities; mental
disabilities (yes or no);
damage states of

infrastructure

Note: These metrics anustrative and recommendethut additional andlternativemetrics
should be developed based on the specific goals of the field study being planned.
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4. Physical, Social, and Economic Interconnectivity

This section further develops tmeethodologyby providing guidance on investigating
the interconnectivities between the physical, social, and ecormmainsof a commuity. An
interconnectivity diagram was developed that pilesiinterview questions that mighg usedad
connect these three community domains. In order to provide a more practical appbcakis
interconnectivity diagram, a questionnaire was then developed that providgss#ions and
sub-questions that could be asked throughout the course ofichdfiedy. The goal of this
guestionnaire is to produce data that allow the modeling of the resilience rretmcSection
3.2 and the investigation of related interconnectivities.
4.1.Field Study Interconnectivity Diagram

In order to understancommunity redience the interconnectivitieor linkagesbetween
the physicalsocial, and economaomainsof a communitymug be identified Figure 41 shows
an examplediagram presentingpotential interviewquesions to relate these three domaiAs
diagram such athis couldbe ugd during the initial field study planning period to provide
guidance and directiorfor investigating the interconnectivities withia community and
developing a detailed questionnaitearticulatesan understanding of how a singlgstemis
connected to many othsystemsandcanallow field teans to ask the propédnterviewquestions
that enable thento investigate this interconnectivitjany of the original metrics that this
diagramoriginated fromare discussed idetail Masterson an@®eacock et al. (2014). For a more

substantial list of metrics that can be used to describe interconnectivities Apppaselix A.
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Physical Domain

id your business close? Were you ahle to re-open? 1f so, how long did it take? If not, why not?

Commercial

Did you maintain/find a job in

your field of expertise post disaster?

Individual and
Social Domain

Did your insurance cover your losses? Why

Did you have to evacuate your home? For how long? What was the specific cause of your evacpation?

1id you wtilize

fpublic housing? For how long?

you like to have

infio ien did you receive before, during, and after the disaster? What else would
received?

Buildings

How did the disaster affect your relationships with family members and fricnds?

Did neighbors belp each other, isolate themselves, or hurt each other? (; ive vs therap

Economic
Domain

Improved State

or why not?
Did you lose your jobT Wers you able to
find another one?
Needs Did you utilize government benefits?
Which ones? For how long? What

effect did this have on your daily life?

fSense of Safety]

i

" Were you or your loved ones injured in the disaster? ‘Were you a victim of any crimes?
1f 50, were you able to receive timely/professional healtheare from your local hospital? 1f someons was jMMWMImnr
Why/Why not? ‘building were they injured/ldlled
‘s your children's school closed? For how long?
D|d your children's behavior/grades at school change post-disaster? How? Why?
Critical Social Needs How did the finencial strife caused hy the
disaster affect your relationships with
Emergency | Did you call emergency services? Why? ot
Sarvices Iid they answer your call? How long did it take them to respond?
How long did it take until you became
Religious | 1ow long until you were able to return to your usual religious routice” Why? Sense of finsncially indopeadont? Why?
o ded religious respond in an i manner to help
recover quickly?
Wlllt could they have done better or differently?
Did the ity donate to provide help o
Other How long until you were able 1o return to your usual ional routine? Why? Community | oo in need? Why or why not? 8
Facilities
How long until your chiliren were able to go back to childcare? Why?
Child/Elderly Did your parents lose their healtheare? For how long? Why?
Care How did non-for-profits organizations respond in an organized manner
to help the community recover quickly?
‘What could they have done hetter or differenily?
Non-For-Profits

Figure 4-1: Field Study Interconnteaty Diagram
Note: An arc in an arrow means that one arrow does not intersect another arrow
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4.2.Field Study Questiomaire

A sample questionnairewas developed with guidance from the field study
interconnectivity diagram shown in Figurel4which provides 27 questionsnd sub questions
with the purpose ofssisting inobtaining data from interviews and surveythat enablethe
guantification ofsix of the resilience metricisted in Section3.2 These metrics includgl)
population dikcation, (2) business interruptior(3) employee dislocabn, (4) critical facilities
impact,(5) housing lossand(6) physical and mental morbidity and mortalitydoes not cover
the seventh metric, fiscal impact, becafiskel study data doottypicaly needto be collectedo
study these effectdn additon to quantifying resilience metrics, théata supplied byhese
qguestions will linkthe physicalsocial, and econommomains of a community.

In order to show an example of howestablish these linkages part of a field study
the formulation of trs questiomairerelies heavily on the field studgpterconnectivity cagram
shown inFigure 41. However,it is important to note thahe questions in this questionnaire are
not the same as the questions in the interconnectivity diagram because thaaiy potuas is on
collecting the data required to quantify resilience metiit® questions are organized first by
the resilience metric that they will be used to quantify and second by the re@pidme
guestion.The type of interconnectivity that is coelated with each of the questions is also
describedThere are many other questions that could be added to this list, but in cadeotmt
for time demandsand resourcg only these27 wereselected hereinlhis section only provides
an exampleof a possiblefield study questionnaire. Many of these questions should be altered
depending on the characteristics of the specific community and the disastestudied.

In addition to a questionnaire, a demographics susleuld be filled out by every

interviewee which will provide data on the interviewee’s gender, race/ethnicity, age, marital
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status, household size, education, and employment status. There should also be e separat
demographics survey for businesses.
Population Dislocation

The following questionswere selectedecause they provide data that can be used to
quantify population dislocatiorand therelated interconnectivitiesn accordance with the
methods described Bectiors 3 and 6.

Questions for communityesidents:

1. Did youleave your homéefore, during or after the disaster
2. If so, why did you leave your home?
a. Damage to home, loss pbwer/water/heating/air conditioninlpss of job,
damage to surrounding roads/bridges/neighborhetc
b. Was your home insured?
3. Where did you stay whalyou were away from your home?
a. Hotel, friends, family, rental, out of state, etc.
b. How long did you stay at each of these locations?
c. How far away from home were you?
4. When did you return to your home? What made it possible for you to rétnsuPance

payout, rebuilding efforts, etc.)

Questions for community leaders/government officials/collaboratingneisea:

5. How many people werdisplaced from their homes? For how long?
6. How many people utilized public shelters over time?
a. Were these shelters free?

b. How close were these shelters to the commiity
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Questions 1 6 provide data that conna@sidential building damage tbe physiological
needs of individual{see Figure 4). There are many different factors that can lead to
dislocation after a disaster, baetprimary indicator is damage to residential buildings.
Business Interruption and Employee Dislocation

The following questions were selectdmcause they provide data that can be used to
guantify either business interruption or employee dislocatind he related interconnectivities
These two metrics are grouped togethemia questionnairdecause they adosely relatedo
each otherand the questions that cée asked to obtain data for them are simildthen
interviewing business owners or maaegya demographicsurveythatincludes questions about
the businesse€conomic sector, preisaser financial conditionage, primary market (e.g., local
or international), andizeshould becompletedby eachbusiness owner.

Questions for bsineswners/managers

7. What type of business do you operate?
8. Did thisbusiness close?
9. If so, why did this business close?
a. Damage to building, loss of power/water/heating/air conditioning, loss of
customer base, damage to surrounding rbadgfesheighborhood, etc.
b. Was thisbusiness insured?
10.When did this business re-opéWhat allowed it to reopen?
11.What was theotal financial lossof this business due to the disa8t&that was the
primary cause of this loss?
12.Was this businesable to access any public privateassistance to help with repairs or

lost revenue?
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a. Small business loans, grants, donatients,

13.How manyemployeedglid not report tavork and for how long®hy?

Questions for community leaders/government officials/collaboratingneisea:

14.What assistanc&as given to local and corpordiaesinesses?

Questions for communityesidents:

15.What was your job prior to the disaster?

16. Are you still employed at the same location?
a. If yes, did you have to take any time off of work due to the disaster? How long?
b. If no, why did you lose your job?

17.Are you employed now?

a. If yes, where do you work now? Are you satisfied with your job?

Questions 7 - 10provide data that conneatommercial building damagéo the
physidogical needs of employees and other community men{sees=igure 41). Community
membergely on commercial buildings remaining open in order to obtain food, wabénjng,
and other necessitieQuestions 13,15 16, and I provide data thaguantify employee
dislocation while also descrilmg the interconraivity betweencommercial buildingdamage
the physiological need of community members to earn money, and the sense of asteem
community membershat are working in their respective field3uestiors 12 and 14helpin
understanishg the assistance given baisinesses throughout trexoveryprocessalthough much
of this is traceable through FEMA and other entitidsis allows the finding of the

interconnectivity between commercial building damage and community resgaumsgtion11
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investigats the broader effects of the disaster on the economy as a,wlvle describing the
interconnectivity between damage to commercial buildingsemotiomic structure.
Critical Facilities Impact

The following questions werselectedbecause they provide data that can be used to
qguantify impact to critical facilitiesand therelated interconnectivitieCritical facilities are
definedhereas facilities that are necessary for a community to function at its most fund&men
level after a disaster. This includes hospitéilg stations, police stations, storage of critical
substances, and schaol$e following questions can be used in conjunction with field damage
estimates to assess the total impact to critical facilities.

Questions fofacility managergommunity leades/collaborating researchers:

18.Did critical facilities (hospitals, fire stations, police stations, storage of critical
substances, and schoot&)se?For how long?
19.Why did critical facilities close?
a. Damage to building, loss of power/water/heating/air conditioning, damage to
surrounding roadbfidgesheighborhood, etc.

b. Werethesefacilitiesinsured? If so, which ones were or were not?

Questions for community residents:

20.During the disaster, did you or a family member need to utilize any critical egrgiach
as an ambulance, hospital, fire department, or police assistance?
a. If so, why?
b. If so, were you satisfied with the level of care that you received? Why or why

not?
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Question 8 - 20 connect critical facilities to the physiological needscommunity
membersand thesense of safety in the commun(gee Figure 4). Healthcare and emergency
services ar@lwaysnecessary after a disastand these questiongill help us understand how
these critical facities andemergency services performiilowing the disster.

Housing Loss

The following questions werselectedbecause they provide data that can be used to
guantify housing lossand therelated interconnectivitie he following questions can be used in
conjunction with field damage estimates and observations of green, yellow, andsredldagess
the total impact tduildings.It should be noted here that housing loss is also studied following a
natural disaster using permit data from the county or city. The followopgries can typically
be answerechtough a request for data, and not surveys or interviews.

21.How many housing units were damaged duthéodisaster?
a. How many of each housing type (single family home, multi family home,
apartment complex, etc.) were damaged?
b. What level of damage? How many green, yellow, and red tags were placed (if
applicabley
22.What area of the community contained homeswlese the most damaged
a. Did levels of damage vary based on the characteristics of each neighbarbbod s
as income level, race/ethnicity, agé;.?
23.Which areas were able to begin rebuilding or making repairs the fastest?
a. How many permits have been issued and at what locations?
24.Did your house lose functionality? For how long?*

25.1f so, why did your house lose functionality?
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a. Damage to building, loss of power/water/heating/air conditioning, damage to
surrounding roads/bridges/neighborhood, etc.

b. Was your home insured?

*Loss of functionality refers to éhlack of ability tosupport and provide shelter for the

residents

Questions 21, 24and 25provide data ta connect residential building damate the
physiological needs of community membe@ommunity members eed shelter in order to
survive and recovetherefore creating resilient residential buildings is crucial to the survival of
a community. Question82 and B provide data orthe interconnectivity between residential
building damage and pre-existing socioeconostrigctures.

Physical and Mental Morbidity and Mortality

The following questions werselectedbecause they provide data that can be used to
quantify physical and mental morbidity and mortalignd the related interconnectivities
Morbidity daa can also be collecteilom external organizationsn the monthsand ears
following a disaster, but this makes it difficult tomd the exact locationand causes of each
death.

Questions forcollaborating researchers and government agencies

26. |dentify the location, the causand the severity of morbidities and mortalities.
a. If the personwas injured in a building, what was the daily occupancy of the

building? (This sub-question aids in the modeling of morbidities.)

Questions for physically and mentally injured persons and/or their loved ones:

27.Were you physically injured during the disaster?
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a. Where were youwluring the disaster?
b. Describe your experiencesrihg the disaster.

c. Fill out survey that evaluatesetprobability that an individual developed a mental

disorder due to a disaster (Galea et al. 2007).

Quegions b and Z provide data that conneca community’sphysical domainto

physiological needs and a sense of safety within a community.
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5. Planning and Executing Field Studies

This chapter provides practical processes and strategies that can assistei@etthees in
conducting community resilience field studies. It includes recommendatiomsdrétemaking
the decision to enter the field, mandatory training for studies involving human sulgésting
the field team, seleicly necessary and optional equipment, conducting damage assessments,
conducting interviews and surveys, manggtimein the feld, following upwith field studies,
and proteéhg and storing data. These guidelines are based on the work and opinions of
sociologists and engineers with extensive field experience as well aprhestes extracted
from the literature review that isummarized inSection 2.1. Elements of this field study
approach that must be modified based on hazard type include the damage assessment
methodology, field study questionnaire, equipment selection, and data collecitegissParts
of this chapter havily reference the Institutional Review Board (IRB) Protocol &eetion5.2)
which was created for the NIST CoE by Lori Peek and Jennifer i®bitey and is the
culmination of many years of field study experience and the combination of ouswieck
sheets that were created prior to entering the figthis IRB Protocol is attached to this thesis as
Appendix B.
5.1.Field Study Decision Progression

The first step to making the decision of whetbemnot to enter the field is to conduct a
desk study immedialy after a disaster occurs in order to gather critical data and information
remotely. These data include things like the number of deaths and ingnitesgl facility
damage, business damage and closures, number of people in temporary shelters, tmtation a
spread of damage, and other relevant information. This information can typically be found

through news reports, articles, and collaboration with local university and wdesearchers,
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government officials, and community leaders. However, withesexception it will be unlikely
to know if resilience or a lack thereof is assue for a community during or immediately
following an event. The focus of the field study methodologtined in this thesis is, in gerad,

on developed countrie$his mayinclude communities within and outside of the W8pending
on their physical infrastructure, social systems, and economic systems.

After the initial desk study, if the community is determined to be a good candidate fo
community resilience field study (CRFS), then a small field team, termed a pilotsieantq be
sent out to condu a preliminary investigatiowith the goal ofcollecing data that provide a
broad summary of the impact to the community. The team should consisewfpeople, and
the duration of the study should be a few days to one week for most communities, although an
event with a large spatial footprint may require additional time and resources esdrtiiistage.
Activities of thispilot team might include interviewing commiypieaders, business owners, and
emergency response teams, preliminary documentation of damage to infuastsystems and
setting up the mechanisms for collaborating with local researchers. Oncéahisvestigation
is concluded, all of the prelimamy data can be gathered and a decisanbe made onhether
or not to conduct a fullarge scale field studyhe data collected during the pilot study will also
inform the development of field study objectives for a large scale field study.

The timeat which the field study occurs will depend on several factors including type,
location, and scale of the disaster, security and access limitations, aneédbeo§gmergency
response and debris management activities. For example, if a large footprimtgdleadnt is to
be studied, even the pilot team may not be able to enter the field until the watecddesdrand

access to damaged locatioapermitted. However, it is important for the team to enter the field
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for the first visit as soon as reasoleahfter a disaster in order to obtain perishable data that may
be lost during the initial cleanup process.

During the planning process, befdhe full scale field studgccurs, it is crucial for each
of the field team members to gain an understandinvghat data sets are to be acquired and why
those data sets are important. Specific goals for data collection must ledosetthe team goes
into the field. These goals include the type of data needed, the demographicsanfitiEapts,
and the tolerance for error in the data (Seetion6.3). Each of these goals should be decided
based the experience of the field study leaders.
5.2.Institutional Review Board (IRB) Protocol

Any research that involves human subjects must be approved by each pargcipati
institution’s Institutional Review BoardIRB). The IRB is a committee whose purpose is to
approve, monitor, and review research involving human subjects. A detailed description of the
field study methodology and any interview questionnaires must be provided to the IR®B bef
the study is approved. Consent forms and release forms must be provided to each of the huma
subjects involved in the study in accordance with the submitted IRB proidéeIRB protocol
for the NIST CoE was created by Lori Peek ananhifer TobinGurley and is attached to this
thesis as Appendix BAdditionally, all participating individuals must pass tbellaborative IRB
Training Initiative(CITI) ethics trainingnodules before seeing or handling any of the field study
data.
5.3.Field Team Roles

In general each field stiy will have multiple teams that are made up of a fmeple
each,and each team will fms on data collection for one or two commursigctorsThe number

of teams will vary depending on the size and scope of the field study. Team membshoulld
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include a principal investigator (Pl), several team leaders, and fieldrchses. Optional roles

include a technician, a translator (for international studies), and a possible cattanalysis

or GIS expert. Examples fgob descriptions, the number of people that would be typical, and

logical selection criteria for each of these positiongaogided in Table 5-1.

Table 5-1: Field Study Example Job Descriptions

=

Position Title Number Job Description Selection Criteria
Needed
Principal 1 Oversees all of the | Should have extensive experien
Investigator field teams and the in conducting field studies of
(PI) progress of the field various types. Must have
study as a whole. completed the CITI ethics
Makes all final training modules.
decisions related to
data collection
strategies, team
member selection,
daily activities, etc.
(May also act as a
Team Leader).
Team Leader 1 per | Oversees a single fiel Should have experience in
team team (24 members).| conducting field studies. Should
Makes daily decisions be familiar with the field study
related to data protocol and have comprehensiyve
collection strategies| knowledge of the sector being
and daily activities. investigated. Should have
Reports to the Pl | working knowledge of field study
throughout the field | equipment. Must have completed
study. the CITI ethics training modules
Team Member 1-3 per Observes damage | Should have knowledge of the
team states, interviews goals and methods of the field
community members study. Should have working
takes photos and knowledge of field study
videos, recads data, | equipment. May be an enginee
and performs any | sociologist, economist, or anoth
other tasks that are| discipline; including a student.
necessary to achieve Must have completed the CITI
the field study goals. ethics training modules.
Technician Varies Solves all problems Must have comprehensive
related to tools, knowledge and experience witl
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equipment and data
recording.

applicable fidd study equipment
Must have completed the CITI
ethics training modules.

Remote Data
Analysis Expert

Varies

Analyzes all recordeq
data using the data

described irSection
6.1. Develops data
collection strategies
and provides insight
on daily activities for
teams based on data
needs.

Must have a comprehensive

understanding of the field study
processing techniques protocol and the data processing

methods irSection6. For the

method presented herein, mus

have experience in MATLAB

coding. Must have completed the

CITI ethics training modules.

—

Translator

Varies

Translates interviews
surveys, and

Must be fluent in English and th
primary language of the

conversations between community beng studied Must

team members and

non-English speakers

(typically international
studies).

have completed the CITI ethics

training modules.

A rational team member selection process should be decided on by the PI and ether cor

groupsconducting the field studyor example, team members could be selected based on the

following criteria (not in order of importance or weight):

1. Attendance of field study meetings and workshops.

2. Precompletion of theCITI ethics training

3. Availability during the specified duration of the fieldwork.

4. Proximity to the disaster site

5. Interest in thei€ld work.

6. Expertise in a relevant or important area related to the field study.

7. Cultural relevancy (e.g., a translator in a non-English speaking location).

8. Theprincipalinvestigators judgement.
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5.4.Equipment
The following equipment would typically be taken into the field to perform this tfpe o
study. This list is not comprehensive and does not include everything that a tdameedil
throughout the course of a field study. It simply provides a checklist of equipmerd tieeeded
to achieve the fundamtai goals of thisnethodology.
1. Smartphones: Researchers should upload damage data, GPS data, interview and survey
results, and other relevant information to a common data base.

e In order for the real time data processing procedure describe8 tm e secessful,
researchers must have access to tools that upload their data points to a common
database in real time. This could be a smartphone app or similar.

2. GPS camera and video recorder (most smartphones have this capability).

3. Audio recorder for intervies

4. Safety equipment (e.g., hardhats, vests, safety glasses, etc.)

5. Means of transportation for researchers and gear

6. Laptop with MATLAB installed

7. LIiDAR scanner or similar (optional)

8. Unmanned Aerial Vehicles (UAVS) (E.g., Drones) (optional)
5.5.Damage Assessments

The primary method for collecting data on damage to physical infrastructurel &eoul

throughinspections of select physical infrastructure witid notes,geclocatedpictures, and
videos. It may also be beneficial to use a grebased Light Detectioand Ranging (LIDAR)
scanner which was used byrevatt et al. (2011). The decision tige LIDAR or similar

equipment shoulde madeon acase by caséasisdepending on the disaster type and the
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community characteristics. It is vital that damage dataelserded for all structures that are
correlated with inteviews or other data collectioactivities to provide the linkage between
physical infrastructure damage and the social science dorhis includes structures that
appear damaged as well as structures that do not appear dastatied the sample is unbiased.
Further discussion of bias olatasamples igprovidedin Section 6.2A portion of the dmage
data can be recorded by any team member of any background or discipline, but the member
recoding t should annotate so questions can be traced back to them for follow up if needed.
There are several possible damage classifications for various phys@structure components
available from research organizations suclbB$S and FEMA (2011, 2015) ari€ERI (1996).
These damage classifications include descriptions of damage states foibuilding types,
non-structural components, roads, bridges, tunnels, and more. Depending on the hazard being
studied the team should decide and agree on the classifiseheme prior to entering the field.
This should align with INCORE for CoEcommunity esilience studied.e. four damage states
not including a “no damage” state.
5.6.Interviews and Surveys

Prior to arriving in the field, a formal questionnaire should be developed in order to
satisfy the specific data needs of the field study. The field study intercoiiyediagram
(Figure 41) and the sample questionnaire $ection4.2 should be referenced during the
development of the field study questionnaire, it specific questions should be revised on a
case by case basiA.formal and professiondbrmat should be developed in order to make it

easy for field researchers of any background to interview community members.
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Data can be collected from willing pfpants using several different methods including
face to face interviews, door surveys, mail surveys, online surveys, and moreal Seve
recruitment methods may be employed including but not limiteélyters, social mediayword of
mouth,internet seattes andnewspapeasrticles The delivery and recruitment methods that are
chosen will vary depending on the specific field study and the resobatesré available. Two
types of interviews should be conducted: in depth, stractured interviews andaded ended
survey questionnaires. The-depth, semstructured interviews should be conducted by at least
two team members, last twenty to thirty minutes, and be audio recorded. Thesgevustavill
provide both quantitative and qualitative data that will help us understand the cause and the
effect of human actions. Closed ended survey questionnaires may be conducted in person or
remotely in order to provide quantitative dataminimum of two followup interviews should
be performed between one and thyears after thevent After three years, additional follcwp

interviews should be conducted as needed for the modeling of community recovery.

Interviewees must be adult volunteers and may include: business amadensanagers,
government officialsfir st responders, city planners, owners of {poafits, members ofervice
organizations (e.greligious leadefs school administratoygmergency managergealth care
administrators, andtherresidents This may include elderly and ndinglish speaking gople,
but should not include mentally disabled people, pregnant women, minors, prisoners, or students.
If it is necessary to interview one or more of these vulnerable populations, then a@esepar
request must be made to the IRBis important that allnterviewers understand the delicacy of
the situation and the vulneréibes of the interviewees araehave ethically in accordance with
their CITI ethics training. When resources allomigrviewsshould beecorded, transcribed, and

analyzedwith Atlas.ti,a qualitative data analysis software program.
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5.7.Daily Activities

This section provides an example of a schedule of daily activities of thetdein. An
initial schedule should be created by the PI during the planning processjsmpbrtant to
note that the initial schedule will continually change based the revised data cnllectio
requirements. If it is known that the field study will have a longer duration @édewveeks but
this would be rare), then it is important to develop a schedule that will be sustaoratiie f
team members. The longer that a team stays in the field the more fatiguedilthmcome,
which could lead to a greater chance of errors and mistakes.

Table 5-2: Sample Daily Schedule for Field Studies Considered Sustainable

Time Activity
Full team meeting to discus:
7:30AM — 8AM data collection strategies for
the day.

Individual team data
collection activities.
Teams meet for lunch (if
possible) and discuss the
12 PMto 1 PM morning’s progress, strategy
modifications, and plans for
afternoon data collection.
Individual team data

8AM - 12 PM

1 PM-5PM . L
collection activities.
Full team meeting, debriefing
5PM-5:30PM and planning for next day’s
activities.
6 PM—7PM Ful team dinner.
7 PM— 9PM Possible data analysis

activities or free time

5.8.Follow-Up Field Studies
Investigating community resilience specifically includes quantifying the letlegm
recoveryof the communityin the years following a disastdn orderto quantify a community’s

longterm recovery, followup field studies and data collection activities are neces3égy.

112



decision to conduct a follow up field study will vary case by case and will depespeaific
data needd~ield teams may be reqatto return to the site multipemes over a span several
years Follow-up data collection activities may include but are not limited to:
1. Conducting follow-up interviews and surveys with community members.
2. Taking pictures and videos of previously damagdrchstructure in order to capture its
recovery over time.
3. Meeting with collaborating researchers, government officials, cormtyndeaders,
business owners, etc.
It is important to note that due to the longevity of these types of field studies, $fie NI
CoE may have several field studies ongoing at the same time at various atabessources
will need to be allocated accordingly.
5.9.Data Protection and Storage
In order to protect theessitive information that isollectedin the field several safety
measures must be implemented five storage of field study data. Any physical data that are
collected must be safely secured and locked in file cabinets. Any electronic datareh
collected (e.g., images, field notes, audio recordings of interviews) lmeusecured in locked
rooms on password protected computers. These data must be coded in order to protect the
identities of the study participants. Specific names should not be mentioned in angtjmuis
or other works resulting from the field study, and videos or photographs of participantd s

only be used with the written permission of each individual.
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6. Data Processing

Once thefield data have been collectetihey must be organized and processed. This
section describes a general derivation fdrenula thatuses field data tproducefragility curves
for evaluating resilience metriésr potential inclusion iiN-CORE The textthen describes an
algorithm that habeen written to process raw fieflhtaand a frameworkhat can be usefbr
reattime data processing and assessment of data quantity requirements
6.1.General Derivation

The result of the following derivatioms an equation thaproducesthe probabilies of
certain decision variable§.e., resilience metrics or performance indicatorsyem certain
damage stasof corresponding infrastructur@his allows the user to process field data in order
to crede probabilistic models of the resilience metrics that are desciib8ection3.2. This
derivation referenceghe seismic loss frameworestablished bythe Pacific Earthquake
Engineering Research Center (PEER) (Cornell and Krawinkler, 2000).

Variable Definitions:

DV = Decision variable: Bsiliencemetricsor performance indicators such as population
dislocation, business interruption, rbahity and mortality, critical facilitiesmpact etc.

DM = Damage measur€&.g., one througfive where damage statae represents no damage
and damage stafeve represents complete destruct({@ee Sectio®.5).

IM = Intensity measure: Basures of hazardtensitysuch as spectral acceleration, wind speed,
wave height, etc.

IT = Infrastructurelype: Type of building, bridge, tunnel, etc.ggsingle story wood frame
building).

| = The number of different damage states that are present in a givesetdata
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m = The number of different infrastructure types that are present in a gieesetat

n =The number of data points given in the hazard cdata set

Assumption: This is a Markovian process. Therefore, the probabilities of futures eepand
only on the present state, not on past events.

Derivation:

Using the theorem of total probability:

I
P(DV > dv | IT=it, IM=im) = > P(DV2 dv| DM=dmy, IT=it)* P(DM=dm | IT=it, IM=im) [6.1]

i=1

P(DV >dv | IM=im) = > P(DV > dv | IT=it, IM=im)* P(IT=it)) [6.2]
=1

]

Substiute [6.1] into [6.2]:
m 1

P(DV >dv | IM=im)= > > P(DV=> dv| DM=dm;, IT=it)* P(DM=dm | IT=it, IM=im)
j=1i=1

*P(IT=it)) [6.3]
Using convolution webtain

P(DV > dv) = Z P(DV > dv | IM=im)* P(IM=imy) [6.4]

k=1

Substitute §.3] into [64]:
n m !

P(DV > dv) = Z z z P(DV> dv| DM=dm;, IT=it)* P(DM=dm;| IT=it, IM=im)
k=1 j=1 i=1

* P(IT=it)* P(IM=im) [6.5]
The final result of this derivation YDV > dv) [6.5] or the probability that a decision
variable is greater than or equal to a defimaldie. This probability of meetingreexceeding a
decision variable is only applicable to the physical location or community whichdpsothe

physical, social, and hazard dathe most important result of this derivatio®P{®V > dv |
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IM=im) [6.3] or the probability that a decision varials greater than or equal to a defivatue
given an intensity measure. These probabilities of exceedance can be found addglott
different intensity measures to yield a resilienggtricfragility curve These fragility functions
can beused witln IN-CORE This equation has been written as a code which can be performed
using MATLAB in order to procesaw field study data as describedSection6.2.
6.2. Data Processing Toolbox

One of the primary purposes tfis thesisis to developmethods that can be used to
collect data that willbe integratednto the IN-CORE data baseln order to do this, a data
processing toolbox was developed with the capability of producagility functions for the
resiliencemetrics listedn Section3.2. These fragility functions give aser the ability to input a
particular intensity measure (e.gwind speell and outputthe probability of exceedance of
certainresilience metrig (e.g., population dislocationfrigure6-1 showsan example ofragility

functions that were developed using this toolbox.
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Figure 6-1 Example of a Fagility Curve forEvaluating RsilienceMetrics

Note: Someopulation dislocatiofragility curvesdo not begin at zero because a small number
of residents were displaced even though their resideveesnot damaged.

The general derivatiofor creating resilience metric fragility functions descibed in
detail in Section 6.1 of this report. Tis data processing toolbox ian application of that
derivationwithin MATLAB .. It includes thecapabilityto isolaie the data for angecondary factor
that the user specifies. For example, it can createlifragithat are shifted to account for only
members of the community who are below the poverty line. This process is described in det
the following paragraphs.

The first nput that is required is the raw data from the field. This may include
informaion/datasuch as household address, household demographidding damage stase
duration ofdisplacementetc. The user then has the option to isolate the data bassshmen
characteristide.g., race). If the user chooses to isolate the data thehth#data points that do
not have the specified characteristic awgomaticallyremoved from the dataset. After the
datasets isolated, the toolbox finds the probability that the specified metric is greateratha

certain value given a certain damage state and an infrastructur@tgpdahe probability that a
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resident will be dislocated for at least one day given that their home is in dantagblrsiand

is a single story woodframe structurdhis is written symbolically a®(DV> dv| DM=dm;,
IT=it) where the variables are defined Section6.1. The toolbox finds these probabilities of
exceedance by first grouping the data points into different infrastrugfoee and then grouping
those data points into different ranges of the metig.(divide dislocation datanto groups
where one group includeany individuat whose homg were in damage state two and were
dislocated more than one danother group includes any individuals whose homes were in
damage state two and were dislocated more twanmonths,etc). Once the data points are
grouped, the groups are divided by the total number of data points thignimespectivelamage
states (e.g.,divide bythe btal number ofresidenceshat were idamage stat®vo, etc.)in order

to produce mbabilities of a certain decision variable given a certain damage state and
infrastructure typeThese probabilities can be plotted and lines can be fit to the data asints

shownin Figure6-2.
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Figure 6-2 Example ofPlot of P(DV> dv| DM=dmi, IT=it)
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The next inpug arethe damage fragilitiegn probability density function (PDF) form
These damagéagilities provide the probability that an infrastructure eleménin a certain
damage statgiven a certain intensity measure. This is written symbolically?@M=dm |
IT=it, IM=im). Then the resilience metric fragilitiesvhich are represented symbolically as
P(DV > dv | IT=it, IM=im), for each infrastructure typgre produced using the thear of total
probability. This is found by multiplying each of the values in the damage fragilgigs, the
probability thata wood light frame buildings in damage statevo given a wind speed &0
mph) by each of the valadrom Figures-2 (e.g.,the probability that a resident will be dislocated
for at least one day given that their home is in damage stat¢. fhinese values are then added

together for each damage state. This process is written symbolicaly inedéquation [6.1].

1
P(DV > dv | IT=it, IM=im) = > P(DV2 dv| DM=dmy, IT=it)* P(DM=dm | IT=it, IM=im) [6.1]

i=1
The next(optional) step is to combine the resilience metric fragility curves of different
infrastructure types. This step is helpfulthie user ignteresed in finding theprobability of a
certain resilience metric for a certdotationin a communityanddamage fragilitynformation
is known for multiple infrastructure types that are represented in the dataset. Tihamesby
finding the probabilitieghat infrastructure typgoccur in the given dataset, multiplying these
probabilities by the correspondingsiliencemetric fragility values(from equation [6.1]) and
then summing the valudsr each infrastructure type. This process is written symbolically below

in equation [6.2].

P(DV >dv | IM=im) = > P(DV > dv | IT=it, IM=im)* P(IT=it)) [6.2]
j=1

The resiliencemetric fragility curves that afeund in equatiof6.2] are theprimarygoal

of this datgprocessing toolbox. Tise curves can be plotted withtensity measurealueson the

119



x-axis and probability of exceedance of a certain metric s@ndhe yaxisas shown in Figure

6-1. They can then bét to the appropriate distributiomndinput intothe IN-COREdata basdt

is important thafield data sets to be unbiased in order to create accurate fragility curfielsl If
researchers only collect data that have a certain characteristic in commoph{esgal damage,
dislocation, loss of job, etc.hén the fragility curve will beruncated and ir@urate. For
example, if researchewere toonly investigate residences that wenehigherdamage states
thena fragility curvethat is produced from this data would be left truncated and not useful for
modeling purposesThiswould also appy if field researchersvere toonly interview dislocated
residents or onljocus on any characteristic that introduces bias to the sample.

The final (optional)step of the process is to use convolution to find the probability of a
certain resiliencenetric at a give location.Then the measuregrobabilities can beompared
with performance goals in order to determine whetitenotan area is vulnerable (similar to
Figure3-2). This process does not need to be completed by the data processing toolbox because
it can be donevithin theIN-COREsoftware. However, the data processing toolls® contains
this capability, for completeness.

The final input that is required before convolution can octura hazard curve foa
specfic locationand disaster type. This can often be found for earthquak&seoblnited States
Geological SurveyUSGS website, andn other publication$or otherhazard typg In order to
find the probability ofa certainresilience metridor hazard datahat correspondf a certain
location, the outputs of theresiliencemetric fragility functionsfound usingequation [6.2]are
multiplied by the corresponding probahésthat a certain intensity measuoccurs anthen all

values are summed. This pess is written symbolically in equati¢t 3].

P(DV >dv)= > P(DV >dv | IM=im)* P(IM=imy) [6.3]
k=1
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The whole process can be representeduiystituting 6.1] into [6.2]and then6.2] into

[6.3], resulting in the equation below:
n m !

P(DV >dv) = Z Z Z P(DV> dv| DM=dm, IT=it)* P(DM=dm; | IT=it, IM=im)
k=1 j=1i=1

* P(IT=itj))* P(IM=imy) [6.5]

6.3.Data Collection Quantity Requirements

It is important for researchers in the field to know the quantity and type oftddtthey
need to collect at the start of each day m field. The process that is described in this section
allows for rapid data analysis andrar estimation whichenabls field team leaderd¢o plan
fieldwork and develop data collection strategies at the start of each day iddhA fisethod for
reattime data processing in the field meeded when collecting data that seeks to connect
damage to physical irdstructure and social scien&pecifically,the decisions made by people
and familiesare not known prior to entering the field and the interview taking place, thus in
order to gather a representative sample across all combinations of the -dietiaga space
data processingshile in the fieldmay be neededt is recognized that the volume of data needed
to achieve the quantities presented herasy not be attainable for most field studies, but
nevertheless, the methodology holds in the event that this is a possitiktyirst stepof this
processis to collect an initialfield data setby following the guidelines provided in this
methodologyAfter an initial dataset is collected, fragilityrves can be produced for each of the
field study metrics singthe process described 8ection6.2.In order for this to be successful
researchers must have access to tdw@s upload their data points to a common database in real
time or, at thevery leastat theend of each day in the fiel@ihese fragility curveshouldthen be

fit to the appropriate distribution, whigields characteristic parameters that vary for egqle
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of fit (typically a shape parameter and a scal@ameter). In the case whera@mal distribution

best fits the fragility curvaghese parameters will be the mean,and standard deviatiorr,.

After these parameters are fouiad the initial data st (e.g., the data that was collected during
the first day inthe field) the data setshould be expanded by adding more data points and
increasing the sample site.g., addinghe data that was collected during the second day in the
field). Characteristt parametergor the fragility curve fits can then be found for thiarger,
combined data sethis process is outlined in tliew chartshownin Figure 63. It is important

for the data sets to berobined for the erroto convergeAs the data sajets larger,a reduction

in erroris expected

Find the percent
error between the
initial data set
¥ e _ : andthe final data set
Fit fragility curves and find
Collect field data set characteristic parameters l
for each metric
T ls the error
h 4 i ; within
| Uploaddataintoa | / tolerance?
single data base (real Frocess data using the data
time using < processing toolboxin MATLAB
smartphones) z . ~ "
Yes o [a]

h 4

./ stop collecting .
\ w~f:liit_ﬂf:l:zr that metric

N

9 4

Figure 6-3: Real Time Data Processing Procedure Flow Chart

122



An example ofusingreal time data processing to determine data quantity needs is given
in the paragrap below:
A field study is being conducted in a community after a tornado. One ob#iea the

field study is to dvelop population dislocation fragility functions within allowed erroy O 4,

of 10% After the fiist day, a total of 100 homes wes@veyed and the data was processed
analyzed The population dislocationfragility curve for these 100 data pointsest fits a
lognormal distribution with a mean of 4&nd a standard deviation 0f40.0n the second day,
an additional100 homes weresuveyed and the data waprocessedand analyzed The
population dislocatiorfragility curve for the total of 200 data pointgest fits a lognormal
distribution with a mean of 4.d@nd a standard deviation o#8. The measured error for each of
these parameters is calculated below.

6,, = (0.7-0.6)/0.7)*100% = 4.4%

4.4% < D% OK

54 = (0.40-0.45/0.6)*100% = 8.3%

8.3% < D% OK
Both parametersire within the toleran¢cesono additional datdor population dislocation

of this typeneed to be collected his proess canhten be repeated for all other data fields
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7. Data Processing Case Study Hurricane Andrew Data

The data processing toolbox described iragter6 was testedor a sample oHurricane
Andrew population dislocation dat#hat was provided by Walter Peacock and\atharad
Rosenheim at Texas A&M UniversifPeacock et al 1997pamage fragiliesfor a single story
wood frame structure subjected wand loading were used for all residencebecause the
structural system of each residence was not redardéhe provided data seifter processing
these datausing the techniques described Section6.2, a number of fragility curves were
produced.These fragility curves were modified based on two secondary factms:(white,
black, or Hispanic) and housing type (mobile home, single family home, or attachedeayar
These secondary factors were selected based on the data that were avhgatdgility curves
for all of the data and thosleat were shifted based on rar@ shown in igures7-1 though7-4.

Hurricane Andrew Population Dislocation Fragility Curves - All Data
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Figure 7-1: Hurricane Andrew Population Dislocation Fragility Curvesll-Data
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In order to create these different fragility curves 1,097 data points were mrdwyde
Walter Peacock andathanakRosenheim at Texas A&M Universi{fPeacock et al 1997ach
data pointconsisted of the resident’s race/ethnicity, the damage state of the residence, th
housing type, and duration of dislocation. It took an extraordinary amount of time andaeffo
collect this robust data séthe scope of this thesis did not include cartohg aformal analysis
of the error in order to find the optimal number of data ppiois this is important work that
should be done in the future.
Several observations were made based on these results
1. Non-Hispanic whiteresidentsare more likely to be dislocated at each duration category
than the population as a whole.
2. African Americanresidents are more likely to be displaced for at least one day, but
slightly less likely to be displaced for longer durations than the population as a whole
3. Hispanicsare the least likely to be displaced for more than a mdntithermore, e

probability that a Hispanic residelgaves their home increasggnificantly aroundwind
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speed®f 120 mles per hour, butthe probability thaa non-Hispanic residenkeaves their
homessees a similaincrease akess intensevind speeds o&pproximatelyl00 miles per

hour.

These fragilitiefunctionscan befit to the appropriata@istribution andused withinIN-
COREto help calibrate population dislocation predictions, alfioit is noted that many other

factors are present that may affect this decision
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8. Field Study in Support of theJoplin Hindcast

This sectiondescribesa community resiliencéeld study with the intent o$upportinga
hindcastfor the 2011 Joplin, MQornado. The field work took plade Joplinfrom July B to
21, 2016 approximatelyfive years after it was hit by an E3-tornado This chapterincludes
backgraind on the city of Joplira review of existing literature relatémlthe tornado impact and
recmvery, a discussion of the data requirements, and a description of the methodséoigyd
thefield data collection activities that took place. In additiSaction8.5 isa standalone section
that discusses the interconnectivities between the physamall, and economic domains within
Joplin and how the decisions made by Joplin School District relatedrsportatioraffected
these interconnectivitie3his standalone section is intended to show a single and direct example
of how the linkage between human decision and community resilience occurs.
8.1.Introduction

The term hindcast refers to data collection activities that allow the validation of
communitylevel models before and after an event. These are also used to validate mathematical
representatios of a physical osocialprocess or system. The Joplin field stwhs done directly
in support of developing a hindcast study of the 2011 Joplin, Missouri toriada. was
collected throughinterviews with key stakeholders in Joplin, obtainingatd from local
organizations, government agencies, and other researtdieng) geolocated photos, and field
notes.Obtaining data from other sourcesimportantfor all field studies, but it is ememore
important forstudies taking place after comnity recorery has begun. Local organizations,
government agencieandotherresearchersften continue taollect data on the recovery of the

communitylong after the event occyrand it is crucial tabtain data fronthese groupsOnce
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the data has been gatheradd analyzedthe results othe analysisan be communicated to the
entities providing datéor their benefit

The primary olective of thiscommunity recovery field studyasto collect data that can
be used to evaluate the accuracy of and interabitween the physical, social, and economic
models that are being developed for implementation it€MRE. The two primary objectives
for this specific field study were to gather immediate and-tengn data that can be used to (1)
calibrate models focesl on the interaction of the domainxluding physical, social, and
economic and (2) develop restoration amdovery functionsthat are driven by physical
infrastructure conditions and guided by social and econdetisionmaking andconsequences.
The focus of the fieldteams that wento Joplin was on gathering longerm data on the
communitys recovery Of particularinterest wadearning about the immediate impact and the
longterm trajectory of Joplin’s resilience and recovery including decisiortswhee made
immediately following the event and during the recovery so that they beutdodeled during
the final phase of thieindcasting process. While this field study was in support of the hindcast as
previously stated, this section will focus only ¢me field study methodology, planning,
execution, and conclusions formed from qualitative data. It will not discuss the hipdoaesss
explicitly.
8.2.Literature Review

In order to understand thghysical, social, and economic consequences of the 2011
Jopin tornado, a number gfublished reports and journal articles were collectedraviéwed
A selection of important background information frairese reportss summarized in the

following section.
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After the May22, 2011 tornado idopin, MO NIST conduatd aposttornado field study
with thepurpose ofnvestigatingthe performance of structures, human behavior, and emergency
communicationgKuligowski et al. 2014)The field teamarrived in Joplin two days after the
tornado and spent four days thedlecting dataThe methods, tools, and processes that this
team usedare summarized inSection2.1.1 of thisthesis.In addition to theNIST report, a
number ofother reports and articlasgere reviewed. The following paragraphs briefly describe
the informaton that could be gathered from news articles, formal reports, and online resources
related to the seven resilience metrimmSection3.2 of this report.

Population Dislocation

Before the tornaddhe population of Joplin was 340. After the tornado he city’s
population droppe@in 2012 Joplirvasthe secad fasted shrinking city in U.S) and then slowly
recovereduntil it finally reached 51,324 in 2014urpassig its pre-tornado population. The most
recentdatashows the population of Joplin at amt@ne high at51,818 in 2015 (SEMA 2016;
Office of Missouri Governor Jay Nixon 2016). The exact number of dislocated persons is
unknown, but 586 households that were forced to leave their homes stayed in temporary housing
provided by FEMA, and300 individuals that wes dislocated by the tornado stayed in an
American Red Cross shelter at Missouri Southern State University (MGRWA 2011).All
of these familiehad left theFEMA temporary housing units by June 9, 2013 (Onstot 201).
schools in Joplin only lost 2% of enrolled students aftertdineado, whichlikely means that
families thatwere dislocatedended to staypear Joplin. It is estimated that 98% of families who
lost their homes stayed within 25 miles of Joplin, either renting or buyingoartnmeent or

staying with family or friends (Smith and Sutter 2013).
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Business Interruption

Many businesseés31 total)were significantly damagedaly the tornado, bu485of these
businesses have-opened since the torna@Office of Missouri Governor JaNixon 2016).The
rest of thebusinesses that were open before the tornado closed permeaaféetiyhe event
(Onstot 2016).

Employee Dislocation

The tornado impacted more th&000 employees in Joplin when 531 businesses were
significantly damaged, an3,000individuals in the city of Joplin lost their jobs. Since the
tornado,new jobs for 1,045 fultime and 818 part time employebave been createdhe
unemployment rate in Joplin was 7.9 percent before the toranddaslecreased t8.9 percent
in 2015 (Office of Missouri Governor Jay Nixon 2016

Critical Facilities Impact

This section discusses damage to those facilities in Joplin that are believedritcéle
according the definition provided earlier in this thesis. Nine schdolsteen child care
facilities, two hospitals, and a number of other critical facilites=re damaged or destroyed in
the tornado. Two severetlamaged school buildingdoplin high school which was built in 1968
and Joplin middle school which was built in 2D@&re investigated in detdily Coulbourne and
Miller (2012). The performance of these two buildings wefeund to be similar despite their
difference in ageFour new schools were constructed from 2011 to 2015, and a new hospital
(205 beds) opened in March of 2015. Each of these new buildings is equipped with safe rooms to

protect life safety ifuture tornadoes (Office of Missouri Governor Jay Nixon 2016
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Housing Loss

Eight thousandchomes and buildings (about a fourth of total housing in Joplin) were
dedroyed or damaged in the tornaddamaged or destroyed construction types included: pre
cast concrete, brick, metal, masonry, and wisathe buildings (FEMA 201). Since then 2,090
new single family homes, 1,483 apartments, and 1,293 duplex unites haw®bhsteactedfor a
combined total of 4,866 new housing ur(i®ffice of Missouri Governor Jay Nixon 2018 he
“rebuild Joplin” organization helped people that were underinsigledild their homes at little
or no cost to themAll of the familieshad Ildt the FEMA temporary housing units by June 9,
2013 (Onstot 2016

Physical and Mental Morbidity and Mortality

About 1,000 people were injured and 161 people lost their lives in the tornado. $2 million
were given to establish the Joplin Child Trauma fimeat Centewhich providescritical mental
health services to children and familiasdhas served more than 3,800 children sthesevent
Almost 200 teachers were trained in identifyisugd caring forchildrenthat were impacted by
the disaste(Office of Missouri Governor Jay Nixon 201&dams et al. (2015) surveyed 340
adolescentérom Joplinbetwesn September 2011 and June 2(i2rder b determine the rates
of posttraumatic stress disorder (PTSD), major depressive episode (MizE3ubstance use
disorder (SUD)The results of this study showed that the rates of these conditions were: 3.7% for
PTSDandMDE, 1.1% for PTSDandSUD, 1.0% for MDE and SUD, and 0.7% for PTSIDE
and SUD. They also showed that gender and parental injury were highleleted with these
mental effectsHouston et al. (2015) conducted a separate study that surveyed 380 adults six
months after the event and 438 adults 2.5 years after the event. This study showed tt&Dthe PT

relevance was 12.63% six mbatafter the everand 26.7% two and a hajéars after the event.
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Comparing these two studies shows that adults were highly more likely than childlevetop
mental disorders after the tornado.
Fiscal Impact
As of October 31, 2012 the total losses in the city of Jopére $2,017,564 and the total

losses paid by insurance companies were $1,651,650 (Onstot 2016).
8.3.Data Requirements

Because thisfield study was intended to support a hindcashe data collection
requirements had to be slightly altered in order to achtbeegoals of the hindcasfThe
traditional field studymethodologyhad to beapplied to specific data collection activitidsat
could bedone in Joplirover a three day perioéParts of the traditional field stuayethodology
were not gplicable becausehé study occuged five years after the disaster (e.g., damag
inspections did not occur). The methods of collecting data for each isitience metrics listed
in Section3.2 had to be changed to account for dht had already been collectedcauset
was possible to obtain data from othesearchers or online data basése modifieddata
collection strategies for six of thesilience metrie are described in this section, Wigcal
impacs are notdiscussedecause theweremodeled byeconomist who areaffiliated with the
NIST CoE using secondary data that were not collected in the field

The data needs that are listed in this secti@ne developed byassuming the ideal
situation where field researchers have unlimited time and money. Howesey, of theselata
were not actuallycollectedin the Joplinfield studydue to limited resources. The quantitative
data that could not be collected were substituted with qualitative data from intemwidws

community leaders and local government offeid he following sections were writteduring

133



the field studyplanning periodbeforethe team entered the field aade, thereforewritten in
future tense.
8.3.1.Data Requirements for Each Resilience Metric

Population Dislocation

There have not been any fieldvestigations in Joplin that have specifically studied
population dislocation. Therefore, well not beable to obtain this data through collaboration
with other researchers. Insteagte must conduct interviews and surveys with community
members in order to find out how long they were displaced and where they wenhafter t
tornado. Wecan use multiple methods to obtdhrese data. We can either mail a survey to a
representative sample of households in Joplin or we can conduct face to facenstdhaemalil
survey method is implemented, Dillman’s “Total Design Method” should be used ¢asecthe
response rate (Dillman 197&achrespondent should first fill out a demographics form, which
will provide crugal data that will allow us to modifthe fragility curves thaaredeveloped based
on race, income, gender, etsee Section6.2). Guidelines for developing a population
dislocation questionnaire can be foundbiection4.2.

Business Interruption and Employee Dislocation

There are several exisg studies that have been conducted that provide details on
damage to select commercial buildings (Kuligowski et al. 2@tdyatt et al2013). Hbwever,
none of these investigated the duration of closure of indivibualnesss or the economic
effects ofthe tornado. Therefore, we will need to colladtlitionaldata through interviews and
surveys of business owners, public officials, and community leaders. This can binrdoigh
either a combinations of mail surveys and follow up phone calls usingddils “Total Design

Method,” or through face to face interviews. Questions shoultklelopedo provide data that
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can be used to quantify either business interruption or employee dislocation in aceokdith
the methods described earlier in this replortaddition to these questioasdemographics form
that also contains data fields for businessesbonomic sector, preisaster financial condition,
age, primary market (e.g., local or international), and sizebBMet al. 1999) should be
completedby the business owner.

Critical Facilities Impact

Several studies were completed immediatdhgr the tornado that captured perishable
damage dtarelated to critical facilities in Jopli(Kuligowski et al. 2014; Prevatt et &2013
Coulbaurne and Miller 2012; FEMA 20131 These data cabe obtained through collaboration
with governnent agencies (e.g., NIST), resgagroups (e.g., ASCE), and university researchers.
In addition, researchers at Missouri Southern State Univdnsity been monitoring the long
term recovery of Joplin’s buildings over the last five ye@he unit of measure that we are most
interested in is loss of functionality of a facilityhichoccurs when the facility is no longer able
to perform its most basic purpose. E.g., a hospital loses functionality vehesoriterscan no
longer treat patients properly. Loss of functionality data may need to be dbtaimeigh
interviews with critical facilities managers and local officials.

Housing Loss

Similar to critical facilities impact, hesing loss data can be obtained through various
collaborations (Prevatt al.2013; Luo 2014; Kuligowski et al. 2014; FEMA 2Q1Additional
loss of functionality data may need to be obtained through interviews with homeamaeiocal
officials or throwgh tax assessor data

Physical and Mental Morbidity and Mortality
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Several studies on physical and memalkbidity and mortality were conducted after the
event (Kuligowski et al. 2014; Curtis and Fagan 2013; Paul and Stimers 2012, 2014). The data
from these studies should be sufficient for basic model validation. Curtis and Fagan (2013)
developed a database containing name, age, gender, date of death, and locatitnforf dia
mortalities caused by the tornado. Kuligowski et al (2014) obtained sedatia@bases that
included deaths, injuries, and disease informathomever, data on the locations of the injured
persons were somewhat limitedwo significant studies on mental morbidity have been
conductedAdams et al. (2015) surveyed 340 adolescents from Joplin after the event in order to
determine the rates @osttraumatic stress disorder (PTSD), major depressive episode (MDE),
and substance use disorder (SUD), and Houston et al. (2015) conducted a separate study that
surveyed 380 adults six months after the event and 438 adults two andyadnalfafter the
event.These researchers and organizations should be teshtaorder to share data anelated
information.

Physical Infrastructure Interdependencies

Understanding physical infrastructurgerdependencies is an important part of studying
the resilience and recovery of communities. Building functionabtyoften dependent on
numerousutilities. Utility damage and restoration data haheadybeen collectedy others
(Kuligowski et al. 2014)and we can use these existing data to study physical interdependencies
between electric power, water, oil and natural gas, transportation, and comroanicati
infrastructure. Additionatlata may be gathered througierviewsand collaborationvith utility

managers and owners.
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8.3.2.Summary of Data Requirements

One of the objectiveof the field study portion of the Joplin hindcast is to collect data
that can be used to quantify the followisig resilience metris. population dislocation, business
interruption, employee dislocation, critical facilities impact, housing loss, and physichl an
mental morbidities and mortalities. Some of the data that we need are alredalyl@vhrough
collaboration with others (e.g., damage to buildings and morbidities and ma@}altmvever,
other datahatwould ideallybe collected byheteaminclude:

1. A representative, random sample (both damaged and undamaged)adurationsof
dislocationof community members, duration of time away from work, corresponding
residentiadamage states, and resident demographics.

2. A representative, random sample (both damaged and undamaged buildings) of business’
duration of closure, corresponding building damage states, and business chatacteristi
(economic sector, preisaster financiatondition, business age, primary market (e.g.,
local or international), and business size).

3. Durations of loss of functionality of critical infrastructure and redidérbuildings,
corresponding damage states, loss of lifelines, and wind gpsé@thate)at structure
(optional).

4. Supplemental physicaind mental morbiditglatg corresponding infrastructure damage
state, and individual demographics.

8.4.Methodology
8.4.1.General Process
Planning for the Joplirield studybegan about a month and a half before the seam

actually entered the field. During thpganning periodyweekly meetings were held with potential
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field team members in order to discuss the goals and objectives of the study. @ongbldte
Institutional Review Board (IRB) CITI ethics training wapr@requisite for all potential team
members because the data inctldgormation on human subjects. The team members were
selectedbased on their interest, availability, and area of expef@seJune 27six subgroups
were created according to theirmpary objective: Housing (4 members), Buildings (3 members),
connectivity (4 members), and networks (3 members). These teantesmgbed furthein
Table8-1. Each group then focused primardy their respective objectives in prepagrfor the

field study.
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Table 8-1: Joplin Field Studfeams

Team A. Housing 1 | B. Housing 2 | C. Connectivity 1 | D. Connectivity 2 E. Networks F. Buildings
(Social Science | (Social Science Distributed (All except
and Physical and Physical systems- residential)
Infrastructure) Infrastructure) transportation,
EPN, water
Hussam
Sara Hamideh| Maria Koliou Lori Peek and Jennifer Tobin- | John van de Lindt, Mahmoud
Members and Shane and Sam Hassan Masoom Gurley and Todd| Suren Chenand Stephanie
Crawford Spector Clapp Navid Attary Pilkington, and
Mehrdad Memari
Team 1 Engineer ang , 1 Engineer and 11 1 Engineer and 1 . .
Compostion | 1 Sociologist 2 Engineers Sociologist Sociologist 3 Engineers 3 Engineers
To collect data | To collect data
To collect data| To collect that aids in tha aids in To collect data
S : . ; To collect data R
that ads in data that aids modeling modeling that aids in that aids in
Primary developing | in developing| connectivities connectivities : developing
o o D . : modeling water, Iy
Objective fragilities for | fragilities for | between physical, between physical OWer. 0as fragilities for
residential residential social, and social, and b ; gas, non+esidential
o o . . traffic, and debris o
buildings. buildings. economic economic buildings.
domains. domains.
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The initial task ofeach group was to determine th@&a needed in order to understand
and model their respective community donsaiBach group conducted preliminary research to
identify data that were available from secondary sources (e.g., online resources shegubli
works), and to determinewhich data needed to be collected from primary sources (e.g., data
collection activities in the fie)d All datafrom secondary sourcegere collected and compiled
before the team entered the field. The four-gtdups met edcweek in order to share their
progress from the previous wee&ince this field study was in support of a hindcast, it had
different goals than the methodology presented in this thesis. One of thesesndédteis thathe
team wasnot attempting to collg data in order to create probabilistic models of resilience
metrics, so the methodology outlined ihapters3 and 6 was not applied directly for Joplin.

The NIST CoE collaborated with Professor Andrew Graettinger and sevdmal studentsrbm

the University of Alabama androfessor Steve Smith at Missouri Southern State University who
mapped the recovenf infrastructurealong the tornado route @ix month intervals over the last
five years Professor Smitlprovided maps of the City of Joplin that included data on building
footprint, height, damage, and zonin§everal of these maps were plotied}’ x 6’ or 3’ x 4’

and used throughout the planning and execution of the field study.

Two weeks before deployment, the meeting matrix that is shown hie Ba2 was
created. The purposé this matrix was to organizeeeting schedusdn order to send only one
or two team members to speak with each interviewee. This &xsbha burden on the
interviewees anénsuredsmall, focused discussions. After it svdetermined which city offices
we wantel to contact, the city manager was contacted in hopes thablid enablesmeetings
with other city officials. Tlen all of thesefficials were called by the principal investigator (PI)

in an attempt toet up interviews between July"1@nd July 21
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Table8-2 Joplin Field StudyMeeting Matrix

Contractors Various Various
Long Term
Recoyery Keith Stammer Keith Stammer x x
Committee
Contact
Joplin Schools Norm Ridder (Interim C.J. Huff < ¢ <
Admin Superintendent) (Superintendent)
Emergency
Management Keith Stammer Keith Stammer < x
Dept. 4CEM
Direct_or Troy Bolander Troy Bolander x X x
Planning
Rostan Solution Sam Rosania (Vice Sam Rosania (Vice ¢
(Debris) President) President)
Traffic Engineer David Hertzberg Unknown x
Missouri Matt Barnhart Matt Barnhart <
American Water (Operations Manager) (Operations Manager)
Empire Power Bradley Beecher Bradley Beecher v
co. (President and CEO) (President and CEO)
City Manager Sam Anselm Mark Rohr < x
Connie Hoover (Jaspey Connie Hoover
Appraiser and Gloria Gourley (Jasper) and Gloria x
(Newton) Gourley (Newton)
Fire Chief James Furgerson Mitchell Randles X
Mercy Hospital Tracy Godfrey and Gary Gary Pulsipher =< =< «
Admin Pulsipher (co-presidents) (President)
Building Permit Bryan Wicklund (Chief Unknown =< =<
Office Building Official)
T Lead o 3 3
eam Lea <= = (O
«3e3$ |Ec3555328
SElEgt [E55l84EES
S -
% X o 2LFO § T g = §
| N2 2
il ol = s |12 |5 B
= 0l.= o|+ — — c —
Team 232233~ 8N§ 3 |2
2ERBE | E |2 |2 |6
Z |m
2TES | 3§
Group <|lom|Oo| o |w|lu|o

2016 Primary Contact

2011 Primary Contact
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The PI then developedraugh schedule to be followed by tbembined fieldeam. his

schedule is shown in Tab3. Each individualteam leademprepared their specifiteam’s

schedule based on this general template.

Table 8-3 Joplin Field Study General Schedule

Date Time Activity
Field team leaders arrive i
Varies Joplin. F?elllmlnary meetings
Monday, July 18 between f_|eld te_a_m leaders
' and city officials.
The rest of the team arrive
Afternoon . :
in Joplin andravelto hotels.
8 AM -9 AM Full team morning meeting
9 AM — 12 PM Ind|V|dyaI tea_m_ Qata
collection activities.
i 12 PMto 1 PM Lunch and full team meeting
Tuesday, July 19 ks S
Individual team data
1PM-6PM ) L
collection activities.
7 PM — 9 PM Dinner anc! full team
meeting.
8 AM -9 AM Full team morning meeting
9 AM — 12 PM Ind|V|dyaI tea_m_ Qata
collection activities.
Wednesday, July 30 12PMto 1 PM Lunch and full team meeting
1 PM—6 PM Ind|V|dyaI tea_m_ Qata
collection activities.
7 PM Dinner on your wn.
9 AM — 12 PM Flnallteam debrlgflng, data
sharing, and action items.
Thursday, July 21 Possible final meetings with
12 PM -5 PM 9

contacts and depaibplin.

This schedule was revisadthe fieldaccording to the PI's judgmeand data need&or

example, full team meetings were held each day from 4PM to 5PM instead of duaftgro

dinner. Also,several team memberscinding the P attended additional interviews in the

morning of Thursday, July 211n order to avoid scheduling conflictise final team debriefing

which includeddata sharing and action items waald on Wednesdagfternoon.At this final

142



meeting, the data from all of theam members was downloadexto onecentralhard drive.
Sharing data before leaving the field prevented issues with transferrangedattely since team
memberscame from multiple locations across the UliSwas also requested that each team
leader submit a “two-pager” which outlines theiteam’s objectives, the work that they
completed, the data that theylleoted, and the data that still ne¢aol be collected. Each team
submitted their twgpager to the Pl before leaving Joplm example of a twgpager is shown in
Section 8.4.30ne week after leaving Joplinyatual meeting was heldith the combined team
at whicheach group briefly summarized the work that was completed and the data that were
collected and discussed the next stéjas should be taken in orderdcomplete the hindcast.
8.4.2.Equipment
e All team members had smartphones which were used for communication and the taking
of geo-located photographs.
e GPS Devices (DeLorme Earthmate 13Mries)— three units fromthe University of
Alabama(UA).
0 Thestudents from UAvere trainedo use thesanits
e Cameras (BSLR or smartphone).
e Nikon camera that had the capability of exjing data to ArcGIS.
8.4.3.Connectivity Team Activities
As an example of thdaily activities of each team, this section will discuss the specific
tasks and data collection activities that were conducted by the two connecawity. tBuring
the preparation phasdese two teams worked togethercollect preliminary data anplan data
collection activitiesn the field A meeting was heldn July ' with the four team members and

the PI. in attendance in order tdiscuss a preparation wogkan. Each member of the team
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prepared a list of data that they believed was most important to dolkbet field and then two
primary focuses were selectedhsols and healthcare. These two subjeeie selectebecause

we believed that it was mormportant toobtainin-depthknowledge on a couplef topics than

to obtainless comprehensive data about a broad scope of t@xcsction items were then
identified as follows:

1. Go through transcripts of old interviews and pull out data or anecdatied¢hrelated to
the studyand share them with the full team.

2. Find and record recent news stories that have come out of Joplin related to our .interests

3. Research secondary data sources: what is available publically and privately (e.g.
enrollment data, CDC

4. Look at each of the five components of physical infrastructure for schools and see how
they affect the way that people behave or modify physical interdependencies.

5. Create a map of Joplin containing: locations of all schools and hospitals and #iwie rel
damae level and recovery over tinaad which students went to which schools before
and after.

6. ldentify key points of contact within Joplin healthcare &@uhool Districtand set up
interviews with them.

These six tasks were all completetpto the field investigationt wasthendetermined
that four of thanost importantuestions that needed to be answered included:

1. What information do we already have and how do we avoid redundant data collection?

2. Who can help us obtain healthcare and educatba?

3. How did damage to hospitals effect the long term lives of individuals (e.qg., toetegl

to travel long distances to obtaiare)?
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4. Which institutions are able to adapt and which are not (e.g., mental hedlitre$aare
able to adapt bgoing door to doowhile still working at a high level of productivity)?
The following pages contain a summary of the work that was completed in fyelldeb

connectivity team and work that still needed to be done. This-pager’ wasoriginally created
by Lori Pe&, and then edited kiyre connectivityteam before leaving Joplin.
Connectivity Team— Joplin, Missouri Hindcast Field Investigation
July 21, 2016
Contributors:
Jennifer Tobin-Gurley, Todd Clapp, Hassan Masoomi, Lori Peek, and John van de Lindt
Objective
To collect qualitative and quantitative data regarding the interconnections betvecéilt,
social, and economic environments, with a special emphasis on schools and the health car
sector.
Summary of Field Work
On Tuesday, July 19, Wednesday, July 20, and Thursday, July 21 the connectivity interviewed
the following key stakeholders:

e Facilities Director, Joplin Schools

e Director of Transportation, Joplin Schools

e Assistant Superintendent of Operations, Joplin Schools

e Vice President Clinical Services, Ozark Center (Mental Health)

e Coordinator of Crisis Services and Accreditati®zark Center (Mental Health)

e Associate Professor and Chair, Department of Social Work, MSSU and Chairpérs

the LongTerm Recovery Committee
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e Chairperson, Joplin Citizens AdvigsoRecovery Team
e Director of Facilities, Mercy Hospital
e Director of Safety, Mercy Hospital
Data gathered prior to the investigation:
e The team mapped and traced the location of schools and hospitals before and in the five
years after the tornado.
e The teansearched for and compiled all publically available data sets.
e The team researched and compiled specific impacts of the disaster related ttt, the bui
economic, and social environments.
Data gathered during the field investigation:
e In-depth, qualitative data regarding community recovery in the form of field nodes a
audio recordings that will be transcribed verbatim as soon as possible.
e Spreadsheet containing 2011-2012 student homeless population information and post-
disaster bus routes for Joplin Schools.
e Joplin schools facilities director offered to provide building plans for old and new
buildings via email.
Main Points:
e Schools
0 3 Phases:
1. Get students back in school by August 2011. This required summer repairs
and build out of the mall school and identification of other temporary

locations.
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2. Pass bond issue to secure money for new schools. Put out RFQ’s. Start
rebuild of new schools.
3. Safe room installations.
Some schools were over 100 years old, other (e.g., the high school) were built in
the 1950’s. East Middle School was a fairly new build.

YouTube video, Bus Rescusattps://www.youtube.com/watch?v=P8RCTSijtn4

Pretornado there were 81 buses. Went up to 98 after the tornado. Now they are
running 83.

They ran 41 buses for summer school in 2011. Offered both summer and winter
camps to occupy the students.

Buses drove over a million miles.

Pretornado they served 7,000 students, now they serve 7,500 students.

Made changes in the way they speak about inclement weather over the bus radios.
Made sheltering changes. Used to recommend getting out and laying in a ditch,
now they recommend staying in the bus if they cannot get to a storm shelter.
The younger the children the more likely to move away permanently

Expected 15.8% attrition due to tornado, but only saw approximately 3% at high
school and 8% across elementary schools

The high school was back to pianado enrollment about two years after the
event.

4 hope counselor’s assigned to high school

15 high school faculty lost homes

4,200 of 7,500 in district displaced
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o0 West Elementary, 90% poverty rate

0 Kids helped pass the bond measure by voter turnout. Vote passed by 47 votes. 70
kids registered to vote.

o If the tornado would have occurred during school hours there may have been
hundreds of student/staff injuries and several deaths due to flying debris and
collapsed ceilings

e Mental Health, Ozark Center

o 8 buildings lost, 2 buildings had roofs destroyed, last building rebuilt November
2015 (Autism Center, funded by $3Million estate fund)

o Temporary command center was the only building with power, had to use as
substance abuse center

0 425 employees pre-tornado, 600 employees now

o 35 buildings

o0 The population of served mental health patients went from 13,000 to 14,500 after
the tornado; these individuals were drawn from a four county region of
approximately 250,000-300,000

o Therapists for children increased from 2 to 14

0 Major adult needs didn’t present until year three after the tornado, then a
substantial uptick in needs

o Cumulative losses mattered...losing home, school, job, accumulated and resulted
in more severe symptomatology

0 60% of children that were seen after the tornado had trauma histories

o Autism facility destroyed, which was hard because they oaedevery day
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0 Lots of medications destroyed, got new shipments in to be distributed thanks to
Governor of Missouri mobilizing resources

o Percent of people not able to go back to work one month following: <.5%

o Executive director of the Ozark Center rofgl$illion in grants in the first 18
months

o Jasper counties in the top ten counties in the US for high suicide rates since 2001.
Large increase in child suicide.

0 40% increase in domestic violence rates

0 80% increase in substance abuse

What is Still Needed

e We were not able to secure an interview with a representative from Freeman hospital
system.

e More quantitative data to summarize the interlinkages and connectivity issaesfmo
interest for the model (e.g., damage to students’ residences linked toesbsenc
behavioral issues).

e School data — enrollment data (e.g., number of students who left the district and humber
of students who were new to the district in the years following the tornado); iedatat
attainment data (e.g., drajut rates pre-post toado; test scores; average GPA per class;
etc.).

e Hospital data- data on admissions, by health outcome, over time.
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8.5.Connectivity lllustrative Example - School Bus Routes

The following section was origally written as a standalone technical meama the
modified for this thesis. Thereforepme of the details may reiterate poithtat were mentioned
in previous sections of this chapter.

8.5.1.Introduction

Joplin isin the southwespart of the state d¥lissouri. The northersection of the city is
in JasperCounty and the southemsection isin Newton County. The population of Joplin is
51,818 (201pb and swells to approximately 250,000 during the daytime due to the large
metropolitan area surrounding Joplin. The total population of the area within 40omileglin
is 400,000which makesit the fourth largest metropolitan area in Missouri. The primary
industries near Joplin are education, health, agriculture, construction, transpoméddil trade,
and manufacturing. Before 2011 there were two hospitals, sixsposhdary educational
institutions, one public high school, three private high schools, and many junior high schools and
elementary schools located in or near the @#yMA 2011; Kuligowski et al. 2014).

Joplin is in an area of the Midwest thatoften called “Tornado Alleytue toits high
tornado risk. The 80 mile area surroundilaplinexperienced66 tornadoes from 1950 to 2011;
however, onlytwenty-four percent of these were rated-Efor greater on the enhanced Fujita
Scale and only oneR=2 or greater tornado has impacted Joplin directly (1971). (FEMA 2011,
Kuligowski et al. 2014).

8.5.2.Tornado Impact (Kuligowski et al 2014)

On Sunday May 22, 2011 at 5:41 PM anEfornado devastated a six mile long and one
mile wide path through Joplin, M@.was the most deadtprnado in the U.S. in more than sixty
years, killing 161 and injuring more than 1,000 people. Total economic losses were nearly $3

billion making it the most costly tornadever recorded (Kuligowski et al. 2014h total, 553

150



bushesses and 7,500 residential structures were damaged. The reason that this torsado was
much worse than many of the tornadoes in the past is because it went through a densely
populated area with many commercial buildings, schools, and healthcatesterhereasnost
tornadoes only impact rural regions (Kuligowski et al. 2014).

The eventwas on the same day as the graduation ceremonyldplin High School
which occurredat Missouri Southern State University. The highad was severely damaged,
but nobody was inside during the everit. lost several components which includdae
gymnasiumthe auditorium, and many other buildings sitethat were damaged, making the
high school unusable. Joplin East Middle School was also severely damagelbsand
functionalty after the tornado. Other schools that were damaged included Irving Eleynentar
School, St. Mary’s Catholic Elementary School, and Emerson Elementary Schoayemd
more schools were less severely damaged.

The damagedo roadways was severencathree million tons of debris added to the
transportation issuas Joplin. The daytime swelling of the population of Joplin increased the
stress on the transportation networks. Many commuters were forced to Bnohtdt routes
which increased traffi€low on undamagedtreets (City of Joplin 2012). Many utilities were
affected including power, water, gas, and telecommunications. EmstacDElectric lost
towers, polessubstationshigh voltage linesand infacility power distribution systemsatsing
20,000 customers to lose power. Power was restored to mostithenanine days othe event.
4,000 service lines wereathaged which caused water leaks and decrease in water peassure
prevented two elevated storage tanks from functioning. Adawilsorywas in affect for five and
a half days after the event. Water that was used for fire protection servicesstoasd after four

days.A singlewater treatment plant was also damadegJ000 feet of gas maiand 3,500 gas
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meters weredisrupted which affected 3,500 community members. Seventy percent of the
damaged mains were repaired one year after the event. Fammaigell towers lost function, and
many wireline network cables were damagesuling in difficulty with phone calldor a few
dayswhile still being able to text.

8.5.3.Joplin Field Study

From July B to July 21, 2016 a multisciplinary team of engineers and sociolagist
from the NIST CoBwvent to Joplin, MO to conduct@mmunity resiliencéield study five years

after the tornado. The tees objective was to collect qualitative and quantitative data regarding

the interconnections between the built, social, and ecorbom@insof the effected community

During the preparation phase, the team collected preliminary data and plannedlldateon

activities in the field. Véekly phonemeetings were held with the team members in order to

discuss a preparation work plan. Each member of the team prepared a list of d#taytha
believed was most important to collect, and then two primary fecusee selected: schools and

healthcare. These weselectedoecause it was decided that obtaining depth of knowledge on a

couple topicswas more important than obtaining minimal data on a broad scope of;topics

thereby enabling a better understanding of the connectivity in the objectiireedwtboveThe
following five tasks were also completed during the preparation phase:

1. A team member went through transcripts of old interviews that took place soon after the
disaster and pulled out data or anecdotas were related to connectivities in order to share
them with the full team.

2. A team member found and recorded recent news stories that came out of Joplin and were
related to our objective.

3. A team memberidentified secondary data sources determinewhat data were available

publically and privately (e.g., enrollment data, student absences, etc.).
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4. A teamcreatedmaps of Joplin containing locations of all schools and hospitals and their
corresponding damage levels and recovery over time and the schoct disting areas
before and after the event.

5. Team members identified key points of contact within Joplin healthcare and education
systems and set up interviews with thiemthe site visit
It was then determined that four of the most important questi@isieeded to be answered

included:

1. What information do we already have and how do we avoid redundant data collection?

2. Who can help us obtain healthcare and education data and how do we contact them?

3. How did damage to schools and hospitals effect the lwaadividualsin the years that
followed (e.g., being forced to travel long distances to get to school)?

4. Which institutions are able to adapt and which are not (e.g., mental health faail@iable
to adapt by going door to door while still working athigh level of productivity while
schools are confined to a centralized location)?

Two weeks before deployment, a meeting matrix was crehtg@llowed us to lessen
the burden on the interviewees and conduct small, focused discusSignsfficials that we
wanted to contaatere called by the principal investigator (PI1) in an attempt to set upiges
On Tuesday, July 19, Wednesday, July 20, and Thursday, July 21 the conneetwity
interviewed the following nine key stakeholders:

1. Facilities Diector, Joplin Schools

2. Director of Transportation, Joplin Schools

3. Assistant Superintendent of Operations, Joplin Schools

4. Vice President Clinical Services, Ozark Center (Mental Health)
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5. Coordinator of Crisis Services and Accreditation, Ozark Center (Meptidti)
6. Associate Professor and Chair, Department of Social Work, MSSU and Chairpérthe
Long-Term Recovery Committee

7. Chairperson, Joplin Citizens Advisory Recovery Team
8. Director of Facilities, Mercy Hospital
9. Director of Safety, Mercy Hospital

Theseinterviewswere audiaecordedand then transcribed verbatim-depth, qualitative
data related to community recovery were collected from each interiAexibility as a team
was crucial. For example, while interviewing the Facilities Director of J&dimools, we were
introduced to the Director of Transportation at Joplin Schools with whom we then ceshdict
impromptu interview. The Director of Transportation provided us with a spreadsheenhicontai
locations of temporary residences of the students who were displaced due to the fmeado
locations of these displaced students were mapped out and are ishBigare 8-1, andthe
Facilities Director of Joplin Schools offered to provide building plans for old and néangsi
via email. Some of the main takeaways from the interviews with Joplin SchooicDistr

employees are described in the next section.
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8.5.4.Joplin School District's Actions

This sectiordescribs the qualitative data that were gathered from interviews with Joplin

School District enployees. It focusson theactions that were taken by the school district in the

immediateaftermath of thé¢ornado related to transportation issues and bus rdubes of the

actions that were taken by the school district are described.below

1.

Immediately after the tornado thegrd buses to hel@t. John’s Regional Medical Center
(SIJRMC)with the evacuation of patien{School Bus Rescue 2012).

They kft the pretornado bus routes intaafter the tornado and continued to make stops at
locations where housing was badly damaged. At times there were no pickups, but some
parents took their children to these stops.

Peoplewho had been displaced within thifiye minutesof Joplin (living with family,

friends or rental) were picked up and taken to the same school thah#uattended pre
tornado.

After school, bey lused some high school chiirfrom schoolto the location of their after
school activiies.

In order to organize the transportation of displaced students, the school buses or parents

took displaced studentso BeaconSchoo] a school for at risk children or children with

behavioralissues from twelve surrounding districts,Joplinas a morning hukand then Joplin

buses would pick up students from Beacon Schadltake them to their respective schobls.

the afternoon, Eastmorland Elementary School suaslarly used asa businghub. In order to

execute these decisions the school district had to setbair number of operatioralises from

eighty-onebefore the tornado toninety-eightafter the tornado, requiring them lease ten new

buses for two years. They also increased the mileage of the buses from about seveh hundre

thousand miles per year before the tornado to over one million miles per ygahaftornado
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but this did not resulin an increase in fuel costs becattsgy purchased fuel contradts long
durations in advance.

In addition to transportation, the el system offered severakrvices that helped
community members in the immediate aftermath of the tornHge.first thing that the school
district did after the tornado was contact families of eacthestiuin order to identify the child’s
status and location immediately following the tornadbey started summer classes juste
weeks after the tornado, offerirgglonger smmer session in 2011 than in previous years, and
they offered optionhclassesver the winter breaklhe school district’s push to open school on
time (August 17, 201)allowed students’ and parents’ lives to get back to normglakly as
possible Finally, schoolstaff members wertained over the summer to better understardi an
support theaffectedstudents with issues that they were fac{Kgnter and Abramson 2014;
Johnson 201&ettit 2016 Sachetta 2016

8.5.5.Potential Effects of Joplin School District’'s Actions

This sectiondiscusgesthe potentialeffects that the school distt’s transportation related
decisionshad on the ammunity, specifically on he students and their families. It first discusses
social impacts such as quality of lighool attendance rate, grades, and school discipline trends,
and thenit describes theconomic cost for the school district and the families of the students.

8.5.5.1.Social Effects

The decision to leave the prernado bus routes intact was important beeasspeople
rebuilt their homeghe bus stops were already in place when they returnedit atldwed
parentsto bring their kids to the bus stops that they were familiar with before thador This
helpedparentsand students to anticipate the ptwshado bus route&ven though thisllowed
children to continue attending thdéarmer schods, there were some issuegth this planthat

affected students and parents. The bus routes that were developed for displaesds
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extended commute tilmewhich lead toa loss of quality of life for the students. Displaced
children got out of school at 2:45 pm but often didn’t get home until 6 pm, according to the
transportation idector. The decision of the school district to offer classes over the summer and
winter breaksand to provide free transportatiowas crucial to thesocial recoveryof the
community. This allowed parents to focus on rebuilding their family and work steuatithout
the added responsibilityf children at horaduring the daytime, and it allowed children to share
their experiences in safe social environment at scho(anterand Abramson 2014, Johnson
2016, Pettit 2016, Sachetta 2016).

To supplement the qualitative data thagrevcollected through interviews with school
districtemployees, quantitative dataerefoundin publically availablepnlinedata bases created
by theJoplin School DistrictThe data that weround included yearly enroliment, attendance
rate, ACT test scores and rate, number of suspensions and suspensions rate, and Eryglish, Mat
Science, andSocial Science test scores.iduares 8-2 through 8-11 (@data fom Missouri
Department of Elementary and Secondary Education 2@y how each of these categories

changed over time in Joplin School District

158



Students

Joplin Schools Enroliment

10,000

9,000

8,000

7,000

%\\ B = ¢ O

Total Enrollment

6,000

Vo v

== Total Black

5,000

4,000

==Total Hispanic

3,000

=>¢&=Total White

2,000

==j=Tornado Event

1,000

r———"—:

0

2009 2010 2011 2012 2013 2014 2015 2016

Year

Figure 8-2: Joplin Schools Enrollment Over Time

(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figure 8-3: Joplin Schools Attendance Rates Over Time

(Data from Missouri Department of Elementary and Secondary Education 2016)
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Composite ACT Score
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Figure 8-4: Joplin Schools ACT Test Scores Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figure 8-5: Joplin Schools ACT Tesates Over Time
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Figure 8-6: Joplin Schools Suspensions Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figure 8-7: Joplin Schools Suspension Rates Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figure 8-8: Joplin High School English Test Scores Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)

Cumulative Percent of Students

Joplin H.S. MSIP5 Math Test Scores

120

100 X

== % Basic or Greater

N | % Advanced

'

60
== % Proficient or Greater
40
===Tornado Event
20
0 T T x T T 1
2006 2008 2010 2012 2014 2016

Year

Figure 8-9: JoplinHigh SchooMath Test Scores Over Time
(Data fromMissouri Departrent of Elementary and Secondary Education 2016)
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Figure 8-10: Joplin High Scho@ciencelest Scores Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figure 8-11: Joplin High School Social Studies Test Scores Oner
(Data from Missouri Department of Elementary and Secondary Education 2016)
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Figures8-2 through8-11 show several interesting trends in the social and academi
behavior of students in Joplin in the years after the tornado. The total enrollment draggsd sl
in the first year after the tornado, but then it began to increase every ydar faxt four years.

The enrollment in 2015 was nearly back to é#mediment before the tornado. Of the students
who remained enrolled, the attendance rate increased slightly. This may loethieigecisions
made by the school district that helped transport the children to school and the deahagest
done tostudents’ hmes making school a better alternative than home. The dropout rate
increased slightly (0.9%) in the year after the tornado, but then it decreasedtbéével prior

to the tornado. ACT test scores of high school students remained constant in thizeyehea
tornado, and fluctuated up and down in succeeding years. School suspensions decreased
significantly in the years following the tornado; however, it is unknown whethemd#étrease
wasdue to the behaviaof the students or the flexibilitgf the saff. The high school English,
Math, Science, and Social Science grades fluctuate over the years dependmgui)ett, and
there is no clear increase or decrease in performance.

All of this evidence suggests that, on average, the social and academic lives of students i
the Joplin School District were not significantly impacted in a negative wineigears after the
tornado. In an interview with Kerry Sachef@achetta 2016), the high school principal at the
time of the tornado, he expressed his surprise that enroliment dropped far less thandhe sc
district originallyexpectedThis may be the result dhe decisions made by the school system to
providetransportation andupport systems for the many victims of tbemado All students and
teaclers were affected by this disaster in some way, and the school distrexd playitical role

in their recovery
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8.5.5.2.Economic Effects

Figure 8-12 shows that the total expenditures of the Joplin School District increased
significantly in the years after the rib@mdo. Before the tornado (2011) the schools total
expenditures were about $63 milliand after the tornado (2012) their expenditumeseased to
about $112 milliona seventyeight percent increase from the previous year. This increase in
expendituregs likely due to many contributing factors including moving the high school to a
temporary location, beginning the reconstruction process, access to federal fundsndw
mental health counselorgasing new school buses, and hiring new bus drivepdinJSchool’s
expenditures continued to increase for three years after the tornado befiydefueding off in

2015 at $176 million (Missouri Department of Elementary and Secondary Education 2016).

Joplin Schools Total Expenditures

$250
A
S $200 X
9 $150
§ /
-] == Total Expenditures
2 $100 » P
3 / ==>¢=Tornado Event
w
% $50
-

SO T x T T T T 1
2010 2011 2012 2013 2014 2015 2016
Year

Figure 8-12: Joplin Schools Total Expenditures Over Time
(Data from Missouri Department of Elementary and Secondary Education 2016)
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8.5.6.Physical, Social, and Economic Interconnectivity

This sectiordiscusgshow the physical, social, economic community domaindoplin
are interconnected, and hothe decisions that were made by the school district affectese the
connectivites The tornado causededastating pysical damage to school buildings, residences,
and surrounding infrastructure leading to social andnemic consequencesThese
consequences affectédde daily commute of studentsie routes that they took to schoahd
nearly every aspect of their liveghe school district’'s decisions in the aftermath of the tornado
helped tokept dislocated familieengaged in the community and prevented students from
missing school. Their decision to continue havihg buses stop at the pternado bus stops
even though the nearby houses may have been completely destroyed helped & sehse of
normalcy to the community, and it prevented confusion among parents about where to drop off
their childrenand what routes the buses would be taking to schdsd, it is possibleghatthe
school district’'s bus route decisions helped to keep the attendance rate high whiokedrave
significantdrop in the graduation rate and test scores.

After the tornado occurred parents were scrambling to take care of mpopsislities
including clearing debris, working with insurance companies, taking care afreshiland
maintining employment. This situation may have been overwhelming for many panedtde
destruction of several child care facilitiesatedadditional challengedn orderto alleviate part
of the parents’ stress, the school district decided to open sumschenl within three weeks of
the tornado, utilizing about forty buses to transport students to and from summer kchiusl.
past the school district had only offered transportation to and from summer schoob&ontst
with special needs, but the sunmer of 201lthey offered transportation services to all students.
The summer school enroliment at Joplin Schools increased dramatically deisgnimer of

2011, and the free bus service was a significant contributing factor. Joplin Schooleelals
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classes during the winter break of 2011-2012 for the first immderto help families in need of
childcare.This additional childcare service through school dutimgsummer and winter break

may have prevented relational strain among children and betwasents and children.
Therefore, in the wake of the physical destruction of numerous family resgjethe school
district wasable to provide parents with transpdtida to free childcare services, which allowed
themto focus on other aspects of ithedividual recovery such as home repair and employment.
The largesummer school enrollment also gave students the opportunity to help each other
recover by sharing their common experiences. Thisspomal environment may have helped the
students recover more quicklpm this traumatic event.

Figure 8-13 illustratesthe interconnectivities influencig the school distrits decisions
made after the tornad@ne example of an interconnectivity that this figure illustrates is seen
through damage to childcafacilities. Childcare facilities were damaged addsedafter the
tornado,which falls in the category of physical damage to buildings. This aftedmmunity
members socid lives because parents h&al find alternativechildcare or keep their children
under their own supervision while theseretrying to rebuild their homes, deal with job issues,
etc. These social decisions also have economic costs such as the increased [eceativa
childcare. The transportatiafecisions made by the school district changed the relationship of
these interconnectivities by providinigee transportation and childcare to parents over the
summer after the tornado. This allowed the parents to focus on other aspects m@fcthary
and may have even improved social relationships between parents and children. Thistedso s
the financial burden off of the families and on to the school district. The famdiésnger had
to pay for alternative childcare, but the school district had to pay for additionalesustaffand

busing This is just one example of a complex interconnectivity that can be seen in &if8re
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8.5.7.Summary and Conclusion

Over a three day period from Julg®ito 21, 2016 a multidisciplinary team of engineers
and sociologists went to Joplin, Missouri five years after it was devastatedornado in order
to gain an understanding of how the piegl, socigland economic domaired the community
are interconnected.he team interviewed nine key stakeholders in the health care and education
industries in order to understand their experiences in the five yearshafternado and how the
damage to physical systems affected the social and economic aspects of schoetdthoald
systems. This section focused specifically on school systems, the dedigabmhey made after
the tornado, and how thedecisions affected studerdaad their familiesocially, eéonomically,
and academically

One of the most interesting decisions that were made by the school districct @gand
bus services to provide transportatwindisplaced students to their pi@nado schoaland to
provide transportation to summer school for all students. This action allowed parent® to ha
access to free and easy childcare so that they could focus on their personal alhdaoviéy
recovery. It also provided a healthy, macial environment for students to recover mentally
from ther traumatic experiences. This decision affected the economic situation sthbel
district because they had to ledsa new buses for two years, hire new drivers, and increase
mileage on the buses. This is just one examplieowof damage to physical systems caused the
school district to make decisions that affected the social and economic aspactslie$ that
were affected by the tornad8everal additional examples were provided in this section,rand a
interconnectivity diagram was created which yides an illustration of these complex

interconnectivities.
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The conclusions that have been made about interconnectivities related to school bus
routes are not certain because of the qualitative nature of the data that was catidctede
field studes it will be important to be able to quantify conclusions that stem from interviews
with community members. For this exampme school bus routes, a possible data collection
strategy would be to give a survey to a sample of parents of students thaffectesl by the
tornado. This survey could ask questions related to how busing to and from school impacted their
daly lives after the event. E.@ne question could be, “Was your home life less stressful, equally
stressful, or more stressful as a resulttbké school district's decision to provide free
transportation to summer programs?” This would allow qualitative data to be cpdnéfid
more certain conclusions could then be made about the interconnectivities. A siatdar
collection strategy can kpplied to any form of qualitative data in future field studies.
As researchers continue to expand their knowledge of community resilienseruicial for
them to understand the complex interconnectivities that exist in every commuhdge T
intercanectivities are difficult to quantify and model because of the many unknown variable
that exist within communities. However, if we are to be successful in our endeaymantify a
community’s resiliencehenthese interconnectivities must be understood and modeled. The best
way to begin this process is to conduct field studiesdbiétct qualitative and quantitatidata

that is focused on interconnectivities.
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9. Summary, Conclusions, and Recommendation

This thesis focused on the conneciestbetwea physicaldamageand so®-economic
dimensions of a communifpllowing a disaster. The methodology discussed herein can be used
in the aftermath of any natural disaster to collect data that can be used to helfy quanti
community resilience. The two primagoalsof this methodology were to collect data that allow
researchers to study community resilience and interconnectivities aneati@ g@robabilistic
models of crucial resilience metrics thean inform asoftware platform called ICORE. The
materialpresented herein is expected to contribute to the body of work within the NIST Center
for Risk-Based Community Resilience Planning.

In order to develop this protocol, andepth literature review was performed. The goal
of this literature review was tearn lessons from previous field studies and to identify gaps that
must be filled in order to conduct community resilience focused field studiegldition, an
overview of the dependencies and interdependencies that exist within commuptiisgal
systems was provided. Seven resilience metrics or performance indicators wéfeddéom
existing literatureand expert opinion, and a methat €ollecting field study data that quantify
these metrics was described. A diagram that illustrates thecantectivities between the
physical, social, and economic community domains was created and used to develop a sample
field study questionnaire. An algorithm that has the capability of processidgsfudy data to
create resilience metric fragilities wesrived and written as a MATLAB program, and a case
study using population dislocation data from Hurricane Andrew was performed irtoeate
population dislocation fragility functions. These fragility functions were thexdifred to
account fordifferent resident demographics and housing types. Finally, a community resilience

field study was conducted in Joplin, MO, five years after the May 22, 2011 tornado that
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devastated their community. During this field study, data was collectedythguantitatre and
gualitative methods in order to validate models of the community before, immedite/yaad
five years after thevent One of the primary focuses of this study was onritezconnectivities
betweenphysicaldamage to schools and healthcaralifags andsociceconomic consequences
and how the decisions that were made by Joplin School District affeatéaf these domains
within the community

This thesismade the followingfive contributions to the discipline ofommunity
resilience research:

1. A literature review of 35 field study reports related to engineering,oleogi,
epidemiology, and economics was conducted #mal results of this review were
submitted for publication. This literature review was unique because it focuséx on t
protomls of past disaster field studies, and identified gaps that should be filled when
conducting future community resilienéecused studies.

2. Thisthesisis the first attempt that has been made to create a methodology for conducting
postdisaster field studies that seek to quantify community resilience mefims.
methodology was informed liie aforementionediterature review

3. New progress was mada developing amethod tolink physical damage tsocial
dimensiong(including epidemiology) anéconomicsusing data collecteduring a field
study This progress includdgeld study questions thatere developed to finthe links
between these threeommunity domains, and an algorithm that generates probabilistic
models of so@l and epidemiology relatedhetics based on physical damage to

infrastructure.
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4. In order to create a new framework for conducting community resilienceefbdiedd
studies, seven metrics were identified, and field data needs for quantifgsey metrics
were describedThe selected ptrics were meant to provide possible direction for field
teams and may change as more is learned about community resilience but serve as
examples for the work presented herein.

5. A field study was conducted in Joplin, MO five years aftéoraadotook pla@, which
providedan illustrative example of how one might develop the linkages between damage
to physical systems and social and behavioral sciences. This particular whildy
lacking the ability to collect large amounts of quantitative data, provided insighthimt
interconnectivities of physical damage done to school buildings, decisions made by
school leaders, and sociahd economioutcomes in the lives of students and parents.
This field study was also unique because it was among only a fessthdt have been
conducted that collect data that allow the modeling of a community’s recovery in the
years after a disaster.

Two conclusions that were made from the work described hereirsta@below. There
are many more specific conclusions that were made dhoau this thesis, but the twisted
below provide insight into the broader perspective of conducting community resilieltte fie
studies.

1. Unlike the majority ofpastfield studies, community resilience field studies focus on the
recovery ofa community over time. In order to collect the data that is required to model
this recovery, field teams must return to the community at defined inténvide years

after the disaster occurs.
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2. In the aftermath the tornaddoplin School Dstrict’'s decison to expand bus services in
order to provide transportation for displaced students to thetoprado schools and to
provide transportation to summer school for all studigkety had a positive effect on the
social and economic lives of parents as well as behavioral and academic effects on the

students based on qualitative evidence.

There are several issues that may result in inaccurate or insignificantTtatdirst
concern is that samples for damage data collection cannot be seksxedon théact thatthey
are damaged or of interest in some wdf data samples are selected based on a certain
characteristic, then those datdl be biasedand thefragility curves that are createdth those
data will be inaccuratéthis is explained further in Section 6.2)he second concern is that
damage statesf infrastructuremust be clearly defined and not subjecthe judgmentof the
inspector.Two different people observing the same physical system sbtadsify it under the
same damage state eyd¢ime. Team members may be engineers, sociologists, economists, or
some other discipline; therefore, classifying damage states must be sichpdproducible.

Thework that has been done on this methodology has revealed the follb®vargas of
studythat need to bturther developed.

1. As research in the area of community resilience becomes more prevalent, several gaps in
conducting community resilience field studies will need to be filled. &ethie 35 field
study protocol reports that were revieweegd Figure ) collected data related to all
three community domains, and those few studies that were -alistktiplinary did not
place an emphasis on the interconnectivity of each sttimmains. This thesis provides

guidance for field study teams that seek to collect data that help quantify the
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interconnectivities between damage to physical infrastructure and sociahundgn
resilience metrics, butt has not yet been tested in a full scale field study.

. Once this type of field study has been conducted,nethodology presented herein
should be revised to account feew knowledge that is gained relatedfieldwork and

data analysis.

. Additional work is needed to create a protocol for collecting data that attempts to
quantify interdependencies betweaanysical infrastructure systems. This thesis provides

a brief overview of these interdependencies and provides some guidance for data
collection activities, but it must be further developed.

. This methodologynly briefly mentionghe role of economics inommunity resilience

field studies In order to create a more complete field study protoadfitional
interconnectivities between the economic domain and the physical and social domains
should be identified and relatethta collection activities shoulesk described and tested

in the field.

. The primary indicator of each of the seven community resilience metrics idénsfie
damage to physical infrastructure. However, many other factors havedeedfied that
significantly contribute to each of these metrics. The algorithm that wasodedein
Chapter 6 allows community resilience fragility curves to be shifteddb@sesecondary
factors, but the sample size that is required to prodweseturves with an acceptable
error has noyet been defined. Error analysis needs to be conducted for field data sets to
establishthe data quarttes that are needed to produce unbiased fragilities.

. Additional work should be done to determine how many data points need to be collected

to obtain a representative random sample of a community.
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7. Multivariate statistical methods should be developed that model empirical probability
curves as a function of many different factors so that they better reflbigt rea

8. Techniques that allow the modeling of resilience metriasgussufficient data should
be developed.

9. The realtime data processing system that was describ&dation6.3 is only possible if
a large amount of data is being collected in the field. A system that communicatés to fie
teams how much of each type of data must be collected should be developed for field
teams with limited time and resources.

10.The derivation that is described in Section 6.1 was intended to process data points that
correspond to individual infrastructure systems (e.g., each data point corresponds to one
home). In the future it will be important to be able to investigate groupings oersludt
infrastructure systems (e.g., each data point corresponds to a neighborhood) rand thei
impact on the community. This idea has been well developed in the NIST Planning Guide
(NIST 2016).

11.Community resilience benchmarks should be developed that identify the threshold of
acceptable probabilities of different resilience metrics (e.g., it is acceptaldectotain
household within a community to havedd.% probaility of being dislocated for more
than onanonth after that community experiences a category 4 hurresasrg. This will
allow community leaders to identify their community’s vulnerabilities and nmegke
informed decisionghat best servthe future of their community.

12. A standardized data ontology for field studies should be created. This will allaeeffi

collaboration and communication between disaster researchers.
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Appendix A: Interconnectivity Metrics

This appendix contains a list of metritst can be related back to theemrtionnectivity diagram
shown inFigure 41. Many of these metrics can be grouped by demograplidemographics
information is available for any metric then it should be investigatdriietrics can be grouped
by geogaphical location within cityracegthnicity, religion, nhcome levelsocial classgender,
age, language, education leveability, household size/type, etc.).

PopulationDislocation Metrics:

General:
a. Total/Percentage of population evacuated/not evacuated
b. Total/Percentage of population returning over time
c. Total/Percentage of population never returning
d. Reason for dislocation
1. Dislocation€=>» Commercial Facilities
a. Decrease in total business transactions within/outside the community
b. Total/Percentage of employees dislocated
c. Total/Percentage of commercial facilities damaged
2. Dislocation€=>» Residential Facilities
a. Total/Percentage of residential facilities damaged
b. Total/Percentage of population dislocated from residence
i. Time until return to residence
ii. Total/Percetage of population never returning to residence
c. Total/Percentage of population utilizing temporary public housing

i. Hotel records of visitors over time
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Dislocation€=» Healthcare Facilities
a. Total/Percentage of people unable to receive care from local area
b. Total/Percentage of people receiving healthcare from external sources
Dislocation€=>» Educational Facilities
a. Number of students missing from school systems over time
b. Number of students enrolled in school system pre and post disaster
Dislocation€=>» Religious Oganizations
a. Total/Percentage decrease/increase in attendance within/outside community
b. Total/Percentage of religious employees dislocated
Dislocation€=>» Recreational Facilities
a. Total/Percentage decrease/increase in attendance within/outside community
b. Total/Percentage of recreational facility employees dislocated
Dislocation€=>» Child/Elderly Care
a. Total/Percentage decrease/increase in elderly residency within/outsideicdynm
b. Total/Percentage decrease/increase in children enrolled in childcare facilities
c. Totd/Percentage of child/elderly care employees dislocated
Dislocation€=>» Roadways
a. Increase/Decrease in traffic flow on major highways headed in/out of community
over time.
Dislocation€=» Railroads
a. Increase/Decrease in ticket sales on trains going into/dbeaommunity
b. Increase/Decrease in ticket sales on local/light rail

c. Increase/Decrease in industrial train traffic

195



10. Dislocation€=> Airports
a. Increase/Decrease in ticket sales on planes going into/out of the community
b. Increase/Decrease in industrial airplaragfic
11.Dislocation€=>» Public Transportation
a. Increase/Decrease in use of public transportatien buses, taxis, etc.)
12.Dislocation€=>» Improved Economy
a. Number of jobs created by recovery
i. Percentage of jobs that are permanent/temporary
il. Increase in population of city
1. Increase in tax base due to increase in population
13.Dislocation€=>» Diminished Economy
a. Number of jobs lost due to disaster
i. Decrease in population of city

1. Loss of tax base due to decrease in population

Morbidity Metrics:

1. Morbidity €=» Commercial Facilities

a. Number of injuries caused by starvation, thirst, extreme cold
2. Morbidity €=» Healthcare Facilities

a. Number of patients at hospitals

b. Number of patients in critical condition

c. Number of patients with specific injuridse., head trauma, heart attack, etc.
3. Morbidity €=» Emergency Services

a. Number of emergency calls

196



b. Number of emergency response actions taken
4. Morbidity €=>» Child/Elderly Care
a. Total/Percentage of elderly people injured (nursing home records)
b. Total/Percentage decrease/increase in child caveesgrarticipation
5. Morbidity €=>» Physical Infrastructure
a. Total/Percentage of the population sustaining injuries
i. Number of people injured in each category of infrastructure (i.e., 3 people
injured while inside of residential facilities; 5 people injured e/foih
bridges; 2 people killed while in public parks)
ii. Severity of injuries
iii. Specific cause of injuryi.e., Collapse of roof on top of person; Impact
from debris from bridge, etc.)
6. Morbidity €=>» Economic Structure
a. Insurance payment of medical bills
b. Citizen pgment of medical bills

i. Percentage of injuries covered/not covered by demographics

Mortality Metrics:

1. Mortality €=» Commercial Facilities
a. Number of deaths caused by starvation, thirst, extreme cold
2. Mortality €=» Healthcare Facilities
a. Number of patients deathat hospitals
c. Statistics of specific causes of deaths (head trauma, heart attack, etc.)

3. Mortality €=» Emergency Services
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a. Number of identified bodies
b. Number of unidentified bodies
c. Number of funerals held
4. Mortality €=» Child/Elderly Care
a. Total/Percentagof elderly deaths (nursing home records)
5. Mortality €=>» Physical Infrastructure
a. Total/Percentage of population deaths
i. Number of deaths in each category of infrastructuee @ people killed
while inside of residential facilities; 5 people killed while laridges; 2
people killed while in public parks)
il. Specific cause of deathd., Collapse of roof on top of person; Impact
from debris from bridge, etc.)
6. Mortality €=>» Economic Structure
a. Insurance payment of life insurance

i. Percent of deaths covered/not covered by demographics

Physiological NeedMletrics

1. Physiological Need€=>» Commercial Facilities
a. Total/Percentage of commercial buildings damaged/destroyed
i. Level of damage (green, yellow, and red tags)
ii. Number of retail stores never repaired (demolished)
b. Number of retail stores closed
i. Average time until repened

ii. Number of retail stores neveropened
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c. Total/Percentage of population receiving free resouraes Food stamps,
donated clothes, etc.)
2. Physiological Need€=>» Residential Buildings
a. Total/Percentagef residential buildings damaged/destroyed
i. Level of damage (green, yellow, and red tags)
il. Number of residences never repaired (demolished)
3. Physiological Need€=>» Healthcare Facilities
a. Total/Percentage of healthcare facilities damaged/destroyed
i. Level of camage (green, yellow, and red tags)
il. Number of healthcare facilities never repaired (demolished)
b. Total/Percentage of capacity lost (beds lost)
I. Total patients treated over time
4. Physiological Need€=» Child/Elderly Care
a. Total/Percentage of child/elderly edfiacilities damaged/destroyed
i. Level of damage (green, yellow, and red tags)
il. Number of child/elderly care facilities never repaired (demolished)
b. Total/Percentage of capacity lost
I. Total enrollment/residency over time
5. Physiological Need€=>» Transportation
a. Are the citizens able to get to work/stores?
b. Length of roadway, sidewalk, railroads damaged/destroyed
i. Damage levell.e., usable or not usable

ii. Time until restored
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c. Number of bridges, tunnels, airports damaged/destroyed
i. Damage levefi.e., usable or not usiah
ii. Time until restored
d. Total public transportation vehicles destroyed
i. Time until return to original capacity
6. Physiological Need€=>» Water Network
a. Total/Percentage of end users without access to clean water
b. Damage to WWTPs
i. Level/location of damage
1. Reasondr damage
ii. Water quality over time
iii. Time until restored to full production levels
c. Damage to water mains, sanitary sewers, and storm sewers
i. Number of leaks
ii. Time until restored
lii. Number of pipelines abandoned/demolished
d. Total/Percentage of wells damaged
i. Damage.evel
ii. Time until return to full production
lii. Number of wells abandoned/demolished
e. Total/Percentage of storage tanks damaged
i. Damage Level

ii. Time until return to full capacity
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lii. Number of storage tanks abandoned/demolished
7. Physiological Need€=>» Economic Structure
a. Insured vs. uninsured losses

b. Total local, state, and federal aid granted

Sense of SafetMetrics

General:
a. Crime rates over time
b. General sense of safety over tin@b({ain through survey)
c. Amount of debrisn town
i. Time until cleaned up

1. Sense of Safet$==>» Healthcare Facilities

a. Total/Percentage of healthcare facilities damaged/destroyed

i. Level of damage (green, yellow, and red tags)

ii. Number of healthcare facilities never repaired (demolished)

b. Total/Percentage of capacity lost (beds lost)
i. Total patients treateolver time

c. Equipment lost

d. Number of patients turned away

e. Average patient waiting time

f. Number of local residents treated at outside healthcare facilities

2. Sense of Safet$==>» Emergency Services

a. Total/Percentage of policeffire stations damaged/destroyed

i. Levelof damage (green, yellow, and red tags)
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il. Number of police/fire stations facilities never repaired (demolished)
b. Total/Percentage of police/fire fighter vehicles/equipment damagedigsstro
c. Time until return to full functionality
3. Sense of Safet$==>» Electrical Payments Network
a. Total/Percentage of end users without power
b. Damage to generation facilities
i. Level/location of damage
1. Reason for damage
ii. Electricity production over time
iii. Time until restored to full production levels
c. Damage to EPN substations
i. Time until restored
ii. Number of substations abandoned/demolished
d. Damage to power lines/towers
i. Number of towers damaged
ii. Time until restored
lii. Number of towers abandoned/demolished
4. Sense of Safety Needs=>» Fuel Supply
a. Damage to fuel production/distribution facilities
i. Levd/location of damage
1. Reason for damage
ii. Production over time

iii. Total amount stored over time
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iv. Time until restored to full production levels
b. Length of fuel pipes damaged
5. Sense of Safet¢==» Telecommunications
a. Total/Percentage of end users without phone sereita&rvice
b. Damage to telecommunication facilities
i. Level/location of damage
1. Reason for damage
il. Time until restored to full production levels
c. Damage to phone cables/towers
i. Number of towers damaged
ii. Time until restored
lii. Number of towers abandoned/demolished
6. Sense of Safetye=>» Gas Supply
a. Total/Percentage of end users without gas
b. Damage to gas production facilities
i. Level/location of damage
1. Reason for damage
il. Time until restored to full production levels
c. Damage gas main
i. Number of leaks
ii. Time until restored
lii. Length d gas main abandoned/demolished

d. Damaged gas meters

203



i. Number of meters damaged
ii. Time until restored
7. Sense of Safetg==>» Other Built/Natural Infrastructure
a. Total Dams/Levees/similar infrastructure damaged
i. Time until restored
il. Total/Percentage never repaired (ddished)
b. Total contaminated soil
i. Time until cleaned up
8. Sense of Safet¢==» Economic Structure

a. Unemployment rate over time

b. Number of people utilizing government benefits over time

Additional Metrics

1. Community Respons€=>» Educational Facilities

a. Survey of paent satisfaction with school system post disaster

2. Sense of Estee==>» Recreational Facilities
a. Total/Percentage of recreational facilities damaged
b. Capacity lost
c. Total participants before and after

i. Percentage decrease/increase
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Appendix B: Institutional Review Board (IRB) Protocol

PROTOCOL

Social, Behavioral & Education Research

Colorado State University

Protocol # 15-6003H

Date Printed: 10/06/2015

Protocol Title: Center for RisBased Community Resilience Planning: A Ni6iinded Center

of Excellence

ProtocolType: Social, Behavioral & Education Research

Date Submitted: 09/14/2015

Important Note: This Print View may not reflect all comments and contingencieppooval.
Please check theomments section of the online protocol.

Questions that appear to not have been answered may not have been required for tlsi®submis
Please see the system application for more details.

* * * Subject Population * * *

SubjectPopulation(s) Checklist

Select All That Apply:

X Adult Volunteers

X Elderly

X Employees

X Other (i.e., non-English speaking or any population that is not specified above)

It is possible that in some communities we will be interviewing people who speak othe
languages. In thisase, we would be sure to translate all documents and make sure one of the
interviewers speaks the sama@guage as the participant. Also, although we are not seeking out
pregnant women or students as partoaf sample, we cannot gaatee that a woman we
interview will not be pregnant, nor would it be ethicabgk. It is also possible that some of the
adults in our sample might be in college (i.e. students) at the tithe afterview. Please let us
know if you prefer we check thedoxes as well.

* * * Study Location * * *

Study Location(s) Checklist

Select All That Apply Note: Check "Other" and input text: 1. If your location is not listed, or 2)
If you would like to list details of your alreadghecked location (e.g., specific school within a
school district)

Aims Community College

Colorado Department of Public Health & Environment

X Colorado State University

X Other (In the box below, list your study location if not checked above. You may also list
details of youmlreadychecked location (e.g., specific school within a school district)

This purpose of this protocol is to obtain a-ppproval for a 8.0 year research project that will
include postdisaster field research with human subjects. Given that future disasterriscate
unknown, theNIST Field Research Team will amend this IRB protocol as each reseeatioho

is determined followingan event and before any field reseaixitonducted on any occasion.
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With that said, generally speakingur team is likely to conduct field investigations in
communities affected by wind (e.g., tornado, hurricase)smic (e.g., earthquake), or flood
events.

*** General Checklist * * *

General Checkilist

Select All That Apply:

X Cooperating/Collaborating Institution(synstitution where recruitment will occur OR
Institution whereCollaborating PI wil conduct associated research.

Colorado State University (lead institution), Tex&&M University, Texas A&M Kingsville,
University of Illinois UrbanaChampaign, Louisiana Staténiversity, Rice University, Oregon
State University, University of Washington, University ddklahoma, Cal Poly Pomona,
University ofKansas , National Institute of Standards dedhnology **Please see attachment
for a full contact list of all research participants and thegpective institutions. Every person
involved inthe broader NIST project has been invited atebngly encouraged to complete the
training now.

X Federally Sponsored Project

X Program Project Grant

X Interview

X Study of existing data

X Survey/questionnaire

* * % Fundlng * * %

Funding Checklist

National Instituteof Standards and Technology

Principal Investigator Bruce Ellingwood, John van de Lindt

Y For Federal projects, are contents of this protocoktre as ekcribed in Federal proposal
application?

Y Is this an Umbrella protocol?

N Is this protocol under an Umbrella protocol?

* * * Expedited Paragraphs * * *

PLEASE READ: The criteria for expedited review are listed below. Please review theseacr
to evaluate if youprotocol meets the expediteelview criteria. For expedited review, a protocol
must be no more than minimal rigke., "not greater than those ordinarily encountered in daily
life") AND must only involve human subjects in one miore of the following numbered
paragraphs. If none of the expedited criteria are appropriate for your ppdgaste move to the
next screen without selecting any of thesteda; your protocol will be reviewed by the full

IRB. Note: The IRB will make the final determination if your protocol is eligibleeipedited
review.

Expedite Criteria:

X 6. Collection of data from voice, video, digital, or image recordings made $aanch
purposes.

X 7. Research on individual or group characteristics or behavior (including, but nedlitojt
research onperception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, amgbcial behavior) or resezh employing survey, interview, oral history,
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focus group, prograravaluation, human factors evaluation, or quality assurance methodologies.
(NOTE: Some research ithis category may be exempt from the HHS regulations for the
protection of human subjectd5 CFR 46.101(b)(2) and (b)(3). This listing refers only to
research that is not exempt.)

** * Purpose,Study Procedure®ackground * * *

Original Protocol Number (e.g., 07-226H)

Title (Please indicate if the protocol title is different from the proposal title)

Center for RiskBased Community Resilience Planning: A NiBtinded Center of Excellence
Complete Sections 1 - 11. Specify N/A as appropriate. Do not leave any sectidns bla

1. Purpose of the study

a) Provide a brief lay summary of the project in < 200 words. The lay synsmawld be readily
understandable to the general public.

The Center of Excellence for Ridased Community Resilience Planning, funded by the
National Instituteof Standards and Technology and led by researchers at Colorado State
University with nearly a dozepartner institutions, is designed to accelerate the development of
systemlevel models and databases thall provide the techalogy for enhancing community
resilience. This is a fivgear project that involvedozens of detailed research tasks to be carried
out by experts at several universities from engineeringsdb®l sciences, economics, and many
other disciplines. One of those tasks involves a series ofstietties in up to five locations to be
carried out over the fivgear duration of the project, in disastdfectedcommunities. In short,

the goal of this task is to collect imnmediate pestnt data, as well as datathelonger term
aftermath of the event, in order to understand post-disaster recovery and comesilietyce.

b) What does the Investigator(s) hope to learn from the study?

In order to understand community resilience in the aftermath of disaster,ciitical that
researchergather posevent (or "baseline") data, as well as data over time so that recovery can
be understood as uinfolds, and placed in proper context. To understand what makes a
community “"resilient” or whatttributes facilitate "boncing back” from disaster, researchers
must track recovery across time. With thisnmd, the goal of the field investigations portion of
this much larger project is twofold. First, tirevestigators involved hope to learn as much as
possible about impacts to and the pdisaster recoveryf physical, social, and economic
systems in the aftermath of an eve®gcond, the lessons learned will be quantified and added to
a computer algorithm that will ultimategnable researchers and community leaderalihigy to

study resilience and optimize investmentg@mmunity resilience. Put simply, the investigators
need to learn about the complexity and processpsesiflisaster recovery "on the ground" while
then translating that information into quantifiab&gorithms or "outputs” that can be
incorporated to a computer model.

2. Study Procedures

a) Describe all study procedures here (please do not respond "See AttaShotemt'). The box
below isfor text only. If you would like to add tables, charts, ,e&ttach those files in the
Attachment section (#11}Once we have identified disaster sites, one per year, that are
appropriate for our study, we will submit amendments for final approval.

** QOur NIST research team wants to learn about community resilience in the ditexinat
disaster. Our firsstep in moving forward with this particular task was to identify a group of
potential field responseesearchers. These are researchers with varying backgrounds (e.g.,
engineering, sociology, planning) wicould mtentially participate in the research study. These
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researchers have all completed the required €ffits training. In addition, in the fall of 2015,
the potential field researchers will participate in a quedponse disaster research workshop, via
wehbnar, to be led by Lori Peek and Jennifer Te@uarley. This will help prepare the
researchers for the realities of conducting jlisaster field investigations withuman subjects,
the need for following IRB protocols and field research protocols, etc. Peek and Tobin-
Gurley have participated in and led several such workshops in thé&plstving IRB approval,
and once an acceptable disaster setting (e.g., of appropriate hazamhdgpédude, etc.) has
been selected, we will choose a final field stielgm to travel to the site of tluksaster. The
team will be chosen based on (1) -pmmpletion of the required CITI ethics training; (2)
completion of the field research workshop; (3) proximity to the disageer(4) availability to
travel to thedisaster site with the team during a specified period of time so that everyone can b
in the field at ondime; (5) area of expertise as related to disaster type (e.g., the wimegensgi
on the project may be moligely to travel with the team to a tornadsaster as opposed to the
seismic or geotechnical engineer®) interest in the disaster event; (7) cultural relevancy (e.g.,
a large population of neBnglish speakingesidents would require a team member that is fluent
in the dominant language. We idlso make sure thave all consent and other informational
forms translated and presented to the participant in their priragyage); and (8) the principal
investigators' (van de Lindt and Ellingwood) judgment regarding theasidebest composition

of the teamThe timing of the study will likely vary depending on the magnitude of the event. If
the event is a relativeRsmall scale” disaster, with few lives lost, relatively little transportation
disruption, etc., the team may entiee field just dag or even a week after the disaster onset. In
the case of a larger scale catastrophesthdy team may not enter the field for several weeks
after the disaster, especially if the study site is closenltsiders for some period of time during
the emergency response and rescue pHAdseentire team will travel together to the study site.
The principal investigators have determined that ighigypically the most effective, and safest,
way to carry out these large scale investigations, as all merobdine team can be on the
ground at one time and can share information with one an@hee the principal investigators
and the IRB has agreed that the time is right to enter the field, field data gollection methods
will include: (1) indepth sembtructured interviews (see questions in attachmé@))prief in
person, closed ended survey questionnaires; and (3) photos of building and community damage
for future documentation of recovery. More detail on each of the methods is incluoed bel
(1)Individual interviews will be conducted by two members of the team, working togeiiner (
lead, oneassistant), to ensure the best data collection and also maximal safety afall te
members. The interviewsyhich will last about 180 minutes each, will be audiecorded,
transcribed, and analyzed usingiterative coding process supported by a qualitative software
program (e.g., Atlas.ti). During the initial waweé data collection, when community disruption
will be the highest, we will focus on community leexiéstakeholders and residents who are
willing and available to speak with our team. We will use varmoaghods to recruit participants,
including flyers, message board posts on virtual forums, word of moesyspaper and internet
searches to identify and then contact community leaders, etc. (See apagackixnent for
example language that we would post to recruit participants.) One of our prgoaly of
recruitment will be to minimize respondent burden (e.g., we will NOT askaokprincipal for
aletter ofsupport so we can interview all of his/her teachers; instead we will askriaent¢he
principal to get aroader perspective). Upon each faeéace meeting, we will explain the
research project and gasignatures of informed consent. Orac@articipant has been identified
and has agreed to be a part of shedy, he/she will be presented with the university approved
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IRB form (see attachedj2)The survey questions (see attachment) will be administered at the
end of the operended interviewThesurvey will be administered via an electronic device (e.g.,
iPad), in person, and the questions will be asked out loud and recorded on the spot into the
device. This will allow for easier quantification of some resW¥& are currently working to
finalize the closended questions witthe team and will upload as an amendment as soon as
possible (3)Participants will be asked to complete a demographic form {ehiment) so that

the team carompile basic demographic information regarding respondents aratttrem for
possible followup interviews. Please see two attachmentme for respondents who are key
stakeholders who arepresenting their organizations; another for affected residents.
(4)Photographs of building and community damage hbelltake in order to track rebuilding,
reconstruction, and recovery processes over time. This is a mettdththbeen used by many

of the engineers on the NIST team. They follow various protocols regarding the takimgtas,
including only taking publically viewable/available photos when permission is tteohed.
Meaning, the engineefeequently take photos of damaged buildings and infrastructure as part of
the quick response portion of the research. These photos typically have no human subjects and
thereforeno permissions attached to theam the damage is “viewable from the street” and
building owners or occupantze typically not available at the time the photos are taken.
example, in a typical engineering project not involving human stshjhe protocol is that for a
commercial building they cannot go onto the property without permission. If iseh@ol or
public building,the researchers can usually (~50%+) get access from the police at adearric
with proper identificationFor residatial structures, they can take photos from the lot line or
walk closer to the perimeterghen they are not occupied. It is usually not possible to obtain
permission for resiehtial buildings, but sometimékey knock on the door, present a business
card (while wearing a hard haith the university on it), and explain what they are doing. They
are sometimes invited in, but theply document the damage to the structure, not the personal
stories of residents. These structural photos are important to gaseimedata to understand
building impacts and to capture recovery over time. In the rare event that indiadeiaisible

in any of the damage photos that the team takes, theirviaité® blurred out to protect Page 9

of 18identities or permissiowill be attained to use their photds.this study, we are interested

in both the documentation of structural damage and the personal stodessier survivors.
Therefore, a similar protocol will be followddr any public spaces in ternod photographing
buildings. However, when we photograph private spaces and human subjpeztsjssionform

will be acquired from all individuals or organizational representatives (ssehad permission
form).

b) State if audio or video taping will occur. Descrhmmv the tapes will be maintained during
and uponcompletion of the project. Describe what will become of the tapes uster(e.qg.,
shown at scientific meetings, erased, etc.). Original data accas#esl lto project investigators

and will be maintaing for the thregyear archiveperiod following the conclusion of the study.

All investigators on the larggaroject have been notified that only those who have completed the
required ethics training and who are lis&sl part of the potential field studyata will have
access to this datall physical data will be stored in a locked file cabinet and all eleatroni
media will be saved in locked offices on the password protected computers of the principal
investigators A linked-ist will be created where altlentifiable information will be replaced
with code numbers. The same code will be used for the audio recording, field notes, and
photographs from each site. Names will be attached to tldscumentation.
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Audio recordings that contain identifiable infeation will onlybe seen/heard by team members.
Photos produced through the field work that contain identifiable imation will only be
seen/viewedby team members unless express written permission is provided by anyon
identifiable in those images) Sate if deception will be used. If so, provide a rationale and
describe debriefing procedures. Subndtehriefing script in the Attachment section (#11).

No deception will be used under any circumstance. 3. Background/Rai)ridefly describe
past fndings leading to the formulation of the study, if applicable. Community infrasteuct
systems that are essential to the economic security and socialbeigl of any
nation/state/community are susceptible to damage due to ex¢revironmental and geoysical
hazards, such as hurricane wind storms and floods, tornadoes, earthquakes, tsunamis, and
wildfires, as well as anthropogenic hazards such as industrial accidents. The ramdan
economic losses and socidisruption caused by failure of infrastrucusystems is often
disproportonately high in relation to thghysical damage to such systems. The potential exists
for even larger lossegjven the shifts of population and economic development to hazang
coastal areas of the Unitedagis and globaclimate change. The aftermath of recent disasters,
such as Hurricanes Katrina and Sandythtejuakes in Haiti, Chile, New Zealand and Japan, and
Cyclone Haiyan in the Philippines have ralegl the importance of disastaitigation policies
that focus orthe resilience of the community as a whakgther than those that simpgdress
safety and functionality of individual infrastructure facilitiesdldmroader engineered and social
and economic systems. Herein, the resilience of a community is definedebgbility of its
physical and norphysical infrastructurgcore built environment, social institutions, and its
people) to returno a level of normalcy within eeasonable time following the occurrence of an
event. Resilience reflex the community’s pparednessnd ability to respond to and recover
from a disaster. Enhancing community resilience is a nationegrative (see Presidential Policy
Directive 21). Despite significant progress in disastéated sciencand technology, natural and
humaneaugd disasters in the United Siatare responsible for over $868lion in average
annual costs in terms of injuries and lives lost, disruption of commerce and ecomtwocks,
property damaged or destroyed, the cost of mobilizing emergency response personnel and
equipment, and recovery of essential services (NIST, 2010, NAE, ZDii@)state of the art
regarding the performance of individual constructed facilities (e.g., bridge®d iping,
electrical substations) and the integrity of individual isfiractue systems (electrical, gas, and
water distribution systems) during extreme events is reasonablyrendflost research on
community resilience has focused on the response of civil infrastructure systemscificsp
extreme natural hazards, such astlejuakes (e.g., Bruneau, et al., 2003). Such systems are
interconnected, however, ancethfunctioning is dependent on the availability and functioning
of other connected systems (Rinaldi, et al., 2001).

Furthermore, the distinctive features of eachand4e.g., advance warmgrtime, area affected,
type and severity of damage, populations displaced) have caused hazard omtigati
methodologies to be stronglijazarddependent. Multiple hazards, and the differences in
community response to them, or synesgihatmight be achieved in policies to mitigate risk or
enhance community resilience under multiple hazandse received only limited attention.
Similarly, while each facility and infrastructure system has its oaracteristic response to a
natural hazard, the performance of thegstems during and following disaster are positively
correlated due to the extended spatial scale of the hazard and the interconaiectedf their
successful (or unsuccessful) operations within the community. Thegevgoapatiotemporal
correlations are an essential ingredient of resilience assessment, but areecidréfl current
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loss estimation platforms. The numerous sources of uncertaassesiated with the life cycle
performance of infrastructure systems make airiskkmed decisiormaking approach to assess
facility and community risks and to identify cesftective strategies to enhancemmunity
resilience absolutelgssential. Finally, the reality of climate change may require modifitsata
existing decision methods based on {dgcle metrics for mitigating competing hazards and
enhancingcommunity resilience with timéorizons extending over the next century and for
allocating risks equitablipetween the current and futugenerations.

The past thee decades have seen significant advances in the science of reducing the impacts o
extremenatural hazards on individual physical facilities and infrastructureanksy Much of

this research haseen incorporated into design and construction practice through our system of
codes and standards, whistthe primary vehicle in the United States (US) for managing risks to
the built environment. In the current

US regulatory system, codes and standards apply to individual facilities and focus o
preservation ofife safety under severe events. Resilience, however, is a concept best applied to
communities rather than tadividual infrastructure facilities and individual networks because
communiy resilience goals are based eacial needs and objectives (such pastdisaster
recovery) which are not reflected in codes, standandsother regulatory documents. Of the four
attributes of resilience sugded by Bruneau, et al. (2003)robustness, rapidity, redundancy,
and resourcefulnessonly one— robustess— is affected by provisions in codes and standards.
Functionality and time to recovery followirthe occurrence of an event aqually important

but are not reflected in building regulation.(Footnote: The SPUR Program in San

Francisco (Poland 2011) is attetimg to establish a set of performance objectives for critical
buildings in different performance categories exposed to different earthquatksities ad with
different functionalityneeds. While the SPUR Program provides an example of community
reslience planning for one type affrastructure system (critical facilities) and one hazard
(earthquake), mer general metrics, criteria and guidelines based on measurement science are
required for communities with different hazard exposwsesial needs anasources.) Science
based measurement tools to evaluate performance aifidnees atcommunity scales, fully
integrated supporting databases and-inéérmeddecision frameworks to supparptimal life-

cycle technical and social policies aimed at entmghcommunity resilience do not exist.
Furthermore, there is a lack of consensus on appropriate metricariorucuty resilience and
how they might be incorporated into design criteria for the built environment.

Fundamental Research Issues

A review of theliterature [e.g., McAllister (2013); United Nations Office for Disaster Risk
Reduction

(UNISDR (www.unisdr.org)]] has identified a number of critical challengesfronting the
development o# resilient built environment, among them: 1) Quantitative oseti tools for
assessing communitsesilience are required to improve resilience in the built and modified
natural environment. Community resilience objectives and policies should be devéoped
regional hazards, include goals apdrformance criteridoased on the role of each facility or
infrastructure system in the communighould be consistent and fully incorporated in the design
standards and codes for new buildings and infrastructure systems, and should be dailored t
needs of each communit®) Community resilience plans arglidance are needed to help
communities plan for hazaspecific performance, and for restorimmmunity infrastructure
systems in a cost effective and timely manner. Such planning needs to canfsad#ructure
interdependencies, resources available for planning, mitigation, recovery, andal spec
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performance goals and measures for critical/essential systems. 3)nd=xmilding and
infrastructuresystems must be considered in community resilience pignas well as ew
construction, recognizing that existing buildings (a) may not meet current codietaadats;

(b) in many cases cannot beodified economically to meet modern design and construction
practices and (c) may have deterioratélde to structural aging. 4Jodes and standards with
consistent performance goals for all buildings arfdastructure systems are a key component
for achieving a resilient comunity, but such consistency is seldom achieved. Transportation
systems are designed and maintaineccitigs or states, which may not adopt current model
codes and standards, or may exempt significaquirements; electric powerpmmunication,
and water systems rely on industry standards, focusing @bili¢gy of service rather than
system performance during or after hazard events.

* * * Subject Population * * *

4. Subject Population In the space below, please describe the participantsytha are
requesting torecruit (include requested participant number and description of each group
requested).

a) Requested Participant Description (Include number that you plan to study anptidesof
each groupequested, if applicable).

The research will involve up to 2@@Iults in each postisaster community over the course five
years.

1. Approximate # of participants in each community (will include specific number im eac
amendment)

2. Description of groups to study: Community leaders / stakeholders including: locadsus
owners and business managers, local government officials including elextexs Jemergency
managers, firstesponders, city planners, leaders of-poofits and other service organimats
such as religious leadersealth care administrators, sch administrators, and residents (e.qg.,
renters, home owners, mobile homesidents).

3. All adults, including employees, elderly, pregnant women,-emgiish speakers, could
potentially beincluded in the study. However, it is important to note thatsthdy team wi
seek out individuals who are knowledgeable about the community and about disastés onpa
the ommunity. The team will also fearticularly sensitive to not include individuals who have
experienced the nsb devastating losses (e.g.stimeone has lost a family member or friend in
the disaster, they likely ould be excluded from the study out of respect for their privacy and the
grieving process).

b) What is the rationale for studying the requested group(s) of participants?

Community resilience depends on the performance of the built environmenhaupporting
social, economic, and public institutions that, individually and collectively, asemtial for
immediate responsand longterm recovery within the community following a disast€he
reslience goals of a community are based on social needs and objectives that are spéific t
character —its prior experience with natural hazards, the vulnerability/resilience of the
population, economic and financial drivers and resources,amad building regulations and
construction practices. The performance of the built environment in thehiS is a key factor

in community resilience, is largely determineddndes and standards, which are applicable to
individual facilities and have the primary objective of premg life safety under seveewents.
Current codes do not address facility performance in the period of recoveryirigllamwevent.
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Moreover, design of intedependent transportation systems, utilities, and communication
systemscurrently is based on different criteria. In the present environment, theceassurance
that all systems required for community resilience will perform at a consistehtdiering and
following a hazard.

Furthermore, scieneeased measurementote to evaluate performan@nd resilience at the
communityscales, fully integrated supporting databases, andniskmed decisia frameworks

to support optimallife-cycle technical and social policies aimed at enhancing community
resilien@ do not exis In light of theimportance of understanding community resilience and in
order to build robust models that can be usetht¢oease the resilience of a community, it is
necessary that we speakparticipants in a postisastercontext to learn how the shister has
impacted them, what influences their resulting belraand whatdetermines their recovery
trajectory. Specifically, we need to learn from leaders and residents @bosions that they
made before, during, and after a disaster everthgbwe can better map out anguantify
recovery and resiliency trajectories.

c) If applicable, state the rationale for involvement of potentially vulnerabledsabjo be
entered into thestudy, including minors, pregnant womesggonomically and educationally
disadvantaged, and decisionally impaired people. Specify the measures kemptaninimize

the risks and the chance of harm to hetentially vulnerable subjects.

Our team plans to only interview adult participants in this study. We understanchithat t
population may contain persons such as women, minorities;Engiish speakers, and
economically and educationaliiysadvantaged.

Moreover, during the immediate disaster period, even those not consitlad#ibnally
"vulnerable" mayhave had their liveminimally to significantly disrupted. Our team is aware of
this dynamic and is vergensitive to it. This is one of the primary reasons we plan to initially
focus(immediate postlisaster phasen community leaders and stakeholders, as they tend to be
the lealers who are used to serving as spokespersons for their organizations and inst@utions
team also plas to observe various residence types (e.g., mobile homes, apartments, single family
homes, etc.) to uwlerstand the different disasierpacts on the physical infrastructure and on the
individuals living in those structures. Again, we will bareful to invite residents to participate,
never coercing them, and encourggthem to share their storiea their own terms.

To date, the research team hesnducted multiple research projects in the U.S. and
internatonally with adults and children who were directly affected by a disaster. None @f thos
individuals became distraught during the interviews. At the end of the interviewsstalm
everyone expragd appreciation for having had the opportunity to tell their story.

Based on our experiences with pdi&aster social science research, we believe that a negative
psychological response to these interviews is unlikely. However, we recalgaizeome psons

may bereminded of unpleasant experiences related to the disaster. Thus, participation i
completely voluntaryand the person can end the interview at any point. We will also share
mentalhealth referral resources withe participants. If at any pdithe interviewer notices that
the participant igxperiencing emotional pain or trauma, the recording will be stopped and the
participant will be remided that they have the right to permanently end the interview with zero
negative consequences at any time.

d) If women, minorities, or minors are not included, a clear compelling ratiamalst be
provided. Examples for not including minors: participant must be a registered teteing or
device being studied would interfere with normal growth and deweént; etc.

N/A
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e) State if any of the subjects are students, employees, or laborataynetrd hey should be
presentedvith the same written informed consent. If compensation is allowed, they shauld als
receive it.N/A

f) Describe how potential sulmgis will be identified for recruitment. Examplésclude: class
rosters, group membership, individuals answering an advertisement, organizatimm pitisis
(i.e., Presidents, web designers, etc.). How will potential participantsdbaut the resedr@and
how will they be recruited

(e.g., flyer, email, web posting, telephone, etc.)? Attach recruitmentiatgia the Attachment
section(#11). Important to remember: subjects cannot be contacted before IRB approval.

We will recruit participants througmultiple channels. Because these will be quiegponse
field studies in the immediate aftermath of disaster, we will need to simultaneousigriiae

to and respectful of thpostdisaster context. Several of the field study leads, including Peek,
Tobin-Gurley, Peacock, Van Zandtnd others have extensive experience with conducting quick
response research involving human subjectslisasteraffected areas. Similarly, all of the
engineers on the team habeen involved in rapid responsaidies where they have collected
highly perishable data on damaged or destroyed buildingsfadtructure.

Over the years the social scientists have honed and refined their appitoacesitment, and
often find participants through multiple channels includingirdrof-mouth (friends, colleagues,
responders iffected areas often help to find target populations); flyers posted egstrateas
(business districtemergency response centers, etc.) (see attached recruitment flyspapew
stories and social ediaposts calling for participants, etc. We will pursue similar channels with
this project, and as noted aboveadttimes will work to minimize respondent burden.

In addition, because this is a study of resilience and thus requires tsaidyehe conmunity
over time, we have added a portion to our IRB consent form, asking respondentséafehey
willing to be contacted fadiollow up interviews.

* * * Subject Population * * *

4. Subject Population (continued)

g) Identify the inclusion and exclusion criteria.

1. Exclusion: We will not actively recruit individuals who have lost family fpers or friends in
thedisaster, out of respect for their situation. With that said, if individuals tatketexperiences
reach out tais (for example, in response to a recruitment flyer) they will not be atitatha
excluded from the study.

Again, we just will attempt to be sensitive to this dynamic, should it arise.

2. Inclusion: We will focus primarily on decision makers, leaders, and otheksast initially,
who can give us a big picture perspective regarding the impacts of theedi¥dstwil also
select some homeownengnters, business owners and others who haperiexced various
degrees of damage to their pesty orsurrounding infrastructure so we can better understand
resilience in contextPersons who will be invited tparticipate will be able to speak to broader
social trends that can be quantified and usetinprove themodeling of community resiliency
modeling of community resiliency.

h) Compensation. Explain the amount and schedule of compensation, if anyillthatpaid for
participationin the study. Include provisions for prorating payment.

N/A

i) Estimate the probable duration of the entire study. This estimate should includ&athene
eachsubject is to be involved and the duration the data about the subject is to be collegted (e.g
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This is a2-year study. Participants will be interviewed 3 times per year; each inteniikelast
approximately

2 hours. Total approximate time commitment for participants is 12 hours.)

*There will be a minimum of three interviews for approximatéy80 minutes each spread over
aone to three year duration (appimate).

*The initial timing, the number of interviews, and the duration of thoteviews will be
determinedin part, by the scale of the disaster. For instance, in a smaller scale disastsmo
might be abléo mobilize and move into the fieldithin a matter of days; in a lger scale event,
like Katrina, weeks may pass before we begin the investigation due to ldgisticglications
with entering a badly damaged region. A study of a smaller scale digldstethe Windsor
tornado) might beompleted in a year. A study of a larger scale disaster, like Sardgtona,
could go on for manyears. Resilience is a difficult concept to measure as it musehsured
over time, and the timgcale of recovery varies based on the initial disaster impact.

*Three to five communities will be studied in yeard df the grant. Ifadditional funding is
receivedfor years €10, additional communities would eventually likely be included. For now,
though, the

Center is only funded for the first five years.

* * % RISkS * * %

5. Risks (Input N/A if not applicable)

US Department of Health & Human Services (HHS) Regulations define a subjesk asri
follows: "...anyindividual who may be exposed to the possibility of injury, including physical,
psychological, or social injurygas a consequence of participation as a subject in any research,
development, or related activity whicteparts from the application of those gutee methods
necessary to meetshneeds, or which increases the ordinary risks of daily life, including the
recognized risks inherent in a chosen occupation or fietémvice."

a) For the following categories, include an estimate of the potential Input N/A if not
applicable.

There is a minimal possibility of psychological risk in this study because 1)ipants have
alreadyexperienced an upsetting event, i.e., the disaster and 2) We will be asking theomsjues
about their owm experiences wit or their communities’ disaster impacts and longer term
recovery. That being said, we dmt expect there to be any serious harm associated with
participating in tis study, however, there are momediate benefits either. Over the longer term,
the studyitself is designedat inform policy and practice tomprove the resilience of people
living in disasteraffected communities.

b) In case of overseas research, describe qualifications/preparations batyenato evaluate
culturalappropriateness and mesate/minimize risks to subjects.

International studies are possible, but highly unlikely given time and budgetatotsstit would
have to be in a developed country that has similar buildings and infrastructure spstérmal
structures, etc. (fornstance, in the highly unlikely event that an international location were
selected, it would be a place, likdew Zealand, where the physical, social, and economic
environmeis are such that results candgplicable to communities in the U.S. Howevenyé

are in a community that has a high #emglishspeaking population, we will make sure a team
member that is fluent in the dominant language condbeténterview. We will also make sure
to have all consent and other informational forms translateco@seénted to the participant in
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their primary language. Again, this is a highly unlikely scenario ancealeze any such change
to this base IRB protocol would require a detailed and extensive amendment.

c) Discuss plans for ensuring necessary medicakafegsional intervention in the event of a
distressedubject.

We will include information regarding local mental health specialists on the comsenahd
will recommend that participants seek additional help or withdraw from the $tilngdy iappear
distressed aany point. We have created such flyers and forms for other distésénse have
studied, and havenembers of the team who are quite skilled at assembling these diypes
documents. We take providing this information seriously, and will créatetytpe of flyer as
soon as w have agreed that we will moweo a study community.

d) If audio/video taping will be used, state if it could increase potential oiskubject's
confidentiality.

We cannot promise anonymity to informants in this resedéahwe can ffer confidentiality in
that no names will be used in any written reports or publications that are issudtdrsimdy.

* * * Benefits,Procedures to Maintain Confidentiality * * *

6. Benefits

a) Describe the potential benefit(s) to be gained by the subjects or hoestitis of the study
may benét future subjects. Indicate if there is no direct benefit to the participants.

Potential Benefits to Participants:

There are no direct benefits to participants as they will not be conteéniea their time.
However, as described above, the entire project is designed to provide longer tdits. bene
Potential Benefits to Society:

The primary contributions fathis research to society include the evenuevelopment of a
computationalenvironment that can be used by decision makers to help them optimize
investments in communitesilience.

We plan to actively promote our research and the products generdtebdeywend scholarly
audiences tensure that the general public, disaster recovery practitioners and orgasizaiid
others in hazargrone communities have access to the information generated. Thicpisj
poised to influence both scholarly and broader social domains through contributionduiaera
student training, enhanced pubtitscourse, and increased community resilience.

The applicants (Van de Lindt and Ellingwood) and collabmr (Peek) along with the many
otherinvestigators on this studyave a demonstrated track record in basic research, applied and
evaluationactivities, and policy translation.

7. Procedures to Maintain Confidentiality

a) Describe the procedures in place that will protect the privacy of the sudnjdatsaintain the
corfidentiality of the data. If a linked list is used, explain when the linked list will beaes.
Provide a sample of the code that will be used, if applicable.

All physical data will be stored in a locked file cabinet and all electronic mediaendi&ied on

a passwordprotected computer in locked offices. A linkiést will be created where all
identifiableinformation will be replaced with code numbers. The same code will befarsdo:
audio recording, field notes, and photographs from each participlo names will battached

to this documentation. We cannot promise anonymity to informants in this research, ¢art we
offer confidentiality in that nonames will be used in any written reports or publications are
issued from the study. The use ofyamages (still or video) that compromise anonymity and
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confidentiality as above will only be done with the writtparmission of all individuals
identifiable in the image.

b) If information derived from the study will be provided to the subjeefsgmalphysician, a
governmentagency, or any other person or group, describe to whom the informatiobewill
given and the nature of the information.

c) Specify where and under what conditions study data will be kept,droples will be labeled,
who hasaccesdo the data, and what will be available and to whom. Federal Regulations require
that study dataand consent documents be kept for a minimum of three (3) years after the
completion of the study by the PI. For longitudinal projects, the Pl may beeaddaikeep the
dataand documents for a longer time period.

Data access is limited to project team investigators who have completedgthesd ethics
training andwill be maintained for the thregear archive period following conclusions biet
study. No faial images willbe used in any outlet without express written permission.

Audio recordings that contain identifiable information will only be #eesrd by team members
who have completed the required ethics training. Photos produced through eteehrédsat
contain identifiableinformation will only be seen/viewed by team members unless express
written permission is provided bgnyone identifiable in those images (see attached consent
form). All raw data will be stored on password protected computetecked offices and a
linkedHist will be created where latdentifiable information willbe replaced with code numbers.

* * * Potential Conflict of Interest * * *

8. Potential Conflict of Interest

Although you have already submitted CSU's official Conflict of Inte@sh {(COI/COC) to the
University, it is the IRB's responsibility to ensure that conflicting interests retatsdbmited
protocols do not adversebffect the protection of participants or the credibility of the human
research protection program at CSU.

Please answer questionsl @elow. Please note that if you indicate that you have a potential
conflict of interest in relation to this protocol, ygdSU COI/COC Reporting Form must reflect
this potential conflict.

Link to CSU's Conflict of Interest policy: http://www.provost.colostate.edht/poirev.pdf.

a) N In connection with this protocol, do you or any of the protocol investigators or thei
immediate family members (i.e., spouse and legal degr@sdas determined by the IRS) have a
potential conflict of interest?

b) N/A If you do have a potential conflict of interest, is this reported in youermu€OI/COC?

c) N/A If you do have a potential obiict of interest, is thex a management plan in place to
manage this potential conflict?

d) N/A If you do have a potential conflict of interest, is this potentaflect of interest included

in your consent document (as required in the Management Plan)?

If you have reported a possible conflict of interest, the IRB will forwarditieeof this protocol

to your Research Associate Dean to complete your COl file.

For more information on CSU's policy on Conflict of Interest, please see theadw|8tate
University

Academic Faculty and Administrative Professional Manual Sections D.7.6 & D.7.7:
http://www.facultycouncil.colostate.edu/files/manual/sectiond.htm#D.7.6.

Link to CSU's Conflict of Interest policy: http://www.provost.colostate.edht/goirev.pdf .
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** * Informed Consent * * *

9. Informed Consent See sample consent forms at
http://web.research.colostate.edu/ricro/hrc/forms.aspx

NOTE: In order to completehis protocol, you must upload either a Consent Form or an
Alteration of

Consent Form (i.e., Cover Letter or Verbal Script) OR (if neither of thosg apgbur project)
you must complete the Waiver of consent information.

In the space below, provide consent process background information, for each Consent Form,
Alteration of

Consent Form (i.e., Cover Letter or Verbal Script), or Waiver of consent. You will raditl®e¢o
submit this protocol without completing this information.

Informed Consent

Title NIST Consent Form

Consent Information Type Consent

Consent Form Template X Attachment NIST Consent Form FINAL

Who is obtaining consent? The person obtaining consent must be knowledgeable about the study
and authorized by the PI to consent human subjects.

NIST Researchers

How is consent being obtained?

In person, in writing

What steps are you taking to determine that potential subjects are competetitifgaam the
decisionmakingprocess?

We will discuss the consent form with each participant and maketleyewunderstand its
contents prior tahe interview.

** * Assent Background * * *

10. Assent Background

All minors must provide an affirmative consent to pa@pate by signing a simplified assent
form, unless the

Investigator(s) provides evidence to the IRB that the minor subjects atapaitle of assenting
because cage, maturity, psychological state, or other factors.

See sample assent/consent forms at/hitpb.research.colostate.edu/ricro/hrc/forms.aspx

If applicable, provide assent process background information for each Assentheration of
AssentForm (i.e., Cover Letter or Verbal Script), or Waiver.

Assent Background

** * Attachments * * *

11. Attachments

Attach relevant documents here. These could include: Collabotatiagtigator's IRB approval
and approved documents; Conflict of Interest informatidDebriefing Script; Grant/Sub
contract; HIPAA

Authorization or Waiver Form from HIPA&overed entity; Interview/Focus Group Questions;
Investigator's

Brochure; Letters of Agreement/Cooperation from organizations vilhbelp with recruitment;
Methodology section of associated Thesis or Dissertation project; Questionnaireistiétad
Control Office approvamaterial; Recruitment Material (e.g., flyers, email text, verbal scripts);
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Sporsor 's Protocol; Surveys; Other files associated with protocol (can uploadtamuizrd file
formats: xls, pdf, jg, tif, etc.) Please be sure to attach all documents associated with your
protocol. Failure to attach the files associated with the protocol may resul rdtocol being
returned to you for completion prior to beirgyiewed. Students: Be suredtiach the Methods
Section of your thesis or dissertation proposal. All Pls: If this protocol isiassevitha grant
proposal, pleaseemember to attach your grafito update or revise any attachments, please
delete the existing chment and upload the revised document to replace it.

Document Type Other Protocol Material

Attachment MASTER Contact List

Document Name MASTER Contact List

Document Type Interview/Focus Group Questions

Attachment NIST Interview Guide FINAL

Document Name NIST Interview Guide FINAL

Document Type Other Protocol Material

Attachment DemographicinfoOrganizationsFINAL

Document Name DemographicinfoOrganizationsFINAL

Document Type Other Protocol Material

Attachment DemographicinfoResidentsFINAL

Document Name DemographicinfoResidentsFINAL

Document Type Recruitment Material (e.qg., flyers, email testtyalscripts)

Attachment Field Studies Recruitment Flyer

Document Name Field Studies Recruitment Flyer

Document Typ Grant/SukContract

Attachment NIST Award_70NANB15H044

Document Name NIST Award_70NANB15H044

Document Type Other Protocol Material

Attachment Photo Release Form

Page 18 of 18

Document Name Photo Release Form

** * Obligations * * *

Obligations (Researcher's Responsibilities)

The Principal Investigator is ultimately responsible for the conduct girhject. Obligations of
the Principalnvestigator are:

Conduct the research involving human subjects as presented in the protocol, including
modifications, as approved by the Department and Institutional Review Board.eSharany
aspect of the study (for example project design, procedures, consent formssinduaaterials,
additional key personnel or subject population) will be submitted to the IRB for appefoat
instituting the changes (PI will submit the "Amendment/Revisform);

Provide all subjects a copy of the signed consent form, if applicablestistos are required to
retain signeadonsent documents for three (3) years after close of the study;

Maintain an approved status for Human Subjects Protection training. Trainindenuptiated
every three (3) years (Contact RICRO to check your cuapptoval/renewal dates). For more
information: Human Subjects

Training Completed?

219



Submit either the "Protocol Deviation Form" or the "Report Form" to repootocol
Deviations/ViolationsUnanticipated Problems and Adverse Events that occur in the aufurse

the protocol. Any of these events must be reported to the IRB as soon as possible, but not late
than five (5) working days;

Submit the "Continuing Review" Form in order to maintain active status of gheoweed
protocol. The form must be submitted annually at least four (4) weeks prior tatexpifive (5)

weeks for protocols that require fuéview. If the protocol is not renewed before expiration, all
activities must cease until the protocol has been rereviewed;

Notify the IRB that the study is complete by submitting the "Final Report" form.

X The Principal Investigator has read and agrees to abide by the above obligations.
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