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ABSTRACT

Evaluating and educating communities on their flood risks is an integral part of adapting
to climate change and more extreme precipitation patterns. Low-income communities are
often the most affected by in-land floods. They are more likely to live in floodplains and
have less socioeconomic mobility. This thesis takes a two-pronged approach to evaluating
flood risk. First, a flood risk model that identifies areas of high runoff in Giles County,
Virginia was developed. The model accounts for land cover, soil type and elevation. The
soil retention layer and Digital Elevation Model (DEM) produced a cell by cell layer of
runoff. Storm data was collected from the NEXRAD program and integrated into the runoff
layer. Countywide maps of low, moderate and high risk were produced. Semi structured
interviews were then conducted to gauge the usability of the maps within high risk areas.
Interview feedback was transcribed and coded for analysis. Themes identified throughout
the interviews, were used to make adjustments to the model and maps. This experience
suggests that combining technical analysis and community engagement can create a more
accurate depiction of flood risk that is meaningful to those most affected. This paper also
suggests that evaluating riverine flooding based on the most severe, recent storm yields a
more accurate and impactful tool than previous flood modeling methods. This work takes
flood modeling a step farther by receiving community input and shows that models are only

as useful as they are meaningful to the most impacted communities
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GENERAL AUDIENCE ABSTRACT

Climate change models suggest that many communities will experience fewer precipitation
events, but when precipitation events do occur they will be more intense and thus destruc-
tive. Communities can expect a higher risk of flooding, which is why it is important to plan
proactively and understand where the most at-risk areas are. To help Giles County, VA
understand its flood risk we created a tool that displays storm runoff. Elevation, soil type
and vegetation were incorporated into the model. Storm data was integrated into the model
and compared to annual precipitation levels. Countywide maps of low, moderate and high
risk were produced. In order for the maps to have the maximum impact they need to be
accessible to at risk populations. To gauge the accessibility of the maps to the community
semi structured interviews were conducted within the high risk areas. Issues and opportu-
nities identified through the interviews were used to make adjustments to the model and
maps. The findings suggest that combining technical analysis and community engagement
can create more accurate depictions of flood risks that are meaningful to those most affected.
Future research efforts should include incorporating anticipated development schemes into
the model and hosting more in depth community engagement activities. The importance of
community engagement is highlighted in this research, as the interviews has a major impact

on the outcome of the model.
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Giles County, like many Western Virginia and West Virginia counties, suffers from riverine
flooding. That flooding is often exacerbated by steep topography and harsh storms that
travel north from Southern states. In Giles County lower income communities tend to live
within the 100 year flood plain. These communities are at physical risk of flooding, and
often lack the social currency to recover from severe flood events. This paper argues that
combining technical flood risk analysis methods with community engagement is the most

effective way to communicate flood risks to at-risk citizens.

Although Giles County is a member of the National Flood Insurance Program and has a
floodplain ordinance residents were still left unprepared for a major flood event in October
2018. This paper introduces a collaborative flood hazard mapping process in Giles County
by interviewing community members to gain their insight on new flood hazard maps and
their experiences with flooding. Sharing this information will raise awareness for flood risk
and allow disenfranchised, at-risk communities to have a sense of empowerment throughout

the floodplain management process.
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Giles County is subject to rural in-land flooding. Therefore, it is important to establish
broad causes and impacts of rural in-land flooding, as well as what research is being done.
In-land floods are often influenced by coastal storms. Coastal storms can cause multiple
days of precipitation farther in-land, which contributes to flooding [32]. Snow melt, dam

and levee failures are also contributors of in-land flooding [32].

Damage from in-land floods continue to escalate. Climate change increases heavy precip-
itation patterns, which increases the likelihood of in-land flooding [32]. In-land flooding
causes infrastructure devastation worth 6.9 billion USD per year [32]. Rural in-land areas

are affected by this economic devastation differently than urban in-land areas.

Rural areas are impacted differently by flooding than urban areas, largely because of in-
come disparities, disproportional loss of services and impacts on physical and psychological
health. Rural areas typically have fewer options for temporary housing and relocation, which
add to the cost of flood victims’ time and travel[34]. Urban areas have a higher density of
grocery stores, health clinics and other services, while those services are sparser in rural
areas[34] There is also a higher density of employment options in urban areas than rural
areas. Therefore, the loss of services and places of employment will have a disproportion-
ately large economic impact on rural areas[34]. The rurality of an area can also affect the

populations’ physical and psychological health during a flood.

Injuries caused by floods can be exacerbated in rural areas, as the distance to a hospital is
greater. Flood related injuries place further strain on emergency health resources, which are

already spread thin in rural areas [34]. Psychological impacts can also be greater in rural
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areas. Flood survivors are more isolated in rural areas, and may not have as much access to

their social support network than survivors in urban areas [34].

Rural in-land floods can be especially devastating to rural populations and are becoming
more and more prevalent. In-land floods are influenced by snow melt, dam failures and con-
sistent precipitation in the in-land area, but can also be caused by coastal storms. In-land
floods claimed 60 percent of U.S. hurricane deaths from 1970 to 1999 [32]. Populations in
rural areas are particularly vulnerable to in-land floods, as they have fewer relocation and

service options, smaller healthcare system and are more isolated.

00 J000D00O00I00 00 ObOOodild 0oodbbooo 0 biobd
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Communities play an important role in providing key local knowledge throughout the flood
modeling process. Unfortunately, local knowledge is not always incorporated into the flood
management process. This can be due to challenges in engaging at risk population in flood-

plain management.

The first challenge in engaging communities is risk perception[8]. Risk perception is based
on previous experiences. If a family has survived prior floods with little damage they are
likely to expect that they can survive future floods as well. Climate change is causing more
frequent and intense precipitation events, which increases flood damage exponentially[13].

As a result, communities cannot base their flood expectations on previous experiences any-
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more, which is why they must be engaged in the comprehensive planning process.

An informational gap between floodplain managers and community members is another
challenge to community engagement[8]. Residents can overestimate the efficacy of flood
mitigation measure, thus causing them to underestimate their risk[8]. The chance that citi-
zens and floodplain managers will have the same assessment of risk is unlikely unless citizens

are directly involved in the risk assessment and selecting mitigation measures[8].

00 O0oboiin 0o 0ot booo fioitd bbobtbob booo oubobobo

In-land areas are subject to flooding from coastal storms, as well as snow melt and dam
failures. Rural, in-land areas are especially vulnerable because of the fewer services and
smaller healthcare system. Urban coastal areas are a hotbed for research on developing tools
to analyze risk, as they have high populations and critical infrastructure [33]. Cities like
Miami and Virginia Beach are most likely to receive funding for resilience research projects.
But it is clear that rural, in-land areas are at great risk from flooding and strategies need to
be developed to plan for flooding and engage these communities too. This project builds on
current research by expanding on the dangers of flooding faced by rural in-land communities.
A major gap in the literature is how to relate technical data to at-risk communities in a
meaningful way and incorporate their feedback. This project fills those gaps by incorporating

community input into final flood management products.
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Climate change exacerbated harsh precipitation patterns hit low-income, rural areas hard
because of the lack of resources and dependence on agriculture [7]. Models based on previ-
ous data are becoming less accurate, as the severity of storms increases exponentially[13].
This makes the floodplain management process more challenging. Integrating community
engagement techniques into floodplain management is becoming a popular tool to combat
changes in flood patterns. Case studies have been conducted that show that collaborative
flood modeling advances flood risk management by allowing for decisions to be better in-

formed with the best available science[27].

This thesis seeks to answer several questions that are critical to integrating community feed-
back into flood risk management in low-income, rural areas. How can a storm specific flood
model be improved through community input? What barriers do residents in these areas
face when accessing information and interpreting their flood risk? Do they view flood risk
as a major threat or as less important, when compared to other challenges in their lives?
Addressing these questions will provide Giles County with the basis to develop more effective

flood hazard maps, as well as develop plans for future community engagement.
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Climate change is a worldwide problem affecting precipitation patterns and exacerbating the
severity of natural disasters. Human activities have caused the global climate to increase
1.0 C since 1880 [36]. That number is likely to increase to 1.5 C by 2030 [36]. Increasing air
temperatures allows air to hold moisture for a longer period of time, which changes precipi-

tation patterns.

Increased temperature extremes and other climate changes are likely to lead to heavy precip-
itation events. Global warming of 1.5 C is expected to increase heavy precipitation events,
tropical cyclones, and increase the fraction of global land affected by flood hazards [36].
Many at risk areas are experiencing less precipitation over time, but when precipitation does
occur it is much harsher. Communities are not always prepared for intense precipitation and

the flooding that comes along with it.

00 Oodod otdl Ottt oot Loboiboo

Giles County is located in Southwest Virginia, approximately 30 minutes from Virginia Tech.

It is home to six communities Pearisburg, Narrows, Glen Lyn, Newport, Pembroke and Rich

6
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Creek. The total population is 16,720 people. Its low population density and rich natural
resources classify it as a rural area. Like many rural areas in Southwest Virginia, Giles

County is home to evolving economic conditions.

Southwest Virginia has seen a strong decrease in its cornerstone economic sectors of mining,
manufacturing and agriculture[24]. As a result, poverty and lack of employment has charac-
terized many areas in the region[24]. Localities have tried to combat a 1.2 percent increase
in unemployment by expanding their tourism sector[24]. Giles County’s jobs in the tourism
and travel sector increased by 3.9 percent from 2000 to 2014[24]. The median income in
Giles county is 49,734 dollars [35]. Of the 16,720 residents in Giles County 11.3 percent live
below the poverty line [35]. Much of the poverty is located in Narrows and Eggleston, while
Newport has a higher mean income level[35]. The New River runs right through Narrows,
Eggleston and Pembroke, which places lower income residents in this area at a higher risk
of flooding. Residents of lower income have less mobility to evacuate or move in the event

of a flood [8].

OoooiD  DIObOoooit gdudooooodo

The county has a floodplain manager position, floodplain ordinance in place and partici-
pates in the National Flood Insurance Program. Many rural localities are not able to hire a

floodplain manager, so it is exceptional that Giles County has done so.

Giles’ floodplain ordinance aims to regulate activities that could exacerbate flooding, limit
activities in the floodplain, advance flood proofing measures and deter citizens from buying

property in flood prone areas that are unsuited for their purposes[37]. The ordinance applies
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to all properties within the 100-year floodplain, as does the permitting process.

Residents need to file for a permit if they are elevating or flood proofing a structure[37].
Flood proofing can include installing watertight shields over doors, measures to prevent
sewer backup and using waterproof membranes to seal walls[37]. Giles’ ordinance specifies

which flood proofing measures are required based on location.

If a building is located in the Special Flood Hazard area then all new construction must be
anchored[37]. This especially applies to manufactured homes, which are at a greater risk
of flotation and collapse[37]. Giles’ floodplain ordinance is meant to protect residents and
developers from the economic loss associated with major flood damage. Some rural areas do
not have a designated floodplain manager and are not part of the National Flood Insurance
Program. Giles County has taken both of those steps to be proactive against its propensity

for flooding.

000D Ooooooot biobbiod

Flooding is one of the most widespread hazards impacting the New River Valley, especially
Giles County[5]. There are three types of flooding that affect Giles County; flash flooding,
riverine flooding and dam inundation. Flash flooding is common in the New River Valley
because of the collision between warm air and cold fronts coming down from Northern
areas. This causes thunderstorms to stay in one location and inundate the area for days
before moving. The steep mountains and low valleys push precipitation into the valleys and

small streams, which overflow easily[5]. Localized thunderstorms and topography place Giles
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County at risk for flash flooding[5]. Localized thunderstorms also impact Giles’ likelihood

of riverine flooding [5].

Riverine flooding occurs after days of intense precipitation along major waterways, such as
the New River. Significant riverine floods have been a part of Giles County history. Riverine
flood events occurred in 1917, 1940, 2002, 2013 and 2018[5]. Each of these events were

deemed “100 year floods” and the 1940 flood is still mentioned by residents today/[5].

The 1940 flood was the most significant flood the New River has experienced. Narrows
was greatly affected during the 1940 flood. The entire business section of the town was
flooded and the sewage treatment plant was damaged[5]. The damage extended to the town
of Pembroke. The 1940 flood caused backwater effects in small creeks throughout the town,
which damaged residents’ homes|[5]. The damage of the 1940 flood is closely rivaled by the
damage of the October 2018 flood. The flood stage for the October 2018 flood reached 19.5
feet, which caused manufactured home communities and campgrounds in Narrows, Glen Lyn
and Rich Creek to be evacuated [3]. The damage of the October 2018 flood jarred the Giles

community and created a new benchmark for damaging floods.

0oooiD  O00oooo 0odooo 0oo biddoodb bopooogdo

In October 2018 Giles County experienced its most devastating flood since 1940, which is

what prompted this study. Multiple conditions contributed to the October 2018 flood.

Hurricane Michael landed in Florida on October 10, 2018 [28]. Historically, storms moving
up from North Carolina and Florida have been major catalysts for flooding along the Giles
County section of the New River[5]. Hurricane Michael was no different. By the afternoon

of October 11, 2018 the storm had moved to Southern Virginia and rainfall had started in
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Giles County [28]. That rainfall was exacerbated by a cold front, which led to a rapid rise
of the New River[28].

Campgrounds and mobile home parks along the New River were threatened. In Giles County
a manufactured home park in Narrows was evacuated, as well as campgrounds in Narrows,
Glen Lyn and Rich Creek|[3]. The areas evacuated were some of the more low income areas
in Giles County[35]. Flood damage can be devastating, but it is even worse for residents
who are unable to easily move or rebuild[8]. Figure 2.1 shows damage at a campground in

Narrows. Flood waters engulfed the bottom half of most of the campers.

Figure 2.1: 0000000 John Ross, Giles County Floodplain Administrator.
A campground in Narrows after the October 2018 flood.

Giles County is the ideal locality for this study. It has a history of flooding and the October
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2018 flood highlights flood related challenges within the community. A flood in January of
2013 also hit the 19 foot flood stage [22]. However, that flood quickly decreased to a 15
foot flood level [22]. The storm in October of 2018 crested at 19 feet [3]. This study aims
to provide Giles County with a tool to demonstrate flood risk throughout the county and

ensure that that tool is accessible to residents who are most at-risk.
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Changes in weather patterns make existing flood risk maps less reliable tools for planning
for the future. Literature shows that engaging the community through fine resolution flood
hazard maps is more effective than FEMA flood hazard classification [27]. Current research
centers on the development of flood hazard maps between researchers and community mem-
bers and various avenues used to engage the community. Understanding the link between
technical research and community input requires an appreciation for common community

engagement techniques

00000 ORoobioh 0o odOooid dobbbbdodl botooioooo

Effective community engagement will build trust, give locals the opportunity to influence
decisions, remove barriers and utilize local expertise[6]. There are five levels of engagement,
in order of increasing community involvement they are: 1) Informing, 2) Consulting, 3) In-
volving, 4) Collaborating and 5) Empowering[6]. The goal of informing stakeholders is to
provide them with objective information, consulting involves obtaining stakeholder feedback
on analysis, involving requires working with stakeholders throughout the process to make

sure their needs are met, collaboration involves partnering with stakeholders on each aspect

12
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of the project and empowerment constitutes shared leadership of community led projects[14].

Different engagement techniques fall under each level of engagement.

Websites, emails, infographics and phone lines fall under informing[14]. Polls, surveys, in-
terviews, focus groups and public meetings constitute consulting[6, 14]. Techniques that fall
under the involving level include: community mapping, design charettes and citizen pan-
els. Community needs analysis, working groups and large group meetings fall under the
collaborating level. Techniques that have the highest level of engagement include; user led
commissioning, community indicator projects and citizen committees [6, 14]. Any of these

techniques can be used to affect floodplain management.

Qo boOOoiitd Oobdboboooo b ijuooooid poobotooo

Floodplain management is the operation of a program consisting of preventative and cor-
rective measures to reduce the risk of flooding[1]. These measures include requirements for
zoning, building and special floodplain ordinances[1]. The Virginia Department of Conser-
vation and Recreation encourages localities to become involved in the National Floodplain
Insurance Program (NFIP)[23]. The NFIP requires participating localities to enforce certain
building retrofits and upgrades for buildings in their floodplain[23]e. In exchange, the NFIP
provides property owners flood insurance[23]. Getting property owners to comply by NFIP
guidelines is easier said than done for floodplain managers, which is where community en-

gagement techniques can be utilized.

Community engagement is extremely important to the success of floodplain management,
flood studies and implementation of floodplain management measures [9]. Social and eco-

nomic factors can present barriers to community engagement in floodplain management.
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Vulnerability of a community is characterized by physical vulnerability of people and struc-
tures, coupled with unfavorable economic conditions[9]. Both of those are present in Giles
County. Communities with higher levels of civic participation tend to also have similar in-
come levels[25]. Groups are less likely to engage if they have an unequal income level[25].
That is why it is important to engage Giles County campgrounds and manufactured home
communities separately as lower income residents may not feel as comfortable attending en-
gagement activities with the entire Giles County community. To overcome socio-economic

barriers floodplain managers can employ a number of community engagement techniques.

Community participation should be part of each step of floodplain management from pre-
paredness to response and recovery[25]. During the preparedness process flood risk assess-
ment is key. Flood hazard mapping is one of the most effective avenues to share information
and raise awareness regarding flood risk[25]. Flood hazard mapping involves gathering com-
munity members to discuss in groups, which fosters a sense of ownership throughout the

community.

Another key aspect of community engagement in floodplain management is making sure that
flood risk awareness permeates through the community[4]. People are most aware of flood
hazards immediately after a major flood[4]. As time goes on their awareness wanes, which

undermines the preparedness for the next flood.

Literature shows a base framework that can be used to build engagement processes. The
steps for the framework are as follows: 1) Define opportunities and challenges, 2) Identify
stakeholders, 3) Prepare the communication and engagement plan, 4)Deliver the communi-

cation and engagement plan, 5)Monitor and evaluate the plan[4]. This framework is cyclical
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and should continually be repeated to ensure that engagement processes are effective.

Techniques in floodplain management can either inform, consult, involve, collaborate or em-
power the community[4]. Commonly used community engagement techniques in floodplain
management include GIS maps, paper maps, visualization tools, site visits, public meetings
and engaging local councillors[4]. Some communities have found it effective to have a "flood
sign” in a high visibility area. The flood sign has marks where flood waters have reached in
the community and can serve as a reminder to be prepared[4]. These community engagement

techniques have begun to play a role in technical modeling, as well.

00000 DOootion Ooobiboobt Ubibbob Lo boObidiot booobiot 0oo
Ooooool Uho Lobooiotl ooomoo

Using community engagement techniques to evaluate flood hazard models is becoming pop-
ular. Multiple studies found success in combining these methods. A study that focused on
two coastal sites found that resident risk awareness was enhanced and that a wide range of
end users were engaged through the collaborative process [27]. Citizens in Italy were pro-
vided with local level, digital maps identifying flood prone areas. The maps were created
by researchers through a highly technical process and then the user satisfaction was tracked.
Results showed an increase in dissemination of information and an increase among user’s
willingness to learn about flooding [2]. Literature shows that community engagement can
be used not only to make models more accurate, but to identify vulnerable populations[21].

Assessing social and political aspects of communities as they engage with new flood models
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can provide avenues for identifying community vulnerability [21].

Leveraging community engagement to inform technical models is becoming a proven practice.
This paper does not employ the community engagement methods found in the literature,
but it does build on the literature by addressing a rural, in-land community and by show-
ing the importance of laying a solid foundation with the community before employing more

elaborate engagement measures.

Qoo Diood ubooiod Llootoobod

Flood models are a key component of community resiliency. They play a role in education,
planning and development. Accurate flood models are important to developing accurate
flood ordinances and protecting residents. Flood models are used for five main purposes flood
risk mapping, flood damage assessment, real time flood forecasting, flood engineering and
water resources planning[31]. This paper focuses on flood risk mapping and real time flood
forecasting. Common methods used in flood risk mapping and real time flood forecasting
are empirical models, hydrodynamic models, 1D and 2D models and simplified non-physics
based models [31] . These models can either be classified as black box or grey box depending

on how much they are based in theory vs. hydrologic data[31].

Empirical models are based on data from previous storms, including aerial photographs, on
ground measurements and interviews [31]. They are classified as "black box” models because
they rely heavily on hydrologic data. These methods relate runoff response to the catchment
outlet . Unit hydro graphs are a type of empirical method that are sometimes used for small

catchment areas[16]. Real time data is collected and compared to a simulation that is run
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through the GIS file of the study area[16].

Grey box models are an even mix of theory and real world data. They can either by hydro-
logical or hydraulic. The main difference between the two types is that hydraulic models
allow for upstream and downstream water levels, which allows the model to show backwa-
ter effects[26]. Both of these models have been used in real world cases to evaluate rivers.
Neither has been proven to be more effective, instead both showed improvement with more

accurate techniques[26].

Q0000 000 Oooob oooibt oobobo Oobo oo Lot boooooo

The methods for this project’s model are based on prior riverine flooding research as well
as data from the United States Department of Agriculture (USDA) and Natural Resources
Conservation Service (NRCS). Soil data is a major aspect of riverine flooding. Accurate soil
data helps to determine soil moisture, which leads to runoff and triggers flooding [18]. Soil
moisture and runoff are calculated through the USDA curve number. The curve number
method was developed by the NCRS and is the basis for determining the maximum runoff
retention of a type of soil [18]. Curve number is calculated based on the land cover type and

hydrologic soil group [29].

The National Land Cover Database defines 21 different land cover types: open water, ice
and snow, bare rock, quaries, transitional, shrubland, grasslands, woody wetlands, emer-
gent herbaceous wetlands, low intensity development, medium intensity development, high
intensity development, barren, deciduous forest, mixed forest, evergreen forest, orchards,
pastureland, fallow, small grain crops, fallow, urban recreational grasses [15]. Land cover

type determines how impervious the area is to runoff and can be downloaded from the NLCD
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129].

The hydrologic soil group (HSG) determines the infiltration and transmission rate of the soil
[29]. There are four types of HSGs: A, B, C, D [29]. Group A and B soils are well drained
and have low runoff potential, while groups C and D have low infiltration rates and high
runoff potential [29]. Determining the curve number for a soil type is key to calculating how
much precipitation that soil can observe, which influences how much runoff and flooding
there will be. The USDA provides predetermined curve numbers for each of the NLCD land
cover classifications for each of the four HSGs. This is the starting point for curve number
calculation. The real world curve number is determined by what percentage of each HSG is
in the soil parcel [29]. Those curve numbers allow for the maximum soil retention and runoff

layers to to be calculated [29]

In addition to the curve number, the digital elevation model (DEM) plays a key role in
flood modeling. The DEM of an area determines the topography, which influences how soil
moisture and rainfall combine to create floods [11, 18]. The DEM is integrated into models
through the flow accumulation and flow direction tool [11]. The flow accumulation and flow
direction tools can be weighted to determine the effect of outside element [11]. For this
model the flow accumulation and flow direction tools were weighted to determine the impact

of annual precipitation versus storm precipitation.
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Previous studies have found success in using GIS software in flood model pre and post
processing[10]. ArcGIS Spatial Analyst and Hydrology extension tools have proven success-
ful in working with basins, streams, slopes, land cover, runoff and precipitation data[10]. All
roads and parcels data were provided by Giles County, as well as data regarding their current
base flood elevation boundaries. Land cover data for Giles County was collected from the
NLCD, soils data was collected from the SSURGO database. Annual precipitation levels
and storm data were collected from the National Oceanic and Atmospheric Administration,
while the DEM was collected from Radford University’s Geospatial Gateway. All of these
files were clipped to a shapefile of Giles County. Types of data and their sources are seen in

Table 4.1

19
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00000 dodo 0000 00000
Land Cover National Land Cover Database
Soil Type SSURGO Database
Storm Precipitation NOAA/NEXRAD

Annual Precipitation | National Oceanic and Atmospheric Association

Water Bodies National Hydrologic Dataset
Parcels Giles County Administration
Roads Giles County Administration
DEM Radford Geospatial Gateway

Flood model development can be divided into three main phases: calculating the soil re-
tention layer, calculating the runoff layer and integrating the storm data. Those phases are

shown in Figure 4.1

. Phase 1
HSG and
i soil retention:
' layer ' / Incorporate
Storm
Runoff
/ Annual
. Precipitation | Phase 3
Runoff
Phase 2

Figure 4.1: Flowchart of the process used to develop the flood model.

The first step in creating the flood model was to combine the land cover and soil data to

calculate the USDA curve number. Calculating the curve number allows for the amount of
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runoff under normal conditions to be represented. The land cover data was converted to
a raster layer, which produced a table that shows the land cover type. The values in that
table were used to determine if that type of land use was designated as an A, B, C or D
hydrologic soil group. Common hydrologic soil groups throughout Giles County are shown
in Figure 4.2 . Once the hydrologic soil group was determined for each land use, each land
use received four different curve numbers from a predetermined USDA dataset. Those four
curve numbers were added through the ”Add field” function in ArcPro. The land cover layer
was renamed, "USDA Curve Number”. The curve numbers were used to calculate the soil

retention and runoff layers.

Summary by Map Unit — Giles County, Virginia (VA071)

h;:f“';';:t Map unit name Rating Ac:ésli"
1B Allegheny loam, 2 to 7 percent slopes B 100.8
1C Allegheny loam, 7 to 15 percent slopes B 4.8
2D Berks channery silt loam, 10 to 30 percent slopes B 156.6
2F Berks channery silt loam, 30 to 65 percent slopes B 548.8
3F Berks very stony silt loam, 30 to 65 percent slopes B 666.3
4B Braddock sandy loam, 2 to 7 percent slopes B 44.1
4C Braddock sandy loam, 7 to 15 percent slopes B 95.8
4D Braddock sandy loam, 15 to 25 percent slopes B 61.6
5C Carbo silty clay loam, very rocky, 2 to 15 percent slopes D 70.1
5D Carbo silty clay loam, very rocky, 15 to 45 percent slopes D 554.1
6F Carbo-Rock outcrop complex, 25 to 65 percent slopes D 1,513.7

Chagrin silt loam B 297.1
Chagrin variant, loamy sand A 70.6
Chavies variant, sandy loam A 81.5
10B Cotaco loam, 2 to 7 percent slopes C 180.2
11D Faywood silt loam, 10 to 30 percent slopes C 202.8
11F Faywood silt loam, 30 to 65 percent slopes C 384.4
12 Fluvaguents, nearly level B/D 844.1

@

Percent of
AOI

0.2%
0.0%
0.2%
0.8%
1.0%
0.1%
0.1%
0.1%
0.1%
0.8%
2.3%
0.4%
0.1%
0.1%
0.3%
0.3%
0.6%
1.3%

Figure 4.2: Depicts the soil groups found throughout Giles County

The following equation was input into the "Raster Calculator” tool to calculate the soil
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retention layer. The "USDA Curve Number” layer is input into the denominator of the
fraction.:

S = (1000/“USDACurveNumber”) 10 (4.1)

This calculation produces a new layer, which was named ”Soil Retention”. The soil retention
layer was used to calculate the runoff layer. The annual precipitation data and storm data

are needed to calculate the runoff layer.

Annual precipitation data was available from the NOAA website. Acquiring storm precip-
itation data is more challenging and involved using the NEXRAD tool. The NEXRAD
software was downloaded from the NOAA Weather and Climate Toolkit site. Then the
NOAA/NCDC NEXRAD Inventory and Archive Access webpage was used to access data
[30]. Once there data was requested for the Roanoke meteorological station, which is the
closest station to Giles County. The data product "L3 [DSP]-Storm Total Precip (230km)”
was downloaded[30]. Then the NEXRAD software was opened and the "Data Selector” ap-
plication was used to load in the L3 data product. The data will show a series of radar
images of the storm, which can be played as an animation and show the timestamp and
precipitation level[30]. A moment in time was picked from the animation to run through
the model. To get the full effect of the storm an image was selected that occurred after the

rainfall had stopped increasing. The single data file was exported into ArcGIS.

Both the annual precipitation and storm precipiation represented "P” in the following runoff

equation”
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R=(P 0:2S)/(P + 0:8S) (4.2)

The runoff layer needed to be calculated twice, once substituting the annual precipitation for
the "p” value in the equation below and once substituting "p” for the storm precipitation.
In the runoff equation ”S” stands for the previously calculated ”Soil Retention” layer. These

calculations created two new layers; ”Annual Precipitation Runoff” and ”Storm Runoff”.

The final phase of creating the model involved using the flow direction and flow accumulation
tools. First, the "fill” tool was used to fix any gaps in the DEM. Then the DEM was used
as an input for the flow direction tool. That created a new raster layers, which was labeled

"DEM Flow Direction”.

Then the "DEM Flow Direction” layer was used as input for the flow accumulation tool.
The Annual Precipitation Runoff and Storm Runoff layers were used as weights for the flow
accumulation tools. The flow accumulation tool= was run twice. Once with the annual

precipitation runoff layer, and once with the storm runoff layer.

The curve numbers came back into play for the final steps. Curve numbers less than 1000
represented areas of no runoff. The raster calculator was used to filter out flow accumulation
cells in that were less than 1000. Finally, the original flow accumulation layers and the layers
with no cells less than 1000 were multiplied together. This created two final layers’ 1) the

final flood layer for annual precipitation and 2) the final layer for the October 2018 storm.
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Giles” October 2018 storm was chosen because it is recent and caused significant damage

and evacuations[3].

The final layers must be broken up to show classes of low, medium, high and very high
flooding. The "Reclassify” tool was used to do this. The curve numbers must be reclassified

and the Euclidean distance tool is used to properly display flooding levels.

Many layers were created to produce the final product, but only a few layers were used
in designing the maps. The final layer produced from this process is the "Storm Flow
Accumulation” layer. This layer incorporated all of the equations, storm data from NEXRAD
and was reclassified to show various levels of flooding. The ”"Storm Flow Accumulation”
layer and imagery available through ArcGIS were the only layers used in map creation. The
imagery provided a more detailed view of homes, forests and roads than the data provided

by Giles County.

The goal was to create neighborhood specific maps, so the map extent was zoomed to areas
that had the most area labeled as ”"Very High” risk. A hashed polygon was drawn around

those areas to clearly delineate the high flood risk area.

Initial maps produced from the model focused on campgrounds in Narrows and Eggleston.
These communities were selected, as they are in the most high risk area and all of the
permanent residents would be classified as low-income. These communities are at the most
risk physically and economically. Final maps were produced only for the campground in
Narrows because most of the interviews were conducted in that campground. Its topography
is also more vulnerable than the Eggleston campground. Campers sit on a bank on the

Eggleston campground, while some campers in the Narrows campground are flush with the
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river.
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Semi-structured interviews are a key tool in collecting community input. They require
carefully formed and pointed questions, but allow for a flow of conversation. Developing and
structuring questions for semi-structured interviews requires strategy and nuance. Questions
for semi structured interviews can be divided into two levels. The first level includes main
theme questions, which should start light and break the ice with participants[17]. The
second level includes the follow-up questions. Follow-up questions make the main themes
easier to understand and direct conversation[17]. They should provide gentle nudges to help
participants share more information. Studies that have used semi-structured interviews to

evaluate participant’s opinions on services or products have identified four types of questions.

The first identifies broad, main themes pertaining to the work. The second type of question
includes difficulties. This questions aims to uncover difficulties or challenges the participant
experienced related using the product[19]. The third and fourth type of question involve
relevant information related to specific characteristics of the product and the participant’s
background information[19]. These types of questions can be used to glean the participant’s

opinion on specific aspects and uncover prior experiences[19].
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The semi-structured interview questions were developed to address how well the residents
were able to interpret the maps, glean their suggestions on how the maps could be more

acceptable, understand how the community interacts in the event of a flood and how much
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of a role flooding plays in daily lives. The interviews started with an age of consent question
and from there the questions were divided into three sections: model feedback, community

experiences and community change.

L0000 Dob00ood doootiooo

1. What did you think of the maps generated by the flooding model?

2. What challenges did you face in interpreting them?

3. Do you think that the model accurately captures the amount and variation of flooding in
Giles?

4. What changes would you make to these maps?

5. Upon learning that Giles is going to experience a significant precipitation event, would

you turn to the flooding model to learn how your home will be affected?

0O oot booooioobod

6. What is the harshest challenge that you face living in Giles County?

7. What are common ways the Giles County residents receive news and updates about their
community?

8. How long have you lived in Giles County? What changes in storms or flooding events
have you noticed throughout your time here?

9. Can you tell me a story about a time you or someone you know was affected by flooding?

10. If your home were to be threatened by a flood would you evacuate?
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11. In what general area is your home located? Why did you choose that location?

12. What factors do you think drive your fellow community members to purchase or build
in flood-prone areas?

13. Are you aware of any federal, state or local programs that offer help to victims of flood
damage?

14. Simply understanding one’s flood risk is not enough- what could your local community

do to help you?

0ooooiibd oo dobooiooo

John Ross, the Giles County Floodplain Administrator, served as the community contact.
He connected the researcher with two interviewees. To eliminate selection bias researchers
asked those interviewees if they could suggest others who would be willing to be interviewed.
Researchers were then directed to various neighbors who were willing to be interviewed, as

well as randomly knocking on doors. In total, nine interviews were conducted.

All interviewees were provided with a handout describing the study and given time to read
through all consent information before starting the interview. The interviews were recorded
with an audio recorder. Interviewees were shown maps (see Figures U0 and 00 that illustrate
the most high flood risk areas of Giles County. Interviewers started with the model feedback

questions, but the semi-structured approach allowed for flow in the conversation.
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Qualitative Content Analysis (QCA) is a reasearch method comprised of descriptions of the
manifest content and latent content [12]. QCA can be used to evaluate policy and interviews.
Manifest content is close to the text, which means that it includes concrete descriptions and
interpretations of the subject. Latent content is the opposite, as it is distant from the text.
Latent content is used to describe content that is not specifically stated from the text, but
can be inferred from themes found throughout the research [12]. Combining latent and

manifest content allows physical text, as well as underlying themes to be analyzed.

There are three methods that can be used in a QCA; inductive, deductive and abductive[12].
An inductive approach searches for patterns in the data, identifying categories/themes that
emergy while looking for similarities or differences in the data. This approach is different
from a deductive approach, as an inductive approach starts with the data from the specific
study. A deductive approach compares the data from the study to existing theories and
information of the same topic[l12]starting with established theories. Both inductive and
deductive approaches are combined through the methods of the abductive approach, in
order to obtain a deeper understanding of the concept[12]. This process allows for underlying
patterns to be found and then used to change structures of the topic [12]. We are only using
aspects of the inductive approach in this study, as the data is restricted to study specific

interviews.

There are three types of categorization used in QCA, definitional, prototype, and decision
bound[20]. Definitional categorization simply lists the criteria for a subject to belong to
that category, while in prototype categorization, the subject is compared to examples of
other subjects that would be in that category [20]. Finally, decision bound categorization

is executed by evaluating the differences between categories and using those differences to
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determine the category to which a subject belongs[20]. There are various software options
for executing a QCA. Using a computer based QCA cuts down on the time of transcribing,
as well as eliminates the bias often associated with paraphrasing. For this paper QDA Miner
Lite was used because of its ability to code for themes in the text. QDA in the software

name refers to Qualitative Data Analysis.
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The recordings of the nine interviews were transcribed and analyzed for common themes.
The audio recordings were transcribed into text files and imported into QDA Miner Lite.
QDA Miner Lite combines the statistical data analysis tool, SimSat, with a quantitative anal-
ysis software, WordStat, to determine the frequency that phrases or words appear within the
text. That allows the researcher to determine themes and patterns that are most prevalent
throughout the text. Categories and sub categories of those themes can also be created
within the software. Those categories are organized into a tree structure, are color coded

and can be assigned to different areas of the text.

The following broad steps were used to perform the QCA: 1) Set data type for the project
as text files 2) Group Cases 3) Determine categories 4) Determine codes for each category
5) Use the variable statistics tool to determine frequency of each code 6) Manually code

through the interviews

Step 1: Set data type for the project as text files. When a new project is created a series of

popups occurs where the data type and file location for the project is selected.

Step 2: Group cases. Each interview is a "case”. Once all the interviews were loaded into the
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software the case grouping was set. Cases can remain individual or be grouped with other
cases based on common attributes. At the start of the analysis the cases were individual,

but as the codes uncovered themes they were grouped based on similarities.

Step 3: Determine categories. Categories are not related to the text and serve as a tool to
organize the codes topically. A shortened version of the semi-structured interview questions

were used as the categories.

Step 4: Determine codes for each category. Codes used in the QCA were determined using
keywords. Keywords were determined based on repeated terms and messages that intervie-
wees used. Interview transcriptions were coded to address financial and family based reasons
for living in a flood prone area, as well as to determine where residents receive information
regarding flooding. Codes included: word of mouth, social media, and the county website.

A complete map of all of the QCA codes is shown in Figure 4.3

= ¢ Map Opinion

o zoomed out #s Common Ways to Receive Flood Information
@ high risk flood area is unclear @ Glen Lyn stream gauage # Why did you choose this home location?
4 @ phone calls o Low lot rent
=] Cha to the M
bod nges i & . aps @ Sheriffs Department @ financial reasons
@ overestimation of flood levels @ social media o saving to move
@ add landmarks & local sboies o natural beauty
@ steep hills @ County Administration Office @ dose to family
@ decrease flood area #% Why did you choose this home location? #% Why would you or your neighbors not evacuate?
’ . @ elderly
= ¢ Harshest Challenge in Giles County @ Low lot rent .
@ drug use @ financial reasons @ scared to leave community
9 @ saving to move @ nowhere else to go
@ unemployment
i @ natural beauty
@ financial problems o close to family

@ flooding

Figure 4.3: List of all categories and codes used in the QCA

Step 5: Use the variable statistics tool to determine frequency of each code. The vari-
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able statistics tool determined how often a code was found in each interview. The "cross-
frequency” feature was also used to determine how often certain codes were used in the same

interview.

Step 6: Manually code through the interviews. There were only nine interviews, which made
manually placing codes throughout the text feasible. Each interview was read and a codes
were manually placed throughout the text according to the transcript. This was meant as a

self-check step to make sure that no themes were missed during the analysis.

The most important information that was coded for the QCA were the changes that residents
suggested for the maps. The QCA was used to identify common issues the the interviewees

found with understanding the flood risk conveyed by the maps.
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The model produced initial results that indicated high levels of flooding along the New River.
Low lying campgrounds and manufactured home parks were particularly affected. The ini-
tial results for campgrounds in Narrows and Eggleston are shown in Figure 5.1 and Figure

5.2
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Community feedback shed light on issues integrating the model’s DEM. The initial results
in Figure 5.1 and Figure 5.2 do not take elevation into account. Gaps in the DEM were
corrected using the "fill” tool in ArcPro. The DEM was reintegrated into the model and
more accurate results were produced. The final results for the Narrows site can be seen in

Figure 5.3.

When asked what challenges they faced in interpreting the maps three out of the nine inter-

viewees suggested that the maps should show a broader view of Giles County, as opposed

32
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Figure 5.1: Initial flooding results for a campground in Narrows.

to focusing in on the most at-risk neighborhoods. They stated that a broader view would
provide them with landmarks to better orient themselves. Seven of the nine interviewees
noted that, although the October 2018 flood was severe, the model overestimated the flood-
ing. They recommend that I revisit the model and try to lower the level of the highest flood
risk areas. One interviewee gave advice on where to lower the flood levels to, based on steep

banks and ditches that mitigate flooding.

Based on their experiences of the October 2018 flood, residents found key flaws in the model
that had been overlooked. The DEM failed to integrate properly with the rest of the data,
so elevation was not taken into account with the initial results. Therefore, the model showed
flood water easily sweeping over steep banks and high elevations, which would have been

unprecedented. Interviewee’s feedback was used to fix the model and integrate the DEM
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