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1. Abstract
In 2018, five deaths, 16 injuries, and $31.03 million in damages to crops and property were the
significant impacts of major flooding in Pennsylvania (PA) (NWS, 2019). Lancaster County, PA
(LancCo) experienced measurable damage to homes, businesses and infrastructure. 2018 was the
wettest year dating back to 1914 (Blest, 2018, Stauffer, 2019). With the growing threat of
extreme rainfall events, as explained in the 2018 National Climate Assessment, flood awareness,
reception, and understanding of hazard messaging is imperative (Di Liberto, 2018, Jay et al.,
2018).
Past studies have confirmed that individuals respond appropriately when they are aware of and
understand the dangers associated with a given hazard (Slovic, 1987). Additionally, people
selectively absorb information that is relevant and convenient to their reality; and risk judgment
is attributed to thoughts and emotions (Baan and Klijn, 2004, Burn, 1999, Ludy and Kondolf,
2012). Hence, communities with low flood awareness, risk perception, preparedness, and
mitigation efforts, are more susceptible to sociocultural and economic damages (Messner and
Meyer, 2005).
Therefore, this study attempted to evaluate local flood risk perceptions of LancCo residents. The
research focused on two specific summer 2018 extreme flooding events in LancCo to determine
how communities perceived the risks communicated to them. Flood risk perceptions were
assessed directly from LancCo residents and from first-hand field experiences of experts and
decision-makers that disseminate messaging and order evacuations. Ultimately, results implied
that flood hazard messaging should be tailored to the perceptions of the target audience in order
to enhance safety and reduce loss of life and property.
2. Introduction
Extreme rainfall events are continuing to be a growing threat for the U.S. according to the 2018
National Climate Assessment (Di Liberto, 2018, U.S. Global Climate Change Research Program,
2018). There have been a number of events over the years that have led to significant flooding in
the area of this study. On June 22, 1972, Hurricane Agnes dumped 8.46 inches of rain on
LancCo. This led to 10 deaths and major flooding and damage across the county (Staff, 2018).
This surpassed the previous rainfall record of 6.6 inches that fell on September 18, 1927 (Staff,
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2018). The third highest rainfall total in one day wasn’t until September 30, 2010 when 6 inches
fell officially with localized totals ranging from 3.5 to 7 inches across the county (Staff, 2018).
2011 brought even worse flooding from the remnants of two storms, Hurricane Irene and
Tropical Storm Lee, within a week. While Irene resulted in over 3 inches, Lee surpassed with
nearly 9 inches of rain over four days (Staff, 2018).
More recently, 2018 brought unprecedented flooding events (Blest, 2018). While most of the
historic floods in the county have been the result of tropical systems, the summer flooding of
2018 was due to an Atmospheric River event and multiple localized flash flooding events (Blest,
2018, Stauffer, 2018). The most significant rainfall event occurred on August 31, 2018 as over 9
inches of rain fell in three hours yielding highway closures, stranded motorists, and damaged
homes (Crable, 2018, Umble, 2018). As a result, it is imperative that LancCo residents have
flood awareness as well as receive and comprehend hazard messaging.
Even when people have access to warning messages, there are social and psychological, and
message-related factors that prevent individuals from taking actions (Carr et al., 2016). The
notion of risk perception refers to the intuitive risk judgements of individuals and social groups
in the context of limited and uncertain information (Slovic, 1987). These judgements vary
between individuals due to access to different levels of information and uncertainty, different
intuitive behavior, and varying positions of power and interest (Messner and Meyer, 2005). Risk
perception research is grounded in basic cognitive psychology (Slovic, Fischhoff, &
Lichtenstein, 1982). Psychometric techniques have been used to identify risk perception
similarities and differences among groups (Slovic, 1987).
The following sociocultural factors affect public perception of risk: material wealth, personality
traits, personal preparedness, the perceived role of the individual versus society as a whole, prior
experience, a misunderstanding of probabilities like the “100-year flood”, and how such concepts
are portrayed in the media (Burn, 1999, Handmer & Penning-Roswell, 1990, Ludy & Kondolf,
2012, Slovic, 1987). Baan & Klijn (2004) added that the perceived degree of free choice, equity,
degree of control of risk, and expected gains are also factors affecting public perception of risk.
Several characteristics of perception should be considered when evaluating disaster risk
perception. According to Weinstein (1980), people tend to suffer from optimism bias, or the
belief that they are invulnerable while others are susceptible to danger (Weinstein, 1980).
Additionally, people rely on previous experiences to make judgements about the likelihood of
future events (Gilbert & Wilson, 2007). Furthermore, perception is relative in that it depends on
the experiences and viewpoints of an individual; organized in the sense that people attempt to
construct meaningful relationships between the pieces of information that are received; selective
in that individuals tend to select information that is of relevance to their personal experiences and
current situation; based on expectations, meaning that individuals attempt to construct new
information to fit an expected view of reality; and variable since risk will be perceived
differently by different individuals in the same situation (Baan & Klijn, 2004, Slovic, 1987,
Wilson, 1990). Finally, information should be presented to people in a language comprehensible
to them and their feelings should be taken into account as well (Slovic, 1987).
3. Background and Motivation
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In 2018, five deaths, 16 injuries, and $31.03 million in damages to crops and property were the
significant results of major flooding in Pennsylvania (PA) (NWS, 2019). LancCo experienced
measurable damage to homes, businesses, and infrastructure as 2018 was the wettest year dating
back to 1914 (Blest, 2018, Stauffer, 2019). In Mount Joy, PA, a stalled precipitation band
resulted in nine inches of rain over the area within three hours, turning the main street into a
raging river (Umble, 2018). Meteorologists Eric Horst of Millersville University and Paul Head
of the NWS who have studied LancCo weather and Shirley Clark, a professor of environmental
engineering who lives in a neighboring county, explained that factors contributing to this
extraordinary flooding include climate change, development, and outdated stormwater systems
(Stauffer, 2018). With a growing threat of extreme rainfall events like this one and others
explained in the 2018 National Climate Assessment, flood awareness, reception, and
understanding of hazard messaging is imperative (Di Liberto, 2018, Jay et al., 2018).
Past studies have confirmed that individuals respond appropriately when they are aware of and
understand the dangers associated with a given hazard (Slovic, 1987). Also, people selectively
absorb information that is relevant and convenient to their reality; and risk judgment is attributed
to thoughts and emotions (Baan & Klijn, 2004, Burn, 1999). Hence, communities with low flood
awareness, risk perception, preparedness, and mitigation efforts, are more susceptible to
sociocultural and economic damages (Messner & Meyer, 2005).
Previous studies have found that effectively describing the degree of risk associated with a
situation will motivate people to take action (Slovic, 1987). While experts tend to focus on
statistics (e.g. number of annual fatalities, catastrophic potential, threat to future generations) and
what went wrong for after action reports, public judgements of risk are sensitive to statistical
factors (Baan & Klijn, 2004, Slovic, 1987). Instead, improvements in messaging to express
impacts in positive terms have been found to be less threatening to people (Baan & Klijn, 2004,
Slovic, 1987). For example, a negative probability can be expressed as a positive protection level
(Baan & Klijn, 2004). Similarly, Slovic et al. (2007) found that people understand percentages of
probabilities better than frequencies. While the general public tends to lack certain knowledge
about hazards, their basic conceptualization of risk is much stronger than that of the experts and
reflects legitimate concerns that are typically omitted from expert risk assessments (Slovic,
1987).
Many reports have discussed public risk perception of flooding events including Carr et al.
(2016) which focused on comprehension and perception of National Weather Service (NWS)
forecast and warning products for riverine flood events. Recent experience with flood events
appears to foster disaster awareness more than any other time of the recovery timeline, known as
the Crisis Effect (Baan & Klijn, 2004, Burn, 1999, Stefanovic, 2003). Conversely, when people
believe that the addition of levees, dams, and other structures completely prevent disasters,
known as the Levee Effect (Baan & Klijn, 2004, Motoyoshi, 2006, Stefanovic, 2003).
Ultimately, individuals in a community may assess the risk of being affected by flooding very
differently, because they do not have the same information about the probability of flood hazard
events in their region, flood mitigation measures and their effectiveness (Brilly & Polic, 2005). It
is also possible that they have a different historical background regarding the experience of
living in a floodplain and of being flooded in general (Messner & Meyer, 2005).
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Furthermore, hazard risk perception studies have never been conducted in LancCo. As a result,
there are no records of how LancCo residents perceive their risks to flooding events, which
mediums they prefer to receive their safety messaging, or what messages resonate with them the
most. Moreover, according to the U.S. Census Bureau’s 2018 estimates, LancCo experienced a
0.5% growth rate, making it the 13th fastest growing county in Pennsylvania. Its moderate
population growth rate could put it over the 550,000 mark by 2021 (Explore Retirement Living,
2020, Hawkes, 2019). So, it is imperative for experts to evaluate the best way to engage current
and incoming community members in hazard preparedness. These rare yet historic events lead to
damage and sometimes loss of life. Therefore, it is imperative that everyone be aware of their
risks and take appropriate measures to foster preparedness and safety.
It was hypothesized that if people do not understand their risk to flooding, then they will not
understand flood safety messaging and will be unprepared if a flood were to impact their homes.
The first objective was to identify the flood risk perception of LancCo residents (target
audience). Then, the most effective way to tailor flood hazard messaging to the perceptions of
the target audience to enhance safety and reduce loss of life and property was identified. Lastly,
the results provided weather and emergency management experts and local decision-makers with
suggested flood hazard messaging refinements.
Therefore, this study attempted to evaluate local flood risk perceptions of LancCo residents. The
research focused on two specific summer 2018 extreme flooding events in LancCo to learn how
communities perceived the risks communicated to them. Flood risk perceptions were assessed
directly from LancCo residents and first-hand field experiences of experts and decision-makers
that disseminate messaging and order evacuations. Ultimately, results implied that flood hazard
messaging should be tailored to the target audience’s perceptions to enhance safety and reduce
loss of life and property.
4. Literature Review
The notion of risk perception refers to the intuitive risk judgements of individuals and social
groups in the context of limited and uncertain information (Slovic, 1987). These judgements vary
between individuals due to different levels of information and uncertainty, different intuitive
behavior, and as a result of specific power constellations and positions of interest (Messner and
Volker, 2005). Risk perception can be thought of as a combination of hazard, the technical or
scientific measure of a risk, and outrage which are the emotions that the risk evokes (CDC,
2019). Risk perception research is grounded in basic cognitive psychology (Slovic, Fischhoff,
and Lichtenstein, 1982). It is quantifiable and predictable using psychometric techniques to
identify similarities and differences among groups with regard to risk perceptions and attitudes
(Slovic, 1987). The perception and acceptance of risks depend on social and cultural factors (e.g.
material wealth, personality traits, preparedness, the perceived role of the individual versus
society as a whole, and prior experience (Baan and Klijn, 2004, Burn, 1999, Gilbert and Wilson,
2007, Handmer and Penning-Roswell, 1990, Slovic, 1987, Sjöberg and Drottz-Sjöberg, 1994,
Ludy and Kondolf, 2012).
Wilson (1990) lists several characteristics of perception including; (1) relative in that it depends
on the experiences and viewpoints of an individual; (2) organized in the sense that people

4

attempt to construct meaningful relationships between the pieces of information that are
received; (3) selective in that individuals tend to select information that is of relevance to their
personal experiences and current situation; (4) based on expectations, meaning that individuals
attempt to construct new information to fit an expected view of reality; and (5) variable since risk
will be perceived differently by individuals in the same situation. Similarly, Whyte (1986)
distinguished three groups of factors influencing amplification of the perceived risk; (1) personal
characteristics (e.g. lower education, gender, age, being a parent, anxiety, etc.), (2) situational
factors (e.g. event is not under control of the individual, nonvoluntary exposure, recent
dangerous event, threat to children, inadequate resources, lack of confidence in authorities,
contradictor scientific opinions, great media attention, etc.), (3) risk characteristics (e.g.
immediate threat, direct health consequences, low probability of danger, unknown new danger,
fear arousing danger, mortal cases, etc.).
Individuals tend to have optimistic outlooks for themselves compared to the general population
which is defined as optimism bias (Weinstein, 1980). The concept of optimism bias can be
applied to flooding events as their effects are experienced randomly (Weinstein, 1980).
According to a literature review by Slovic (1987), while lay persons generally tend to lack
certain information about hazards, those that have experienced hazardous events before can
conceptualize their local risks better than experts. Burn (1999), found that prior experience with
flood events appears to be most useful when it is recent and relevant to the current event. This is
known as the Crisis Effect or a time when disaster awareness peaks during and immediately after
its occurrence but rapidly dissipates between disasters (Baan and Klijn, 2004, Stefanovic, 2003).
Conversely, the Levee Effect refers to the fact that once protection measures have been taken,
people place unrestrained and often inappropriate faith in the power of the protection (Baan and
Klijn, 2004, Stefanovic, 2003).
The majority of those living in areas where floods or other disasters are frequent, are prone to
make underestimations of danger (Gardner and Stern, 1996). The individuals of a hazard-prone
community may assess the risk of being flooded very differently than those of communities that
are not hazard-prone (Gardner and Stern, 1996, Messner and Volker, 2005). This is because they
do not have the same information about the probability of flood hazard events in their region,
flood mitigation measures and their effectiveness, and they perhaps have a different historical
background regarding the experience of living in a floodplain and of being flooded (Messner and
Volker, 2005). Furthermore, Messner and Volker (2005) believe that if the average flood risk
perception is low in a region, perhaps due to the fact that flood events rarely occur or the level of
flood protection in terms of dykes and levees is high, then most civilians do not think that they
could ever be affected by flooding in their area. As a consequence, they would more than likely
not take any action to decrease the risk or to prepare for the occurrence of flooding.
Furthermore, even in instances when they were warned in advance of an emerging flood hazard,
they would probably either not believe that this could really happen, or they would just not know
what to do. Conversely, if people are well aware of a flood risk – perhaps because they
experience a flood with varying severity time and again – they tend to be better informed and
prepared (Baan and Klijn 2004). Therefore, additional local flood risk perceptions studies are
needed to evaluate the understanding and further help community members strengthen their
understanding of their flood risks.
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5. Methods and Study Area
The methods and approach utilized in this study are based on similar studies and have been
designed based on previous hazard and flood risk perception studies (Baan & Klijn, 2004, Burn,
1999, Carr et al., 2016, Messner & Meyer, 2005, Stefanovic, 2003). The discussion questions
with local meteorologists and emergency managers, hereafter referred to as experts were drafted
based on effective practices of these studies.
In order to provide a more comprehensive context for the discussion, it was important to
complete the interviews with the experts before the general public so that their concerns and
questions could be incorporated into the survey questions for the public. The experts consisted of
National Weather Service Weather Forecast Office State College forecasters and Science and
Operations Officer, and broadcast meteorologists from WGAL-TV the NBC affiliate, WHTMTV the ABC affiliate, WHP-TV the CBC affiliate, and WPMT-TV the FOX affiliate of
southcentral PA. Experts also included emergency manager municipal coordinators from the
initial targeted municipalities of Mount Joy Borough, Manheim Borough, Rapho Township.
Other experts included the Township Manager for Rapho Township, the State Meteorologist of
the Pennsylvania Emergency Management Agency (PEMA) and the Deputy Director of the
LancCo Emergency Management Agency (LEMA). The complete list of questions for the
experts’ survey can be found in Appendix III. The questions based on the interviews that were
included in the study questions can be found in Appendix II. In addition, the survey questions for
general participants were developed based on information from the literature review and expert
interviews.
The proposed research question was initially addressed through three focus groups in three
specific flood-prone communities of LancCo, representing suburban (Mount Joy Borough and
Manheim Borough), and rural (Rapho Township). The most recent significant event occurred on
August 31, 2018 as over 9 inches of rain fell in three hours (Crable, 2018, Umble, 2018). All
three communities were impacted by localized flash flooding that ruined homes, closed
highways, and stranded motorists (Umble, 2018). Adjacent municipalities Mount Joy and
Manheim dealth with unprecedented flooding with over eight inches of rain falling across both
communities on main streets, Route 283 in three hours (Horst, 2018, Umble, 2018). A low-lying
stretch of Rapho Township falls between Mount Joy Borough and West Hempfield Township.
This land houses Pinehurst Manor mobile home park. All 25 homes in the park were damaged
and six of those were condemned (Crable, 2018).
In order to connect with the community residents and solicit participation, flyers were distributed
within those communities in areas such as libraries, event boards, and restaurants. Municipal
coordinators shared the flyers with their networks and posted to social media. The lead
researcher also went to municipality government meetings and town halls to explain the study
and recruit participants. Additionally, the flyer was circulated through a variety of social media
platforms including Facebook, Instagram, and Twitter.
A total of eight people participated in the three focus groups. The sample size of eight was not
quantitatively suffice for a thorough representation of the county, therefore, the study area was
increased to include residents from all communities in LancCo. Essentially, the expansion of the
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study area resulted in a second set of data collection. This included urban settings as well. An
additional expert interview was conducted with the Marietta Borough municipal coordinator at
this time.
The most significant change in the second set of data collection was the option for participants to
take the survey on their own and participate in the succeeding discussion as a phone or in-person
interview as opposed to completing the survey and discussion in the focus group setting. The
interview questions for the phone and in-person interviews were identical to those in the focus
group. The strategy for offering interviews helped to increase the sample size by accommodating
the schedules of the participants that could not attend set focus group dates and times. As a
result, four additional focus groups were conducted in addition to the participant interviews.
Information about the second round of focus groups was primarily through the social media
platforms, NextDoor, email blasts, and word of mouth.
As a result of the data collection expansion, a total of 40 LancCo residents participated in the
study. All participation was concentrated in west-central LancCo with the majority of
participants from Mount Joy Borough and one resident from Lititz.

Figure 1. Map of Lancaster County, PA depicting a geographical heat map of participants from
Lancaster County Emergency Management Agency (Geographic Information System Division of
the Lancaster County Information Technology Department, 2020).
The focus group sessions began with signing the consent form, completing the paper survey, and
a group discussion explaining the reasoning behind survey answers and responding to the
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questions from local experts. The completed questions asked in the group discussions can be
found in Appendix I. The format of the one-on-one interviews was similar, except for that
individuals either took the paper survey on their own and shared results electronically, or they
completed the survey online. The session then included a discussion of the responses either by
phone or in person. The one-on-one interview questions and format were the same as the focus
group survey and discussions.
The method for analyzing the focus group/interview data utilized included the following steps:
1) Transcribing all of the focus group/interview conversations using Otter.ai artificial
intelligence technology.
2) Rearranging the conversations so that all of the responses were in the order of the questions
asked.
3) For each question, noting the main ideas that occur in the survey and discussion responses.
4) Reviewing the main messages to identify those which occurred repeatedly.
5) Identify themes based on the recurring messages in responses.
For reference focus group and participant interview questions can be found in Appendix I. There
were four categories of questions including risk perception, awareness of vulnerability,
messaging, and socio-demographic questions. The full survey can be found in Appendix II. Still,
five additional open-ended questions were included in the focus group discussions. These
questions were derived from expert interviews and can be found in Appendix III. The results from
the study are detailed below.
6) Results
The results detailed here focus on the responses to the survey questions and discussions
(Appendix I). Graphs for each question can be found in Appendix IV. Table 1 shows a sociodemographic breakdown of focus group participants. The rest of the results are separated by
topic; risk perception, awareness of vulnerability, and messaging.
a) Focus group participants
Age
21-89 Years Old
Gender
50% Male, 50% Female
Education
High School – Graduate Degree Level
Neighborhood Style
Suburban, Rural, and Urban
Own or Rent Home
77.5% Own, 22.5% Rent
Living Alone or With Others
90% With Others, 10% Alone
Household Income
50% is greater than $100,000
Table 1. Breakdown of soci-demographics and select household information of participants.
The majority of participants owned a home while 22.5% were renters. Of the nine
participants that rented, only four had control over what safety measures they could take with
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renovating the apartment to mitigate flood damage. Only 10% of participants lived alone.
According to the U.S. Census Bureau (2018) LancCo had a median household income of
$63,823. Therefore, the database represents above average income as 50% of participants had
a household income greater than $100,000. Throughout LancCo, there are suburban (68%),
rural (30%), and urban (2%) communities (The Center for Rural Pennsylvania, 2014). The
participants represented all of those communities with 55% from a suburban community,
20% from a rural community, and 25% from an urban community. Over half of the
participants lived in their homes for over 10 years, 35% for 1-5 years, and 10% for 6-10
years. One participant had only lived in their house for less than a year, but they indicated
they moved to a different neighborhood still within the county. Most of these homes were
single multi-story house, 13% were within housing developments, 13% were townhouses,
8% were ranch-style homes, and 10% were apartment complexes.
b) Risk perception
Questions related to flood risk perception were asked to gauge how residents classified their
risk to flooding impacting their homes. They were also asked what safety measures they have
taken to prepare for a flood event.
The top three hazards individuals were most concerned with affecting their residence were
fire, termites, and sink holes. Flooding was a moderate to low concern according to how
participants ranked their level of concern of hazards. When participants were asked when
they hear the word flood, what comes to mind, they provided a range of responses. The most
common responses were water causing damage to personal property, a river running down
the street as they had seen on the news, and backed up storm drains.
Participants were asked about their personal preparedness efforts based on their use of flood
safety plans, car safety kits, and Go Kits. Most participants, 87.5%, did not have a flood
safety plan for their homes. When asked how likely they were to put together a flood safety
plan after learning what items can linger in flood waters, 45% of participants were somewhat
likely, 32% were very likely, and 22% were not likely to put one together. Contrarily, 35% of
participants reported having a car safety kit. Only 20% had a Go Kit and most did not know
how many days-worth of materials they needed to have in their Go Kit. Common responses
included having enough materials to travel to a family member or friend’s house, and or to a
hotel for a couple of days.
The questions were also designed to more specifically learn what motivates participants to
take safety actions. An important part of flood safety is willingness to listen to local officials.
A total of 75% of participants stated they would evacuate if local officials put in evacuation
orders ahead of an extreme rainfall event that would result in major flooding in their
neighborhood. Twenty percent of participants shared that only if their family, friends, pets,
and/or livestock evacuated too and only 5% stated that they would not evacuate their home.
Furthermore, 80% of participants were motivated to take action if the TV/radio/officials
specifically mentioned their local neighborhood could experience flooding. The specific
actions varied amongst the participants, but the common responses were that if the notice
was at least a day in advance, they would pack a bag and leave. In cases where there was no
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notice, they would grab the essentials and go somewhere else for the night (e.g. relative
house, hotel). If they did not perceive the event to be life threatening, they would move
exterior items indoors and elevate them off of the ground as well as frequently clear their
drains of debris to prevent clogs. The participants that stated they would not take immediate
action, explained their response’s dependency on the wording of the warning messages. One
participant stated that “If I hear the word could, I would have heightened awareness but not
evacuate”. Other participants said they would rely on instinct as to whether or not they
should evacuate because they do not believe they live in flood-prone areas.
c) Awareness of vulnerability
To assess awareness of vulnerability, participants were first asked whether or not they live in a
flood-plain area; 62.5% of participants did not believe that they lived in a flood plain, 20%
believed they do, and 17.5% were not sure whether or not they lived in a flood-plain area. The
FEMA map of the Lower Susquehanna Watershed, which includes LancCo in Figure 2, depicts
flood risk in U.S. dollars. While there is no overlay of the participants’ home addresses and the
flood risk areas, comparing the two maps, Figure 1 and Figure 2, shows that flood-prone areas
fall within all jurisdictions from which participants reside.

Figure 2. FEMA Flood risk map for the Lower Susquehanna Watershed. Flood-prone areas are
scattered between much of northwestern and central LancCo (FEMA, 2014).
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Most participants believed that their place of residency is on relatively high land while 45%
believe they live on relatively flat land. If participants lived on a hill, they considered themselves
living on high ground. As a follow-up, participants were asked if they felt safer on their first
floor, second floor, or attic if the possibility of flooding was in the forecast. An equal number of
participants felt safest on first and second floors of their homes. Ten percent felt safest in the
attic. Participants explained that they felt safest on their first floor, because it gave them easy
access to the car in case they need to evacuate. Other participants explained that since they lived
on high ground, they are safe on all floors of their house.
A significant factor in awareness of vulnerability is past experience with flooding events.
Twenty-seven percent of participants had experienced residential flooding one to three times;
most participants had experienced the one or both of the 2018 summer flooding events: July
Atmospheric River flooding, August localized Flash Flooding. Five percent of the participants
experienced residential flooding for four to six times including during Tropical Storm Lee in
2011 and the summer flooding events of 2018. The perspective of the participants that have
experienced flooding was solicited intentionally, since they would be able to provide comments
based on past experiences. However, 67.5% of participants houses have never flooded. The
perspective of this population of the participants was also solicited to compare the risk
perception of the two groups.
While most participants had homeowner’s insurance, 17.5% did not. Of that percentage, all but
one person stated they had renter’s insurance. When asked if their homeowner’s insurance
covered flooding, the overwhelming responses were no and I don’t know. The 15% that said yes
explained that they had a rider on their policy. Forty three percent of participants never thought
about obtaining flood insurance. Others assumed they didn’t need it because they had never
experienced flooding. Additional reasons people didn’t have flood insurance were related to the
impacts on their insurance costs. Two participants expressed frustration after calling their
insurance company to add flood insurance to their policy and being denied by the insurance
company due to the participants not living in a flood plain area.
The questions also covered issues related to floodwater safety; specifically, walking and driving
in flood waters. This topic is a focal point of the National Weather Service hazard safety, so
these questions were asked to gauge how familiar the participants were with the NWS floodwater
safety initiative. The majority of participants had not walked in more than six inches of flood
waters, but 47.5% had walked in more than six inches of flood waters. The participants who had
stated that it was either when they were kids, due to residential flooding, performing water
rescues, or it was work-related. They were then asked how much flood water they believed was
safe to walk through; five people said they would walk in no more than three inches, four people
said they would walk in six inches, and four people said they would walk through water as long
as they can see the ground. When asked what would make them stop and not drive through
flooded roadways, the responses were:
• If water was touching the bottom of my car
• If a road is blocked off
• If I can’t see the road
• If I see someone else try and they don’t make it
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•
•
•
•

If the tires are covered
Depends on the situation and how well I know the area
Depends if I’m driving a low or high vehicle
If I see wires or other cars stuck in the water

Another factor influencing the awareness of vulnerability are participants’ opinions on whether
or not they believe LancCo is experiencing more, less, or the same amount of flooding during the
time that they have lived in the county. Forty-five percent of participants expressed more
flooding due to the following factors:
• Higher frequency of extreme weather events
• Development
• Climate change
Five percent of participants thought there was less flooding than in the past, but that the flooding
is more severe when it does occur. Twenty percent of participants thought that LancCo is getting
the same amount of flooding due to the following factors:
• No recall of any major events in their neighborhood
• There are more events but runoff management is better in their neighborhood
• The weather is getting worse but not amount of flooding
• No personal flood experience to date
Thirty percent of participants had no answer.
While some participants mentioned development as a reasoning for more flooding in the county,
all participants were asked to elaborate on whether or not they feel development was causing
flooding where it did not happen before due to poor runoff/sewer system management, excessive
runoff, more impervious surfaces, and localized flooding. Only 17.5% of participants answered
no they did not feel development was causing flooding where it did not happen before, because
they did not believe increased runoff water due to development would yield river and stream
flooding. A select group of participants from Marietta Borough explained that the stormwater
management system reduces flooding due to development in Marietta, so they were included in
the 17.5% of participants who do not believe that development yields more flooding.
Lastly, the participants who were not natives of LancCo were asked if they experienced flooding
in other regions where they have lived and how those flooding events compared with those in
LancCo. The responses are recorded below:
• Bloomsburg, Pennsylvania – “Flooding is worse there”
• Easton, Pennsylvania – “Flooding is worse there”
• Altoona, Pennsylvania – “Flooding is worse in Lancaster County”
• Jersey City, New Jersey – “Flooding is worse Lancaster County”
• Baylor, Tennessee – “Rural Tennessee is more susceptible to flooding than rural
Lancaster County”
• Coastal New York – “A different kind of flooding, but one is not worse than another”
Please note, there is no map highlighting these specific counties in geographical comparison to
the Lancaster County municipality map in Figure 1.
d) Messaging and Preferred Verbiage
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Communications during an emergency, including a flooding event, differ from routine
communications, because they provide safety tips and oftentimes require a response from the
public rather than merely raise awareness or provide knowledge. So, it is imperative to gauge
how well individuals understand and use current flood safety messaging. Furthermore, knowing
flood terminology will help them understand flood hazards (FEMA, 2018).
Participants were presented with the following NWS flood definitions:
Flood warning - Flooding is imminent or in progress.
Flood advisory - Flooding that is not considered a significant threat to life or property is
expected or occurring.
River flood warning - River is forecast to go above its designated flood stage at the
forecast point.
Flood or flash flood watch - Current and/or developing weather pattern is such that there
is a potential for rapid flooding, more widespread areal flooding, or river flooding.
Areal flooding - Develops more gradually, usually from prolonged and persistent
moderate to heavy rainfall.
Flash flooding - Normally occurs within six hours of heavy or intense rainfall.
Upon reading the NWS definitions, participants were asked to match the term with the proper
definition. For reference, the correct terms and definitions are matched above.
While the majority of participants matched each term and definition correctly, one term stood out
among the others; River Flood Warning, 92% of participants correctly matched that term and
definition. The next correctly matched terms were a tie between Flood Advisory and Areal
Flooding at 58% accuracy. The rest of the results were as follows:
• Flash Flooding – 53% accuracy
• Flood or Flash Flood Watch – 45% accuracy
• Flood Warning – 34% accuracy
As a follow-up, participants were asked more in-depth questions about flood warnings and flood
watches. First, 65% of participants reported having been under a flood warning, while 25% were
not under a flood warning, and 10% did not know whether or not they have been under a flood
warning. Similarly, 75% of participants were under a flood watch, 20% were not under a flood
watch, and 5% did not know whether or not they have been under a flood watch. When asked
about the difference between the two alerts, 80% of participants either flipped the two definitions
or did not have an answer. The following statements were common misconceptions about the
definitions:
• “The word warning sounds like a yellow light.”
• “I think of warning like warning a kid. It’s like I’m warning you, but you can still get
away with it.”
• “Warning sounds less severe than watch. Watch sounds like watch out, it’s coming.”
Participants were also asked if any of the flood terms or definitions were confusing. Twenty-five
percent of participants said the terms made sense as long as an explanation is given after the term
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is stated (e.g. weather forecast). The terms that caused the most confusion among participants
were the areal flooding term and definition, the difference between a warning and an advisory,
and the difference between a warning and a watch.
Participants were asked to rank the flood alerts from least to most concerning. The majority of
participants were least concerned with Flood Advisory (25.5%) and Flood or Flash Flood Watch
(19%). Participants were most concerned with Flash Flooding (32.5%) and Areal Flooding
(30%). Then, they were asked which flood alerts would convince them to take action if they were
watching or listening to a forecast; Flash Flood Emergency (37%) was the most common
response; second, was Flash Flood Warning (25%); third, was Flood Warning (23%). The
actions participants would take included increasing awareness of the severity of weather
conditions and having heightened awareness (e.g. watch news, prepare to evacuate if necessary).
In addition to understanding NWS flood definitions, verbiage about flood waters and rainfall
amounts are often referenced by experts to communicate risk for flooding. Participants expressed
that hearing quickly rising water (34%), water reaching the bottom of your car (31%) and water
reaching your ankles (16%) would convince them to take action if they were watching or
listening to a forecast. The action participants would take included watching and listening to the
weather, staying home, planning on alternate travel routes, checking township website, moving
belongings to higher ground and to car if evacuating, and evacuating to a relative’s house or
higher ground. Furthermore, extreme flooding (25%), damaging flooding (22%), and major
flooding (21%) would convince them to take action if they were watching or listening to a
forecast, the most common responses were the action participants would take include looking
more into the severity of weather conditions and having heightened awareness (e.g. watch news)
and evacuating to higher ground.
In direct response to a large number of unnecessary vehicle-related flood deaths, approximately
97.6 per year on average in the U.S., the NWS developed a national campaign called Turn
Around Don’t Drown (FEMA, 2018, Ashley and Ashley, 2008). Sixty percent of participants
heard the phrase Turn Around Don’t Drown while 30% have not. Most participants did not know
what organization created the phrase. They were provided options of local officials, NWS,
broadcast meteorologists, emergency managers, or police officers. Only 15% of participants
correctly chose NWS.
While all participants had a go-to source for flood safety messaging, the primary source for
receiving flood safety messaging was local news on traditional TV media (37.5%). Other
common sources included various weather apps (17.5%), The Weather Channel on traditional
TV media (12.5%), and the Internet (12%). Within local news, WGAL-TV, the NBC affiliate for
southcentral PA was the most watched local network. Every participant that stated WGAL-TV
was their go-to source said that was because WGAL-TV is located within Lancaster County
where they live. Out of all of the weather apps mentioned, the Weather Channel was the most
used app. Local news stations (WGAL-TV the NBC affiliate, WHTM-TV the ABC affiliate,
WHP-TV the CBC affiliate, and WPMT-TV the FOX affiliate of southcentral PA) and the NWS
websites were frequently viewed for flood safety messaging.
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Thirty-six percent of participants checked their go-to source twice a day when they think there is
a threat for severe weather. Twenty-five percent of participants checked daily, 21% of
participants check multiple days ahead of time, and 18% of participants checked once-a-day
when there is a threat for severe weather. So, when they are not actively paying attention to the
weather, participants prefer meteorologists and local officials to through an alert notification
with sound like Emergency Alert System, municipality-wide text message (SMS alert system) or
municipality-wide app, or a TV banner with sound on all channels as opposed to only on basic
cable stations.
At the end of the discussion, participants were asked what key information they would like to
know from meteorologists before any flooding event. Key information from meteorologists
included the location (neighborhoods) and timing/duration from start to finish of flooding,
rainfall estimates, and expected levels of flood waters. They were also asked what they expect
from their local officials surrounding a flood. Before a flood, participants expected local officials
to disseminate information via mobile phone alerts and prepare themselves for the response.
During a flood, participants expected local officials to actively monitor weather, be vigilant of
citizens’ well-being, and give updates on the flooding areas and areas to avoid. After a flood,
participants expected local officials to serve in a supportive role, provide resources, funding, and
clean up tips. Based on these responses, the participants thought of local officials as local
government, emergency managers, and first responders.
The participants who had experienced flooding in the past were asked how their local officials
response to community flooding could improve in the future. Common responses included:
“Local officials could get more information out there”
“They should give more advance notice (via local emergency app)”
“Monitor the trash cans, because people took advantage who didn’t have flooding and
they filled up too fast”
“Mount Joy has stormwater management issues and someone needs to step up and
actually see what are the needs of the people”
“Clean properties on my street”
“Stormwater management improvement”
“Consistent communication”
“Set up an emergency fund for each municipality where all citizens are taxed for it and it
is divided between affected citizens based on severity of property damage”
“Learn how to address large-scale emergencies properly”
“Gain experience in emergency situations”
Lastly, participants were asked what their local officials do well surrounding community
flooding. Common responses included:
“Local fire and police do a great job”
“After the 2018 floods, the large trash cans helped residents of Mount Joy clean up more
efficiently”
“Local officials do well”
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Overall, these results depicted the responses of the 40 LancCo participants in response to flood
risk perception, awareness of vulnerability, messaging and preferred verbiage. For detailed
results, reference Appendix IV. Next, the results will be summarized to highlight key findings.
7) Summary of Findings and Conclusion
In summary, the definition of the word flood is very subjective. Participants had different
definitions based on whether or not they had past flood experiences. The NWS definition is
broad and technical, yet individuals tend to think of personal experiences and visual examples of
flooding as opposed to the specific definitions upon which Watch, Warning, and Advisory
(WWA) are based. Flooding was not one of the top three hazards that the participants were
concerned with since most of the houses in LancCo were built in the nineteenth century and
some LancCo houses sit on limestone deposits as depicted in Figure 3 (City of Lancaster, 2013).

Figure 3. The Lancaster County Geology Over Topographic Relief map by the Geographic
Information System Division of the Lancaster County Information Technology Department.
Note the limestone regions depicted in light blue, dark blue, and teal (Geographic Information
System Division of the Lancaster County Information Technology Department, 2019).
These factors contributed to how vulnerable LancCo houses were to termite infestations, house
fires, and sink holes, which were the top three concerns. There was no specific breakdown of
where the participants’ houses are in relation to where the limestone deposits are in LancCo.
The phrase Turn Around Don’t Drown was developed by the NWS and is a token of the weather
and emergency management communities alike. While most participants heard the phrase before,
they were not aware of where it came from. Then, with flood warnings and watches, most people
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recognized that they had been under these alerts, but struggled in answering the question,
because they were not sure if it was asking whether or not they have ever been under one before
or specifically have been under one while at their house. So, responses reflected both thought
patterns. An expected finding was that most participants mixed up the definitions of watch and
warning. An unexpected finding was that some participants were confused about the difference
between an advisory and a warning. On average, participants were successful in matching flood
safety definitions and terms, but they overwhelmingly stated that there are too many different
flood definitions. The only one they were sure about was River Flood Warning because it said
the word river in the definition.
Fittingly, the NWS just underwent an extensive Wireless Emergency Alert (WEA) flash flood
alert simplification. Flash flood warnings now have damage threat tags, so WEAs will be issued
for only the most life-threatening flood events — with a damage threat tag of “considerable” or
“catastrophic.” (NOAA, 2020). This ultimately means fewer messages about flash flooding, but
that the message is imperative when you do receive it. Already, people are most concerned with
flash flooding and areal flooding and least concerned with flood advisory and flood or flash
flood watch because they do not find the words advisory and watch to be threatening. In a later
question when the term Flash Flood Emergency was introduced only the participants who
experienced flooding in Mount Joy during the August 2018 flood recalled hearing that term,
because a Flash Flood Emergency was issued during that event. When asked if a Flash Flood
Emergency or Flash Flood Warning is more concerning, most participants accurately said that
Flash Flood Emergency was most concerning.
In general, the study found that flood safety messaging was best received through written
paragraphs or text messages. Participants who were active on social media were familiar with
infographics while others were not. Still, the go-to source of receiving flood safety messaging
was TV. Most people went to local news, primarily, WGAL-TV, though all local stations were
mentioned. The Weather Channel was the other most watched TV channel for flood safety
messaging. Outside of TV, mobile weather apps were the second most common method for
receiving flood safety messaging. The Weather Channel app was the most mentioned app. Others
include Weather Bug, AccuWeather, the iPhone/Android standard weather apps. Individuals
would check these sources twice-a-day, on average, if they think there is a chance for severe
weather. If they are not paying attention, they would prefer a text message or other alert buzz
their phone, computer, or TV. Individuals liked to receive notification when there is a serious
flood event heading their way. They requested that there be a text message or alert pop-up on
their phone, computer, and TV with a sound that is attention-catching yet different than what
they were used to hearing on a day-to-day basis. This is very similar to WEA alerts, but they
would like this to be municipality-wide where their local emergency managers monitor the
weather and send out alerts as needed.
Overall, it is important that experts stress flood severity, but not overuse hazard wording so that
alert messages are not disregarded. The participants who live on high ground and/or participants
who have not experienced flooding before were not worried about flooding damaging their house
in the future. To combat this erroneous low risk perception, there needs to be more focused
education and outreach specifically about flooding and its importance as a hazard in LancCo.
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Currently, flooding is the highest risk at 3.4 out of 4.0 (where 4.0 is the highest risk factor value)
on the list of PA hazards in the 2018 Hazard Mitigation Plan (PEMA, 2018).

Figure 4. The ranking of all hazards from the Pennsylvania Emergency Management Agency
(PEMA) 2018 Hazard Mitigation Plan. Note the values in the far-right column are Risk Factors
where 4.0 represents the highest Risk Factor Value (PEMA, 2018).
Furthermore, participants tended to understand their risks with other hazardous weather
phenomena better than with flooding, unless they have personally experienced a flooding event.
Finally, they preferred to visualize the level of potential flooding through descriptions, especially
if they have not experienced a flooding event.
Therefore, it is recommended that municipalities look into communication services to create a
municipality-wide app for residents to receive localized flood hazard messaging updates. There
should be additional simplification of flood hazard messages through the NWS Hazard
Simplification program. All messages should be tailored to the target audience’s perceptions to
enhance safety and reduce loss of life and property. Lastly, educational and safety materials
should have a visual component, because this helps people visualize their risks.
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Appendix I: Focus Group/Interview Discussion Questions
Q1: In your opinion, what constitutes a flood?
Q2: How many inches of rain do you think it would take to flood your home?
a. 1-3” of rain
b. 4-6” of rain
c. 7-9” of rain
d. 10”+ of rain
Q3: Out of the common hazards in PA that impact homes, how concerned are you with flooding?
1 is least concerned, 5 is most concerned) Options are tornado, fire, termites, flood, sink holes.
Q4: How many inches of flooded waters in your home would make you feel that you need to
evacuate your home?
a. 1-3” of rain
b. 4-6” of rain
c. 7-9” of rain
d. 10”+ of rain
Q5: If you are watching/listening to a weather forecast and you saw/heard wording a-e, which
types of flooding (a-e) would motivate you to take action if flooding was forecasted for your
neighborhood?
a. Quickly rising water
b. Slowly rising water
c. Ponding water
d. Water reaching your ankles
e. Water reaching the bottom of your car
Q6: Do you have a flood safety plan for your home?
Q7: Do you have a go kit, car safety kit, evacuation plan? Enough materials for at least 3 days?
Q8: During a flood, not only can your property be submerged in water and ruined, loose articles,
including sharp objects can float in the water. Electrical wires submerged in the water can shock
and kill you. Bacteria can also grow and spread in the water potentially passing along a virus or
give you an infection. Knowing this information, how likely is it that you will put together a
flood safety plan ahead of time?
Q9: What do you think lingers in flooded waters?
Q10: Which of the following would affect your decision to evacuate?
Q11: Do you live in a flood-plain area (an area that is near a river, stream, or a body of water fed
by streams, rivers, or underground springs)?
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Q12: Do you think damaging floods can occur outside of a flood plain?
Q13: Do you have homeowner’s insurance?
Q14: If yes, does your homeowner’s insurance cover flooding?
Q15: Do you have flood insurance?
Q16: Do you know where to get the insurance, do you know what it covers? Why don’t you
have it?
Q17: Do you have other hazard insurance and how much has it actually helped, have you had to
use it?
Q18: Have you ever walked in more than 6” of flood waters?
Q19: How much water is okay to drive through? What would make you stop and decide not to
drive through flooded waters?
Q20: Have you heard the phrase Turn Around Don’t Drown? Do you know where it comes
from?
Q21: How many times has your house been flooded?
Q22: Do you understand the process of what to do if your house does flood? E.g. check with
insurer, then aid availability from VOAD, Salvation Army, churches, Red Cross, then state, then
federal, then loans.
Q23: Is your place of residency situated on relatively flat land?
Q24: Have you ever been under a flood warning?
Q25: Have you ever been under a flood watch?
Q26: Do you know the difference between a watch and warning?
Q27: When do you think it flooded here last?
Q28: What part of your house do you feel safest in when there’s a chance for flooding?
Q29: Do you think we’re getting the same amount or more flooding than in the past? If more,
why do you think so?
Q30: Are you worried about development causing flooding where it didn’t happen before (e.g.
pavement, shopping centers, housing complexes)?
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Q31: Match the following definitions to the correct descriptions.
a. Flood Advisory
b. Flood or Flash Flood Watch
c. Flood Warning
d. River Flood Warning
e. Flash Flooding
f. Areal Flooding
Definitions:
Flooding is imminent or in progress.
Flooding that it's not flooding that is not considered a significant threat to life or property is
expected or occurring.
River is forecast to go above its designated flood stage at the forecast point.
Current in or developing weather pattern is such that there's potential for rapid flooding, more
widespread aerial flooding or river flooding.
Develops more gradually usually from prolonged persistent moderate to heavy rainfall.
Normally occurs within six hours of heavy or intense rainfall.
Q32: Who do you think issues the advisories, watches, and warnings mentioned in question 19
(Q31)?
Q33: Is there anything that confuses you with the flood messaging from the National Weather
Service? Do the names make sense?
Q34: If you had to categorize them by severity, how would you do that? (1 is least severe, 6 is
most severe)
Q35: Where along this line (of alerts) would you take action or start thinking you may be
endangered?
Q36: What do you think is the meaning of a 50-year/100-year/500-year/1000-year flood event?
Q37: If you’re watching or listening to a weather forecast and hear words/phrases a-h, which
words/phrases (a-h) would convince you to take action (e.g. board up basement, move to higher
grounds, evacuate) if heavy rain was forecasted for your neighborhood?
a. Damaging flooding
b. Significant rainfall
c. Major flooding
d. Extreme rainfall
e. Extreme flooding
f. Heavy rains
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g. Localized flooding
h. Downpour
Q38: If you’re watching or listening to a weather forecast and hear messages a-e, which
messages would convince you to take action if heavy rain was forecasted for your neighborhood?
a. River Flood Watch
b. Flood Warning
c. Flash Flood Warning
d. Flash Flood Emergency
e. Flood Advisory
Q39: Circle the ways in which you prefer to receive flood safety messaging.
a. Info-Graphics (animated photo with words explaining the picture)
b. Written Text Explanation
c. Verbal Explanation
Q40: What are your sources for receiving flood safety messaging and alerts?
Q41: Which of the following is your first source for receiving flood safety messaging and alerts?
Q42: What do you view as important in a flood situation (e.g. apps, tweets, Facebook posts)? Is
the way broadcast meteorologists present information valuable or useful to you?
Q43: Are you motivated to take action if the local TV/radio/officials specifically mention that
your neighborhood could experience flooding?
Q44: What is the best way that a local official or meteorologist can get a message to reach you?
Q45: How often do you normally check your sources of flood safety messaging if you think
there is threat of severe weather?
Q46: If local officials informed you to evacuate ahead of an extreme rainfall event that would
result in major flooding in your neighborhood, would you evacuate your home?
Q47: What expectations do you have for your local officials when it comes to flooding? What
would you like to see more of from your local officials?
Q48: If you have experienced house flooding, have you ever felt like local officials could do
more to protect you or help you recover from a flood situation? Why or why not?
Q49: Do you own or rent your place of residency? If you rent, do you have any control over
your safety in the house, or are all of the rules up to the landlord?
Q50: If you haven’t lived in this area all of your life, did you experience flooding where you
lived before? If you did experience flooding before, did the flooding here in Lancaster County
change how you perceive the severity of flooding?
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Appendix II: Survey
Disclaimer: No personal information will be disclosed. All answers you provide will be in strict
confidentiality.
Date: _____________
Risk Perception Questions
2) How many inches of rain do you think it would take to flood your home (circle all that
apply)?
a. 1-3” of rain
b. 4-6” of rain
c. 7-9” of rain
d. 10”+ of rain
3) How many inches of flooded waters in your home would make you feel that you need to
evacuate your home (circle all that apply)?
a. 1-3” of water
b. 4-6” of water
c. 7-9” of water
d. 10”+ of water
4) If you are watching/listening to a weather forecast and you saw/heard wording a-e, which
types of flooding (a-e) would motivate you to take action if flooding was forecasted for
your neighborhood (circle all that apply)?
a. Quickly rising water
b. Slowly rising water
c. Ponding water
d. Water reaching your ankles
e. Water reaching the bottom of your car
5) Do you have a flood safety plan for your home?
a. Yes
b. No
6) During a flood, not only can your property be submerged in water and ruined, loose
articles, including sharp objects can float in the water. Electrical wires submerged in the
water can shock and kill you. Bacteria can also grow and spread in the water potentially
passing along a virus or give you an infection. Knowing this information, how likely is it
that you will put together a flood safety plan ahead of time?
a. Not likely
b. Somewhat Likely
c. Very Likely
7) What do you think lingers in flooded waters (choose all that apply)?
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a.
b.
c.
d.

Loose articles (including sharp objects)
Electrical wires
Bacteria
Whatever was there before water covered it

8) Which of the following would affect your decision to evacuate?
a. If your neighbors evacuated first or with you
b. If local officials told you to do so
c. If everyone in your family (including pets) leaves with you
d. Only if you felt like evacuating
Awareness of Vulnerability Questions
8) Do you live in a flood-plain area (an area that is near a river, stream, or a body of water
fed by streams, rivers, or underground springs)?
a. Yes
b. No
c. I don’t know
9) Do you think damaging floods can occur outside of a flood plain?
a. Yes
b. No
c. I don’t know
10) Do you have homeowner’s insurance?
a. Yes
b. No
11) If yes, does your homeowner’s insurance cover flooding?
a. Yes
b. No
c. I don’t know
12) Do you have flood insurance?
a. Yes
b. No
13) Have you ever walked in more than 6” of flood waters?
a. Yes
b. No
14) How many times has your house been flooded?
a. Never
b. 1-3 times
c. 4-6 times
d. 7-9 times
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e. 10+ times
15) Is your place of residency situated on relatively flat land?
a. Yes
b. No
16) Have you ever been under a flood warning?
a. Yes
b. No
c. I don’t know
17) Have you ever been under a flood watch?
a. Yes
b. No
c. I don’t know
18) What part of your house do you feel safest in when there’s a chance for flooding (choose
one)?
a. Basement
b. First Floor
c. Second Floor
d. Attic
Messaging Questions
20) Match the following definitions to the correct descriptions.
a. Flood Advisory
b. Flood or Flash Flood Watch
c. Flood Warning
d. River Flood Warning
e. Flash Flooding
f. Areal Flooding
____ Flooding is imminent or in progress.
____ Flooding that is not considered a significant threat to life or property is
expected or occurring.
____ River is forecast to go above its designated flood stage at the forecast point.
____ Current and/or developing weather pattern is such that there is a potential for
rapid flooding, more widespread areal flooding, or river flooding.
____ Develops more gradually, usually from prolonged and persistent moderate to
heavy rainfall.
____ Normally occurs within six hours of heavy or intense rainfall.
21) Looking at the flood safety messaging definitions from question 19, how would you rank
them based on severity from 1 to 6 (1 being least concerned about the message, 6 being
most concerned about the message)?
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___ Flood Advisory
___ Flood or Flash Flood Watch
___ Flood Warning
___ River Flood Warning
___ Flash Flooding
___ Areal Flooding
22) Who do you think issues the advisories, watches, and warnings mentioned in question 19
(choose one)?
a. Local officials
b. National Weather Service
c. Broadcast meteorologists
d. Emergency managers
e. Police officers
23) What do you think is the meaning of a 50-year flood event?
a. This type of flood will occur once every 50 years.
b. There is a 1 in 50 or 2% chance this type of flood will occur in any given year.
24) What do you think is the meaning of a 100-year flood event?
a. This type of flood will occur once every 100 years.
b. There is a 1 in 100 or 1% chance this type of flood will occur in any given year.
25) What do you think is the meaning of a 500-year flood?
a. This type of flood will occur once every 500 years.
b. There is a 1 in 500 or 0.2% chance this type of flood will occur in any given year.
26) What do you think is the meaning of a 1000-year flood?
a. This type of flood will occur once every 1000 years.
b. There is a 1 in 1000 or 0.1% chance this type of flood will occur in any given
year.
27) If you’re watching or listening to a weather forecast and hear words/phrases a-h, which
words/phrases (a-h) would convince you to take action (e.g. board up basement, move to
higher grounds, evacuate) if heavy rain was forecasted for your neighborhood (circle all
that apply)?
a. Damaging flooding
b. Significant rainfall
c. Major flooding
d. Extreme rainfall
e. Extreme flooding
f. Heavy rains
g. Localized flooding
h. Downpour
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28) If you’re watching or listening to a weather forecast and hear messages a-e, which
messages would convince you to take action if heavy rain was forecasted for your
neighborhood (circle all that apply)?
a. River Flood Watch
b. Flood Warning
c. Flash Flood Warning
d. Flash Flood Emergency
e. Flood Advisory
29) Circle the ways in which you prefer to receive flood safety messaging (circle all that
apply).
a. Info-Graphics (animated photo with words explaining the picture)
b. Written Text Explanation
c. Verbal Explanation
30) What are your sources for receiving flood safety messaging and alerts (circle all that
apply)?
a. NOAA Weather Radio
b. TV Broadcast Meteorologists
c. Weather Radio
d. Public Radio
e. Mobile Phone Weather App
i. Weather Channel
ii. WeatherBug
iii. AccuWeather
iv. Other _____
f. Intuition
g. Visual Cues (Looking Outside)
h. Speaking face-to-face with others
i. Phone call from another person
j. Internet
i. National Weather Service website
ii. Local news website
iii. Facebook
iv. Twitter
v. Other _______
31) Which of the following is your first source for receiving flood safety messaging and
alerts (choose one)?
a. NOAA Weather Radio
b. TV Broadcast Meteorologists
c. Weather Radio
d. Public Radio
e. Mobile Phone Weather App
i. Weather Channel
ii. WeatherBug
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f.
g.
h.
i.
j.

iii. AccuWeather
iv. Other _______
Intuition
Looking Outside
Speaking face-to-face with others
Phone call from another person
Internet
i. National Weather Service website
ii. Local news website
iii. Facebook
iv. Twitter
v. Other _______

32) Are you motivated to take action if the local TV/radio/officials specifically mention that
your neighborhood could experience flooding?
a. Yes
b. No
33) How often do you normally check your sources of flood safety messaging if you think
there is threat of severe weather (choose one)?
a. Once-a-day
b. Twice-a-day
c. Daily
d. Multiple days ahead of time
34) If local officials informed you to evacuate ahead of an extreme rainfall event that would
result in major flooding in your neighborhood, would you evacuate your home?
a. Yes, absolutely.
b. No, my house can withstand any amount of flooding.
c. No, they don’t know what they’re talking about.
d. Only if my family, friends, pets, and/or livestock evacuate too.
Socio-Demographic Questions
35) Which age range do you fall under?
a. 18 – 20
b. 21 - 29
c. 30 – 39
d. 40 – 49
e. 50 – 59
f. 60 – 69
g. 70 - 79
h. 80 – 89
i. 90 – 99
j. 100 – 109
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36) What is your highest level of education?
a. Less than high school degree
b. High School Degree or equivalent (e.g. GED)
c. Associate Degree
d. Bachelor Degree
e. Bachelor Degree in Progress
f. Graduate Degree
g. Graduate Degree in Progress
37) What is your gender?
a. Male
b. Female
c. Other _____
d. Do not want to disclose
38) What is your race/ethnicity?
a. White or Caucasian
b. Black or African American
c. American Indian or Alaskan Native
d. Asian
e. Native Hawaiian or other Pacific Islander
f. From multiple races
g. Other _______
39) What municipality do you live in?
________________________________
40) Please include the name of your street.
________________________________
41) What type of neighborhood do you live in?
a. Rural
b. Suburban
c. Urban
42) Do you own or rent your place of residency?
a. Own
b. Rent
43) How long have you lived in your house?
a. Less than a year
b. Between 1-5 years
c. Between 6-10 years
d. More than 10 years
44) How would you describe your house category?
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a.
b.
c.
d.
e.
f.

Single Multi-story House
Housing Development Multi-story House
Townhouse
Ranch-style House
Apartment
Mobile Home

45) Do you live alone or with others?
a. Alone
b. With others
46) What is your total average household income?
a. Less than $10,000
b. $10,000 - $19,000
c. $20,000 - $29,000
d. $30,000 – $39,000
e. $40,000 - $49,000
f. $50,000 - $59,000
g. $60,000 - $69,000
h. $70,000 - $79,000
i. $80,000 - $89,000
j. $90,000 - $99,000
k. $100,000 – $149,000
l. $150,000 or more
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Appendix III: Questions from Experts
Note – same numbering as Appendix I
Q1: In your opinion, what constitutes a flood?
Q3: Out of the common hazards in PA that impact homes, how concerned are you with flooding?
1 is least concerned, 5 is most concerned) Options are tornado, fire, termites, flood, sink holes.
Q7: Do you have a go kit, car safety kit, evacuation plan? Enough materials for at least 3 days?
Q16: Do you know where to get the insurance, do you know what it covers? Why don’t you
have it?
Q17: Do you have other hazard insurance and how much has it actually helped, have you had to
use it?
Q19: How much water is okay to drive through? What would make you stop and decide not to
drive through flooded waters?
Q20: Have you heard the phrase Turn Around Don’t Drown? Do you know where it comes
from?
Q22: Do you understand the process of what to do if your house does flood? E.g. check with
insurer, then aid availability from VOAD, Salvation Army, churches, Red Cross, then state, then
federal, then loans.
Q26: Do you know the difference between a watch and warning?
Q27: When do you think it flooded here last?
Q29: Do you think we’re getting the same amount or more flooding than in the past? If more,
why do you think so?
Q30: Are you worried about development causing flooding where it didn’t happen before (e.g.
pavement, shopping centers, housing complexes)?
Q33: Is there anything that confuses you with the flood messaging from the National Weather
Service? Do the names make sense?
Q34: If you had to categorize them by severity, how would you do that? (1 is least severe, 6 is
most severe)
Q35: Where along this line (of alerts) would you take action or start thinking you may be
endangered?
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Q42: What do you view as important in a flood situation (e.g. apps, tweets, Facebook posts)? Is
the way broadcast meteorologists present information valuable or useful to you?
Q44: What is the best way that a local official or meteorologist can get a message to reach you?
Q47: What expectations do you have for your local officials when it comes to flooding? What
would you like to see more of from your local officials?
Q48: If you have experienced house flooding, have you ever felt like local officials could do
more to protect you or help you recover from a flood situation? Why or why not?
Q50: If you haven’t lived in this area all of your life, did you experience flooding where you
lived before? If you did experience flooding before, did the flooding here in Lancaster County
change how you perceive the severity of flooding?
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Appendix IV: Graphs of Results
Note same numbering as Appendix II
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