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risk? 2)How common aréooding experiacesamong urban residents, and how tese
experiences related to sociodemographiaracteristis and exposureghd 3) How concerned

are urbarmresidents about flooding, and does concern vary by exposure, flood experience, and
sociodemographicharacteristicdAlthough floodplain residents were more likely to be white
and have higher incomes, respondents who wieaeacial/ethnic minoritywereolder, hadess
education,angvereliving in floodplains were more likely to repdtbod experienesand
concern‘aboutfloodind:lood risk management approaches need to address social as well as
physical soeurces of vulnerability to floods and recognize social sources of vainaitmod

experiences and concern.

(KEYWORDSflooding; urban areasisk assessmentisk perceptionssocial vulnerability
flood experience.)
INTRODUCTION

Urban flooding is a worldvide issue, with impacts increasing globally as cities and
metropolitanrareas expand and the global population grows increasingly(8eteet al, 2011;
Jongmaretial,»2012; Aertset al, 2014; Liet al, 2015). Even in dryland regions, flooding is a
serious risk.and hazard and is expected to increase due to climate (arfipeet al, 2013).
Addressing urban flood risks requires adaptnanagement approaches in response to rapid
changes in urban land use, a changing climate, and shifting demographics with{f\gibgs
and Keenan, 2012; Kundzewietal, 2014) The challenge for flood risk research is to address
the interactions, between these many factors and to provide actionable idorioatater
decision makers and managers.

Despite existing literature on social vulnerability to natural hazards, ingléidiods, a
major gap.Is our incomplete understanding of variation in flood concern, exposure, and
experience within urban populations, particularly across sociodemographic grospite De
increased. attention to urban flood risk in the literature, the majority of this literature focuses on
physical vulnerability and exposure rather than social vulnerability (Cho and Chang, 2017). The
flood risk pereeption literature has focused on Europe (e.g., Betzdn2009; Wachinger and
Renn, 2010Wachingeret al, 2013; Lujalaet al, 2015) and lacks adequate inclusion of
sociodemographic factors, particularly race and ethnicity, which have long shapedahe soc
dynamics of many cities, especially in the United States. Sociodemographic factors can have
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strong infuences on individuals’ behaviors and perceptions, particularly in relation to water
(Bradenet al, 2009; Larsoret al, 2009; Graftoret al, 2011; Haleet al, 2015, Flintet al.

2017), yet a recent synthesis report on risk perceptions did not meat@orrethnicity at all
(Wachinger and Renn, 2010). When sociodemographic factors are included, they are usually
used as contreol variables, rather than recognized as important sources of hiaeaathNity

(Slimak and Dietz, 2006; Botzext al, 2009; Kdélenset al, 2013; Wachingeet al, 2013).
Importantly,"we"hypothesize thaxposure t@andexperience ofloods are related to aspects of
social vulnerability, here defined as characteristics of people, individuallyodiedtively, that
influence their potential for loss and enable them to respond to and recover hamash@utter

et al, 2003) inraddition to physical aspects of flood exposure. While the role of floodplain
exposure has been well studied (Lindell and Hwang, 2008; Betzan 2009) the social

aspects of flood vulnerability are underexplored. Here we analyze variation in enadtioins
between flood experience, concern, and exposure across sociodemographic characteristics.
Importantly, we control for risk tolerance, often used to explain differences in ocareerisk
perceptionsaeress social groups, by measuring concern about multiple risks. Adutitaug of
how risks areexperienced and perceived across sociodemographic groups is particularl
importantin hazards research given past cultural insensitivity associated with emergency
response.and unequal access to resources during disaster recovery across racial and ethnic lines
(Fothergillet al, 1999; Bolind and Kurtz, 2018). Flood risk management by public agencies is
obligated to serve all members of a community and will not be successfulbieésl only on
experiences‘ofithmajority group and does not account for variation among different segments
of the population.

A critical aspect of addressing differences across social groups is the potential for the
nature of flood experiences to vary. The role of flood experience is central to mang wiodel
humanflood.interactiongViglione et al, 2014; Di Baldassarret al, 2015), concern (Botzest
al., 2009; Kellen=t al, 2013; Wachingeet al, 2013) preparedness (Bradfoed al, 2012;
Scolobiget.al;2012), and strategidésr risk communicatior{Bradfordet al, 2012). Yet the
linkages between experience and concern are not consistent across studies and may differ across
social groups. Most studies assess experience by asking if a survey respondent has had any
experience vith flooding (Botzeret al, 2009; Lujaleet al, 2015) yet flood experiences can
range from minor property damage to injury and death (Siegrist and Gutscher, 2008; e&awrenc
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al., 2014) We hypothesize that the specifics of flood experiences are antampfactor in
determining the relationships between experience and concern and that theaey\aitrgss

social groups.

Objective and,Research Questions

The,objective of this study was to assess the flooding experiences and risk concerns of
residents living'in northern Utah, a rapidly urbanizing, semi-arid, and flood-prone regioio, a
evaluate how'those experiences and concerns varied by levels bf/atr@aability and flood
exposure. Risk concerns, a dimension of risk perceptions, are a fundamental link between
physical and secial dimensions of risk and hazard and are a function of the risk\itsgH (
1986; Slovie, 1987) and the person(s) cormémdethat risk(Whyte, 1986; Slimak and Dietz,
2006). Risk pereeption has been linked to preparedness for and behavior during flood hazards
(Riadet al, 1999; Lindell and Hwang, 2008; Micdat al, 2008; Wachingeet al, 2013) and to
support for, policymeasures to mitigate risk&lenk and Fischer, 2010)o better understand the
social dynamies of flooding in urban landscapes, we evaluate relationships betsiakn s
vulnerability (based on demographics associated with disadvantaged social gropgssiy,e
(locationvisa-vis flood plain), self-reported flooding experience, and flood concern.
Specifically;"we address three research questions:

1) Are socially vulnerable groups more likely to be exposed to flood risk?

2) How common are flooding experiences among urban residents in Utah, and how are

these"experiences related to social vulnerability and exposure?

3) HewsConcerned are urban Utah residents about flooding, and does concern vary by

exposure, flood experience, and social vulnerability?

METHODS
Study Location

We_eonducted our study in the Wasatch Range Metropolitan(BaMA) in northern
Utah, USA'eomparing three valleysith different levels of urbanization: Salt Lake Valley,
Cache Valley, and Heber Vallefnglo-European immigrantsetled in each oftiese valleyin
themid-19" century by harnessing local water resources to support irriggtemliitural
production. Currentlythe Salt Lake Valleyis dominated by urbaland uses and has the largest
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123 population (over 1 million) of ththree valleysCache Valley has remained a major agricultural
124  production center but is rapidly urbanizing and has a population of roughly 113 &l9%).

125 Valley has retained theost ruralcharacteof the threeareaswith a population of just over

126 23,000 in 2010, but is becoming a growthenterbased on recreatidne., ski resortsand

127 natural amenitiesandincludes residential developments for commuters to the greater Salt Lake
128 area and second homd@heWRMA climate is semarid with hot dry summers and cold, wet
129 winters"Most'of the precipitation falls as snow. All three valleys comtaiantainfront

130 communities'with potential faignificant flooding during the spring snowmsé#tasorand

131 occasional flooding from summer cloudburst storfifeese caditions are likely to increase with
132 predictedescalationn variability and extreme events due to climate chargg@d urbanization

133 in these watersheds that exacerbates stream flashiness, and changes in (aging) reservoir
134 management that balance rislssociated with high water variability by erring on the side of
135 keeping reservoirs as full as possible going into winter montch\i&lley experienced

136 damagingfloodsluring spring of 2011 and 201&s a result of largenowpack and warm

137 springs.Despierfrequent, and occasionally major, flooding, the total damages from flooding in
138 Utahover the'past two decadare relatively small compared to other regions in the United

139 Stateswithelarger populations and urban areas (https://www.ncdc.noaa.gov/stormevents/

140 Howevergthis region has an eMenger history of significant flooding, with major floods

141 occurring in the 194@, 1960’s, and 1980(&-lores, 1983; Lindskov, 1984; Hale, 2016).

142 Although dryland regions are not often thought of as flood-prone, the Intermountain and
143  Southwestregions of the U.S. @articularly vulnerable tflashflooding, with flood risks

144  expected tosincrease in sosgb-regions and seasons due to the hydrologic effectsrate

145 changeldamlet and Lettenmaig2007;Garfinet al, 2013). land use changes associated with

146 rapid and concentrated urbanization in these regions, the proximity of many urdmtogvablic

147 lands, and.changing fire regimes are increasing the riskeenfsmaller flood episodes

148 throughoutthewestern U.S., as demonstrated by devastating fire and subsequent steiim event
149 California.insrecent years. The WRMA study area is representative of growing urban areas in the
150 western U.S.

151

152  Survey methodology
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This research was part of a largéudy of Utalresidentswater perceptions, attitudes,
concerns, and behaviarenducted in 2014ata reported here come fronsarvey of
households living in 23 neighborhoods (defined as census block groups) fromig<oun
northern Utah (Cache, Salt Lake, and Summit). Neighborhoods were purpssieeted to be
representative.of diverse typesWWlRMA neighborhoods across a wide range of
sociodemaographic, built, and environmental characteriglacsksorSmithet al, 2016a).
Accordingto'FEMAs 100-year floodplain maps (http://hazards.fema.gov/gis/nfhl), none of
these neighborhoods are protected by levees. Over 4,000 housing units were randomly sampled
from county and city property tax rolls to participate in the syr89 householdsom within
each of the: 23=study neighborhoods. Theage universityIRB-approved survey included
detailed questions about perceptions and attitudes related to a range adsuate(including
flooding), measures of household water use and landscaping behaujgport for various local
or statewide water policy options, and demographic attributes of responadgnées @f the
survey insttument are available at
http://datadutahepscor.org/mdf/Data/household_survey _instrum@uaiijeys were administered
using a drop ‘off/pick up metho&teeleet al, 2001;JacksorSmithet al, 2016b) in which
surveys were personally deliverede@achhousehold by field staff and, if a qualifyingsident
agreed tostake the survey, left with tdentifiedrespondent for completion, after which the
surveys were retrieved at an agreed upon date and time. Multiple visits were made to each
samplechousehold until contact was made with a resident. If surveys were not einitse
multiple attemptsprepaid return envelopes were left at the door for the respondent to use to
return theirsurvey. In a few cases where no contact was onambeaccess was availapée
multi-wave mail survey design was implemenBdiman et al, 2014; Jackso®smithet al,
2016b).

From.a total sample franté 3,766 eligible (nofvacant) housing units, we received
2,337 responses from 23 neighborhoods in 3 counties with an overall response rate of 62%
(JacksorSmithet al, 2016b). Because neighborhoods were purposively, not randomly, selected
to reflect paiitular combinations and variations of social, built, and natural environments in the
study communities, aggregate characteristics of respondents should not be triealiedtase
of the general population in the study region. However, when compasedetevel census
statistics, the respondents were demographically similar to residents in each of the study
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neighborhoods and broadly representative of Utah’s adult population, though whites, people over
35, and adults with gear college or graduate degrees were overrepresgidterWadaet al,
2015; Jacksoismithet al, 2016b, Table 1).

Measuring Respondent’s Experiences and Concerns with Urban Flooding
We used a variety of questions to understand respon@epesiences witvater in the
urban environment. For this analysisy aentral dependent variables were experiemgeh and
concern aboutfloodinddescriptive statistics for dependent and independent variables are shown
in Tablesl and 2 To quantify concern, we asked respondents to rank their concern about several
waterrelated issues, including flooding. We asked: “How concerned are you about flooding over
the next 10wyear§Respondentaere asked toank their level of concern from hdt at all
concernedjo 5(very concerned)To quantify flood experiencesgnasked respondents whether
they were aware of any instances in the last 10 years in Wigcthousehold had been impacted
by flooding,.or stormwater. We specifically askeabout six types of flood impacts: flooded
basemersgeontaminated drinking water, contaminated streams, private property damage,
damaged roeads and infrastructure, or loss of life or injury due to floodingratdfmwater.
Towunderstand what characteristics of respondents were associatédagitton@rn
and experiences, we also asked respondents about their back@resoriptive statistics for
independent variables shown in Table 1). To control for respondents who may have exgerience
flooding in‘previous residences, \@palyzed variables related to questions abeatsonal
residerce and'whether respondents were originatiyn their valley of residenc&inally, we
alsocollectedsa standard suite of demographic variables, incltdengespondent’age, gender,
educationrace/ethnicityandreligious preferenceand the householdigesidentiatenure status,

presence of children, afmbusehold income

MeasuringRhysicalExposure to Flood Risk

To evaluate exposute flood risk we determined for each respondent whettheir
household’s'residenagas located within the 100-year floodplain using parcel information and
the FEMA 100year floodplain layer in ArcGIS. We also calculatedbecentage ofach

neighborhood that was located within the 100-year floodpisiimg zonal statistics in ArcGIS
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Statistical Analysis

Models exploring theelationships betweeexposure, sociodemographics and other
factorsand reported flood experiences were developed for each type of flood experience (e.qg.,
household basement flooding) as welf@sa combined measure of flood experience (any
household fleed experience) using binary logistic regressiahi-squared test was used to
determine goodness of fit as significant difference from the null mddedxplore differencesi
the distribution of populations within and outside of the 100-year floodplain, we used a test of
equal proportions.

Tendencies to express concern (regardless of the issue) can vanagopsatatiordue
to differeneessin risk toleranc&hereforewe calculated a measusérelative flood concerrmo
capture how asrespondent rated concerns about flooeliative to other issues. Specifically, we
computed a z-score for each individual respondent: ((Flood coneceear-of all
concerns)/standard deviation of all concerns). These concerns inckated shortages, poor
water quality, high cost of water, deteriorating water infrastructure, air pollution, traffic
congestionyloess of open space, population growth, and climate change. This transformation
provided a‘single measure that adjusted for the effect of variable risk tolerance across
respondentd/Ve fit a multiple linear regression modeldetermine how exposure, flood
experiences, and sociodemograpthiaracteristicsvere associated wittelativeflood concern
We conducted a model selection exercise, uskagke’s Information CriterionAIC) to
compare candidate models, to select theoreti@aportantand empiricallyrobustvariables
while ensuringsmodel parsimony and avoiding multicollinearity between predictor eaxiabl
a result, many“more variables were explored than were ultimately selectieelffioal model.
All analyses were conducted in R 3.2.2.

RESULTS
Exposure to.flood risk

Overall, roughly half of our respondents lived in neighborhoods that overlap at least
partially with'a,100-year floodplain, and 3% of our respondents lived in parcels attaatiyd
within theFEMA 100-year floodplairmap Contray to environmental justice literature
expectations, our results suggest that socially vulnerable populations areorapatisonately
exposed to flooding. Respondentiso migh be considered socially vulnerable in this region
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246 racial/ethnic minoritis, Hispanics, loverincome households, rentees)dnewer residents —

247 were less likely to live iFEMA designatedloodplains (Fig. 1). To confirm if these patterns
248 were typical in the WRMA beyond our survey respondents, we also examined charestefristi
249 residents reported in the 2010 Census of Population at the Census Block GroupBsvgithe
250 same geography we used to delineate our study neighborhoods). Of tHeBi@e8élong the

251 entire Wasatch Range, 458 (33%) overlap with the 100-year floodplain. Block groups that
252 overlap'with'the floodplain havestatisticallysignificantly higher percentage of residents over
253 65 (9% vs'8%, p=0.005), higher percentage of residents with household incomes greater than
254  $100,000/(25% vs 20%, p<0.0001), significantly lower poverty rate (9% vs 12%, p<0.00001),
255 and a lower percentage of rent®useholds (26% vs 31%, p=0.0006). However, there were no
256 significant'differences between floodplain block groups and other block groupsgdé

257 racel/ethnicity (percentage of nbhispanic whites was 78% for both groups), or the percentage
258 of the population over 25 with a bachelor’s degree.

259

260 Reported Flood Experiences

261 Flooding impacts were reported by 44% of responddiatislé2). The most commonly
262 reportedimpacts were flooded basements, private property damage, and infrastruciade

263 damageglable2). The least commonly reported experienaéh flooding were impacts on

264 contaminated drinking water, contaminated streams, and injury or loss (@b 2)

265

266 Models of Repwed Flood Experiences

267 Models-predicting flood experiences were expressgialy significant goodness of fit

268 overall andcoefficients forsociodemographic variables were more consistently significant in
269 models than exposure variables (Table 3). Assoastiath sociodemographic and exposure
270 variables also.varied across types of flood experiences. All models reported in Table 3 are
271 significantly.better than a null moddistimates opredictive power (pseudc®Rtatistics)were

272  low, but comparable with those in other flood concern studies (Betzan 2009).

273 Sociedemographic variablegere significant predictors oéported flood experiences.
274  Racial/ethnic minorityand older respondents wearere likely to report altypes offlooding

275 experiencesSome sociodemographic variables were significant only for certain types of

276 flooding experiences. For example, respondents with less formal education weré&eipto
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reportcontaminated drinking watewhile lower income households were more likely to report
experiences which resultedimury and loss of life. Households with children were more likely
to report experiences with private property damage. Respondents affiligtetieiThurch of
Jesus Christfd_atterday Saints (LDS) wermore likelyto report expriences with basement
flooding andlesslikely to report experiences with contaminated streams due to flooding
compared to non-LDS respondents. Controlling for the other variables in the reodealyt
(ownerfenterstatu3 and gendewas notsignificanty associated witlheportedexperiencesvith
flooding impacts (Table 3).

Measures oéxposure to floodplain risks were only partly related to reports of flooding
impacts attheshousehold scél@ble3). Respondents who lived rarces in the 100year
floodplain were rore likelyto reporthigher levels of flood impacts overélhe combined
measurgand private property damageparticular The percent of a respondent’s neighborhood
that was within the 100-year floodplain walsopositively associated withouseholdevel
reports of damaged roads and infrastructure (Table 3).

Concern aboutflooding

Acrass all survey respondentsetmearevel concern about flooding in their community
over the_next 10 years was 24 a scaldérom 1 (not at all concerned) to 5 (very concerned),
indicatinglow to moderate conceriMean concerns for other water and environmental issues
weregenerally higher, ranging from 3.5 to 4.3 (Fig.)2Ahe distrilution of concern about
flooding wasapproximately normal, with the most common response being 3, indicating modest
levels of coneeriiTable2). A minority of respondentd6%) indicated that they were not at all
concerned about floodingnd25% of respondeniadicatedthat they were concerned or very
concernedFig. 2B). In contrast concern fothe other 9 types afommunity concernbsted in
the survey.was.much highevith over 50% of respondents rating concern as 4(tcdncerned”
or “very concerned”fFlint et al, 2017). Eleven percent of respondents heslative flood
concernscoregreater than zero, indicating that they were more concerned about flooding than

the other waterenvironmentalnd growthissuesn the survey

Models of Flood Concern
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307 We estimatednultivariate regressiomodelsto predicttherelativeflood concern zcore
308 (ordinary least squares regressidr)e bestmodel wassignificantoverallbut explainednly

309 10% ofvariation(Table4), as expected fairsk perception modeldeacoclet al, 2005; Botzen
310 etal, 2009)

311 A broad range of previous flooding experiences were significantly related totprgaic
312 respondent’selativelevel ofconcern about flooding (Tablg.4As expected, relative concern
313 was positively‘associated wittaving personally experienced basement flooding and injury or
314 loss of life"dueto flooding. Surprisinglyelative concermvas negatively associated with

315 experience with any flood impact and contaminated drinkiaggr The grcentage of a

316 respondent'smeighborhood that fell within the 100-year floodplainpesisively asociated

317 with relative'concernRespondents’ relative concern about flooding significantly increased if
318 they wereof a racial/ethnic minorityLDS, or had children living at home. &dlthier

319 respondents had lower levels of relative concern. Residents originally fromahey of

320 residence werkess likely to be relatively concerned about flooding, which suggests that

321 sensitivitygorflooding may be higher for people moving from other places (Table 4)

322

323 DISCUSSION

324 The goal.ef*our analysigvasto identify the sociodemographic drivers of flood risk and to

325 explore relationships between flood experiences, exposure to flood risk, and concern at®out futur
326 flooding. A key finding of our research is that physical exposure is important but provides an
327 incompletesexplanation of why experiences with flooding and risk perceptions vary Wwéhin t
328 population‘and'geographically. We found that the links between flood experiences, exposure,
329 and concerns are complex: while respondents from vulnerable groups were moreeigatto r
330 personal flooding experiences and concern about flood risk, they were less likely to ballyhysi
331 exposed to.flood risk through residency in the floodpl@u: study highlights the critical role
332 that sociafactorsplay indeterminingflood risks within urban systems and suggesteed to

333 incorporatesconsiderations of environmental justice in the development diveffid@od risk

334 management,progran

335

336 Are socially vulnerable groups more likely to be exposed to flood risk?
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Our finding that people who live in the 100-year floodplain in Utah are more likely to be
white and have highéncomes did not fit with expectations from the broader environalent
justice literature but might reflect an amenity value associated with urban waterways within our
studyarea Thispatternhas been observed in other cities (Coléhal., 2018) Our results
contribute te.a.small but growing literature that has found more complex refaisthetween
social vulnerability and exposure to flood risk. Studies in UK foundtiiegiresence of
environmentaljustice concerns depended on the type of floodidgl-eompared to riverine
(Walker and"Burningham, 2011h the United Stateshere ar@nconsistent patterns in the
distribution of populations in floodplains both within cities (Maantay and Maroko, 2009) and
across citiegCollins et al,, 2018).The lack of consistent patterns in flood risk exposure suggests
that the disproportionate effects of flooding on minorégial and ethnigroups is not
necessarily due to unequal exposure, but unequal vulnerability, as discusse(Calttevet al.,

2003; Fielding and Burningham, 2005; Maantay and Maroko, 2009; Walker and Burningham,
2011 Collimset al, 2018). This finding also has important implications for the interpretation of
our results=The different effects of sociodemographic characteastioss regions indicate that
local controls'en social vulnerability are important. For example, the legacy effects of
segregation,on unequal flood risk and housing quality are important factors in theastertn

United States (Fothergit al, 1999), but the underlying causes of vulnerability in Utah, where
the largest minority group Isatino/g are likely to be quite differeriMontgomery and

Chakraborty, 2015). Understanding the sources of vulnerability can aid flood management
organizationsUin takging locallyappropriate response plans and can be used to understand how

the results'from generalized models (e.qg., Di Baldassaak 2015) might vary across regions.

How common are flooding experiences among urban residents in Utah, and how are these
experiences.related to social vulnerability and exposure?

A key finding from our research is that experiences of flooding vary significantiynwit
urban populations. Although groups typically considered more socially vulnevat#dess
likely to be"exposed to flood risk through residency in the yigd-floodplain, they were more
likely to report experience with flooding. Furthermore, the types of flood experiended var
across sociodemographic groups. This was the case even though floodplain exposue was als
found to be positively associated with reports of flood experience. Our findings confirmed
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368 previous research that found sociallyinerable populations — l@vincome, lover education,
369 racial/ethniominority, and elderly to be more likely to report hazard experien@Gshranet al,
370 2008) and more likely to be concerned about flooding (Slimak and Dietz, 2006; Kadlkns
371 2013; Wachingeet al, 2013) The strength of association betweaaial/ethniominority status
372 and flood experience was especially pronounced for replagsaf life or injury anagxposure
373 to contaminated streams, and weakest for property damage, highlighting that the dfalance
374 socialand"physical sources of vulnerability varies across specific flood risks. foaite flood
375 experiences'may vary for different cultural groups as well as for vulnerable grftwpinding
376 that raciallethnic minorityespondents were more likely to reppohtaminated streams as a
377 result of fleoding may reflect the distinct environmental ethic (and resultant increased

378 sensitivity)'that'others have reported for Latimosomparison with other racial and ethnic
379 groups (Lynch,11993; Heyd, 2004/hittakeretal., 2005; Larsoret al, 2011) Previous research
380 has suggested that Latinos are particularly sensitive to local environmental issues, timame so
381 non-Hispanic whites, but that this difference is less pronounced for morecébstraronmental
382 concerngWhittakeret al, 2005).

383

384 How conecerned are urban Utah residents about flooding, and does concern vary by exposure,
385 flood experience, and social vulnerability?

386 Social sources of vulnerability were manifested only in reported flood experiences
387 but akoin'concern about flooding. Increased concern about flooding for some groups was
388 significantevesaftercontrolling for risk aversiothrough measumeentof relative flood

389 concern. Insmuch of the previous research, it is unclear whether certaingsoajad have higher
390 risk perceptions overall, or whether they are more concerned about thecajsciinder study.
391 The relationships between concern aack/ethnicity, income, childn, and LDS religion were
392 robust to the correction for risk aversj@uggesting that these factors are associated with
393 increased.concern about flooding specifically, not just differences in risk tolerance.oMezaé
394 results highlight the importance cbntrolling for overall risk tolerance or aversion within a
395 study population to understand predictors of the specific focal risk.

396 While previous work has used sociodemographic variables primarily as statistical
397 controls to account for differences in risk tolerance across demographic gstopk(and

398 Dietz, 2006Kellenset al, 2013) our results support the idea that social variables can play a
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more central role in explaining risk perception through the mechanisms oassists, and
vulnerability (Cutteret al, 2003; Terpstra, 2011; Wachingsral, 2013 Elrick-Barret al,

2015). For example, other researchers have found that trust in risk-managing institdions a
government authorities is strongly and negatively associated with risk penseterpstra,
2011;Fatti and Patel, 2013; Kellees$ al, 2013; Wachingeet al, 2013 Birkholz et al, 2014).
Although we did not measure trust directly in this study, vulnerable groups such as esnoriti
and those'with'loer income anddsseducation are expected to have less trust in authority than
white men*(Finucanet al, 2000). More broadly, minorities, and people withdéowmcome and
less education have fewer resources and lower levels of access to information and important
political and eeenomic networks to respond to threats to their well-bRiagd ¢t al, 1999

Cutteret aly2003;Peacoclet al, 2005; Larsoret al, 2011;Elrick-Barret al, 2015) Minorities
tend to have higher risk perceptions than white men because thédy lessdrom many
technologies antbrmalinstitutions, are more vulnerable to discrimination, and are more likely
to see the world as a dangerous pl&ieucanest al, 2000; Kaharet al, 2007).Importantly,

the combipation of our results about concern and exposure suggest that increasadsaonte
due to disproportionate exposure, in contrast to other studies of environment@laigkst al,
2015).

Integrating flood exposure, experiena@d concern in urban systems

Previousresearch on the associatidretween flood experiences and concern have found mixed
results, with*seme studies finding that experiences increase cqKedenset al, 2013;
Wachingeret:al, 2013;Lawrenceet al, 2014;Elrick-Barret al, 2015; Lujaleet al, 2015)and
others finding the opposite or no effect (Gardner and Stern, 2002; Wachiradep013).

Although we found overall support for the idea that experiences were related to exqgabur

that concermwas, related to experience, the linkages between these aspects of flood risk were not
the same across sociodemographic grodpspondents from sociallyinerable groups were
more likely.to'report experiences and express concern about flooding but sedikdly to be
exposed byliving in floodplaing his result highlights the important roleatontextualized
analysis of social vulnerability and suggests the need to incorporate prattcisod
management that address social as well as physizalesoof vulnerability- such as trust and
access to resourcd?revious modeling research on urban flooding has focused on feedbacks
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between flood dynamics and the social systéimlione et al, 2014;Di Baldassarret al,
2015) Feedbacks from concertesefforts to reduce physical exposure to flooding are likely
important, capturing a major part of flood risk management. However, our research also
highlights the importance of social vulnerability, which may be more diffioudiddress through
local water mmanagemenmheasures.

Our.findings suggest several key areas for future work on flood risk. Especially given
diversification‘inurban areas, understanditng effects of social vulnerability dhe links
between exposure, experience, and conanvél as the underlying mechanisnsscritical.
Importantly, these relationships may vary substantially based on local or texpiotext. We
also anticipatesthat the linkages between exposure, experience, and concern will vary across the
type of flooding and the location of flooding. Our research focused on flooding from rivers and
stormwater, butwe were only able to measure flood exposure as a traditiodpldin. Future
research would benefit from a more comprehensive definition of floothaskake into
account the full range of natural and built sources of flooding— includingsriy®undwater,

stormwateryand infrastructure failure.

Implications for flood risk management

Previous work has noted the difficulty of incorporating social science into flood risk
management, which tends to focus on physical sources of flood risk, though contributions to
broadening, this perspectiiave been made (Brown and Damery, 2002; Botzeh, 2009;
Birkholz etsal;*2014). Efforts to incorporate risk perceptions into flood management have
focused onuthree issuasiproving “accuracy” of community flood risk perceptigiBichecker
et al, 2018) improving floodrisk communicationgBradfordet al, 2012), and improving tyse
of approaches used for flood risk management (Wachinger and Renn, 2010). Attlaregh
specific and. directedne-way communications could be developed using the type of analysis
presented her@radfordet al, 2012; Bodoquet al, 2016;), e.g., by developing informational
materials_aimed at populations with low concern and high expdbig@pproach doasx take
into account how systematic issues might affect flood risk management, suchafsdaskin
authorities or access to resources. Instead, to accommodate the diverse experiences and concerns
among sociodemographic groups, flood managers would benefit from developing better dialogue

and problensolving interactiormechanism&etweencommunities and flood manageitsis
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particularly mportant to develop strategies to engage with more vulnerable populations beyond
simply delivering information, given that flood risk perceptions are often basszlon

emotional and affective rather than cognitive asp@echingeret al, 2013 Viglioneet al,

2014). Furthermore, our results highlight the importance of addressing the needs afolelner
populations,since they have disproportionate flooding experience and concernstlesfaiié

not disproportienately exposed.

Such public interactio approaches can improve flood risk management both in terms of
improving"management understanding of risks from the human dimensions perspective and in
terms of increasing social capacity to deal with r{kepsellet al, 2010) Dialogue can enable
mangement actors to identify sources of vulnerability that may not be included in tecleablogi
or biophysiealrisk assessments. By understanding the sources of risk and mechpamitich
populations are affected by flooding (e.g., drinking water contamination, property damage)
flood management authorities can better target and diversify preparedness activities and
emergency.response to flood events, e.g., by ensuring that bottled water is availablyespec
for racial/ethnic'minorityand older resident$ndeed, it is likely that disproportionate access to
resourcesnayunderlie some of the sociodemographic differences in flood experiences and
concernsidentified in this study. While flood management is unlikely tblee¢@address
underlyingssocietadtructuralissues, flood managers can use this information to ensure that
access to resources directly relatethediverse nature dooding hazards are available for all
residents.

Floed"management approaches that engage with communities maycedssénthe
capacity ofithese communities to prepare for and respond to flood events. Lack of trust in
authorities may be a key factor in the greater concern about floodiagiatyethnic minority
and lowerncome residents. As with access to resoutoed,management cannot address
underlying,sources of distrust, but can increase trust specifically withcteésgod
management authoritie®pendialogue, through workshops and other commubéged
participatorysresearch approachkas been shown tocrease trust in management authorities
(Tapselletal,;201Q Bucheckeet al, 2013). Our research suggests that for populations with
greater social vulnerability and potentially lower trust of authorities (aeial/ethnic minorities
female, loverincome, andvith lower educatiorievelg, these approaches could be particularly

useful.
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493 CONCLUSIONS

494 We set out to evaluate the relationships between flood exposure, reported flood
495 experiences, and concern about future flooding in an urban regiontleémottah which is

496 typical of urbanizing environmengspecially in the watescarce western U.$Ve found

497  significant asseciations in the expected directions, where experiencesigvefieantly

498 associated'witlexposure, and both experiences and exgosere linked to concern. However,
499 nuanceemerge when these resultgere examinedhrough thdens ofsocial vulnerability In
500 Utah, neighborhoods with floodplain exposwurere disproportionatelpopulated by théess

501 socially vulnerable, yet respondents from vulnerable graugoe more likely to report

502 experiences with flooding and to be concerned about future floothegeresuls highlight that
503 social vulnerabilityis a key element in understanding both flexgeriences and conceyesd
504 suggest the need to examine more broadly the human aspects of flood experiences

505 Theseresuls havamportant implications for socibydrology research and flood risk
506 management=The significant variation in flood experiences and concern dwtbise sgments
507 of urban poepulations identified here contrasts with the largely geographically-lmased a

508 communityscale analysis of existing flood mod@&glione et al, 2014 Di Baldassarret al,
509 2015). Ineorporating this variation in flood risk analysis and using it to infornmtéeactioral
510 dynamics between urban residents and flood management agencies will be an impgttant
511 step in modeling co-evolution of flood management strategies and coupled huenaystems.
512 While thesourees of social vulnerability to flooding are often beyond the scope of flood
513 managementydialogue and participatory commupidtyed strategies may be effective

514 approaches to both identify unique considerations for preparedness and response anross urba
515 areasand to build trust and capacity within more vulnerable populaggments

516
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