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Abstract

This report documents the study conducted in Lumberton, North Carolina in 2022. Statement of
purpose, scope, methods, results, and recommendations are contained herein.
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Executive Summary

This is the fourth report in a series that documents the impacts to and recovery of Lumberton,
North Carolina following 2016 Hurricane Matthew. This fourth report captures occupancy status
for housing and commercial units five years after the initial flooding in Lumberton and one year
into the COVID-19 pandemic. The longitudinal field study in Lumberton is part of the National
Institute of Standards and Technology (NIST)-funded Center for Risk-Based Community
Resilience Planning (Center). The Center has teamed with researchers from NIST’s Community
Resilience Program, Disaster and Failure Studies Program, and the Applied Economics Office to
conduct the field studies since 2016. Findings from the longitudinal field study are being used by
the Center and NIST team to advance the state of knowledge of community resilience.

In early October 2016, Hurricane Matthew crossed North Carolina as a category 1 hurricane with
some areas receiving as much as 45.72 cm (18 in.) of rainfall. In the days that followed,
Lumberton, North Carolina, an inland community in Robeson County, was catastrophically
flooded. The Center and NIST team conducted a quick response field study focused on housing
damage, school disruption, and community-level disruption in Lumberton. Approximately one
year later, the Center and NIST team returned to Lumberton to document and better understand
1) recovery progress with an emphasis on housing, schools, community, and state-level
decisions, 2) business disruption and recovery, which was newly included in the scope, and 3)
the intersection of these sectors on community recovery.

In September of 2018, Hurricane Florence caused a second major flood in Lumberton. The
Center and NIST team conducted a quick response field study to document the initial damage to
the housing units and businesses in our longitudinal samples. Through virtual and in-person
reconnaissance, the team learned that the City of Lumberton had strategically deployed
temporary berms and pumps and anecdotally observed and learned about different preparedness
and mitigation actions taken by households and businesses in preparation for Hurricane Florence.
Ultimately, the extent of flooding and impact caused by the flooding was quite different for
Hurricane Florence than Hurricane Matthew, but the compounding effect was significant,
especially for those hardest hit in 2016. A small team from the Center deployed to Lumberton in
December 2018 to conduct a focused study on critical decisions being made to rebuild public
housing, and interview public housing residents. Then, in April of 2019, a larger team returned to
Lumberton to document the six-month recovery from Hurricane Florence and continued
recovery from Hurricane Matthew. In this latter trip, the team was able to systematically
document preparedness and mitigation actions taken by households and businesses, as well as
learn about many planned capital improvement projects.

In April 2019, the team concluded that though recovery was underway, a long road of continued
recovery still lay ahead for the Lumberton community. The team set intentions for a fourth wave
of data collection to occur in spring 2020. In March 2020, however, the COVID-19 pandemic
swept across the United States, shutting down universities, daycares, schools, and all non-
essential businesses and activities with many unknowns as to when ‘normal’ would return.
Human subjects research was also shut down, with NIST and universities associated with the
Center adopting different policies and timelines for approving human subjects research and non-
essential travel.
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More than a year later, in spring of 2021, the Center and NIST team were finally able to execute
a remote data collection effort, termed Wave 4a. As detailed in this report, Wave 4a expanded
the longitudinal samples with a convenience sample for housing and refreshment sample for
business and switched to a new goal of documenting resilience capacity across the community.
Both survey efforts used postcards for recruitment to an online survey, and later tried out other
techniques to boost response rates. Approximately 40 % of postcards for housing were not
delivered and were returned, and a little over 30 % of postcards for businesses were not delivered
and were returned. Both survey efforts produced very low response rates, and thus the
information gained from the few completed surveys are not reported here. The team was
concerned that the large percentage of undeliverable postcards was indicative of a dire situation
in Lumberton brought on by a third disaster, specifically the COVID-19 pandemic, occurring in
Lumberton in less than five years.

Given the outcomes of Wave 4a, an additional sub-wave of data collection, termed Wave 4b, was
needed to determine if the low response waves were due to vacant housing and commercial units.
The goal of Wave 4b was to document the physical existence of housing units and businesses,
and, to the extent possible, to document occupancy status for housing and commercial units. A
set of indicators for occupancy and vacancy were developed for both housing and commercial
structures. In early December 2021, a small team deployed to Lumberton for Wave 4b. To
prioritize team member safety and the safety of Lumberton residents, Wave 4b did not include
human subjects research.

Wave 4b confirmed that only 2.6 % of housing units in the longitudinal housing sample did not
have a building present, 64.6 % were occupied, and an additional 7.6 % of housing units that
were probably occupied. Similarly, Wave 4b confirmed that most business units were occupied
or probably occupied by a business, and 11.3 % were vacant or probably vacant.

Although only a minimal amount of information was gleaned from Wave 4 on the status of
Lumberton’s longitudinal recovery, the primary longitudinal metric for housing presented in past
reports is occupancy status. The longitudinal comparisons made in Chapter 2 of this report show
a higher proportion of occupied housing and commercial units in Wave 4b compared to Wave 3¢
thus indicating a positive recovery progress. Even still, approximately 20 % of housing units and
11 % of commercial units in the longitudinal sample are vacant.

This report describes the development of an online survey and the challenges associated with
remote data collection efforts in a longitudinal setting. While data were collected regarding
vacancies of both businesses and houses, researchers were unable to gather data to understand
where capital improvement and recovery funded projects stand. As a result of the lessons learned
while conducting Wave 4 of the longitudinal survey of Lumberton, NC, this report concludes
with the recommendation that a fifth wave of data collection be conducted in person to
systematically document the recovery status of Lumberton housing, businesses, schools.
Additionally, a Wave 5 data collection effort could aid in understanding the status of capital
improvement and recovery funded projects.
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1. Introduction

The longitudinal study of Lumberton, North Carolina described in this report is a collaboration
between researchers from the National Institute of Standards and Technology (NIST)-funded
Center of Excellence for Risk-Based Community Resilience Planning (Center), and researchers
in the Engineering Laboratory at NIST. This chapter will summarize the goals and activities of
the NIST Center of Excellence for Risk-Based Community Resilience Planning and the
Engineering Laboratory at NIST, provide an overview of Hurricanes Matthew and Florence and
the longitudinal field study, and describe the 2021 (Wave 4) Lumberton field study.

1.1. The NIST Center of Excellence for Risk-Based Community Resilience
Planning

Collective community needs and objectives, including post-disaster recovery goals, are not
reflected in codes, standards, and other regulatory documents governing the design of individual
facilities. Addressing these shortcomings requires an approach that addresses the
interdependencies of a community’s physical, social, and economic systems. Thus, modeling the
resilience of communities against the disruption caused by natural hazards and disasters
depends on many disciplines, including engineering, social sciences, and information
sciences. As climate change increases the number and intensity of natural hazard events, it is
becoming more likely and more common for communities to be faced with a major disaster
before being able to fully recover from a previous disaster. Providing detailed and community-
specific guidance on how to better prepare for and recover from disasters is the impetus for the
Center’s research.

The Center, headquartered at Colorado State University in Fort Collins, Colorado and involving
twelve additional universities at the time of Wave 4, was established by NIST in 2015. The
Center’s overarching goal is to establish the measurement science for community resilience
assessment and risk-informed decision-making. The measurement science is implemented on a
platform called the Interdependent Networked Community Resilience Modeling Environment
(IN-CORE). It incorporates a risk-based approach to decision-making that enables quantitative
comparisons of alternative resilience strategies. On the IN-CORE platform, data from the
community can be seamlessly integrated which allows users to optimize community disaster
resilience planning and post-disaster recovery strategies intelligently using physics-based models
of inter-dependent physical systems combined with socio-economic systems. The Center is also
engaged in research aimed at developing and validating the models housed within IN-CORE’s
advanced modeling environment. Full validation of the system architecture in IN-CORE will be
possible through extensive field studies focused on community resilience and recovery rather
than simply infrastructure damage and failure studies. IN-CORE will be able to answer detailed
questions on the lingering effects of natural disasters on communities; population dislocation,
health and the wellbeing of the residents, impacts across the economic spectrum as well as the
fiscal impacts, thereby assessing community resilience and disaster recovery via a suite of
resilience metrics. A longitudinal field study in Lumberton, NC is planned and executed
approximately every 12 months in the same location with the same sample of housing units and
businesses to support the following phases of resilience model development within IN-
CORE: impact, disruption, dislocation, recovery, decision, and interdependency. The
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Lumberton, NC field study will provide comprehensive datasets to support validation of the IN-
CORE architecture.

The Center works to accelerate the development of system-level models and databases that will
provide the technology for enhancing community resilience. Team members, at the time of Wave
4, include noted resilience experts from Colorado State University, East Carolina University,
California Polytechnic University-Pomona, Oregon State University, Rice University, Stony
Brook University, Texas A&M University, the University of Florida, the University of Illinois,
the University of Kansas, the United States Naval Academy, and the University of Oklahoma.
Ultimately, the decision framework created by the Center will provide decision-makers with a
unique set of tools that can be tailored to the needs of individual communities. These tools
will optimize the design and subsequent management of individual facilities and
interdependent infrastructure systems to achieve resilience goals while managing life-cycle
costs. Its use will provide a basis for targeting public investments and incentives for private
investments, thus making it possible to establish a “business case” for investing in community
resilience.

1.2. The Engineering Laboratory at NIST

The Engineering Laboratory (EL) at NIST promotes U.S. innovation and industrial
competitiveness by advancing measurement science, standards, and technology for engineered
systems in ways that enhance economic security and improve quality of life. In support of this
mission, EL is conducting research in community resilience, disasters and building failure
investigations, economic analysis and life cycle assessment, wind and seismic hazard impact
reduction, fire prevention and control, engineering, and manufacturing materials. Researchers
from EL’s Applied Economics Office (AEO), the Community Resilience Program (CRP), and
the Disaster and Failure Studies (DFS) Program participated in the Lumberton field study. This
work seeks to advance the disaster metrology research as well as to advance measurement and
modeling needed to support community resilience planning.

Hazard events stress buildings and infrastructure in ways and on a scale that cannot be easily
replicated in a laboratory. The study of disaster and failure events is essential to improving the
performance of buildings and infrastructure, the safety of building occupants, and associated
evacuation and emergency response procedures. NIST’s DFS Program seeks to standardize
disaster field deployment, assessment, and reporting protocols to improve building and
infrastructure performance. DFS implements these goals through the following activities: (1)
monitoring disaster events to evaluate whether an event meets decision criteria for the
establishment and deployment of a study team, (2) coordinating the establishment, deployment,
operations and reporting of study teams, (3) ensuring that the study team’s safety, health and
environmental requirements are met including relevant hazard reviews, training, and personal
protective equipment prior to deployment, (4) building and maintaining effective partnerships
and communications with other federal agencies, state/local governments, stakeholders and the
general public, (5) establishing and executing standard operating procedures and criteria for
disaster and failure studies, (6) promoting the implementation of recommendations from all DFS
investigations, (7) creating and maintaining an archival data repository for DFS, (8) carrying out
the statutory requirements of the National Construction Safety Team (NCST) Act, which
includes providing the Secretariat for the NCST Advisory Committee and annual reports to
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Congress, and (9) overseeing a disaster metrology research program that interacts with other
groups in EL, to directly inform best practices for DFS program activities. The Lumberton field
study directly supports the disaster metrology research activity of the DFS Program and has
repeatedly served as a space for developing and/or testing new technology, data collection
instruments, and methodologies. For example, in Wave 1, the team developed an integrated
sampling methodology that prioritized both engineering and social science research questions
and created data collection instruments to assess physical and socioeconomic impacts of
Hurricane Matthew. The sampling methodology and data collection instruments are published on
DesignSafe-Cl. Likewise, in Wave 4, the team employed new technology to collect data on
housing and business occupancy status using ESRI®’s Survey123 Connect survey design
application. The contribution of the new technology to the field study was evaluated to inform
recommendations associated with future disaster and failure studies.

Community Resilience Planning Guides - NIST also manages a multi-faceted program aimed at
assisting communities and stakeholders on issues related to buildings, the interdependencies of
physical infrastructure systems, and the social and economic functions they support. NIST CRP
released the Community Resilience Planning Guide for Buildings and Infrastructure Systems in
2015 to help communities plan and implement prioritized measures for the built environment to
strengthen their resilience to hazard events. Since 2016, NIST has been working to develop
science-based tools for communities, professionals, and researchers to assess resilience and to
support informed planning and decision making at the community scale for improving resilience
in communities of all sizes. The three following Community Resilience Program research
projects are directly supported by the field study in Lumberton, NC.

Community Resilience Systems Model — In the development of community plans (e.g., land use
management, emergency response, economic development), the formidable challenges inherent
in both the analysis and design of the resilience systems must be addressed. This project focuses
on the development of a model to support community resilience decision-making. The NIST
Alternatives for Resilient Communities model, or NIST ARC, is an interactive screening tool
that is designed to assist communities in resilience planning. In its application of operations
research methods, NIST ARC addresses many of those challenges related to the breadth, large
scale, and interdependencies of the physical, social, and economic systems that determine a
community’s resilience. Given hazard and interdependency information, and socio-economic
data, NIST ARC outputs alternative sets of actions across the community that can be taken to
meet user-specified resilience and other targets (e.g., cost). The goal of NIST ARC is to
decrease a community’s burden in developing viable, sound alternatives for stakeholder
consideration and to provide useful starting points for further, more detailed analysis. NIST ARC
is designed to assist a collaborative planning team in the identification of solutions as outlined in
NIST’s Community Resilience Planning Guide for Buildings and Infrastructure Systems. The
target user is an analyst facilitating the collaborative planning team’s interactive use of the tool.
The analyst assists in the refinement of targets and imposition of new constraints to address
comments or concerns, and to explore tradeoffs between competing objectives. Data and
information obtained throughout the Lumberton field study provided the foundational case study
for the development of NIST ARC.

Community Resilience Assessment Methodology — Community resilience is a complex, multi-
dimensional problem that relies on engineering, social sciences, earth sciences, and other
disciplines to improve the way communities prepare for, resist, respond to, and recover from
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disruptive events, whether those events are due to natural or human-caused hazards. This project
will develop tools and metrics for communities to measure resilience at the community-scale.
The assessment methodology will employ a complex systems perspective to make linkages
between social and physical systems and will address resilience over time in order to provide
useful information to inform an understanding of the factors influencing recovery following a
disruptive hazard event. The goal of this research is to develop a simplified, science-based
community resilience assessment methodology that can be applied to communities of any size
for the purpose of assessing baseline resilience and changes in resilience over time. The Tracking
Community Resilience (TraCR) methodology will ultimately be coupled with NIST ARC to
provide a means of evaluating decisions for their contribution to resilience, among other factors.
Field studies including Lumberton provide essential datasets for supporting multivariate analyses
examining relationships between indicators of resilience and recovery, sensitivity and
uncertainty analyses, and validation studies.

Cost-Effective Resource Allocation Strategies to Enhance Community Resilience -
Advancements in measurement science are needed to estimate the economic impact associated
with community resilience planning for natural and human-made hazards. In addition to the
development of a standard economic methodology for evaluating investment decisions aimed at
improving the ability of communities to adapt to, withstand, and quickly recover from disruptive
events, this project includes a focus on the measurement of disaster losses, focusing on major
indirect losses, such as business interruption, and distributional effects —through the use of both
data gathered in the field through surveys and interviews as well as secondary data sources.
These data ultimately support measurement of the ‘resilience dividend,’ the (non-disaster related)
community co-benefits from investing in disaster resilience and can be used to provide guidance
to communities on approaches to assessing the net co-benefits associated with resilience
planning. Since Wave 2, the Lumberton field study has included a formal business recovery
component to establish data collection tools and methods for measuring the indirect losses like
business interruption associated with hazard events.

1.3. Hurricanes Matthew and Florence, and Overview of the Longitudinal Field
Study

In early October 2016, after devastating parts of the Caribbean, Hurricane Matthew skirted
Florida, and continued up the eastern seaboard before turning out into the Atlantic Ocean off the
coast of North Carolina and Virginia (see Fig. 1-1). More than 170 counties in Florida, Georgia,
South Carolina, and North Carolina were included in Presidential Emergency Declarations
and/or Presidential Disaster Declarations between October 6™ and 11%, 2016. Economic loss
estimates exceeded $10 billion [1].
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Figure 1-1. Path and Intensity Timeline of Hurricane Matthew.

More than a week after the storm turned out to sea, parts of North Carolina had yet to experience
flood crests, with many communities experiencing flood levels at or higher than those for
Hurricane Floyd in 1999'. The Lumber River reached flood stage in Lumberton, NC on October
3 due to local heavy rains. On October 11", the Lumber River crested at almost 22 ft (6.7 m)
above the gauge datum. The water level slowly fell, dropping below flood level on October 23,
2016.

As described in van de Lindt, Peacock, Mitrani-Reiser et al. [2], the Center Field Study team
selected Lumberton for longitudinal study for many reasons, including the moderate population
size of approximately 21,000 residents [3], the diverse socio-demographic makeup of primarily
three race and ethnicity groups (White, Black, and American Indian), and that flood waters
entered the City through a gap in the levee system that 13 years prior was reported to not meet
the current FEMA regulations.

The Center and NIST team conducted a quick-response field study focused on the City of
Lumberton, NC and the flooding it experienced from the Lumber River. The quick response field
study was performed during the week of November 29, 2016. Denoted here as Wave 1, it was the
first of a series of annual field studies to document and better understand Lumberton’s recovery.
Data collection during Wave 1 focused on the residential housing sector with two primary
objectives: (1) to establish and document initial conditions for the longitudinal resilience field
study of Lumberton’s recovery, with a focus on the most heavily affected area located within a
particular school zone; and, (2) to facilitate and document the development and first application
of a combined engineering-social science field study protocol that provides a quantitative linkage

! At its peak, Hurricane Floyd was recorded as a Category 4 hurricane. It was reduced to a Category 2 by early September 1999 when it impacted
North Carolina with a storm surge height exceeding 9 feet causing 51 fatalities and billions in damages. Flooding damage was tremendous with
as much as 20 feet of floodwater staying for over a week in some areas and exacerbated due to Hurricane Dennis which hit North Carolina just a
few weeks prior.
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between flood damage and socio-economics including race, ethnicity, income, tenancy status,
and education level. Population dislocation probabilities were found to be higher for Black and
Native American households than for White households, for the same residential housing
damage state following the flood. See van de Lindt, Peacock, Mitrani-Reiser, et al. [2] for the
Wave 1 field investigation report.

Approximately one year after Hurricane Matthew, during the dates of January 19 to 29, 2018, the
Center and NIST researchers returned to Lumberton for Wave 2 of the longitudinal study. As
described in Sutley, Dillard, van de Lindt et al. [4], the overall purpose of Wave 2 was to (1)
support on-going research at the Center and NIST through the collection of the necessary data to
build and/or validate community-resilience models for business, housing, social institutions, and
building functionality; and (2) advance understanding on the factors that influence recovery for
two specific community sectors, namely residential housing and business, as well as to gain
information on the recovery status of schools, households, public works, and the community as a
whole.

In support of the overall purpose of the longitudinal study, the same housing sample from Wave
1 was adopted for Wave 2, and as a new feature, a sample of 453 businesses was added. For
housing, one housing unit was dropped due to a hard refusal during Wave 1, resulting in a
sample of 567 housing units for structured surveys in Wave 2. Of these 567 housing units, the
team was able to survey more than 227 household respondents. For businesses, a stratified
random sampling approach resulted in a sample of 350 businesses drawn from the ReferenceUSA
database (now InfoGroup). While in the field, an additional sample of 103 businesses was drawn
to address possible coding errors in ReferenceUSA, business closures, and response rates. The
final sample resulted in 453 businesses, where 164 business owners and managers were
surveyed. The business survey instrument used in Wave 2 assessed the damage from Hurricane
Matthew through a series of questions built on analogous damage state descriptions designed for
commercial buildings. Both the housing and business surveys included questions on physical
repair and sector-specific recovery indicators to document recovery progress and asked about the
availability and timing of a range of financial recovery resources. For the public sector data
collection, meetings were held with four city representatives and four state representatives,
including both government and the water utility, to understand the context for recovery of the
community. Likewise, to understand the context for school recovery, interviews were conducted
with nine school district representatives. At the time of Wave 2, recovery was still on-going for
Lumberton households and businesses, with much Federal money having not yet arrived, and
many rebuilding decisions yet to be made. See Sutley, Dillard, van de Lindt, et al. [4] for the
Wave 2 field investigation report.

Hurricane Matthew was widely reported to be a 500-year rainfall event, but only two years later,
another low annual exceedance probability (1000-year) event inundated Lumberton along with
many areas in North Carolina because of Hurricane Florence. After reaching peak intensity and
Category 4 status on September 11, 2018, Hurricane Florence made landfall on the US Eastern
Coast on September 14, 2018, as a weakened Category 1 hurricane (see Fig. 1-2), bringing six
days of heavy rainfall to North and South Carolina. The storm eventually lost strength over West
Virginia and was downgraded to a post-tropical cyclone on September 17, 2018. Hurricane
Florence inundated the city of Lumberton with 165 mm (6.5 in.), 380 mm (15 in.), and 350 mm
(13.8 in.) of rain on the 15th, 16th, and 17th of September 2018, respectively. Due to its slow
forward motion and heavy rains, the storm caused significant coastal and inland flooding. In
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North Carolina, 22 stream gauges measured record peak flood stages due to the storm, with
many breaking records previously set by Hurricane Matthew [1]. Post-Hurricane Florence
flooding significantly affected businesses, residential structures, and agriculture in many areas
that were still recovering from the 2016 flooding.
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Figure 1-2. Path and Intensity of Hurricane Florence.

The Center and NIST team conducted a quick response field study October 16 — 19, 2018 to
document the initial physical damage to the longitudinal sample of housing units and businesses,
denoted as Wave 3a. As critical decisions were being made by the city on whether or not to
rebuild vacant and damaged housing units since Hurricane Matthew, a small team of Center
researchers returned to Lumberton December 2 to 5, 2018, to conduct focused interviews with
key decision makers and public housing residents, denoted as Wave 3b. In April 11 - 21, 2019,
the Center and NIST team returned to Lumberton to execute two systematic surveys — one to
households and one to businesses — and to conduct semi-structured interviews with City contacts
to learn more about the impact and disruption caused by Hurricane Florence and the progress or
hindrance on recovery still unfolding after Hurricane Matthew. This latter trip was denoted as
Wave 3c.

The Wave 3a damage surveys revealed approximately two-thirds of housing units that were
damaged after Hurricane Florence experienced more severe damage after Hurricane Matthew. In
total, approximately 18 % of housing units and 15 % of businesses were damaged by Hurricane
Florence. Significant proportions of the housing and business samples were not damaged during
Hurricane Florence given that the samples were designed based on the inundated area caused by
Hurricane Matthew, and the two floods were considerably different for Lumberton. The Wave 3a
team observed different mitigation actions that had been taken at the city-level, such as
deploying pumps and temporary berms, as well as by individuals, such as elevating their AC
units. These observations made for important follow-up questions the team would ask about in
future waves.

Individual-level mitigation measures were only captured anecdotally in Wave 3a, and used to
inform survey design for Wave 3c. In the surveys conducted during Wave 3c there was
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systematic collection of data about mitigation to understand if and how widespread these actions
were and to understand if and how they may have reduced property loss and collective damage.

The Wave 3c housing survey documented that 33 % of households who completed the survey
reported still having unrepaired damage from Hurricane Matthew at the time of Hurricane
Florence. Because of Hurricane Florence, nearly two-thirds of respondents were dislocated from
their home for at least one day, and a majority indicated they returned home within two weeks.
Although recovery was still an active process, 85 % of respondents reported intentions of
remaining in their home for the next year, and more than 80 % indicated having the same access
to school and grocery stores after Hurricane Florence as they did before Hurricane Matthew.
Similar to observations in Wave 2, in Wave 3¢ small proportions of respondents received
insurance payouts and other recovery resources. The Wave 3¢ survey asked about positive
impacts of the two events as well, where approximately one-third of respondents indicated
increased community involvement and approximately 40 % indicated increased contact with
neighbors and extended family since before Hurricane Matthew.

The Wave 3c business survey documented that 17 % of businesses that completed the survey
reported unrepaired damage from Hurricane Matthew at the time of Hurricane Florence. Due to
Hurricane Florence impacts, 80 % of businesses reported losing electricity for at least one day,
which was the most frequently reported utility loss. Furthermore, over 40 % of businesses
experienced interrupted operations for at least one week. When asked to report their perception
of their recovery, over half of businesses (58 %) reported being fully recovered relative to their
state prior to Hurricane Florence. The Wave 3c¢ survey asked business representatives to indicate
mitigation and preparedness actions they had taken. Fewer businesses reported taking these
actions compared to housing. See Helgeson, Hamideh, Sutley et al. [5] for the Wave 3 field
investigation report.

1.4. Overview of the 2021 (Wave 4) Lumberton Field Study

Lumberton was still recovering from the 2016 Hurricane Matthew and 2018 Hurricane Florence
and waiting on significant federal recovery resources when the COVID-19 pandemic started in
2020. Findings from Wave 3¢ revealed increased mitigation and preparedness employed by
individuals, businesses, and the City for Hurricane Florence compared to Hurricane Matthew.
Thus, there was still much to learn from Lumberton’s recovery prior to and during the COVID-
19 pandemic. This section provides an overview of Wave 4, which took place during the
COVID-19 pandemic. Data collection for Wave 4 was executed in two parts, Wave 4a and Wave
4b; both are described herein.

To continue the longitudinal field study, Wave 4 was intended to take place during the spring of
2020. However, many of the institutions involved in the Lumberton study shut down human
subjects research and nonessential travel for important ethical and safety reasons in response to
the COVID-19 pandemic, which required a delay in Wave 4. The field study team was also
affected by the pandemic further impacting when Wave 4 could take place. Although human
subjects research was allowed to resume with limitations in Summer 2020, travel remained
restricted until late Spring 2021. Institutional review board offices were slower in processing
times due to their staff also being affected by the pandemic, as well as needing to be especially
thorough to make sure approvals followed any new COVID-19 restrictions that had been put in
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place. Plans for Wave 4 of the longitudinal field study were altered in response to the evolving
guidance and restrictions provided by the institutions involved.

Wave 4a took place remotely and utilized an electronic-based survey instrument; the Wave 4a
housing and business surveys were open from February 1 to July 1, 2021, and recruitment took
place during the same time period. Expecting response rates to be substantially lower given the
virtual nature of the surveys, the housing sample was expanded for Wave 4a. Two versions of the
virtual survey were developed online. The first version was sent to the longitudinal sample, but
since personal information beyond home address was never collected for the housing sample,
phone and emailed surveys were not possible. Recruitment was conducted through multiple
rounds of postcards. The second version of the housing survey had identical questions and was
sent out to an unknown sample size and is referred to as the “convenience sample”. In surveying
methodology, a convenience sample is a non-probability sample of potential respondents that are
“convenient” to the researcher [6]. As such, recruitment occurred through emailing weblinks to
various community organizations, using their public email addresses, and requesting them to
share the weblink with the members of their respective organizations. Chapter 2 details the
sample, data collection methods, and design of the housing survey used in Wave 4.

Business surveys were also administered electronically. Businesses in the longitudinal sample in
addition to a refreshment sample were sent postcards for recruitment. The refreshment sample
was created to mitigate low response rates and was created using the remaining businesses in the
floodplain and a random sample of businesses outside the inundation and floodplain areas
(n=270). Additionally, business email addresses were used, and phone numbers were called to
improve response rates. Similar to the housing survey, the business survey included some
questions on longitudinal recovery but mostly focused on mitigation and impacts from the
COVID-19 pandemic. Chapter 3 details the business sample, data collection methods, and design
of the business survey used in Wave 4.

As anticipated, response rates were low in Wave 4a; however, they were much lower than
expected. A round of mailed surveys went out but ultimately did not pull a meaningful response.
A high proportion of postcards and surveys were returned to sender by the USPS. Collectively
these two outcomes caused significant concern about the status of the housing and business
samples. The low response rate and high proportion of postcards returned to sender prompted
Wave 4b, which took place December 1, 2021 - December 4, 2021. A small team visited
Lumberton with the goals of determining whether the physical structures for the housing units
and businesses were still standing, and to determine occupancy for housing and operational
status for businesses, to the extent possible.

To protect the health and safety of Lumberton residents and field team members, data were
collected through visual inspection of the housing and business samples; no human subjects
research took place in Wave 4b. A form was created to document perceived occupancy and/or
operational status of both housing units and businesses. The details of Wave 4b are provided in
Chapters 2 and 3 for the housing and business surveys, respectively.

This report is organized as follows: Chapter 2 provides the findings on the housing sample,
including specific study goals, team training and deployment, and results. Chapter 3 provides the
findings on the business sample in a similar fashion as Chapter 2. Chapter 4 provides conclusions
on the previous chapters’ findings, and next steps for the longitudinal field study.

11
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2. Housing Recovery and Resilience

2.1. Goals and Objectives

The housing component of the Wave 4 field study is in support of ongoing research in the
Center, including modeling household dislocation and relocation, housing repair and recovery,
and understanding mitigation and capacity-building (e.g., social capital, utility backups) actions
taken by households in Lumberton. Due to Wave 4 occurring during the COVID-19 global
pandemic, the specific goals of this wave changed, as did the sample, recruitment, and data
collection methods. As described in Chapter 1, Wave 4 took place in two parts; Wave 4a was
conducted remotely with surveys administered to the longitudinal housing sample and a
convenience sample. Given low response rates and high numbers of postcards and surveys
returned from the USPS, an additional wave of data collection was necessary to understand the
status of housing in Lumberton. As a result, Wave 4b was conducted in Lumberton which
consisted of an in-person data collection with no human subjects research component, and
focused on the longitudinal housing sample.

The goals of the housing data collection for Wave 4a included:

e Developing a better understanding of the impact that COVID-19 had on the housing
repair and recovery processes following Hurricanes Matthew and Florence;
e Obtaining household-level data on resilience measures, including social capital,
preparedness, risk perception, and mitigation.
The goals of the housing data collection for Wave 4b included:

e Completing missing information on whether housing units had been demolished and/or
re-built since Wave 3c.

e Completing missing information on household occupancy status of housing units in the
longitudinal sample.

2.2. Sampling Procedure

To continue the longitudinal study, Wave 4a utilized the same housing sample as Waves 1, 2,
and 3c. Given the change from in-person to virtual data collection required for Wave 4a, an
additional convenience sample was added. As the sample changed, so too did the goals of Wave
4a, with a shift from focusing on longitudinal impact and recovery processes to documenting
impact of the COVID-19 pandemic and overall capacity-building across Lumberton.

The original Wave 1 longitudinal sample was defined by the school attendance zone for
Lumberton Junior High, which includes the attendance zones for the two elementary schools
(W.H. Knuckles and Tanglewood Elementary Schools). A two-stage non-proportional cluster
sample was designed to capture a representative random sample of the study area, which
included areas inundated by flooding as well as areas that were not flooded. Within this sample
design, the penultimate sampling units (blocks) were census blocks and primary sampling units
were housing units and households residing in those units. The blocks were selected utilizing a
probability proportion to size (PPS) random sampling procedure with blocks in areas with a high
probability of flooding selected 3 to 1 over areas with low flooding probability. Areas subject to
high probability of flooding were identified as those inside the flood inundation areas predicted
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based on the FEMA-designated 100- and 500-year floodplains (see Chapter 1 in van de Lindt,
Peacock and Mitrani-Reiser et al. [2]). A 100-meter buffer was added to the floodplain to
account for uncertainty in expected flood extents. Housing units within the sampled blocks were
then selected at a fixed rate of 10 random units per block, where 8 units were identified as
primary with 2 alternates. The combination of selection PPS with a fixed number of housing
units selected, after weighting, ensures a representative sample of the area. Among the 830
blocks with five or more occupied housing units in the school attendance zone, the sampling
process drew a random sample of 80 blocks based on a probability proportion to size,
oversampling for high probability of flooding (56 census blocks in the high probability areas and
24 in the low probability areas). In the final sample, 75 of 80 census blocks were visited (54
census blocks in the high probability areas and 21 in the low probability areas), including 568
valid primary housing units, yielding an average of 7.6 housing units per block. For more
detailed information about the sampling procedures for Wave 1, please refer to Section 3.2.1 in
the Wave 1 report [2].

The 568 housing units, and the households living in these units, were the primary sample units
for Waves 1, 2, and 3c, and the target sample units for Wave 4a. During Wave 1, one household
did not want to participate and accordingly, this housing unit was dropped entirely from the
Wave 2 housing sample. Therefore, Waves 2 and 3c consisted of a selected sample of 567
housing units. Similarly, Wave 4a started with the sampling frame from Waves 2 and 3c. The
team was concerned that remote data collection would produce low and biased response rates,
and that we would only receive responses from those households in a better position to respond
(i.e., miss more socially vulnerable community members). Thus, Wave 4a added a
“convenience” sample. In surveying methodology, a convenience sample is a non-probability
sample of potential respondents that are “convenient” to the researcher [6]. Due to the nature of
convenience sampling the sample size is unknown, nevertheless, the team hoped to receive at
least 200 responses. The convenience sample was recruited through emails sent from the study
team to 38 community organizations and contacts, and from those organizations to their
members. In total, the Center reached out to 33 local faith-based organizations, as well as the
Robeson County United Way, the City Manager, Housing Authority, Public Works Director, and
Public Relations Officer with the Public School system. Respondents from the longitudinal
sample and from the convenience sample were sent identical virtual surveys; the different
samples were sent different links to access the survey in order to keep the samples separated.
Because the convenience sample did not provide a sufficient number of additional survey
responses, Wave 4b exclusively adopted the longitudinal sample from Waves 2 and 3c.

Given that the housing sample oversampled at a rate of 3 to 1 in census blocks with a high
probability of flooding, survey responses should be adjusted to reflect community-level
proportions. After adjusting for the oversampling, the proportioned sample consists of 861
housing units. Results presented in previous reports and in sections 2.5 and 2.6 of this report are
based on the unadjusted (n=567) and adjusted (n=861) sample size and are labeled accordingly.

2.3. Data Collection Methodology

This section first describes the recruitment approach and survey development for Wave 4a, and
then the data collection methodology for Wave 4b.
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2.3.1. Recruitment and Data Collection for Wave 4a

Given that the field study team did not collect telephone numbers or email addresses throughout
the longitudinal study for the housing sample and were prevented from using other incentives
(e.g., paying for responses, providing gift cards, or purchasing phone numbers), the team was
limited to contacting households via mail using the physical addresses on record from initially
selecting and visiting their housing unit in previous waves. In addition, the team did not have the
physical address for the convenience sample, and thus different recruitment approaches were
taken for the longitudinal sample and the convenience sample.

For the Wave 4a virtual survey recruitment, the team mailed three rounds of postcards to all
housing units in the longitudinal sample. The first round of postcards was mailed out on
February 5, 2021; a second round of nearly identical postcards were mailed out on March 10,
2021. With very low response rates gained from the first two rounds of postcards, the team
adjusted the recruitment strategy to prioritize a selection of housing units in the longitudinal
sample (explained below) and mailed paper surveys (including postage paid return envelopes) to
those prioritized housing units on May 10, 2021. Finally, a third round of postcards were mailed
out to the full sample on June 15, 2021. The third and final round of postcards were slightly
revised to include a statement on the importance of the households completing the survey, signed
by our colleague and team member at East Carolina University, and contained the East Carolina
University logo to provide a more local appeal. Figure 2-1a provides an image of the first and
second round of postcards; Figure 2-1b provides an image of the third round of postcards. As
shown in Figure 2-1, the postcards provided a weblink to access the virtual survey as well as a
QR code that linked to the virtual survey. The only difference between the first and second round
of postcards was that the second round greeted the household with “We missed you!” instead of
“Dear Residents,”. The first and second round of surveys also mentioned a participant
identification number (PIN) located above the address line. These PINs were used as a measure
of redundancy to match the response to one of our sampled units.
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year since 2016 to learn about the disaster impacts &
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(b)

Figure 2-1. Postcards sent to recruit the longitudinal sample in Wave 4a: (a) first and second round of
mailed postcards; (b) third round of mailed postcards.

As previously mentioned, a selection of housing units in the longitudinal sample were prioritized
for receiving a mailed survey. These 201 housing units (out of 567) were identified based on
responses and observations throughout the longitudinal study. If the team had at least two waves
of damage inspections from Waves 1 or 3a, or, completed surveys from Waves 1, 2, or 3c, the
housing unit was prioritized for receiving a mailed survey.

The convenience sample was recruited through emails to 38 community organizations and
contacts, and from those organizations to their members. The 38 contacts received two emails,
and when possible, two follow-up phone calls from the team for recruitment purposes. The
emails to these contacts included a request to share the study’s survey with their membership and
an email they could then directly forward to their membership. The team was not copied on
emails sent out through the community organizations, and thus do not know how many contacts
followed through in sharing the recruitment email with their members. A similar message (as
provided in the email) was added to the City’s website during the data collection time frame
through a request to the City Manager. Appendix A presents an example copy of the emails sent
to these contacts.

The Wave 4a virtual survey was conducted via the Qualtrics electronic survey platform. A
consent script was used on the opening page of the electronic survey and was accompanied with
a required response checkbox for the user to affirm they understood the reason for the survey and
that they were eligible to participate. On the opening page, we also informed the respondent that
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the survey should require no more than 15 minutes of their time. The last page of the survey
thanked the respondent for completing the survey and provided a link to download a flier with
high-level results of the data collection in Lumberton since 2016. The electronic survey was
available online beginning the first day the postcard invitations were mailed out, and remained
open for 18 weeks, between February 1, 2021 through July 1, 2021, in order to maximize the
response rate.

2.3.2. Wave 4a Survey Development

During development, the electronic survey instrument underwent several rounds of review by
CoE researchers and NIST collaborators. Additionally, the survey instruments were reviewed by
the broader interdisciplinary field study team. This iterative collaboration created a relatively
brief yet thorough survey instrument. Lessons learned from three years of data collection
informed both the form of the questions and the guidance to surveyors that was written onto the
survey itself. Pretesting was an integral part of survey development, particularly to make sure
any and all built-in logic worked as intended in the virtual survey, as well as to make sure
questions were presented in an easy-to-follow fashion and were very clear about whether a
specific flooding event or the COVID-19 pandemic was being addressed. Special attention was
also paid to the length of the survey given the virtual nature of the instrument.

The final housing survey also went through review for the Paperwork Reduction Act (PRA)
(1995, Pub. L. Count 104-13, 109 Stat 163). The purpose of the PRA review is to “ensure the
greatest possible public benefit from and maximize the utility of information created, collected,
maintained, used, shared, and disseminated by or for the Federal Government;” and to “improve
the quality and use of Federal information to strengthen decision making, accountability, and
openness in Government and society.” The instrument and data collection methodology for the
household survey and the full Wave 4a Lumberton study were approved by the Institutional
Review Board (IRB) at Colorado State University, which oversees the Center’s human subjects
research.

Aside from the demographic questions, the Wave 4a survey largely did not build on surveys
from Waves 1, 2, 3a, 3b, or 3c. This change was intentional given that surveys were sent both to
the longitudinal housing sample and to a convenience sample specially adopted for Wave 4. The
team used this increased sample size as an opportunity to gain information on the additional
topics of risk perception, preparedness, and mitigation for future flood events, as well as a deeper
understanding on the local effects of the COVID-19 pandemic. There are five main sections in
the survey. Those include (1) identifying the location of the housing unit, (2) initial damage
caused by either Hurricane Matthew or Hurricane Florence, (3) household risk perception,
preparedness and mitigation, (4) impacts of the COVID-19 pandemic on household and housing
recovery from Hurricane Florence, and (5) household socio-demographic characteristics.
Appendix B presents a copy of the virtual housing survey with consent script used in Wave 4a.
Appendix C presents a copy of the flier shared with respondents on high-level findings of the
longitudinal study to-date.

After confirming consent, the first set of survey questions asked respondents in the longitudinal
sample to insert the ID number on their postcard with a screenshot pointing out where they could
find the ID number, then to enter their current home address. Even though the address for the
respondents with ID numbers was known, the two questions allowed the team to validate these
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important inputs. The convenience sample was not assigned ID numbers, and thus was only
asked the latter question in this set. Remaining questions were identical on both surveys.

The next set of questions asked about the household in general, including the number of adults
and the number of children, categorized with the cut off of 18 years of age. Respondents were
then asked how many years they have lived in Lumberton, when they moved into their current
home, and whether their home was damaged by either Hurricane Matthew or Florence. These
questions help establish a baseline before asking questions on risk perception, preparedness, and
mitigation.

The next set of questions asked about the household’s perceived preparedness, including their
tenure status, whether they have specific types of insurance (e.g., renter’s, flood, or homeowner’s
insurance), and whether they felt their insurance coverage was adequate. Questions also asked if
homeowners have a mortgage. The survey addressed changes in social capital by asking “how
has your contact with neighbors and/or extended family and friends changed since the COVID-
19 pandemic?’ This question framing avoids blurring the timeline of influence between hurricane
recovery and the pandemic. Respondents are then asked how many major floods or hurricanes
the respondent had experienced in their lifetime, how likely they thought it was for their home to
be damaged during a major flood event in the future, and the likelihood their household would
evacuate if given evacuation orders during a future flood event similar to Hurricanes Matthew or
Florence. An open ended question followed, requesting the respondent to explain their
evacuation decision.

Two questions were asked about mitigation and preparedness strategies, both with eight identical
prompts. The first question asked what features the household had adopted at the time of the
survey, whereas the second question asked about the household’s plans to potentially adopt
mitigation and preparedness strategies in the next six months thereby capturing the household’s
plans as they entered into the next hurricane season. Eight mitigation and preparedness strategies
are provided as options: (i) elevate hot water heater; (ii) reroute ductwork from below floor to
attic space; (ii1) make an emergency plan with household members; (iv) gather supplies to last
three or more days; (v) seek information on mitigation and preparedness; (vi) attend a local
meeting or training on preparedness; (vii) set money aside for recovery or repairs; and (viii)
anything else with the option to fill-in information. Responses to these prompts were ‘yes’, ‘no’,
or ‘don’t know’. The last question on mitigation and preparedness asked respondents if they have
an option to provide any utility services temporarily for their household, including through a
power generator, solar panels, water storage tanks, gas tanks, community wi-fi, community
information hub, and the option to fill in additional responses.

The next set of questions asked households about the impacts of the COVID-19 pandemic on
their household, including if repairs to their home or their household’s recovery from Hurricane
Florence had been impacted. Questions then asked if members of the household were unable to
work because of COVID-19 or reduced to part-time work because of COVID-19. If the
respondent answered yes, questions then asked how long the household member was unable to
work or was reduced to part time work. A second follow up question aimed to understand the
source of work change with options of temporary closure of place of employment, permanent
closure of place of employment, childcare issues, health issues, or other with the option to fill-in
information. A third and final follow-up question was asked to respondents who had household
members unable to work or reduced to part time work, and asked how the household’s income
had been disrupted with answer choices of significant, moderate, minimal, none, or don’t know.
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The final set of questions captured information on the household in general, focusing on socio-
economic and demographic characteristics, including whether any individuals in the household
had electricity-dependent needs, the highest level of schooling completed by any household
member, whether the household identified as Hispanic or Latino, what race the household
identified as, if the household identified as female-headed, and the household’s combined annual
income with 15 income categories to select from.

Finally, the survey included an open-ended question prompting respondents to share any
comments, thanked the respondent for completing the survey, shared a link to download a
summary of the study results to date, presented weblinks to the study website and the first report,
and the Office of Management and Budget (OMB) Burden Statement.

2.3.3. Wave 4b Data Collection Methodology

Due to the low response rates (6 %) of the online survey and the large portion (41 %) of returned
survey invitation postcards, an in-person visual inspection was necessary to ascertain housing
unit status to support determination of next steps of the longitudinal study. The team developed a
set of questions to determine if a) there was a structure on the property, and if so, if it was a
residential structure, and b) if there was evidence of the residential structure being occupied. This
classification was supported by the development of “potential occupancy/non-occupancy
indicators”. This indicator list was more general in nature and included items that would make
the determination of occupancy or vacancy obvious, even to the casual observer. For example, in
terms of assessing occupancy, indicators of “people visible inside or outside”; “lights on or
activity inside”; “holiday decorations present”; and “vehicle in driveway” and others, were
suggested. Holiday decorations were expected to be seen more than typical due to the
deployment being conducted in December. In terms of assessing vacancy, indicators such as
“visibly abandoned (e.g., doors & windows boarded)”, “foreclosure/condemned sign”, and
“landscaping not maintained” and others, were included (see Tables 2-5 & 2-6). As the research
team reviewed the list, it became apparent that there would be cases when the occupancy status
was indeterminable. As a result, an “Other” answer option was added to both the vacancy and
occupancy questions to allow for the researchers to note further evidence of their findings that
the residence was “probably occupied” or “probably unoccupied.”

Due to COVID-19 restrictions, Wave 4b was planned and executed without any human subjects
research. A windshield survey was conducted using three cars with two to three researchers per
car. The team adopted several new health and safety protocols in light of the ongoing COVID-19
Pandemic. All team members were required to have a negative COVID-19 test result prior to
traveling to Lumberton. Team members were also encouraged to get a vaccine booster if they
were eligible. Team members were tested every 48 hours after their original negative test result
for the duration of the field study. To limit interaction and exposure, vehicle teams were
composed of the same personnel for the entirety of data collection. Masks and social distancing
measures were taken for all group meetings. The use of electronic data collection tools
eliminated the need to manually enter data at the end of each day, which also reduced potential
exposure.

Survey zones were created in ESRI®’s 4rcGIS Desktop application that divided the study area
into three areas with an approximately equal number of housing units per zone. The survey
vehicles were each assigned a zone to conduct the windshield survey. Within each of the zones,
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the housing sample was prioritized according to the responses from previous waves. For
example, if the resident of a housing unit had not responded to the Wave 4a survey but did
respond to the Wave 2 or Wave 3 survey, the unit was given a priority level of 2. However, if
there was a response registered for a housing unit for Wave 2 and Wave 3, it was given a priority
of 1. If there was a response from a housing unit for Wave 4a, it was given a priority of 0 as there
was no need to determine occupancy.

Once the lists of indicators were finalized and approved by the research team, a survey was
developed in ESRI®’s Surveyl23 Connect survey design application. The first entry in the survey
was the date and time of the visual inspection; this field was set to be automatically populated.
The second entry in the survey was “Car Number”, which was used to identify the car/team
collecting the data for the sampled housing unit. The next entry required in the survey instrument
was regarding the type of structure on the property, if any; options included “House”,
“Business”, “No building present”, and “Other.” If “House” was chosen, options appeared to
allow the researcher to enter further details (i.e., the aforementioned indicators of occupancy or
vacancy). Another entry was required to capture the PIN of the sampled unit. Finally, the
instrument allowed the option of including up to five photographs of the housing unit to
accompany the survey response. The survey instrument was published to an ArcGIS Online
website and made available for the field researchers via ESRI®'s Survey123 application, an
application that was downloaded to each researcher’s phone and used to collect the data for the
housing units in the sample. Appendix D hosts a copy of the Wave 4b survey.

The survey was accompanied with a map depicting the locations of the 567 housing units in the
sample for use in ESRI®’s Field Maps application. The Field Maps application was downloaded
to each researcher’s phone and used in the field for directions to the housing unit locations in the
sample frame. Once a survey was completed in Surveyl23, a data field was populated in the map
attributes indicating such. This field was then used by a Dashboard application which allowed a
remotely-based researcher to monitor the progress of the team (Fig. 2-2).

Lumberton Wave 4b Inspection Monitoring =

House Inspection Progress e %, Saddletree

567

Business Inspection Progress

Bellamy

332

Raynham *

o
RS £
Esri, NASA, N State of North Carolina DO, Esti, HERE, Garmin, SafeGraph, Geol echnologies, Inc, MEII/NASA, USGS, EPA, NPS, USDA Powered by Esri

Figure 2-2. Dashboard depicting the final results of the survey team efforts for Wave 4b.
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2.4. Wave 4a Survey Response Rates

It is known that electronic surveys generally experience low response rates [6, 7]. As such, the
team targeted a response rate of 15 %, where responding to more than 50 % of the survey
questions was determined to be a complete survey response. Categorizing a survey as “complete”
when 50% of the questions are answered is common practice in reporting survey response rates
[6, 8, 9]. All questions were optional; thus, it was expected that some households would answer
only a portion of the questions. Table 2-1 provides the Wave 4a response rates for the
longitudinal sample (n=567), and Table 2-2 provides the Wave 4a response rates for the adjusted
longitudinal sample (n=861). Despite the team’s best efforts, it was not able to achieve the target
response rate of 15 %, and instead reached a response rate of 6 %. In addition to the longitudinal
sample, four responses were received from the convenience sample. Given the low response rate,
survey results from Wave 4a are not presented.

Table 2-1. Wave 4a response rates for longitudinal housing sample.

n=567 Completed Surveys | Returned from USPS No Response
Count (No.) 34 234 300
Percent (%) 6.0 41.2 52.8

Table 2-2. Wave 4a response rates for the adjusted longitudinal housing sample.
n=861 Completed Surveys | Returned from USPS No Response
Count (No.) 58 286 517
Percent (%) 6.7 33.2 60.0

2.5. Wave 4b Observation Rates and Visual Observations

Table 2-3 presents the results of the occupancy status identified for each housing unit in the

sample where only 2.6 % of sample points did not have a building at the corresponding address.

Using the indicators described in Section 2.3.3, the team documented their confidence in
occupancy or vacancy status. The survey team could not determine the status for 3.2 % of

housing units. The majority of housing units were occupied (64.6 %) or probably occupied (7.6
%), while a significant portion were identified as vacant (16.9 %) or probably vacant (5.1 %).
Table 2-4 presents the results of the occupancy status identified for the adjusted sample (n=861),
which has similar proportions of occupancies and vacancies as the unadjusted sample (n=567).
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Table 2-3. Wave 4b housing occupancy status.
n=567 Occupied | Probably | Vacant Probably | No Unsure
Occupied Vacant building (cannot or
present did not
assess)
Count 366 43 96 29 15 18
(No.)
Percent 64.6 7.6 16.9 5.1 2.6 3.2
(%)
Table 2-4. Wave 4b housing occupancy status (adjusted sample).
n=861 Occupied | Probably [ Vacant Probably | No Unsure
Occupied Vacant building (cannot or
present did not
assess)
Count 573 61 102 40 19 66
(No.)
Percent 66.6 7.1 11.8 4.6 2.2 7.7
(%)

A major concern from Wave 4a was the return of many recruitment postcards from the USPS.
The team was concerned that the large number of returned postcards might be an indication of
increased vacancies or demolitions of housing units in Lumberton. Figure 2-3 depicts the
occupancy status assessed during Wave 4b with the number of postcards returned during Wave
4a. As shown in Figure 2-3, 105 (44.3 %) of returned postcards were delivered to addresses with
vacant or probably vacant housing units, whereas 124 (52.3 %) of returned postcards were
delivered to occupied or probably occupied housing units. This latter case is likely explained by
the national context and ongoing situation with the postal service at the time of Wave 4a, as

explained by Bogage and Denham [10].
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Figure 2-3. Comparison of Wave 4a returned postcards from USPS with Wave 4b occupancy status
(n=567).

Six indicators were used to assess occupancy, and four indicators were used to assess vacancy.
Table 2-5 presents the number of housing units that were assigned each occupancy indicator. In
Table 2-5, percentages do not sum to 100% given that many housing units cited multiple reasons
for occupancy determination, and percentages are calculated considering the total number of all
reasons cited for either occupancy or vacancy. As shown in Table 2-5, the most common
indicator used for assessing occupancy was a vehicle being present in the driveway at the time of
the assessment (39.4 %), followed by holiday decorations present (30.9 %), followed by the
other category. The “Other” category had notes written in by the surveyors such as toys or
bicycles being present in the yard or on the porch, packages at the door, chairs, grills, or other
furniture on the porch, potted plants, or a well-kept landscape, and in nine cases, occupancy was
confirmed by a neighbor or with maintenance personnel.

Table 2-5. Reasons for occupancy determination.

Cited Reason(s) - Occupancy Count (No.) Percent (%)
Holiday Decorations Present 176 30.9

Lights on or Activity Inside 22 3.8

People Present Inside or Outside 45 7.9

Pet in yard 16 2.8

Trash or Recycling Bins at the End 77 13.5

Vehicle in Driveway 224 394

Other 141 24.8
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Table 2-6 presents the number of housing units that were assigned each vacancy indicator. As
before in Table 2-5, percentages do not sum to 100% given that many housing units cited
multiple reasons for vacancy determination, and percentages are calculated considering the total
number of all reasons cited for either occupancy or vacancy. For the case of vacancy, having
broken doors or windows present and thus appearing visibly abandoned was the most common
indicator assigned to 13.2 % of the housing sample, followed by the other category assigned to
10.5 % of the housing sample. The other category had notes written in by the surveyors such as
bare studs or no furniture being visible through the windows, the entire apartment complex being
closed, debris present in the driveway or yard, and over-filled mailboxes. Comparing Table 2-5
to Table 2-6, indicators of occupancy were more often used than indicators of vacancy, which is
also evident in Table 2-3 findings.

Table 2-6. Reasons for vacancy determination.

Cited Reason(s) - Vacancy Count (No.) Percent (%)
Foreclosure condemned posting 13 2.2
Landscaping not maintained 16 2.8

Mail piled at doorstep 1 0.1

Visibly abandoned (e.g., doors & windows 75 13.2
boarded)

Other 60 10.5

2.6. Longitudinal Findings

The COVID-19 pandemic created a situation that made it difficult to collect longitudinal
information for the housing sample in Wave 4, resulting in the need to draw a convenience
sample and design the survey around questions that were mostly not longitudinal from Waves 1,
2, or 3. However, a core metric for tracking longitudinal recovery presented in the Wave 3 report
[5] was housing occupancy status. Thus, this section presents occupancy status based on the
Wave 4b team’s observations. Three categories are presented in Figure 2-3: perceived or
confirmed occupancy (including “probably occupied” for Wave 4b), perceived or confirmed
vacancy (including “probably vacant” for Wave 4b), and not assessed (including “unsure” in
Wave 4b). The latter category varies based on the field study team size and time in the field
across waves. For example, Wave 3a had the smallest team and shortest duration and Wave 4b
had a small team, short duration, and the least number of metrics to assess. The decision to
present these data is to provide information about the full sample of housing units in each wave,
as opposed to changing portions of the sample which completed surveys during each wave.

As evident from Figure 2-4, the highest proportion of the housing sample was perceived to be
occupied during Wave 1, where all 861 units in the adjusted sample were assessed. As shown,
there is significant change in occupancy and abandonment status across waves. In Wave 2, 13 of
the units were not assessed, 105 units that were perceived as occupied in Wave 1 were recorded as
abandoned in Wave 2, whereas 45 of the housing units perceived as abandoned in Wave 1 were
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recorded as occupied in Wave 2. Approximately six months later and shortly after Hurricane
Florence hit, 106 units that were recorded as occupied in Wave 2 were recorded as abandoned in
Wave 3a. Whereas 32 units that were perceived as abandoned in Wave 2 were recorded as
occupied in Wave 3a. Wave 3a had the highest proportion (24 %) of the sample not assessed,
which consisted of 174 units recorded as occupied in Wave 2, 37 units recorded as abandoned in
Wave 2, and 160 were recorded as occupied six months later in Wave 3c. At the time of Wave 3c,
640 (74 %) housing units were recorded as occupied, and 25 % were recorded as abandoned. Most
recently in Wave 4b, the second highest proportion of the sample was not assessed (6.1 %),
including 37 of the homes perceived as occupied and 16 of the homes perceived as abandoned in
Wave 3c. A high proportion (574 or 67 %) of those perceived as occupied in Wave 3¢ continued
to be perceived as occupied in Wave 4b, where 30 housing units that were perceived as occupied
in Wave 3¢ were recorded as abandoned in Wave 4b. Similarly, of the 219 homes recorded as
abandoned in Wave 3c, 116 continued to be perceived as abandoned in Wave 4b, whereas 87 were
perceived as occupied in Wave 4b. These changes are due to many reasons, including the timing
of the inflow of recovery resources, the different coverage and impact caused by the flooding in
2016 (Wave 1 assessment) compared to the flooding in 2018 (Wave 3a assessment), and potential
error and bias in the surveyor assessment. Overall, Wave 4b had the smallest proportion of the
sample perceived as being abandoned (17 %) since Wave 1, which may speak positively towards
progress in longitudinal recovery in Lumberton.

Wave 1 Wave 2 Wave 3a Wave 3c Wave 4b
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Figure 2-4. Sankey diagram depicting perceived or confirmed occupancy and abandonment of the
housing sample across the Waves 1, 2, 3a, 3c, and 4b.
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3. Business Recovery and Resilience

3.1. Goals and Objectives

The business component of the Wave 4 field study supports business-level interruption and
recovery modeling efforts in the Center. This includes predicting and understanding factors
behind initial days of closure and the resulting effects on levels of profitability, staffing, and
capacity through time. The field study is a valuable source of learning about types of mitigation
adopted and adaptation behaviors and the types of resources available to businesses surrounding
a disaster. Given that COVID-19 had a major effect on individuals and businesses, business data
collection efforts for Wave 4 had similar adjustments as those made to the housing data
collection effort in terms of goals, sample, recruitment, and data collection methods.

The goals of the business data collection for Wave 4a included:

e Developing a better understanding on the impact that COVID-19 had on the business
recovery processes following Hurricanes Matthew and Florence;

e Re-evaluating the generalizability of business impact and recovery metrics in light of
COVID-19;

e Understanding preparedness, mitigation, adaptation strategies and financial resources
used by individual businesses and the role of these strategies and resources in COVID-19
performance.

The goals of the business data collection for Wave 4b included:

e Completing missing information on businesses that had closed or newly opened since
Wave 3c.

e Verifying the operating status of the longitudinal sample.

3.2. Sampling Procedure

Wave 4a utilized the same longitudinal business sample as Waves 2 and 3c; however, as noted in
Section 1.4, a refreshment sample was added in Wave 4 for several reasons. First, some attrition
in longitudinal surveys is to be expected. However, the team also anticipated that the move to
virtual data collection would likely have a detrimental effect on response rates given the low
response rate of the sample to previous phone recruitment efforts (please see Chapter 3 in Sutley,
Dillard, and van de Lindt [4]). The team also anticipated that low response rates and overall
survey burden would be compounded by other efforts to understand the economic impact of
COVID-19 and the impact of COVID-19 business operations. This section will describe this
additional sample as well as the original longitudinal sample from Waves 2 and 3c.

The longitudinal sample was created through a combination of the predicted flood inundation
area calculated using the FEMA 100-year floodplain to capture businesses that were either likely
to have flooded due to Hurricane Matthew or were at risk of future flooding (though they were
not flooded in 2016). Data from ReferenceUSA (now Data Axle) were geocoded and sampled
based on their location in these areas; all businesses were sampled from the inundation area and a
random sample was taken from the remaining businesses in the northern floodplain. This
procedure resulted in an initial sample of 350 businesses. After exclusions based on ineligibility,
substitutions, and data collection in Wave 2, the final sample included 164 surveyed businesses
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and an additional 65 businesses with observational data on operational status (please see Chapter
3 in Sutley, Dillard, and van de Lindt [4]). Data collection from Wave 3¢ and information
gleaned from updates to online records resulted in the exclusion of 11 businesses that were
identified to be nonprofits and the inclusion of seven new businesses that began to occupy
commercial structures in the sample after Hurricane Matthew (please see Chapter 4 in Helgeson,
Hamideh, and Sutley [5]). The longitudinal sample for Wave 4 consisted of 218 businesses.

Given that all businesses in the inundation area were included in the longitudinal sample, the
refreshment sample was created using the remaining businesses in the floodplain and a random
sample of businesses outside the inundation and floodplain areas. A total of 270 businesses were
sampled as part of the refreshment sample, 90 from the floodplain and 180 from outside. The 180
businesses outside of the floodplain and inundation areas, although not necessarily at risk for
future flooding, serve as important controls for the effect of COVID-19. Healthcare businesses
were excluded from the refreshment sample to match the previous sampling strategy and to
prevent survey burden on healthcare workers during the pandemic. Between the longitudinal and
refreshment samples, the overall business sample for Wave 4 totaled 488 businesses.

3.3. Data Collection Methodology

3.3.1. Recruitment and Data Collection for Wave 4a

Given the anticipated challenges associated with COVID-19 and virtual data collection, a
diversified approach was taken to garner responses to the survey. The team decided that allowing
businesses a range of options for responding to the survey outweighed the risk of introducing
bias through use of different survey modalities. Data collection, therefore, was a five-step
process:

1. Go through the sample and find an online presence for all businesses, record phone
number and email

Mail postcard to sample (done twice during the survey period)

First follow-up: email reminder (if applicable) or phone

Second follow-up: phone call

Final follow-up: mailed survey

The ﬁrst step was to take a first pass through the sample using the virtual presence of the sample.
A business’s virtual presence includes its official website, Facebook profile, Yelp page, Google
page, yellow page listing, or other internet listing or communication channel. This digital
verification allowed for the data collection team to collect a first impression of the business’s
operating status, identify any newly opened businesses, and collect contact information for
survey recruitment. For the refreshment sample, this process also allowed the data collection
team to identify ineligible businesses resulting from database errors (this has been the case in
previous waves, see Chapter 3 in Sutley, Dillard, and van de Lindt [4]).

PIENVRN

After this initial pass was complete, a postcard was mailed to the business sample. The postcard
contained a short description of the project and a link to the survey on Qualtrics. The design of

the postcard is shown in Figure 3-1 with the link and contact information removed. A picture of
the postcard was displayed in the Qualtrics survey landing page to help businesses identify their

survey PIN for de-identified response. More information on survey design is included in Section
3.4.
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John van de Lindt
Center Co-Director

We won't be coming to Lumberton in person this year
because of COVID-19, but we still want to hear from you! is

Figure 3-1. Business postcard for Wave 4 data collection.

After the initial wave of postcards were sent, data collection was conducted through email
invitation (if applicable), phone, and mailing recruitment in that order. Emails were used if there
was one listed for the business (generic), owner, or manager on its online page(s). Emails were
sent from Qualtrics and contained a similar description of the project as shown on the postcard,
the business’s unique PIN, a link to the Qualtrics survey. The phone call protocol included
asking for an owner or manager, verbally describing the project, and asking whether there was an
email to which we could send the survey link. If no email was available, the surveyor could go
through the questions verbally. For the final reminder, or for businesses that did not have a phone
or email address, a paper survey was sent out in addition to a stamped return envelope. All
postcards and mailing envelopes were addressed to both the most up-to-date business name that
could be found “or current business.” Appendix E hosts an example copy of the emails sent to
business contacts.

There were some businesses in the longitudinal sample that chose to provide their contact
information in Wave 2 and/or Wave 3c for future survey waves. In this case, the surveyor
utilized their preferred contact method, whether phone or email for recruitment and reminders. If
the contact person was no longer at the business, the previous protocol was followed. This virtual
data collection will be discussed in more detail in Section 3.6.

3.3.2. Wave 4a Survey Development

The survey instrument for Wave 4 was similar to previous waves, with modifications for online
administration and additional COVID-19 content. Whereas in previous waves Qualtrics was
used for data entry from verbally- or self-administered paper surveys, businesses used Qualtrics
to self-administer the survey and consented to the survey online. The first screen of the Qualtrics
survey consisted of the information sheet for the business to review. A link was also available for
the business to download the information sheet for their records or for additional review. At the
bottom of the page, the first question asked, “Are you over the age of 18 and willing to proceed
to the survey?” If the business responded “yes,” they would be taken to the survey; if the
business responded “no,” they would be taken to the end of the survey. The final screen thanked
the business for completing the survey, provided a link to download a flier with a summary of
previous household and business survey results, linked to the Center website and previous
technical reports, and provided the OMB Burden Statement.
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Care was taken to make the survey as short as possible and able to be taken on a mobile device.
A progress bar was provided and a short one-sentence summary of each section was used to help
introduce the preceding questions and orient the business operator as to whether the questions in
the section would be about Hurricane Matthew, Hurricane Florence, COVID-19, or all of the
above. As previously mentioned in Section 3.3.1, the survey link provided in the postcard
included a picture of the postcard design where they could find their unique PIN. This picture
was not included in the email links since the PIN was provided in the email body.

Major sections were similar to previous waves and included: (1) impact and recovery from
Hurricanes Matthew and Florence; (2) response, mitigation, and preparedness actions; recovery
finance; and (3) business information. Questions on damage and disruption were limited since
many businesses answered these questions in previous waves, indicating that their recovery was
at a steady or complete state; however, that data still needed to be collected from new
respondents or businesses in the refreshment sample. Two new categories of questions were
included in Wave 4a: COVID-19-specific questions and questions on social and institutional
networks. Because the pandemic was ongoing, disruption metrics used in previous surveys were
converted to monthly increments, for example which months the business experienced higher or
lower revenue, increased or decreased staffing, or temporary closure. Businesses were asked
whether the pandemic affected their on-going recovery from Hurricane Matthew and/or
Hurricane Florence and whether the pandemic impacted their preparation for the 2020 hurricane
season. With respect to social and institutional networks, businesses were asked whether they
received or provided support to the community during the COVID-19 pandemic. Appendix F
hosts a copy of the virtual business survey with consent information used in Wave 4a.

3.3.3. Wave 4b Data Collection Methodology

Data collection for Wave 4b was planned and executed very similarly for housing and business.
The specific elements for the business sample are provided here; please see section 2.3.3 for
details on the overall process and housing specific information.

Data collection for Wave 4b used a combination of the ESRI® Field Maps and the ESRI®
Survey123 phone applications. Broadly, ESRI® Field Maps was used for navigation, assigning
sample priority and team zones for data collection, and updating visitation statistics in real time,
and ESRI® Surveyl23 was used to enter survey responses. Geocoded business locations were
entered as point data in ESRI® Field Maps prior to data collection. Each point contained address
and business information in addition to the assigned priority for the business sample. For Wave
4b, businesses were assigned one of four priority levels:

Priority 0: these businesses were deleted from the 4b sample and were businesses that had
responded in Wave 4a;
Priority 1: businesses that did not answer in Wave 4, but answered in both Wave 2 and Wave
3;
Priority 2: businesses that did not answer in Wave 4, but answered in either Wave 2 or Wave
3;and
Priority 3: businesses that were new businesses, added in Wave 4a as part of the refreshment
sample.
These priorities helped team members determine which businesses to visit first, but often a lower
priority business would be visited along with a higher priority business if it was located nearby.
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Team zones included both businesses and housing units and team members could visit either at
their own discretion. The survey instrument for Wave 4b was the same for both housing and
businesses, therefore, the data collection methodology for the business sample follows that of the
housing sample outlined in Section 2.3.3.

Team members would indicate that the building was a business, which would then lead to
business-specific questions on its occupancy status. Businesses could be marked as “vacant,”
“probably vacant,” “unsure,” “probably occupied,” and “occupied.” Depending on the response,
team members would then indicate all the relevant factors that led them to indicate occupancy or
non-occupancy. Because of the turnover rate for businesses, the survey also asked whether the
business name on the building matched what was displayed in ESRI®’s Field Maps. If not, the
new business name could be entered. A photo was taken of each commercial building through

the app at the end of the survey. Appendix D hosts a copy of the Wave 4b survey.

3.4. Wave 4a Survey Response Rates

Despite the multiple modes and effort made to recruit businesses for the survey, response rates
were very low. Table 3-1 summarizes the response rate for completed surveys from Wave 4a,
also taking into account previous occupancy status from Wave 3c, postcard return information
from USPS, and web search. Despite the multiple modes and effort made to recruit businesses
for the survey, response rates were very low.

Table 3-1. Wave 4a response rates for the business sample.

n=461 Completed Possibly Possible No No Response
Surveys Closed - online | Closed - Response | (Out of
search and returned (Out of presumed open,
Wave 3c status) | from USPS | full n=334)
citing sample,
vacancy n=461)
Count 19 89 59 442 315
Percent 4.1% 19.3% 12.7% 95.9% 94.3%

Overall, 19 businesses completed the Wave 4a survey. Of those, 9 (4.1 %) were from the
refreshment sample, 9 were from the original longitudinal sample, and one did not provide their
PIN and could not be tracked. Of the 461 businesses in the sample, 89 (19.3 %) were deemed
potentially closed as a result of the web search and their Wave 3c status. A total of 154 postcards
were returned from USPS, of which 59 (12.7 % of the full n=461 sample) were labeled “vacant.”
Table 3.2 summarizes the reported reasons for all USPS postcard returns. There were 21
businesses that were both returned as vacant and deemed possibly closed. That left 334
businesses presumed open. The response rate across the full sample for Wave 4a was 4.1 % and
5.7 % for the sample that was presumed to be open. The decision was made not to summarize the
survey results of Wave 4a given that the low response rates made it unlikely that the results
would generalize to the larger sample and population.
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Table 3-2. Wave 4a postcard return reasons as cited by USPS.

Reason Count Percent
(No.) (%)

Insufficient address 7 4.5
No mail receptacle 34 22.1
No such number 8 5.2
Not deliverable as addressed 44 28.6
Refused 2 1.3
Vacant 59 38.3
Total 154 100.0

3.5. Wave 4b Observation Rates and Visual Observations

Almost all businesses were visited in Wave 4b. The overall completed survey rate for the sample
was 69 %, with the majority of the visits reaching the original longitudinal sample and the
priority 1 and 2 businesses. Table 3.3 breaks down the businesses that were visited by sample

and visitation priority.

Table 3-3. Wave 4b businesses by sample and visitation priority.

Sample Category and Priority Count Percent
(No.) (%)
Sample
Original longitudinal 187 89.0
Refreshment - floodplain 55 67.9
Refreshment - outside floodplain 65 42.4
Priority
1 - Responded in both Wave 2 and Wave 3 87 95.6
2 - Responded in either Wave 2 and Wave 3 100 84.0
3 - Refreshment sample 120 51.1
Total Sampled 307 69.0
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Similar to previous waves (see Chapter 3 in Sutley, Dillard, and van de Lindt [4]), sample data
cleaning was necessary as ineligible businesses were found during web search, mailing, and
phone calls to the businesses. In Wave 4, 27 businesses were removed from the floodplain and
non-floodplain refreshment samples due to being a duplicate with another business, ineligible
(e.g., nonprofit or government organization), or having no locatable address. The Wave 4b data
were already standardized due to the electronic data collection method, so minimal data cleaning
was needed. Some businesses were home businesses, which led to a few cases where the
occupancy information was entered for a housing unit. These businesses are not reported in the
results. In addition, some occupancy indicators were entered under “other” which were re-
categorized into themes as needed for the discussion of the results.

The Wave 4b observational data were critical to helping understand results in Wave 4a, as well
as to gather information relevant to conducting Wave 5. Wave 4b information can aid in
understanding how much response rates in 4a might have been affected by changes to
businesses’ operational statuses and establishes a baseline of operational status for the
refreshment sample. Because the housing survey and business survey were combined and Wave
4b relied solely on observational information, the language of the survey related to occupancy. In
general, this section will discuss occupancy with respect to commercial building units (e.g.,
suites, floors, or offices). Businesses in the sample occupy a commercial building unit. The
operational status of a business does not map directly to the concept of occupancy of the
commercial unit, since businesses can move, work remotely, or conduct online-only sales
permanently or temporarily. Though this has the potential to overestimate vacancy, this is
unlikely given that the survey used many indicators of occupancy that would indicate an
operating or non-operating business. In the case of this particular field study, and given the
metrics chosen for Wave 4b, the terms can be considered interchangeable. For clarity, however,
language relating to occupancy will be used for the remainder of the report.

Table 3-4 summarizes the occupancy status information for the Wave 4b sample.

Table 3-4. Wave 4b commercial building occupancy status.

Occupancy Status Count (No.) Percent (%)
Occupied 259 83.8
Probably occupied 7 2.3

Vacant 30 9.7

Probably vacant 5 1.6

Unsure 8 2.6

Total 309 100.0

Most commercial units were reported as occupied or probably occupied by a business,
representing 86.1 % of the Wave 4b sample in total. Approximately 10 % of the commercial
units were vacant and 1.6 % were probably vacant. Only 2.6 % of the commercial units had an
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occupancy status that was unable to be determined. Some businesses that are not public-facing,
such as some industrial sector businesses, or businesses with limited operating hours may not
have obvious and observable indicators that they are occupying a commercial structure.

Commercial structures were determined to be occupied if one of the following criteria was met:
1) the business was open for business at the time of visitation, customers or staff were inside,
and/or the parking was lot in use; 2) The business was empty, but was visited outside of posted
working hours and there was no sign of non-occupancy; and/or 3) other reasons (see below for
further explanation). These reasons were cited in 88.9 %, 8.8 %, and 9.9 % of the occupancy
determinations, respectively, as shown in Table 3-5. Other reasons cited included a sign posted
on the business or the business being under renovation/repair. It should be noted that more than
one reason could be selected; two reasons were cited for 20 determinations and all others cited
one. The number of times each reason was cited was divided by the total determinations rather
than total reasons, therefore the percentages will add up to over 100 %.

Table 3-5. Reasons for occupancy determination.

Cited Reason(s) - Occupancy Count of Percent of
Determinations | Total
(No.) Determination

s (%)*

Open for business/Customers or staff inside/Parking lot in | 233 88.9

Use

Empty, but visited outside of posted working hours and 23 8.8

no sign of non-occupancy

Other 26 9.9

Total Businesses 262 -

*Note: More than one reason could be selected so percentages total over 100 %.

Similarly, commercial structures were determined to be non-occupied if one of the following
criteria was met: 1) the interior was empty; 2) there was a permanently closed/moved sign; 3) the
windows were covered with brown paper; 4) there were no customers or workers or an empty
parking lot despite visiting during posted working hours; 5) there was mail stacked in front of the
door; and/or 6) some other reason(s). The frequency that these reasons were cited is displayed in
Table 3-6. The other category was used more frequently than in occupied structures and was
cited in 67.7 % of all non-occupancy determinations. Other reasons included obvious disrepair
and neglect or having a visible “For Sale” or “For Lease” sign. Having no customers or workers
present was the second most common reason, appearing in 48.4 % of non-occupancy
determinations. The interior being empty was cited in 29 % of cases. Having a sign, having
covered windows, and having stacked mail were less common, appearing in 9.7 %, 9.7 %, and
3.2 % of all determinations. Like in Table 3.5, the number of times each reason was cited was
divided by the total determinations rather than total reasons. Four reasons were cited for one
determination, three were cited for four of the determinations, two were cited for ten
determinations, and all other determinations cited one reason.
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Table 3-6. Reasons for non-occupancy determination.

Cited Reason(s) - Non-Occupancy Count of Percent of
Determinations | Total
(No.) Determinations

(%)*

Interior empty 9 29.0

Permanently closed/moved sign 3 9.7

Windows covered with brown paper 3 9.7

No customers or workers/empty parking lot and visited 15 48.4

during posted working hours

Mail stacked in front of door 1 3.2

Other 21 67.7

Total 31 -

*Note: More than one reason could be selected so percentages total over 100 %.

During Wave 4a data collection, the best estimate of the name of the occupying business was
generated for each commercial unit. This was informed by the business status in previous waves,
the business’s web presence, and phone calls as described in Section 3.3.1. During Wave 4b, the
data collection team was able to check whether the posted business name on the commercial
structure matched the estimated name collected in Wave 4a. Those results are provided in Table
3-7. Only 64.2 % of addresses had business names observed in Wave 4b that matched the
business name in Wave 4a, 29.4 % were not a match, and 6.4 % were marked as “other.”
Businesses were marked as other if there was no sign, if it was a home-based business, or if the
name was very similar but not exactly the same as the Wave 4a name. Table 3-8 shows the
number of businesses that had a posted business name in place of the Wave 4a name. Most
commercial structures, more specifically 88.1 %, had a posted name whereas 11.9 % did not.

Table 3-7. Business name verification.

Name matched Count (No.) Percent (%)
Yes 190 64.2

No 87 29.4

Other 19 6.4

Total 296 100.0
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Table 3-8. Business name replacements.
New name Count (No.) Percent (%)
Yes 74 88.1
No 10 11.9
Total 296 100.0

There are three reasons why the name on the commercial unit might not match the name in the
sample. 1) the business in the sample permanently closed or moved and removed the sign, which
might explain the lack of a name replacement; 2) the business in the sample permanently closed
or moved and a new business moved in, which might explain a new name; and 3) the original
name is an error in the original sample database. The third reason is specific to the fact that the
refreshment sample had not been visited in person prior to Wave 4 (this issue occurred the first
time in the field in Wave 2). The Wave 4 data collection alone does not lend itself to
differentiating between these reasons, but explanations can be teased out in the future through
previous wave information, imagery data, subsequent waves, and secondary data. Given the need
for triangulation using multiple sources of data, the Wave 4 effort will be a valuable source of
evidence towards this effort. Collecting this information, given the likelihood of business
turnover during COVID-19, will be useful for future waves in terms of determining when closure
or moves took place in the longitudinal sample or what error exists in the refreshment sample.

3.6. Longitudinal Analysis

Although occupancy status was the principal metric collected during Wave 4 given the low
response rates to the survey effort, there are still some longitudinal observations that can be made
from previous waves. First, the data collected in Wave 4b can be compared to the postcard returns
in Wave 4a to examine the reliability of the postcard return information in determining potential
non-occupancy. Table 3-9 shows the eventual Wave 4b occupancy status determination for the
returned postcards in Wave 4a. Surprisingly, 70.7 % of returned postcards were from occupied or
probably occupied units. Only 8.1 % of postcard returns were from vacant or probably vacant
units. The second largest occupancy category for returned postcards was “unsure” at 17.2 %.

Table 3-9. Wave 4b occupancy status by Wave 4a postcard returns.

Occupancy Status Count (No.) Percent (%)
Occupied 70 70.7
Probably occupied 4 4.0

Vacant 17 3.0

Probably vacant 3 5.1

Unsure 5 17.2

Total 99
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Figure 3-3 looks more specifically at the overlap between occupancy status and postcard return
reason. There appears to be a relationship between commercial units that were ultimately
determined to be vacant, and postcards returned citing vacancy. However, there were quite a few
commercial units that were determined to be occupied that had postcards sent back citing
vacancy. Given that many businesses had different names than the original sample indicates (see
Table 3-8), it is unclear without conducting a full survey whether this is postal error or whether a
new business was established between waves.

25
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0 [ | — — [ |

Insufficient No mail Nosuch  Not deliverable Refused Vacant
address receptacle number as addressed
m Occupied or Probably Occupied ~ m Vacant or probably vacant Unsure

Figure 3-2. Wave 4b occupancy status by Wave 4a postcard return reason.

Figure 3-4 shows how occupancy status changed from Wave 2, to Wave 3c, to Wave 4b.
Because Waves 2 and 3c looked at the operational status of each business rather than occupancy
of the structure per se, commercial units were coded as occupied in Waves 2 and 3c if a business
was open and operating in that unit regardless of whether it was a new business for that wave.
Commercial units were coded as unoccupied if the business was permanently closed or had
moved from that unit and no new business had moved in. The figure shows that, perhaps
surprisingly, there were few commercial units in the longitudinal sample that went from
occupied to unoccupied between Wave 3c and Wave 4b. However, there were some that were
not assessed or for which the occupancy status was uncertain. In general, the occupancy rate of
commercial structures appears to be of similar magnitude, compared with prior waves.
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W2 Occupied: 163
W4b Occupied: 258

W3c Occupied: 165

I W2 Unoccupied: 56 W4b Unoccupied: 32 I

W3c Unoccupied: 54

W4b Unsure: 8 m

Refreshment Sample: 243
W4b Missing: 150

Figure 3-3. Longitudinal Occupancy.
4. Summary and Next Steps

4.1. Summary for housing impact and recovery

The Wave 4a housing survey attempted to capture resilience capacity in Lumberton through
remote data collection. Several actions were taken to improve the outcomes of the electronic
survey data collection, including (a) mailing multiple rounds of postcards reminding the
longitudinal sample to complete the survey; (b) supplementing the original sample with a
convenience sample to leverage relevant networks from previous years of data collection (e.g.,
faith-based groups, city government); (c) sending the longitudinal sample mailed surveys with
addressed and stamped return envelopes in case the online surveys created a barrier for some
respondents; and (d) keeping the online survey open as long as practical to obtain as many
responses as possible.
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Ultimately, these efforts still did not produce a meaningful outcome for Wave 4a. Only a few
completed surveys were returned, and thus no Wave 4a housing survey data were presented here.
Low response rates could have been a result of the emotional burden of the pandemic, survey
fatigue, changes in responsibilities at work or home, or other factors unknown to the team. Many
postcards (over 40 %) were either returned with no explanation, labeled as undeliverable, the
address was associated with a vacant unit, or otherwise. The high number of returned postcards
motivated the team to perform a Wave 4b in person. To protect the health and safety of the team,
as well as the residents of Lumberton, human subjects were not part of Wave 4b. Instead, Wave
4b captured basic information on whether the housing unit was still physically in existence, and
the occupancy status to the extent possible. Wave 4b confirmed that 2.6 % of the longitudinal
sample did not have a building present, and 64.6 % were occupied with an additional 7.6 % of
housing units that were probably occupied.

Looking at the longitudinal comparisons on occupancy status, the proportion of housing units
occupied has increased, and the proportion of housing units that are vacant has decreased since
Wave 3¢, providing some hope towards the positive longitudinal recovery of Lumberton
residents. Even still, approximately 20 % of housing units in our longitudinal sample are vacant,
presumably as an outcome of 2016 Hurricane Matthew and continued impacts caused by 2018
Hurricane Florence and the COVID-19 pandemic. There was occasional evidence of mitigation
actions being undertaken by households and the City of Lumberton, including demolished
properties (presumed to be part of the buyout program) and construction to raise the first-floor
elevation of homes.

4.2. Summary for business impact and recovery

The Wave 4a business survey used many of the same approaches as the housing survey,
including (a) mailing multiple rounds of postcards reminding the longitudinal sample to
complete the survey; (b) supplementing the original sample with a refreshment sample
anticipating low response rates; (c) calling businesses over the phone to encourage survey
completion; (d) sending the longitudinal sample mailed surveys with addressed and stamped
return envelopes to the most updated business names based on online search; and (e) keeping the
online survey open as long as practical to obtain as many responses as possible.

However, like the housing survey, the Wave 4a business effort yielded only 19 completed
surveys for a response rate of 4.1 %. Although this response rate is not uncommon for mailing
surveys to businesses [11], the total number of surveys was insufficient to provide meaningful
conclusions on any ongoing recovery. Though there were fewer postcards returned in the
business sample compared to the housing sample that cited vacancy—specifically 12.7 % of the
total business sample—there were concerns about the impact COVID-19 was having on the
economy and the closure of small and minority-owned businesses [12]. It was important to
establish the operating statuses of businesses in the sample in Wave 4b, particularly for the
refreshment sample which had never been visited, to capture any closures and new openings
during the pandemic period ahead of a future wave.

Wave 4b found that most commercial units in the sample were reported as occupied or probably
occupied by a business, representing 86.1 % of the Wave 4b sample in total. Approximately 11
% of the commercial units were vacant or probably vacant. Only 2.6 % of the commercial units
had an occupancy status that was unable to be determined. Although similar in scale to the
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vacancy percentages in the USPS postcard returns, many postcards returned as vacant were
mailed to commercial units with an operating business and vice versa. Many businesses
(approximately 29 % of the Wave 4b sample) also had new names. These findings illustrate the
value of Wave 4b to the business longitudinal effort, as these vacancy changes and new business
names can potentially indicate business closures and re-openings or indicate errors in the
database for the refreshment sample that would have created issues for future in-person
fieldwork.

Wave 4b had some optimistic results in terms of longitudinal recovery. There were fewer
unoccupied commercial units (and assumed permanently closed or moved businesses) in Wave
4b than in both Waves 2 and 3c. Several commercial units that were unoccupied in Wave 3¢
became occupied in Wave 4b. Future waves will be critical in understanding these changes and
confirming the observational assessments of business recovery from Hurricane Matthew,
Hurricane Florence, and the COVID-19 pandemic.

4.3. Recommendations for the Lumberton Longitudinal Field Study

The field deployment in Wave 4b gave important confirmation on occupancy and operational
status for housing units and businesses in Lumberton. However, despite the team’s best efforts,
Wave 4 produced minimal information on the status of Lumberton’s longitudinal recovery and
resilience. This outcome speaks to the imperative nature of in-person surveys, particularly for
longitudinal efforts in areas with compounding disaster events.

The Lumberton longitudinal field study is planned to continue. The next wave will continue to
prioritize field team safety and respondent safety, with a secondary goal of conducting the data
collection in-person. As the longitudinal recovery dataset is built over time, it is anticipated that
the field study will make major contributions to community resilience and recovery modeling
efforts that are generalizable to other communities. To accomplish the team’s long-term
objectives outlined in Chapter 1, the following steps are recommended:

1. Both housing and business survey collection should continue in-person every 12 to 16
months. In-person surveys have better response rates than web-based surveys,
particularly where internet access may not be available to all respondents [13]. Wave 4
established that Lumberton is not an exception. Similarly, the surveys should not be
lengthened to maintain response rates and minimize burden and survey fatigue on
respondents. Additional strategies to minimize burden and maintain or improve response
rates should continue to be identified by the team.

2. Key questions or sections should be replicated throughout surveys to ensure
comparability across timeframes, particularly given delays caused by the COVID-19
pandemic. This repetition is critical for improved power in longitudinal analyses which
depends upon having multiple time points for each sample unit (i.e., housing unit or
business).

3. Interviews with key community stakeholders should continue every 12 to 16 months to
provide context for the findings of the field observations and structured data collections
through surveys. This schedule of continued interviews and data collection aligns with
the long-term nature of community recovery and resilience planning (e.g., [14, 15]).
Specifically, these interviews should follow-up on observations during Wave 3¢ of
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capital improvement projects planned or underway, as well as progression of disaster
recovery and mitigation funds received.

4. Longitudinal temporal analyses should be conducted comparing results over time,

advancing the cross-wave comparisons made in this report and past reports. This is a
critical approach that aligns with the recovery, learning, and change experienced by
communities after extreme events and planning for future events (e.g., Albright and
Crow, [16]). The interconnectedness the infrastructure systems, housing, and businesses
in community resilience is best served through longitudinal data collection and analysis

[2].

5. Ongoing analysis, with regular feedback from NIST and COE researchers, should

continue to ensure the field study continues to align with what is needed for measurement
and modeling of community resilience, particularly for the advancement of IN-CORE
and the Lumberton testbed. Interdisciplinary community resilience research requires
developed plans and procedures that can be applied across study waves and transferred to
improve future interdisciplinary studies (e.g., Peek et al., [17]).

6. Housing and business survey instruments, IRB protocols and supplemental documents,

and de-sensitized collected data should continue to be published and receive Digital
Object Identifier (DOI). This ensures that the current longitudinal effort advances other
comparable data collection efforts across the fields engaged in disaster research. The
publication of these products enables data collection instruments and protocols for
measurement of community resilience and recovery to be applied in other communities.
The on-going collection can be found on DesignSafe-CI:
https://www.designsafeci.org/data/browser/public/designsafe.storage.published/PRJ-2656
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Appendix A. Housing Convenience Sample Recruitment Email

Dear <insert name of individual and/or organization>,

We understand that the COVID-19 pandemic is disrupting your community. We are gathering
information to learn how households like yours are adapting to the circumstances and how this situation
may or may not be connected to broader weather-related stressors households in your community may
face of have faced.

The Center for Risk-Based Community Resilience Planning is based at Colorado State University in Fort
Collins, Colorado, and includes collaborations with researchers from universities across the United
States. The National Institute of Standards and Technology’s Community Resilience Program is based in
Gaithersburg, Maryland and includes engineers, economists, and sociologists. Collectively, we are
working to understand what makes a community “resilient” — or able to bounce back —in the face of
disaster.

Our research in Lumberton focuses on community recovery following the flooding that occurred due to
Hurricanes Matthew and Florence. We are virtually returning to Lumberton for our fourth year to follow
up on progress with recovery and understand the impact of COVID-19. We will be collecting information
from households to learn from their experiences and help communities better prepare for similar events
in the future.

Will you send the email below to your members requesting they complete our 10-minute online survey?
If you agree, we will follow-up in two weeks requesting that a reminder be sent out to increase our
response rates.

Thank you so much for your time and help.
Sincerely,

<insert sender name:

Dear member,

We are sharing a survey with you from the Center for Risk-Based Community Resilience Planning is based
at Colorado State University in Fort Collins, Colorado. The purpose of the 10-minute online survey is to
understand how the COVID-19 pandemic is disruption your household, particularly during on-going
recovery from Hurricanes Matthew and Florence. Please consider filling out their survey, which should
only take 10 minutes, to help them better inform policies for future disasters.

Best regards,

<insert sender name:>
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Appendix B. Wave 4a Survey

OMB # 0693-0078

We understand that the COVID-19 pandemic is disrupting your household. We are gathering
information to learn how households like yours are adapting fo the circumstances and how this
situation may or may not be connected to broader weather-related stressors your household
may face of have faced.

We realize your time is at a minimum with the current situation. We sincerely appreciate your
participation and our efforts will be greatly enhanced if you can spend a few minutes filling out
this survey. We ask for no sensitive information and we will not identify you or your household at
any time.

We would like to know how your household is being impacted by COVID-19 and how it has
affected your household's recovery from Hurricane Matthew and Hurricane FHorence. We are
also interested in learning more about practices taken that have helped reduce the impact of
future hazard events.

If you feel uncomfortable answering any of the questions, you can skip them, or exit the survey
at any time. This survey should take less than 10 minutes to complete. Thank you for your time

and participation.

If vou would like to download an information sheet on the project, please click here.

Please confirm you are a Lumberton resident above 18 years of age, and consent fo
participate in this survey.

| am above 18 years of age and consent to this survey. (1)
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If you received a postcard, please insert the 1D number found on your postcard:

Dowr  Risidwsss, Wo e Sesmasse Plxcs

L T T ]
This yas we ws Boping 1o
- ot il | e
prepaswirass  and  COVID-15 | T

o | Biam
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Flease enter your current home address:

These first set of questions are about your household in general.

How many adults (18 years or older) live in your household?
0 2 3 656 6 8 9 11 12 14 15

Adults {3 13} U +

How many children (younger than 18 years) live in your household?
g 2 3 5 6 8 9 11 12 14 15

Children (< 18) () +
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How many years have you lived in Lumberton? (if less than one year, insert 1)

When month and year did you move into your current home? (MM/YY)

Was your home damaged by either Hurricane Matthew or Florence?
Yes, by Matthew (1)
Yes, by Florence (2)
Yes, both Matthew and Florence (6)
No, neither hurricane damaged my home (3)

DK (4)

Mext, the questions are going to ask about your household's perceived preparedness now.

Do you rent or own your home?
Rent (1)
Own (2)

Other, please specify (3)
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Display This Question:

If Next, the questions are going fo ask about your household's perceived preparedness now. Do you
re.. = Rent

Do you have renter's insurance?
O Yes (1)
() No (2)

DK (3)

Display This Question:

If Next, the questions are going fo ask about your household's perceived preparedness now. Do you
re_.=0wn

Do you have flood insurance?
O Yes (1)
"' No (2)

O DK (3)

Display This Question:

If Next, the questions are going o ask aboul your household's perceived preparedness now. Do you
re... =0wn

Do you have homeowner's insurance?
O Yes (1)
__'No (2)

" DK (3)
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Display This Question:
If Do you have renter's insurance? = Yes

Or Do you have fiood insurance? = Yes

Or Do you have homeowners insurance? = Yes

Do you believe you have adequate insurance coverage for another flood event?
) Yes (1)
"' No (2)

" DK (3)

Display This Question:

If Next, the questions are going fo ask about your household's perceived preparedness now. Do you
re... =0wn

Do you have a mortgage?
O Yes (1)
"/ No (2)
() DK (3)

How has your participation with neighborhood and/or community groups changed since the
COVID-19 pandemic?

' Decreased (1
|| Stayed the same (2)
" Increased (3}

' Don't know (4)
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How has your contact with neighbors and/or extended family and friends changed since the
COVID-19 pandemic?

Decreased (1)
Stayed the same (6)
Increased (7)

Don't know (8)

How many major floods or hurricanes have you experienced first-hand (in your lifetime)?

How likely do you think your home is to be damaged during a major flood event, similar to
Hurricane Matthew or Florence?

Extremely unlikely (1)
Unlikely (5)

Neutral (6)

Likely (7)

Extremely likely (8)
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If given evacuation orders, how likely is your househaold to evacuate your home during a future
major flood event, similar to Hurricane Matthew or Florence?

Extremely unlikely (1)
Unlikely (6)

Neutral (7)

Likely (8)

Extremely likely (9)

Flease explain your evacuation decision:

The next set of questions look at mitigation and preparedness strategies used by your
household now or that you plan to put in place in the next six months.
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Has your household:
Yes (1)

Elevated hot water
heater and/or HVAC
(1)

Re-routed ductwork
from below floor to
attic space (3)

Developed an
emergency plan with
household members

(5)

Gathered supplies to
last 3 or more days

(7)

Sought information
on mitigation or
preparedness (9)

Attended a local
meeting or training on
preparedness (11)

Set money aside for
recovery or repairs
(13)

Anything else (15)
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In the next 6 months, does your household plan to:

Yes (1)
Elevate hot water
heater and/or HVAC
(1)

Re-route ductwork
from below floor to
attic space (2)

Make an emergency
plan with household
members (3)

Gather supplies to
last 3 or more days

(4)

Seek information on
mitigation or
preparedness (5)

Attend a local
meeting or training on
preparedness (G6)

Set money aside for
recovery or repairs

(7)

Anything else (8)
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Do you have the option to provide any utility services, even if temporarily, for your household?
(Please select all that apply.)

Yes, power generator (1)

Yes, solar panels (4)

Yes, water storage tanks (5)

Yes, gas tanks (6)

Yes, community wi-fi (7)

Yes, community information hub (8)

Yes, other, please explain (9)

No (10)

Don't Know (12}

The next set of questions are intended to capture the impacts of COVID-19 on your household.
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How has COVID-19 impacted repairs to your home?
No impact (1)
Minor impact (6)
Neutral (7)
Moderate impact (8)
Major impact (9)

Don't know (10)

How has COVID-19 impacted your household's recovery from Hurricane Florence?
No impact (1)
Minar impact (6)
Neutral (7)
Moderate impact (8)
Major impact (9)

Don't know (10)

Were members of your household unable to work because of COVID-197

Yes (1)

No (2)

Don't know (3)
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Were members of your household reduced to part-time work because of COVID-197?
) Yes (1)
"' No (2)

Don't know (3)

Display This Question:

If Were members of your household unable to work because of COVID-19? = Yes

How long was your household member unable to work (please enter the number of days)?

Display This Question:

If Were members of your household were reduced fo parttime work because of COVID-197 = Yes

How long was your household member reduced to part time (please enter the number of days)?

Display This Question:

If Were members of your household unable fo work because of COVID-197 = Yes

Were you or other household members unable to work or reduced to part-time because of.

:i Temporary closure of place of employment (1)
:I Permanent closure of place of employment (2)
) Childcare issues (3)

) Health issues (4)

() Other (5)
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Display This Question:

If Were members of your household unable to work because of COVID-197 = Yes

Would you say the disruption to your household's income has been:
' Significant (1)
' Moderate (2)
~ Minimal (3)
' None (4)

' Don't know (6)

Finally, there are six questions about your household in general.

Do you have any individuals with special electricity-dependent medical needs in your house?
(Examples include individuals who require power wheelchairs, ventilators, oxygen
concentrators, CPAP and other sleep apnea devices.)

JYes (1)

'No (2)
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When considering all members in your household, what is the highest level of of schooling
completed?

Less than High school (1)
High School diploma (2)
Associate's degree (3)
Bachelor's degree (4)

Master's degree or higher (5)

While we often ask about each member of a household, in general, when considering your
household, how would you characterize its racial makeup? (Select one or more.)

White or Caucasian (1)

Black or African American (2)

American Indian or Native American (3)

Asian (4)

Mative Hawaiian or Pacific Islander (5)

Other, please specify (6)

Are members of your household Hispanic or Latino?

Yes (1)

No (2)
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Do you consider your household a female-headed household?
Yes (1)
No (2)
Don't know (4)

Finally, we do not want to know the exact amount but can you identify the letter associated with
the category that best captures your household's combined annual income?

$1to $3,999 (1)

$4,000 to $5,999 (2)
$6,000 to $7,999 (3)
$8,000 to $9,999 (4)
$10,000 to $11,999 (5)
$12,000 to $14,999 (6)
$15,000 to $19,999 (7)
$20,000 to $24,999 (8)
$25,000 to $29,999 (9)
$30,000 to $39,999 (10)
$40,000 to $49,999 (11)
$50,000 to $74,999 (12)
$75,000 to $99,999 (13)
$100,000 to $149,999 (14)

$150,000+ (15)
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Are there any additional comments you would like to share?

Thank you for completing our survey.
For more information about the study, please visit hitp.//resilience.colostate edu.

To read our first report on the initial impact and disruption from Hurricane Matthew, please visit:
https://doi.org/10.6028/NIST/SP1230.
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Appendix C. Project Informational Flier

The Center for Risk-Based Community
LUM BERTON! NC Hurricanes Matthew | Resiience Planning continues fo study the

mpacts of Humcanes Maithew and

COM MUNITY & Florence Florence on the Lumberton community.

the study has

i Bel detail
RECOVERY STUDY | fo v e ooy [ bt i fn e

Impacts to Schools,

Housing and Businesses
We have continued to visit Lumberton
since November of 2016. Each visit,
we survey the same 567 househaolds,
survey the same 236 businesses, and
interview representatives at the local
schools, utility networks, local and
state government. This year, we are

businesses are il

reaching out to more households and e
: : [ Aty recovere
businesses to understand the impacts — o
of COVID-19. [ Fecovering
N =il in arvival fespones mode
Fill i operation but will never recover
Lurbertonhouseholds are I cevereny iz
alsotill recovering..
- N Mov. 2016 W Jan 2018
Hurricane Metthewwhen Himicare b
Harence hit. _— " L
E., 1
Darreged Repeired Ccaupied

17 Addressing these challenges together

We are modifying our approach this year to protect you and our team from COVID-19. Postcards are being mailed to residents and
businesses requesiing 10 minutes of your time to fill out our online survey. Please be on the look-out for our postcards and online
adverisements, even if you have not heard from us before, we want to hear from youl

Challenges Our Goal
The Lumberton study is allowing our research team to model

S AR R C community disaster resilience and recovery comprehensively.

. - . . This knowledge will be used to help other communities are
+* Delays in disaster assisiance funding e recuf-’gew PR hazarzs SR IER

o : : Access fhe study report at: hitps://doi. org/10.6028/MNIST . SP1230
% Levee gate still not installed e e S e =5

. Center for Risk-Based Community NIST

Resilienc P 3 Natisnal Institute
V/g Resilience Planning o i
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Appendix D. Wave 4b Survey

Survey title not set

bl st Conment T [ ey
1 Location

= L |
+

oo WO RaFE

ASMERTE A o
Eh
™
L

AFE
T o H
A EwIE A

AUSTRALIA

Eari, USG5 | Exri, FAD, MOAS, LUSGE

Mo geometry capturad yet

2 Date & Time*

3:33 PM

3 Car Numbear®

Bz w e a7
r Building Type*

Mo Bullding Present
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& Building Occupancy*

Wacant Prubakbly Vacant Unsure Probrably Occupred
Crocupied

e |
7 Housing Indicators of Occupancy

[[] Peopie prasent insida ar autsida houss
[[] vights onsactity insicla

[[] vebicls in drveway

D Haoliday decorations pragent

[] Petinyard

D Traszh or recycling bine at end of driveway (for pickup)

[] oter

-2
& Heausing Indicaters of Nen-Oceupancy

D Foreclosure/condemned posting on door

D Visibly abandoned (e.g. doors & windows open, house enmply of gutled]

D Landscaping not mamntained

[[] m=i pited at doorstep

[] omer
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SN [+ RU
] Does Business Name in Field Maps Match Name on Building?

ON@

=
10 If Mo, Does the Building Have a Posted Business Name?

O no

O If Yee, Type Mame Here

N
11 Business Indicators of Occupancy

D Open tor business/Customers or stat! insidesFarking 1ot in use

D Empty. but wisited outside of pasted warking hours and no sign of non-oocupancy

|:| Othar

L - |
1z Business Indicators of Non-Occupancy

D Interior empty

[ rermanently closed/moved sign

D Windows covered with brown paper
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13

14

18

14

17

D Mo CUSTOMEss OF workersfemply parking lot and visited during posted working

heiurs

D Mail stacked in front of daor

|___| Sither

Photo 1
: gemsmanases |
_ Select image file i r :
Photo 2
Select image file
Photo 3
E Ealact imngn'ﬁhﬂ : é @
Photo 4

Select image file i : @ :

1 |

Photas

Selact image file
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Appendix E. Business Survey Recruitment Email
Dear Lumberton business owner,

My name is and | am a professor/graduate student with the Center for Risk-Based Community
Resilience Planning.

We understand that the COVID-19 pandemic is disrupting your business. We are gathering information
to learn how businesses like yours are adapting to the circumstances and how this situation may or may
not be connected to broader weather-related stressors your business may face or have faced. This is our
third year talking to businesses in Lumberton, and although we can’t come in person like usual, we want
to know how you are doing.

We realize your time is at a minimum with the current situation. This survey should take less than 15
minutes to complete. We ask for no sensitive information and we will not identify you or your business
at any time. If your business has more than one location, please answer for only one location. An
Information sheet is available for download at the start of the survey if you want more details on the
project.

Please click here to take the survey.

Your de-identified pin number for the survey is: [PIN]

If you feel uncomfortable answering any of the questions, you can skip them, or exit the survey at any
time.

Thank you for your time and participation.
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Appendix F. Wave 4a Business Survey

Hurricane Matthew Community Recovery Study for Lumberton, NC
Center for Risk-Based Community Resilience Planning
A LS. National Institute of Standards and Technology-funded Center of Excellence

The Center for Risk-Based Community Resilience Planning is based at Colorado State University in Fort Collins,
Colorado, and includes collaborations with researchers from universities across the United States. The National
Institute of Standards and Technology's Community Resilience Program is based in Gaithersburg, Maryland and
includes engineers, economists, and sociologists. Collectively, we are working to understand what makes a
community “resilient” — or able to bounce back — in the face of disaster.

Qur research in Lumberton focuses on community recovery following the flooding that occurred due to
Hurricanes Matthew and Florence. We are virtually returning to Lumberton for our fourth year to follow up on
progress with recovery and understand the impact of COVID-12. We will be collecting information from
businesses like yours to learn from your experiences and help communities better prepare for similar events in
the future.

This research is part of a five-year project that will be carried out by experts from engineering, the social sciences,
economics, and many other disciplines. Lumberton is one of five research locations around the country that we
hope to learn from.

Because MIST is part of the federal government, this research was reviewed through a special process. This
collection of information contains Paperwork Reduction Act (PRA) requirements approved by the Office of
Management and Budget (OME). Motwithstanding any other provisions of the law, no person is required to
respond to, nor shall any person be subject to a penalty for failure to comply with, a collection of information
subject to the requirements of the PRA unless that collection of information displays a currently valid OME
control number. For this collection, the OMEB Control number is: 0693-0078 with an expiration date of July 31,
2022

Public reporting burden for this collection is estimated to be up to 15 minutes per survey, including the time for
reviewing instructions, searching existing data sources, gathering and maintaining the data needed and
completing and reviewing the collection of information. Send comments regarding this burden estimate or any
aspect of this collection of information, including suggestions for reducing this burden, to the National Institute of
Standards and Technology, Attn: Dr. Jennifer Helgeson, NIST, 100 Bureau Drive, MS 8603, Gaithersburg, MD
20899-1710, telephone 301-975-6133, or via email:jennifer helgeson@nist_gowv

If you have morz general questions about the project or the Center for Risk-Based Community Resilisnce
Planning, please contact: Dr. John van de Lindt at 970-218-4076 or via email: jawyv@engr colostate edu.

Please fill out this survey, and return in the pre-addressed stamped
envelope. Please read each question and answer choice carefully before
responding.

If you prefer to take the survey online, please scan this QR code with your
phone or type in the following weblink to access an online version of the
SUFVEY.

Weblink: http://www.tinyurl.com/lumberton-biz
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Please confirm you are @ Lumberton resident above 18 years of age, and consent to participate in this survey by
marking the circle: () 1am abowe 18 years of age and consent to participate in this survey.

What is the name of the business you are responding for?*

What is the physical address of the business? *

*If you prefer not to answer the previous questions, please enter the Survey 1D number provided on the
address label of the mailing envelope?

PANDEMIC IMPACT AND RECOVERY (This survey section asks about direct effects of COVID-19 (coronavirus) on
your business. The COVID-19 Pandemic was declared a National Emergency on March 13, 2020. Pleagse answer the
following gquestions considering the period since then.)

1. What is your role with this business?
Ol:lwner C)Manager Omvner and Manager (:}Sen'mr Employee (5+ years at the business) Outher

2. If there were any public health restrictions (e.g., stay-at-home orders, movement limitations, limits on
public gatherings, or requirements for social distancing), is/was your organization designated as:
O Essential CJSu-me segments were essential, some were not O Mon-essential CJ Mot sure/don’t know

3. Compared to before the pandemic, what is the % capacity at which you are currently operating? %
[note: this does mot relate to ocoupancy capadty. For “capacity,” consider aspects of the business that are most important to you, like the guality andfor
quantity of senvice or product offerings. For example: 50% for reduced capacity, 110% fior increased opacity, or 0% for businesses that have not resumed
operations.]

4, How has the pandemic impacted this business in terms of revenue, customers, and operation? Please check

the months the business experienced a change in these items, even if only part of that month.

| 2020 | 2021

a. Lower revenue

Oimar. Oapr. Omay O Ol Oavg Oisep. Oloc,. Omov. Ooec. (Oitan.

b. Higher revenue

Omar. Oapr. Omay Oione. Ol Oavg,. Oisep. Oloce. Oivov. Oivec. Oian

c. Loss of customers

lClh-'lar. Gl.ﬂ.pr. DME',' [j]un. Djul. Dhug. C}Sep. Dﬂrt. I:]N:l-.'. DD&:. lUJar..

d. Gain in customers

Oimar. Oapr. Omay O Ol Oavg Oisep. Oloce. Omov. Ooec. (Oitan.

e. Temporary closure
Omar. Oapr. Omay Oone. Ol Oavg. Oisep. Oloce. Omov. Oivec. Oian

e. Increase in staffing

{:)Mar. Gl.ﬂ.pr. DME',' [j]un. Djul. Dhug. C}Sep. Dﬂrt. I:]N:l-.'. DD&:. lUJar..
e. Decrease in staffing

Omar. Oapr. Omay O Ol Oavg Oisep. Oloc. Omov. Oloec. (Oitan.

%. How profitable was your business prior to the pandemic?
OHigth Profitable OFFDﬁtﬂb|E C}Ereaking Even O Unprofitable OHigth Unprofitable Ol:lused

6. Where do you feel your business is in the process of recovery from the pandemic?
OSHII in survival/response mode Oﬁecwering OMusthr recovered O Fully recovered
OSH Il in operation but will never recover (please explain)

7. Have any employees* reported issues working due to any of the following issues during the pandemic?
*olease include yourself

a. children not back to school? Oves ONo
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O"l’es. C}No
O"fe:. C}Nu
O"fes C}N:}

b. children not back to daycare?

¢. pandemic-related physical health issues and/for risk?
d. pandemic-related mental health issues and/or risk?
e. other:

8. a. Immediately before the pandemic, how many full time and part time employees did this business have?

Befare: Full time Part time
b. What about now?
Mo Full time Part time

9, Was this business damaged by Hurricane Matthew (September 2016) or Hurricane Florence (October 2018)7
() Yes, Hurricane Matthew (D Yes, Bath () No, neither
L If you were damaged from either hurricane, proceed to Question 10. Otherwise proceed to Question 13

O Yes, Hurricane Florence

RECOVERY FROM MATTHEW AND FLORENCE
10. What kind of damage was caused by Hurricane Matthew and/or Hurricane Florence and how severe was

the damage? See guide, below

None Minor Moderate Severe Complete
- - _ . S =
i’ | ae e .| Tt e ety | SECEORES SRR |
5 R il 2 feet with associated : : - | Sigmficant strocharal
Nocontact to | huilding; damage fo ; electrical pane] destroved,
electrical or carpets, pads, baseboards, S]rg:'u_:uﬂd E'G:}:;EH office cabiness or storage gﬂai?;?] o a::c
Buildings | b Sitipare. | m te g burso | | | Mo and otermaier | 0 g | destroed. Could be
| Nocomit | deywall domage Coutd | SO0PEDE Doors or lghtng sy be ok, Seads | D0ate6 off foumdation
1-.\'i1h floor have some mu_-ld-in wielons weoy fined reussble; some ma:.,' b D Aklse et e
: gl lacement. Couald hawe ; demolished or
joists. Mo crawlzpace. Could have ﬁ_lﬂl’ wewer backun and. | Samazed Could have poicaially replaced.
sewer backup | manor sewer backup and/or e majar sewer backup and'er
munor mold sewes 3 : major mold sszues.
All rensabla‘uzable sazily About 60% reusable with | Abowat 304G rensable wath W able
Mo damage once drisd, with zem o drying and cleaning, and drying and clegring, asd 'dl'::;;“; 1mﬁz
Content! shizht value drop moderats vahue diop sigmificant value drop —t
Inventory
Mo damage All recoverable sasily About 60% recoverable About 3P4 recoverables Mon-recoverable

Building damage (Matthew) Onene O Miner () Moderate () severe () Complete
Contents damage (Matthew) ON{:ne O Minor O Moderate {:} Severe O Complate
Building damage (Florence) Onone (O Minor () Moderate () Severe () Complete
Contents damage (Florence) (OnNone (O Minor () Moderate () Severe () Complete

11. Where do you feel your business was in the process of recovery from the hurricanes immediately prior to
the pandemic?

OStiII in survival fresponse mode

(Orecovering () Mostly recovered

OStiII in operation but will never recover to pre-hurricane levels (please explain):

(OFully recovered
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12. How much has the pandemic affected your on-going recovery from Hurricane Matthew and/or Hurricane
Florence?

O Mat at all {:l' A little O Moderatehy O Severely O M/A (already fully recovered)
OThe pandemic helped my business

L, Skip here if the business circled 4 in Question 12

RESPOMSE, MITIGATION AND PREPAREDMESS

13. Did the business take any of the following adaptive actions in response to the hurricanes or the pandemic?
Droes the business plan to take this action in the future? (Please mark ALL time periods that apply with an X)

Inction Na ladopted for| Adopted | Planto

Adoption | Hurricane | forthe |adopt fora

Matthew or|Pandemic | Future
Florence Event

5. Changed product or service offering (new product/service, or limited
quantity or variety of product/service)

b. Changed product or service delivery (contactless pick-up, -
commerce)

.. Changed store policies (mask requirements, mare frequent cleanings,
Jimiting number of customers)

. Changed inventory management strategy

2. Changed employee work strategy (work from home, alternating
kchedules)

f. Shared resources with suppliers or other businesses

. Other:

ﬁ_ Other:

14. Did this business previously have, currently has, or will have any of the following insurance coverage?

Insurance Coverage For Hurricane Matthew For the Plan to for
or Hurricane Florence Pandemic future event

a. Business property insurance on contents

b. Flood insurance on contents (NFIP)*

C. Business income interruption insurance

d. Business liability insurance

15. Please indicate your level of agreement with the following statements:
a. This business's experience during Hurricane Matthew and/or Hurricane Florence has helped me handle
challenges related to COVID-19,

Oﬂtmnglv disagree O Disagree O Meutral O Agres O Stronghy Agree

b. The strategies this business has taken during COVID-19 will help me during or after a future
hurricane/flood event

C:lfatr-::ur!gh.r disagree O Disagres O Meutral O Agres O Strongly Agree
c. COVID-19 impacted this business's preparation for the 2020 hurricane season
OStrcnghr disagree O Disagree O Meutral O Agree O Strongly Agree
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SOCIAL AND INSTITUTIONAL NETWORKS

16. How has your business supported local people/organizations during COVID-197 ({Check all that apply)

C} Donated to local charities (1)
C} Supported (other) local businesses (2)

O Offered additional income/paid leave to non-working employees (e.g. Laid-off, furloughed, sick) (3)
C} Provided customer financial relief/delayed payments (4)
C} Offered discounts to healthcare workers/essential workers (5)

C} Assisted local government pandemic response (6)

C} Set different hours for vulnerable populations (e.g. Senior-only hours) (7)

(O other (8)

C} Mone of the above (9)

17. What community support has the business received during COVID-19? (Check all that apply)

C} Local government (e.g. Loans, parking space for curbside pick-up, sidewalk dining, signs about COVID-

19, etc) (1)

C} Customer support (e.g. Gift card purchases, shop local website) (2)
O Support from other businesses (e_g. Discounts, technical support, environmental cleaning, etc.) (3)

C} Rent or mortgage relief (4)
() other (5)

C} Mo support received (&)

18. What financial support has the business applied for and received during COVID-19? (Check all that apply)

Mssistance Description

Applied (If yes, provide
the month, otherwise
mark “MNo"}?

Received (If yes,
provide the month,
otherwise mark “MNo”)?|

a. Federal assistance (e.g. Paycheck Protection Program)
specify:

O"fes:_ C} Mo

lE:}"'r'nf-_s:

_ON{:

a. State assistance (2.g. Morth Carolina COVID-19 Rapid
Recovery Lending program)

O"fes:_ C} Mo

lE:}"'r'nf-_s:

_ON{:

specify:
. Local assistance: O‘fes:_ {:} Mo {:}"r'es:_ O No
specify:
d. Other: Oes:_ OnNo [Ovess_ O Mo
e. Other: O‘fes:_ O Mo {:}Yes:_ O No

BUSIMNESS INFORMATION

19. In what year was this business established at this location?

20. Does this business own or rent the building?

Oﬁwn (including buying the building with mortgage) IC."F'.Eﬂt

O Other (please specify)

21. What was the business ownership structure before the flood?
OSEngIe owWner OFartnership (multiple owners) Ocﬂrpamﬂon or franchise C}C{mp-eratiue
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Oother [please specify):
22. How many years have you worked as a business owner/manager? {years)
23, What is your age? {years)
24. What is your number of years of schooling? Enter number of years and indicate

type of diploma or degree:
O Some High School OHigh School O Associates Degree O Bachelor's Degree
O Master’s Degree or higher

25, How would you describe your ethnicity? OHispa nic or Latino O Mot Hispanic or Latino

26. What is your race? (select one or more)

(Owhite ()Black or African American () American Indian or Alaskan Native  ()Asian

O Mative Hawaiian or Pacific Islander

27. Is this business a minority-owned business, woman-owned business, or veteran-owned business? (select

none, one, or more)
(O Minarity-owned business () Woman-owned business ()} Veteran-owned business

(Oother

28. Would you be interested in or willing to participate in a phone interview about your experience?

O"I’FJ. {:l' Mo

We would like to get some additional information from you in order to make future surveys easier and at your
convenience. Would you be willing to provide your first name and email address? YOU WILL NOT RECEIVE ANY
EMAILS BEYOND OUR REQUEST FOR ADDITIONAL CLARIFICATION OM THIS SURVEY.

Name:

Business Emnail;

If you have any final comments about the survey and/or business recovery after the flood and/or pandemic,
please write them down in the space below.

THANEK YOU VERY MUCH FOR COMPLETING THE SURVEY!
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