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Advance preparation for wildfire is essential for safe evacuation, and fire weather warnings can alert people to times of high fire
danger when additional actions are recommended. However, little is known about the level of preparation of most wildland-urban
interface (WUI) community residents, and potential influences on them carrying out preparatory actions. This study assessed the
personal preparation undertaken by residents of California, United States, communities, including understanding of and response to
fire weather warnings issued by the National Weather Service. We used a mixed-mode approach to survey 16 WUI communities across
the state. There was a total of 326 respondents, with preparation and awareness varying substantially between modes. Although most
respondents had a go bag and/or an evacuation plan, only around half had ever prepared for wildfire based on a red flag warning.
Awareness and correct interpretation of the fire weather warnings were very high; and the main confusion was between a ‘fire weather
watch’ and a ‘red flag warning’, likely reflecting different uses of ‘watch’ and ‘warning’ for other natural hazards. However, many
respondents had not seen these warnings in a language other than English. The perceived risk of, and previous experience with,
wildfire were significant influences on preparation, suggesting that outreach on actual risk could be beneficial. Overall, although
results suggest moderate levels of preparation, there is still room for improvement. Any essential preparation not done in advance can
delay evacuation, which is concerning given increased occurrences of fast-moving wildfires near or in densely populated areas.

1. Introduction

Worldwide, recent years have marked the emergence of a new fire regime, one characterized by more frequent, larger, and higher
severity wildfires [1-3], and longer fire seasons [4]. Fire seasons such as 2020, when unprecedented wildfires occurred on at least four
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continents and across a broad latitudinal range, are predicted to no longer be outliers in the future [5]. Climatic changes, such as
prolonged droughts, intensified winter rainfall, increased fuel aridity, and erratic weather patterns, compounded by rising tempera-
tures, are collectively contributing to this change [6,7]. These environmental changes are occurring alongside the expansion of homes
into the wildland-urban-interface (WUI), which has resulted in more people and more structures at risk. In the United States, between
1990 and 2020, the number of houses in the WUI increased by 47 %, and the area grew by 31 % [8]. Combined with heavy fuel loads
due to a history of fire suppression [9], the new fire regime is expected continue into the future [10].

In response, there have been increasing calls for communities to adapt and co-exist with wildfire in recognition of its important
ecological role in the landscape [11,12]. Under this thinking, the focus is not on preventing fires, but minimizing injuries, damages,
and losses [13]. However, if this is to happen, communities and their residents need to be sufficiently prepared for wildfires, both in
terms of their housing structures and personal safety. Indeed, proper preparation prior to wildfire is a key component of increasing
adaptive capacity [14]. This is particularly essential in WUI areas due to the combination of proximity to the wildlands combined with
large numbers of people needing to evacuate [15]. Prior research has demonstrated that evacuation from a wildfire can be delayed by
first having to complete personal and household preparations (e.g., packing important items, preparing pets) [16-18]. This is prob-
lematic as late evacuees risk evacuation routes being cut off, traffic jams, and can impede firefighter access [19]. Research has also
shown that late evacuations result in a higher number of civilian fatalities [20].

In the United States, the National Weather Service (NWS) provides forecasts, warnings, and decision support to the public for the
protection of life and property. There are two specific fire weather warnings issued to alert residents to times of extreme fire danger/
behavior (when fires are more likely to ignite and once ignited more likely to spread rapidly and be more difficult to contain): (1) a fire
weather watch, when critical fire weather conditions are possible, and (2) a red flag warning, when critical fire weather conditions are
happening or are about to happen. Both warnings are issued by the NWS and are disseminated to various outlets, including but not
limited to broadcast television and social media. For a fire weather watch, the only advised action is to “be prepared,” while under red
flag warnings, the public is encouraged to “take action.” All suggestions, however, are optional and not mandatory.

Communities are also usually issued a warning (by law enforcement agencies) before being ordered to evacuate due to a wildfire, so
residents have time to undertake preparatory actions, such as gathering important documents and deciding on an evacuation plan.
However, fast-moving wildfires that start near a community can result in a no-notice evacuation. A no-notice evacuation occurs when
there is an unpredictable disaster that requires evacuation immediately after the incident occurs, with little or no warning [21]. These
events pose a substantial threat to public safety as people have only a few minutes between receiving the notice to evacuate and leaving
the house, giving them no time to prepare. Additionally, communication failures can turn a short-notice evacuation into a no-notice
evacuation, which was the case for the highly destructive Camp Fire in 2018 [22]. Given that red flag conditions mean a wildfire has
the potential to spread rapidly, a no-notice evacuation is more likely under these circumstances. It is thus imperative for people to be
prepared to evacuate immediately as there will be no warning for these events, and any delays hinder the ability to successfully
evacuate to a safe place.

Although the government issues warnings to communicate risk around natural disasters, residents also have a role to play in
ensuring their safety, as they “share responsibility for their own protection, by taking protective actions and avoiding the harms that
may befall them” [23], 89S. However, for the desired response to occur, simply receiving a warning is not enough. Instead, according
to the Warning Response Model [24] several important cognitive steps must first occur. They must first understand messages being
communicated by an official or unofficial source. The individual must also believe the message, trusting its source and perceiving the
information as credible and relevant to their situation. Another crucial aspect is the personalization of risk, where the individual must
recognize the threat as something that could directly impact them or their loved ones. Finally, the individual reaches the decision--
making stage, where they choose whether to take protective actions based on their understanding, belief, and personalization of the
threat. This process is often accompanied by milling, where individuals seek additional information from various sources to ensure they
are making the right choice. Combined, these factors contribute to the final decision on whether to act. Sutton et al. [25,26] recently
expanded on the WRM by highlighting two additional factors that influence whether individuals take protective action: 1) self-efficacy,
or a person’s confidence in their ability to carry out the recommended actions, and 2) response efficacy, or the belief that those actions
will effectively reduce the risk of harm.

It is also crucial to explore differences between how various racial, ethnic, and socioeconomic groups understand warnings, in
addition to their response [27,28]. Disparities among underserved groups have been well documented in the literature [29]. For
example, multilingual speakers face increased risks in wildfires when warning messages are not available in their language and they
have little familiarity with the hazard, a situation often encountered by those from countries where such phenomena are rare [30].
Some community members, such as undocumented immigrants and indigenous groups, are often left out of emergency planning in
wildfire contexts, exacerbating their vulnerability [31]. As suburban, WUI areas are becoming increasingly ethnically, racially, and
linguistically diverse through internal migration and immigration [32], these issues have become more pressing. However, there is
little information on if and how these different groups receive and respond to severe weather messaging, including that for wildfires
[27,33].

A recent review of the human dimensions of wildfire literature found that the research focus of many studies involves evacuation
and home mitigation activities [34]. Although these subjects are important, the prevalence of fast-moving wildfires that cause
no-notice evacuations suggests more attention is needed on personal safety preparation for wildfire, those actions focused on how
individuals prepare themselves and their household for fire. Obtaining this information is an important step towards the goal of
creating fire adapted communities. However, Edgeley and Paveglio [35] noted there is still a lack of information about how many
residents of WUI communities have completed these actions. In California, United States, Lachlan et al. [36] investigated information
seeking behavior and personal preparation of residents directly affected by one of two large 2018 wildfires; but did not separate
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Hispanic and non-Hispanic respondents. More recently, Baker et al. [37] surveyed socially vulnerable and high fire risk communities in
Ventura County. Respondents were asked if they felt prepared to evacuate in the event of a wildfire and to select reasons why
evacuation would be difficult for their household.

In California, United States, the California Department of Forestry and Fire Protection’s (CAL FIRE) wildfire preparation program
has three stages: ready (vegetation management, structure improvements); set (with provisions, pets, and documents); and go
(evacuate). This study focuses on the “set” stage, with the aim of better understanding California WUI residents personal (household)
preparation for wildfire. Specifically, this study has two goals: 1) Assess California WUI residents’ understanding of (and response to)
wildfire weather warnings; and 2) Assess their level of personal preparation for wildfire and the factors influencing this preparation.
Preparedness is conceptualized as both knowledge and behaviors that aim to reduce the risk of injury and damage, and build capacity
to cope with the disruptions caused by the event [38]. This is different from mitigation (such as defensible space) which aims to reduce
the impacts of the event. To our knowledge, this is the first study to examine if residents of WUI communities are aware of fire weather
warnings and recommended actions, as well as information about why such actions have not been undertaken; and one of the first to
examine types of personal preparation for wildfire in the United States. Most wildfire preparedness studies have looked at how
preparation informs evacuation intentions-evacuate or stay and defend [35,39]. In the United States the annual Extreme Weather and
Society survey [40] asks respondents about preparation actions, but does not include questions around why actions have not been
completed.

2. Methods
2.1. Study area

California is the most populous state in the United States (with over 39 million people) and the third largest by size. According to
the most recent data, in 2018 California’s WUI covered an estimated 28,575 km? and included ~45 % of the state’s housing units [41].
California is also the second most racially/ethnically diverse state [42], with Hispanics comprising 39.4 % of the population. Whites
(non-Hispanic) are second at 36.4 % and Asians make up 15.5 % of the state’s population. Finally, African Americans represent 6.5 %
of California’s residents, and Native American and Native Hawaiian/Pacific Islander populations are small in terms of percentage (1.6
% and 0.5 %, respectively).

Recent wildfire seasons in California are considered characteristic of the new fire regime marked by increasing size, burned area,
severity and socio-ecological impacts [43]. Eight of top 10 largest wildfires in the state’s recorded history have occurred since 2017; as
well as six of the 10 most destructive wildfires, including the 2018 Camp Fire which destroyed over 18,000 structures and resulted in
over 80 civilian fatalities [44,45]. Although the 2022 fire season burned an amount of land well below the fire-year average, and the
second lowest since 2011, fast moving wildfires still caused nine civilian deaths [46].

UNITE D
STATES

A
Shingletown
Red Bluff
@

Magalia
e

A chico

Ridgewood/Camelian Bay ol.%4 carson city N

South Lake Tahoe

Sacramento

& Santa Rosa

San Jose

Abolister

Las Vegas
A st porterville

MOJAVE
DESERT

A
Lancaster

Los Angeles,
ks San Bernardino
Idyllwild-Pine Cnveo

=T -

A guianga

7 d

© Online Survey Only 4
A In Person, Mail, and Online Survey SE"P:’n"escanso SONORAN

DESERT

Fig. 1. Locations of the 16 surveyed communities in California, and the survey mode(s) administered for each one.
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2.2. Site selection

Sixteen WUI communities across California were selected for the survey (Fig. 1). We aimed to have a range of socio-economic and
ecological characteristics represented, so multiple variables were used to inform the selection (see Appendix A for detailed breakdown
and data sources). Three wildfire related characteristics were included: occurrence of a large (>100 acre) wildfire within 10 miles
during the past ten years, if a community (all or part) had been subject to an evacuation warning or order in the last ten years, and
wildfire exposure. The geographic location and community population were also considered. Finally, we included the social
vulnerability of the communities. This was a compilation of the Centers for Disease Control and Prevention’s (CDC) social vulnerability
index [47] and Cal EnviroScreen [48] scores which include pollution burden and proportion of socially vulnerable groups, as well as
American Community Survey socio-demographic data that was coded as lower, higher or the same as the United States’ average. The
variables were: non-White population, population over 25 years without a high school degree, households in poverty, individuals >65
years and living alone, and language proficiency (e.g., speak English “not well”).

It is important to note that although a community can be classified as having low social vulnerability overall, certain populations
within that community are likely to be more vulnerable. Specifically, we were interested in Historically Underserved and Socially
Vulnerable Neighborhoods, as they are often characterized by low-income housing, high rates of poverty, lower educational attain-
ment, physical disabilities, and language barriers; all increasing their social vulnerability to wildfire. We were also mindful of ethical
issues arising asking about a potentially sensitive topic and established several guidelines for community selection: 1) If the community
was evacuated but did not suffer large-scale destruction or damage to properties it was acceptable to include, but 2) If there was large
scale destruction or damage to property, it needed to be at least three years since the fire to survey that community, and if surveyed we
did not select neighborhoods within the burn perimeter. These criteria applied only to large wildfires (i.e., >100 acres).

2.3. Questionnaire design

The questionnaire had four sections: 1) fire weather knowledge and fire experience; 2) wildfire weather and preparedness actions;
3) potential changes to current red flag warning messaging; and 4) socio-economic questions. This study focused on the results of
sections 1 and 2. The questions in section 1 covered sources of information on weather, awareness and knowledge around the two fire
weather warnings issued by the NWS. In section 2, an open-ended question around how the respondent had changed their preparation
for wildfire in recent years was included as a quality check.

For section 1, the questions were designed to address the first research objective and provide useful information for agencies, such
as the NWS, around the reach of and response to these warnings. First, we assessed respondent’s understanding of the two warnings
through the lens of the WRM [24]. Given an increased push by the NWS to make their products available in multiple languages, we also
explored if awareness of the warnings was limited to the English language. The questions around preparing for wildfire were based on
recommendations and advice from CAL FIRE [49] and the NWS [50]. The socio-economic section included variables previously shown
to affect preparation for natural hazards [e.g., 41].

Previous experience with wildfire and wildfire risk perception were included as independent variables based on the literature on
natural disasters demonstrating there is often a significant correlation between these constructs and preparation. We were unable to
locate any research investigating the effect of previous experience on personal preparation for wildfire, but there is substantial
literature around preparation for other natural hazards. This related research has shown that previous experience with the disaster,
especially more direct and frequent experience, resulted in higher levels of preparation [51,52]. Similarly, risk perception has been
found to be positively correlated with personal preparation for typhoons [53], floods [54], and wildfire [39]. Results around
socio-economic characteristics (such as age, income, gender, and education level) were mixed, with some studies reporting a signif-
icant influence of one or more, while other studies reported insignificant results for the same characteristic.

The draft questionnaire was reviewed by several professionals knowledgeable around fire weather and preparation for wildfire,
including those from CAL FIRE and the NWS. It was then translated into Spanish by a bilingual student. Both the English and Spanish
language questionnaires were subsequently tested through a focus group with four undergraduate students at the University of Cal-
ifornia, Davis; and the English language version was pilot tested with several members of the Sierra Business Council to obtain
feedback from people less familiar with the topics. Based on the feedback from these groups, several minor changes were made to
question wording, answer choices, and the Spanish translation. As a final step, the Spanish language version was reviewed by one of the
authors. The final questionnaire (Appendix B) was approved by the University of California, Davis’ Institutional Review Board (IRB).

2.4. Survey administration

Within the selected communities, we wanted to prioritize underserved neighborhoods that would likely be under-represented in a
normal sample population. Survey modes also reflected the different characteristics of the communities selected. The survey was
administered in three modes: in person, online, and mail. Participants had to be at least 18 years old to participate and were informed
of their response confidentiality as well as their right to refuse to answer any question. As an incentive, respondents could also choose
to enter a raffle for an iPad and gift card, although survey participation was not compulsory per IRB requirements.

2.4.1. In-person
Given the available funding, ten (five each in southern and northern California) of the sixteen communities were selected for the in-
person survey. Once again, we aimed to represent a variety of community characteristics. Surveys were carried out by trained
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undergraduate students from the University of California, Davis who were guided by an experienced graduate student. The data
collection teams spent two days in eight of the ten communities (two were unable to be surveyed in person due to the student having
COVID-19) in June-July 2022, surveying a neighborhood and public space in the neighborhood (i.e., park) each day. In the selected
neighborhoods, the student took one side of the street and went to every other door (for houses and apartments where access was
possible). Data collection was carried out using iPads enabled with the Qualtrics Offline Surveys app. At this point, some respondents
also accessed the online version by scanning QR codes on flyers left in mailboxes.

To select the neighborhoods, we overlayed social vulnerability from Headwaters Economics Neighborhoods at Risk [55] and
wildfire risk [56] maps. For the social vulnerability indicators, we set the criteria to show census tracts with above national average
metrics for families in poverty (>9.5 %), people of color and Hispanics (>39.3 %), and rental housing units (>36 %). We selected the
census tracts that corresponded with the higher levels of wildfire threat for that community.

2.4.2. Online

Online outreach commenced in late June 2022 in conjunction with in-person survey administration and continued until June 2023.
All 16 communities were included in the online survey recruitment; and a wide range of organizations were contacted including li-
braries, fire and police departments, churches, Firewise communities, city agencies, schools and universities, local businesses and
nonprofits, and environmental groups. Community contact occurred primarily through email. Flyers (double sided to include Spanish
and English) were attached, and the contact was requested to forward the email and flyers to their members/colleagues. Towards late
fall, outreach targeted communities with lower response rates to try and increase participation.

2.4.3. Mail

As the final step of data survey administration, we randomly selected 25 percent (amount chosen because of budgetary constraints)
of the homes originally targeted for in-person data collection in each of those 10 communities for a total of 2500 addresses (purchased
from CoreLogic) and sent a printed copy of the survey along with a pre-addressed and stamped return envelope to the property address
in April 2023. The survey was in English but contained instructions and QR codes to access the survey online in both English and
Spanish. Two weeks later that mailing was followed by a postcard reminder, following a modified Dillman (2014) method.

2.5. Data cleaning and analysis

Data cleaning was done in Microsoft Excel for Windows 365. Responses were initially checked for legitimacy by examining their
response to the qualitative question. A response was flagged as illegitimate and removed at this point if the response to the question
was repeated verbatim multiple times, something also noted by Griffin et al. [57]. Responses that did not directly relate to wildfire (i.e.,
“once I was riding with my neighbor in his car”), related to fire rather than wildfire (i.e., “do not light mosquito repellent incense near
curtains, mosquito nets, sheets, clothing beds and other flammable materials”) or gave the answer “no” were highlighted as potentially
fraudulent, and other responses were used to determine their legitimacy, as Goodrich et al. [58] did. These checks included being in the
middle of a batch of illegitimate responses (a frequent occurrence), time of day of completion (late at night or early morning), a
mismatch between the city and zip code selected, an email address that appeared to be auto-generated (an email or street address was
required only if they wanted to be entered into the drawing). For each check, the response was flagged if it met that criterion. Re-
sponses that had one or more flags were then carefully examined to determine legitimacy, with a higher number of failed checks
meaning the response was more likely to be deemed illegitimate. Finally, responses were removed if they were completed too quickly
(5 min or under; online and in-person responses only), the respondent did not live in California (several online responses provided a
city in another state) or was not complete enough (the second section was not finished).

Data analysis was performed in RStudio 1.3.1056. As a first step, socio-economic variables were analyzed using chi-square tests to
test for significant differences between survey modes. Due to the large number of categories and small sample sizes, most of the
variables were re-coded in order for the chi-square or fisher exact test to successfully run: race (White/Non-White), Hispanic (yes/no),
housing (ownership = yes/no), education (high school degree/college or technical school degree/graduate school degree), employ-
ment (employed full-time/not employed full-time/retired), age (18-39, 40-59, 60 and above), low income household (less than
$40,000/year = yes/no). There were significant mode differences for age (p < .001), Hispanic ethnicity (p = .002), race (p < .001),
income (p =.012), employment (p = .021), and home ownership (p < .001). Therefore, the three modes were not combined for analysis
and reporting of descriptive statistics.

Five binary logistic regression were run using the glm function with a binomial distribution. The models were influences on:
choosing the correct definition for a fire weather watch (1 = “Correct” and 0 = “Incorrect”), choosing the correct definition for a red
flag warning (1 = “Correct” and 0 = “Incorrect”), having a go bag (1 = “Yes” and 0 = “No”), having an evacuation plan (1 = “Yes” and
0 = “No™), and having previously prepared for wildfire in response to a red flag warning (1 = “Yes” and 0 = “No”). Given the small
number of respondents (ten or fewer) that answered “unsure/do not know” to one or more of these five questions, and their dispersal
across multiple communities, these responses were removed prior to analysis for that specific variable. The following were used as the
independent variables: previous wildfire experience, perceived risk, age range, gender, Hispanic ethnicity, race, employment status,
highest educational degree, low-income household status, housing ownership, and community social vulnerability (see below). Re-
spondents that did not complete the socio-economic section of the survey were removed prior to running the models. For the previous
experience variable, we used the sum of experiences, whereby each “yes” answer was given a score of 1 and each “no” answer was
scored 0, for a maximum of eight.

To account for the effect of the community, we created a new variable based on three indicators of social vulnerability using 2021 5-
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year American Community Survey data estimates [59]: 1) Hispanics, 2) adults 25 and over without a high school diploma, and 3)
households in poverty. For each indicator, the percentage was compared to the US average and assigned a score: 1 = lower percentage,
0 = within 1.5 % (to account for uncertainty, especially for smaller communities), and 1 = higher percentage. The score was totaled,
and the community assigned one of three levels: higher vulnerability (negative score), average vulnerability (score of O or 1), or lower
vulnerability (score of 2 or 3). For five small communities, data were not available due to the population size. Instead, the data from the
census tract was utilized. Finally, one respondent put “Madera County” as their city, and for this we used data for the county. The
modes were not separated for this portion of data analysis.

3. Results
3.1. Sample characteristics

There were 1030 responses to the online version of the survey, but more than 80 % of them were deemed illegitimate (Table 1).
After the illegitimate and incomplete responses were removed, the final sample size was 326. Across the three modes, respondents
were mainly female, White, and college educated with reliable internet access (Table 2). However, as noted above, there were sig-
nificant differences between the three modes. Reflecting the targeting of underserved neighborhoods, the in-person and mail modes
had higher percentages of non-White, Hispanic, lower education, and low-income respondents. For example, the percentage of White
(non-Hispanic) respondents was 80 %/81 % for the in-person and mail modes, but 95 % for the online survey. The percentage of
Hispanic respondents was lowest (only 7 %) for the online survey but was not above 25 % for any mode despite the substantial Hispanic
population in many of the surveyed communities. The in-person survey was the most successful at reaching non-homeowners, while
the mail version had the highest percentage of elderly (aged 60+) respondents.

Very few respondents had no previous experience with wildfire: only 2 % of in-person respondents and none from the mail or online
modes. There were large differences between the three modes regarding evacuation: ‘only’ 29 % of in-person respondents had pre-
viously evacuated due to a wildfire, compared with 46 % of mail and 69 % of online respondents. Twelve percent of respondents for
both the mail and online surveys reported property damage or destruction, but only 3 % of in-person respondents had this experience.
Statistical analysis confirmed that the sum of total experiences was significantly different between all groups F (2, 327) = 19.88,p <
.001. Online respondents had the most previous experience with wildfire (M = 5.26) followed by mail (M = 4.54) and in-person (M =
3.68). The three groups of respondents also had significantly different (p < .001) mean levels of concern about wildfire affecting their
residence: 3.35, 3.54 and 4.23 (in-person, mail, online); although all were significantly greater (p < .001) than 3 (=neutral).

3.2. Descriptive results

3.2.1. Understanding of fire weather warnings

For all three survey modes a weather app on the phone or tablet was the most common source of weather conditions and forecasts.
For the online respondents, a website was the second most common information source, but for the other two modes TV was the second
most common. The usage of social media varied, with Facebook and X (Twitter) the most common sources (refer to Appendix C for full
results).

Across the three modes (in-person, online, mail), most respondents (71 %, 70 %, 84 %) had heard of both a fire weather watch and a
red flag warning, although the highest percentage of respondents had heard these phrases only in English (47 %, 62 %, 64 %). Thirty-
three percent of in-person respondents had seen these warnings in English and another language, but this was substantially lower (13
% and 17 %) for mail and online respondents. Respondents were then asked to choose which one of four definitions was correct for
each of the two fire weather warnings. For fire weather watch, online respondents had the highest percentage of correct choices (67 %),
followed by mail and in-person (62 % and 49 %, respectively). The most common incorrect answer for ‘fire weather watch’ was
“Critical fire weather conditions are either occurring now or will shortly. Fire danger is high”, which is the correct definition for a red
flag warning. There was a similar finding for red flag warning with 69 % of online respondents answering correctly, again followed by
mail and in-person (52 % and 51 %, respectively). Combined, less than 15 people selected each of the other two incorrect definitions,
and only ten people were unsure/did not know. For red flag warning, the most common incorrect answer was “Critical fire weather

Table 1
Summary of responses by survey mode. Of the 326 responses, 322 were English and four were Spanish. Other reasons for removal include completed
too quickly (less than 5 min), not enough of the survey completed, or the respondent was not located in California.

Survey Mode Responses Legitimate Responses Legitimate responses removed Final n
In-person 119 62" 1 61
Online 1030 213" 21 192
Mail 77 77 4 73
Total 1226 352 26 326

@ Many surveys on these days were accessed by the QR code on flyers that were left at houses. Many of these were deemed to be illegitimate upon
careful examination. Refer to section 2.5 for methods.

Y There was a high prevalence of illegitimate responses to the online version of the survey. Methods to identify these responses are detailed in
section 2.5.
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Table 2
Sample demographic characteristics. Characteristics are broken down by mode due to significant differences between modes for multiple variables.
In-Person (n=61) Mail (n=73) Online (n=192)
Female 60 % 64 % 62 %
Age range
18-39 42 % 13 % 15 %
40-59 27 % 30 % 39 %
60 and above 32% 58 % 47 %
Hispanic 25 % 17 % 8 %
White” 80 % 81 % 95 %
Homeowner 54 % 77 % 87 %
Reliable internet access 73 % 65 % 68 %
Highest educational degree
High school or less” 35 % 20 % 23 %
College or technical school 44 % 54 % 45 %
Graduate school 22 % 26 % 32%
Employment
Employed full-time 49 % 41 % 49 %
Not employed full-time 29 % 13 % 16 %
Retired 22 % 46 % 35%
Low-income household (less than $40,000/year) 32 % 17 % 13 %

2 Due to the low sample sizes, non-White respondents (e.g., African American, Asian) were combined into one group.
> Only one respondent reported less than a high school degree so was included in the group for high school degree.

conditions are expected or possible over the next few days”, which is a fire weather watch. Once again, the other two incorrect answers
were each selected by fewer than 15 respondents across the three modes, and 11 respondents selected unsure/don’t know.

The most common actions thought to be recommended under a red flag warning were consistent across modes (Fig. 2). The six most
frequently selected actions were ones that are recommended by the NWS. However, at least 25 % of respondents in each of the three
survey modes thought that they should start packing belongings into boxes, packing vehicles, and/or consider evacuating, none of
which are normally recommended under a red flag warning. Backing their vehicle(s) into the driveway, which is advised, was the least
selected action (24 %) for in-person respondents.

3.2.2. Preparation

The percentage of respondents that had a go bag varied by survey mode: 72 % of online respondents answered in the affirmative,
while only 55 % of in-person and 54 % of mail respondents said they had a go bag (Fig. 3a). For respondents that did not have a go bag,
there was a follow up question as to why not. The most common reason across all modes was “do not think I need one”. Financial
constraints were not a common reason, with only 7 % of in-person and 4 % of online respondents selecting this option. In addition to
the five provided reasons, many respondents said there was a different reason: well-insured, limited space, knew where important
items were located, would wait until threatened by a fire, procrastination, and could put one together in just a few minutes.

Like the results for having a go bag, the online version had the highest percentage (86 %) of respondents who reported they had an
evacuation plan that accounted for all members (people and pets) of their household, followed by in-person (66 %) and mail (64 %)
respondents. Across all three modes, the most common reason for not having one was “I don’t think I need one” (Fig. 3b). Only one
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Fig. 2. What actions respondents think are recommended under a red flag warning. Actions with a * designate those that are recommended by the
National Weather Service.
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Fig. 3. Reasons respondents reported they did not have a) a go bag, or b) evacuation plan.

respondent (from the online survey) answered that information was not available in their preferred language. “Other” reasons were
reported by at least 17 % of respondents for each mode, and these reasons included not knowing where to store water, it was just them
so they could move quickly, they could just go into the main town, had not needed one yet, had not gotten around to it, and having the
necessary equipment but no written plan.

There was substantial variation across the modes regarding what source(s) of information were used by respondents to decide if
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Fig. 4. Sources of information used by survey respondents to decide if to prepare for wildfire. Other sources of information included radio, weather
app, Code Red, their personal judgement, and the Watch Duty app.
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they should prepare for wildfire (Fig. 4). Higher percentages of online respondents used emergency managers and NWS warnings,
whereas in-person respondents had the highest percentages of use for the NWS outlook, meteorologists, family/friends, and social
media.

Respondents were asked if they had ever prepared for wildfire based on a red flag warning. In-person and mail respondents were
closely split (47 %/47 % and 49 %/45 %, respectively) between those that had and those that had not. Comparatively, 59 % of online
respondents responded in the affirmative. For all three modes, there were a substantial number of respondents that did not know (6 %,
5 %, and 2 %; respectively). Respondents that replied “yes” were then asked if they took the same actions each time, and if no, why not?
For the in-person and mail modes, less than half (46 % and 45 %) of the respondents reported taking the same actions each time, while
63 % of those in the online survey said “yes”. For the reason(s) why preparation was different, the specific forecast (e.g., how strong of
winds, how high of temperature) was the most cited reason for mail (71 %) and online (73 %), and the second highest for the in-person
mode (33 %). The time of year was a more frequently cited reason (39 %) for in-person respondents, compared with mail (24 %) and
online (29 %) respondents. No in-person respondents said their personal schedule was a factor affecting preparation, while some mail
(14 %) and online (20 %) respondents selected this reason. A few respondents noted that a nearby wildfire served as motivation for
different preparatory actions.

When asked about the last red flag warning they had prepared for, respondents reported undertaking a range of the recommended
actions (Fig. 5). Overall, a higher percentage of respondents to the online version had taken the different actions, and mail version
respondents had the lowest percentage for most actions. Having their cell phone charged, their go bag ready, and staying up to date on
information were the most common actions taken in response to receiving the warning. In contrast, lower percentages of respondents
had backed their vehicle into the driveway or researched evacuation routes.

3.3. Influences on awareness and preparation

Binary logistic regressions were run to test the influence of factors on a respondent choosing the correct definition for a fire weather
watch and red flag warning, having a go bag or evacuation plan, and having previously prepared for a wildfire based on a red flag
warning. The two fire weather warnings had different significant influences (Table 3). For a fire weather watch, retired respondents
had 2.53 greater odds (p < .05) of choosing the correct definition than respondents who were employed full-time. Respondents with a
graduate school degree had higher odds (OR = 1.86) of choosing the correct definition than respondents with a college or technical
school degree, although this was statistically significant only at the 0.10 alpha level. For the definition of a red flag warning, a 1-point
increase in concern about wildfire affecting their residence increased the odds of a respondent choosing the correct definition by 1.44
(p < .01). Respondents from a community with high social vulnerability had lower (OR = 0.45; p < .05) odds of choosing the correct
definition compared with those from communities with average social vulnerability.

For having a go bag and an evacuation plan (Table 4), three variables were statistically significant for both. Concern about wildfire
affecting the respondent’s residence was a significant predictor for both having a go bag (OR = 1.61; p < .001) and having an
evacuation plan (OR = 1.70, p < .001). Similarly, previous experience with wildfire also increased the odds of having a go bag (OR =
1.16,p < .1) and an evacuation plan (OR = 1.27; p < .01), although the later had a higher level of significance. Conversely, respondents
who lived in a community categorized as having high social vulnerability had lower odds of having a go bag (OR = 0.43; p < .05) or an
evacuation plan (OR = 0.69; p < .05) than respondents in communities with average social vulnerability. Finally, Hispanic respondents
had higher odds (OR = 2.31) of having a go bag than non-Hispanic respondents, but this was only at the p < .1 level suggesting less
confidence in this relationship.
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Fig. 5. Actions respondents took during the last red flag warning they prepared for. Other actions include driving to a safe place, checking the areas
affected, and reviewed what needed to be in a go bag.
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Table 3
Logistic regression results for selecting the correct definition for a fire weather watch (n = 274) and a red flag warning (n = 278). Low-income
households are those with a yearly income of under $40,000.

Fire Weather Watch Red Flag Warning
Explanatory variables B OR (97.5 % CI) B OR (97.5 % CI)
Intercept —-1.01 2.75 (0.62, 12.73) —1.65* 0.19 (0.04, 0.93)
Concern about wildfire affecting their residence 0.01 0.99 (0.78,1.26) 0.37** 1.44 (1.14, 1.84)
Previous wildfire experience 0.04 0.96 (0.82,1.13) 0.08 1.08 (0.92,1.28)
Age range (reference = 18-39)
40-59 0.06 1.06 (0.47, 2.35) —0.01 1.00 (0.43, 2.29)
60+ —-0.67 0.51 (0.20, 1.31) —0.64 0.53 (0.19,1.41)
Gender (reference = female)
Male -0.33 0.72 (0.41, 1.27) -0.21 0.81 (0.46, 1.47)
Hispanic (reference = no)
Yes 0.13 1.13 (0.47, 2.79) 0.15 1.16 (0.46, 2.99)
Prefer not to respond 0.89 2.44 (0.61, 11.20) -0.23 0.79 (0.20, 3.55)
Race (reference = non-White)
White 0.11 1.12 (0.43, 2.83) 0.26 1.30 (0.46, 3.61)
Prefer not to respond 0.28 1.32 (0.23, 7.92) 0.88 2.42 (0.37,17.67)
Full-time employment (reference = yes)
No 0.04 1.04 (0.48, 2.26) 0.42 1.52 (0.65, 3.72)
Retired 0.92* 2.53 (1.11, 5.96) 0.17 1.18 (0.50, 2.81)
Prefer not to respond N/A N/A —2.44 0.09 (0.001, 1.58)
Highest educational degree (reference = college or technical school)
High school -0.39 0.68 (0.34, 1.35) -0.15 0.87 (0.42, 1.80)
Graduate school 0.62. 1.86 (0.97, 3.68) 0.30 1.35 (0.69, 2.67)
Prefer not to respond —0.69 0.50 (0.05, 5.37) 0.07 1.07 (0.07, 30.20)
Low-income household (reference = no)
Yes —0.63 0.53 (0.22, 1.29) 0.52 1.69 (0.67, 4.48)
Prefer not to respond —0.86* 0.42 (0.19, 0.92) 0.73 2.08 (0.88, 5.37)
Housing (reference = do not own)
Oown —0.02 0.98 (0.46, 2.07) 0.48 1.62 (0.74, 3.52)
Prefer not to respond N/A N/A 2.23 9.27 (0.72, 266.46)
Community social vulnerability (reference = average)
Low —0.07 0.94 (0.47, 1.91) 0.49 1.64 (0.76, 3.71)
High —0.54 0.58 (0.28, 1.23) —0.80* 0.45 (0.21, 0.97)

3 = Estimated coefficients; OR = Odds Ratio, 97.5 % confidence intervals (CI) in parentheses; N/A: Four respondents that answered “prefer not to
respond” were excluded in order for the model to converge.
p <.1, *p < .05, **p < .01, ***p < .001.

Prior preparation for wildfire based on a red flag warning was significantly predicted by seven factors (Table 5). Once again, both
concern over wildfire affecting their residence (OR = 1.24; p < .1) and prior wildfire experience (OR = 1.19; p < .05) were associated
with greater odds of having previously prepared. Age was significant as respondents aged 40-59 had lower odds (OR = 0.44; p < .1) of
answering yes than respondents aged 18-39; and White respondents had lower odds (OR = 0.35; p < .05) compared with non-White
respondents. Respondents with a high school diploma had lower odds (OR = 0.46; p < .05) of having previously prepared for wildfire
under a red flag warning than those with a college or technical school degree, and low-income households also had lower odds (OR =
0.38, p < .05) than households that were not low-income.

4. Discussion

Natural hazards, such as wildfire, only become disasters when the event coincides with social vulnerability [60,61]. As these events
cannot be prevented, the focus is instead on decreasing the vulnerability and increasing the resilience of communities, with the aim of
minimizing any resulting damages and losses. One of the most effective methods to help achieve this goal is to increase preparation for
the natural hazard [e.g. [62,63]]. It is thus vital to have a better understanding of if and how people prepare for wildfire [64]. This
study aimed to provide a broad level overview of California, United States WUI residents personal preparation for wildfires. Using a
mixed mode approach, we surveyed 16 WUI communities that had diverse socio-economic characteristics as well as differing fire
histories and levels of exposure. Results showed varying levels of preparation, as well as some confusion on the correct meanings of fire
weather warnings from the NWS. The levels of preparation and awareness also substantially varied across survey modes, reflecting the
significantly different sample populations.

Personal preparation for wildfire, as assessed by having a go bag and evacuation plan, was not that high overall and varied
considerably by mode and between the two items. Overall, more respondents had an evacuation plan than a go bag; but still less than
70 % of in person and mail respondents had one. Strahan and Gilbert [65] noted that many households do not complete or undertake
actions in preparation for a wildfire. People have limited time, money and energy so they are more likely to invest those resources if
they see an expected benefit [66]. Accordingly, several studies in Australia [67,68] have shown that preparation for wildfire is best
understood in the context of everyday life as people have numerous concerns and tasks, of which wildfire is only one. These are often
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Table 4
Logistic regression results for having a go bag (n = 285) and having an evacuation plan (n = 280). Low-income households are those with a yearly
income of under $40,000.

Explanatory variables Go Bag Evacuation Plan

B OR (97.5 % CI) B OR (97.5 % CI)
Intercept —2.01* 0.13 (0.03, 0.63) -1.39 0.25 (0.04, 1.58)
Concern about wildfire affecting their residence 0.48%** 1.61 (1.27, 2.06) 0.53%*x 1.70 (1.28, 2.29)
Previous wildfire experience 0.15. 1.16 (0.99, 1.37) 0.24%* 1.27 (1.04, 1.56)
Age range (reference = 18-39)
40-59 —0.46 0.63 (0.26, 1.46) -0.11 0.90 (0.31, 2.52)
60+ -0.20 0.82(0.31, 2.18) —0.36 0.70 (0.21, 2.29)
Gender (reference = female)
Male 0.14 1.15 (0.65, 2.09) —0.06 0.94 (0.45, 2.00)
Hispanic (reference = no)
Yes 0.84. 2.31 (0.89, 6.36) 0.24 1.28 (0.45, 3.89)
Prefer not to respond 0.10 1.10 (0.28, 4.92) -0.91 0.40 (0.09, 2.26)
Race (reference = non-White)
White 0.06 1.06 (0.39, 2.82) -0.10 0.91 (0.27, 2.76)
Prefer not to respond 1.31 3.70 (0.52, 36.45) 2.02 7.56 (0.52, 292.89)
Full-time employment (reference = yes)
No 0.29 1.34 (0.59, 3.10) —-0.43 0.65 (0.24, 1.81)
Retired 0.27 1.31 (0.55, 3.08) 0.02 1.02 (0.34, 3.00)
Prefer not to respond N/A N/A —1.94 0.14 (0.007, 2.10)
Highest educational degree (reference = college or technical school)
High school 0.36 1.43 (0.69, 3.08) -0.71 0.49 (0.20, 1.17)
Graduate school 0.03 1.03 (0.54, 1.98) —0.13 0.88 (0.37, 2.10)
Prefer not to respond 0.87 2.40 (0.17, 69.58) —0.60 0.55 (0.02, 25.88)
Low-income household (reference = no)
Yes —0.32 0.73(0.28, 1.89) 0.20 1.22 (0.41, 3.83)
Prefer not to respond —0.46 0.63 (0.29, 1.41) 0.05 1.05 (0.36, 3.44)
Housing (reference = do not own)
Own 0.29 1.33 (0.61, 2.90) 0.58 1.79 (0.68, 4.59)
Prefer not to respond 0.90 2.47 (0.23, 33.58) 2.03 7.58 (0.33, 318.56)
Community social vulnerability (reference = average)
Low -0.31 0.75 (0.36, 1.53) 0.36 1.43 (0.54, 4.29)
High —0.84* 0.43 (0.20, 0.95) —0.37* 0.69 (0.28, 1.78)

3 = Estimated coefficients; OR = Odds Ratio, 97.5 % confidence intervals (CI) in parentheses. Four respondents that answered “prefer not to respond”
were excluded in order for the model to converge.
p <.1, *p < .05, **p < .01, ***p < .001.

competing, so residents must make tradeoffs and decide how to prioritize spending their time and money.

In our study, only a few respondents indicated that money was the limiting factor. Instead, results showed that many respondents
did not see any expected benefit (hence the answers of “don’t think I need one™). If an individual views the occurrence of the hazard as
having a low chance of happening and/or the consequences of little concern, they are unlikely to invest many resources in preparation
[39]. Previous studies [39,69] have demonstrated a positive correlation between perceived risk and preparation, and our findings
support this correlation. Risk perception was a significant explanatory variable in four of the five logistic regression models. A higher
score (greater concern) increased the odds of selecting the correct definition for a red flag warning, having a go bag, having an
evacuation plan, or having previously prepared for wildfire based on a red flag warning (Tables 3-5).

Importantly, previous research has found that the risk perceptions of the general public and ‘experts/professionals’ are usually not
aligned; people tend to underestimate the risk of wildfire to their home/parcel [70,71]. Additionally, between climatic changes and
urban sprawl, the risk of wildfire is changing. Yadav et al. [72] demonstrated that urban areas were increasingly being affected by
wildfires between 2010 and 2020 in California, and Higuera et al. [73] found that the increase in structures burned in the Western USA
was not just from a corresponding increase in the acres burned by wildfires, but that the number of structures destroyed per acre had
also increased significantly. These studies suggest that many communities and populations historically at lower risk now face a
heightened risk of wildfire. But it is unknown if residents in these communities are aware of this change in risk, which would hopefully
lead to an increased uptake of information seeking and personal preparation.

Outreach efforts focused on actual risk could be effective in motivating people to become better prepared for wildfire, thus
improving public safety and increasing their resilience to future wildfire events through timely evacuation. Indeed, Rhodes [74]
suggested that outreach around wildfire safety and preparation should include components that challenge the residents’ perceived risk
level. McLennan et al. [75] noted that although many people understood there was risk of wildfire, they did not believe that the fire
would actually put their home at risk and were thus unlikely to pre-emptively evacuate even in times of heightened wildfire risk.
Accordingly, education should focus on the level of danger a wildfire would represent to residents, rather than the likelihood of a fire
occurring.

Furthermore, consistent with Bitterman et al. [76] and Ripberger et al. [77], we found that people turn to a diverse range of
informational sources during extreme weather events. Notably, the WRM highlights trust as a key component of the decision-making
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Table 5
Logistic regression results for having prepared for wildfire based on a red flag warning (n = 276). Two respondents that
answered “prefer not to respond” for gender were removed in order for the model to converge.

Explanatory variables B OR (97.5 % CI)
Intercept 0.08 1.08 (0.23, 5.27)
Concern about wildfire affecting their residence 0.22. 1.24 (0.97, 1.58)
Previous wildfire experience 0.17* 1.19 (1.01, 1.41)
Age range (reference = 18-39)

40-59 —-0.81. 0.44 (0.19, 1.02)
60+ 0.18 1.20 (0.44, 3.22)
Gender (reference = female)

Male 0.24 1.27 (0.72, 2.26)
Hispanic (reference = no)

Yes 0.47 1.60 (0.61, 4.27)
Prefer not to respond 1.22 3.40 (0.84, 16.82)
Race (reference = non-White)

White —1.05* 0.35 (0.12, 0.96)
Prefer not to respond -1.13 0.32 (0.05, 2.20)
Full-time employment (reference = yes)

No —0.25 0.78 (0.33, 1.81)
Retired 0.20 1.22 (0.52, 2.88)
Highest educational degree (reference = college or technical school)

High school —0.78* 0.46 (0.22, 0.95)
Graduate school -0.25 0.78 (0.42, 1.48)
Prefer not to respond -1.38 0.25 (0.01 2.91)
Low-income household (reference = no)

Yes —0.96* 0.38 (0.15, 0.97)
Prefer not to respond —0.05 0.95 (0.42, 2.19)
Housing (reference = do not own)

Own —0.15 0.86 (0.39, 1.88)
Prefer not to respond -0.03 0.97 (0.07, 12.26)
Community social vulnerability (reference = average)

Low 0.52 1.68 (0.82, 3.55)
High —0.56 0.57 (0.26, 1.26)

3 = Estimated coefficients; OR = Odds Ratio, 97.5 % confidence intervals (CI) in parentheses.
p<.1, *p <.05, **p < .01, ***p < .001.

process, necessitating diverse sources that are utilized and trusted by the targeted community [78]. For example, communities of color
often distrust many public officials or those from outside their community, making outreach efforts from these sources less effective
[79]. Instead, engaging with their trusted sources will prove more beneficial to meeting the goal of getting people to be better prepared
for wildfire.

The NWS issues fire weather watches and red flag warnings to alert communities of prolonged periods of high wildfire risk due to
the weather. According to the WRM, alerting authorities should ensure they create messages that clearly lay out the hazard, guidance,
location, timing, and source of the imminent threat [24]. Social science research has established that including these elements
significantly increases the likelihood of individuals taking protective action [80]. However, in our study, only around half of the
respondents overall had previously prepared for wildfire based on a red flag warning. We speculate this may result from the lack of
“completeness” in the warning messages, as they did not adhere to the WRM guidelines [81]. For example, guidance around personal
preparation is often missing from messaging around upcoming fire weather watches and red flag warnings. This aligns with findings
from Kuligowski et al. [82], which indicate that practitioners in the wildfire domain frequently overlook WRM recommendations in
their warning messages, hindering effective responses across various communities.

It is also important to note that although most respondents had heard of NWS fire weather watches and red flag warnings, many
confused the two when asked to select the correct definition. This is unsurprising as for other natural hazards such as tornados and
hurricanes, a ‘warning’ is sent out when that natural hazard is imminent. For example, a tornado warning means “Take Action! A
tornado has been sighted or indicated by weather radar. There is imminent danger to life and property” [83]. A red flag warning is the
only NWS warning that does not mention a specific hazard in the title. This could lead to confusion around the meaning of fire weather
warnings and what action an individual should take in response. Further complicating the issue is that California uses the terms
“evacuation warning” (a precautionary alert that means a potential threat to life/property. Conditions might worsen and you should
prepare to leave) and “evacuation order” (a mandatory alert that means an immediate threat to life/property. Conditions are currently
dangerous, and you must leave now for your safety) when there is a nearby wildfire.

It is therefore understandable that some members of the public would be confused about fire weather warnings not indicating that
there is a wildfire currently happening and incorrectly interpreting the level of threat conveyed. This potential confusion would be
more pronounced in warnings in other languages, due to challenges around consistent and plain language wording [33]. Our results
demonstrate that agencies should consider the development of plain language statements. Simplifying warning terminologies into
action statements can better engage communities and create pathways to more effective translation into non-English languages [84,
85]. The NWS has recently explored the incorporation of plain language statements in their extreme weather warnings through their
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Hazard Simplification program [86]. Parallel agencies should consider these practices so that their messages resonate with the public,
increasing their chances to make proactive decisions during wildfire threats.

Finally, people from low socio-economic backgrounds often face greater disaster risk but are usually the least prepared due to a
number of factors including a housing insecurity, low income and literacy levels, limited English language proficiency and occupation
[87]. Additionally, Howard et al. [88] noted that ethnic and racial minority groups still face many barriers to accessing
preparedness-related information. Our results had mixed support for these findings. Residents of communities categorized as having
high social vulnerability had lower odds of having a go bag or an evacuation plan than residents of communities with average social
vulnerability. However, for these two preparation items the only socio-economic characteristic that was significant on its own was
Hispanic ethnicity, as Hispanic respondents had higher odds of having a go bag than non-Hispanics. Race, income and education were
all non-significant despite the 2018 Federal Emergency Management National Household Survey finding that White respondents were
more likely to be “minimally prepared” than African American and Asian respondents [89]. Similarly, Lachlan et al. [36] found that
non-White respondents were less likely to have an emergency kit or evacuation plan, as were lower income respondents. This suggests
that other factors, such as perceived risk and previous experience, might often be the stronger influence.

5. Limitations and future research

As our aim was to gather data from a broad range of California residents, our results provide important information for government
and emergency officials. However, despite our efforts to recruit respondents from underserved communities, we were not entirely
successful. Notably, there were only four responses to the Spanish language version of the survey, so it was impossible to evaluate this
group separately. Further research would benefit from a focus on Hispanic respondents, especially those with limited English profi-
ciency. Partnering with community organizations that have pre-existing relationships with such groups would be a potential way to
successfully engaging with this demographic [79]. A similar approach could be used to improve the response rate for African
Americans, another socially vulnerable population. The low response rate, especially to the mail survey, is also a limitation. Although
we aimed to survey communities with varying degrees of fire risk and history, respondents in some of the communities with lower fire
risk were likely less interested in taking the survey as they did not perceive the applicability. Research fatigue could have also
contributed to the low response rates. The lack of a guaranteed incentive also potentially biased the responses towards respondents
more concerned/more affected by wildfire. Future research could also benefit from exploring this topic in depth with one or two
communities, including more qualitative questions and discussions to gain more insights.

The current study largely focuses on the first step of the WRM, if individuals understood what a fire weather watch and red flag
warning mean. Future research efforts could explore the rest of the steps through qualitative methodology, although our study does
provide some insights into why action is not being taken. For example, the significance of perceived risk suggests that step 3,
personalization, would be especially important and could be contributing to the low up-take of recommended actions. Additionally,
given that many respondents that did not undertake the same preparations under a red flag warning each time, more insights in how to
convey the relative level of risk associated with a particular red flag warning could be beneficial.

6. Conclusion

Fast-moving wildfires present a challenge to emergency mangers and residents alike, demanding improved preparation by com-
munities. Notably, occurrences of large single-day fire runs (area burned in a single day) in the Western United States are predicted to
more than double under a 2 °C warming scenario [1]. However, the results of this study show that many California WUI residents are
not sufficiently ‘set’ for wildfire-many lack an evacuation plan and/or go bag, and many are not taking preparatory actions during red
flag warnings when there is heightened risk. Our results suggest that in the event of a wildfire residents’ evacuation may be delayed
due to the time needed to gather important items and documents and figure out where they should evacuate to and by which route (as
some roads could be closed). This is especially concerning given the rise in no-notice evacuations.

There is a need for effective communication around natural hazards to ensure prompt and appropriate responses from those most at
risk. Findings from this study suggest that outreach efforts focused on the level of (actual) risk are needed, and that this messaging is
best delivered by a range of sources to account for preferred and trusted communication channels. However, such efforts need to be
ongoing, as Champ et al. [70] noted that increased awareness of wildfire risk gained from outreach efforts does not necessarily last.
Similarly, there is some confusion over the interpretation of NWS warnings and recommended actions, again potentially leading to
delayed evacuations. There is substantial social science research around natural hazards and communication that could be used by
governments and other agencies to improve residents’ personal preparation for wildfire and help prevent so many wildfires from
becoming tragedies such as the Camp Fire and Lahaina Fire.
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