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Abstract

Homes and communities exposed to inevitable extreme wildfire conditions do not have to suffer inevitable fire
destruction. Research shows that the characteristics of a structure and its immediate surroundings within 30
meters principally determine structugnitions; this area is called theme ignition zonéHIZ) and defines
wildland-urban (WU) fires as a structure ignition problem and not a problem of controlling inevitable wildfires
Instead of failing to control extreme wildfire behavior, an appradchducingignition conditionswithin the

HIZ resulting in ignition resistant structurean provideaneffective alternative foprevening structure

ignitions and thus wildlardrban (WU) fire disasters without necessarily controlling extreme wildfires.

Introduction

The fire destruction of urban, suburban and exurban development during wildfires has bekm®oton as the
wildland-urbaninterface (WUI) fire probleniThe term and its close variants have been used at least since 1974
(Butler 1974). Alttoughthis communityfire destruction is initiated by wildfires, structure ignitions are not
determined by geographic locatjoather the fire destruction is determinbg the igntion conditions of a

structure in relation tdas immediate surroundings. Hence, the term wildtanioan (WU) fire is used without
Ainterface, 0 Aintermix, 0 or other geiogrblpédi dDekf
WU Fire Probled section bel ow.

Recent (1990 to 2017) wildlandban fire disasters are listedTable 1 howeverdestruction of towns and
villagesassociated with wildfires the United State@J.S.)commonlyoccurredn thefifty -five to one

hundred years beforeghermoriginated(Pyne 1982)From 1871 to 191&assivewildfires such as Peshtigo
(1871), Michigan (1881), Hinkley (1894), Adirondack (1903), Baudette (1910), Great Burn (1910) and Cloque
(1918),associated with large areas of logging debris and slash and burn agride#titoyedowns and killed
more than twdahousandeoplein the Lake States and Northweéstited StatesTo a lesser extentyU fire
destrution continued bubecausenostdisastes seemed to occur in CalifornisV/U fires werdargely

perceived as a California praoh (Laughlin and Page 1987n 1985 exceptional Wldestruction during

wildfires motivatedfire protection officials from federal and state agencies into initiating a collaborative effort
with the National Fire Protection AssociatiddHPA, Laughlin andPage 1987)This initiativelead to current
programs such as Firewise and Fire Adapted Commuriltiesimperative to prevent home and business
destructiorand fatalitiesduring wildfires has increased internationally watlsrescendo oiVU fire disasters
includingLos Alamos (US), 2000Jew South Wale®\CT (AUS), 2003;southern California (US), 2003;
TexasOklahoma (US), 2006; southern California (US), 208i¢toria (AUS), 2009;Texas (US), 2011;

Colorado (US), 2012; Tennessee (US), 2@laje, 2017; PdugalSpain, 2017and northern and southern
California (US) 2017.

There is no historical evidence or current management trend to suggest that all wildfires can be exclfided anc
not excludedcontrolledwith an initial suppression response. Thitg reasonable to assume the inevitability

of wildfire occurrence and extreme wildfire conditigigilliams 2013) Since theend of the Pleistocenéres
primarily ignited by lightning and humans burned across North American land¢&pesrt 2002)Most

North American ecosystems present during European discovery developed and were sustained by fire as a
principal ecological factor. Since European discovery and settlement, wddéaburnedin the contiguous

U.S. declined to current levels 10 to 20 gertcof the estimated historicatea(Leehnouts 1998Jue to the
depopulation of Native Americans, changing land use and fire supprés&don 2012) Without fire,
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vegetatiorcontinuel to grow and reproduce but without fire as a selective mechdhiemburg et al. 2005)
This hasresuledin changeso species composition, vegetation density and vegetation cont{Miltgr et al.
2009) Unlike recent times, most fires historically spread during conditivaisvere less than high to extreme
severity.For over onenundred years U.S. fire suppression has successfully controlled 95 to 98 percent of
wildfires upon discovergnd initial attack Stephens and Ruth 200&)ring the conditions whemosthistorical
fires spreadWildfires that produce extreme ire behavior conditions are amorg® 1 5 percent of wildfires
whereinitial attack has failed.

The approach for preventing WU fire disasters has been and is dominated by attempted wildfire exclusion an
suppressiopandwhen that fails, bygtructure protectiofCohen 201Q)However, WU fire disasters have only
occurred during ex¢me wildfire conditionsvhen wildfire suppression fai[€ohen 2010Q)Table 1provides a

list of WU fire disastersvhen 100 homes or moneeredestroyed duringwildfire. All of these WU fire

disasters occurred during extreme conditithrad includechigh wind speeddow relative humidityand

continuous flammable vegetatipnoducing rapid fire growth ratglsigh fire intensitieandshowers oburning
emberdfirebrandspcrosswide areaslownwind from the wildfirgCohen 201Q)

Table 1United StatesWildland -Urban Fire Disastersduring Extreme Wildfires

Year | Incident Location HomesBusinesses
Destroyed(approx.)
1990 Painted Cave Santa Barbara, CA 479
1991 21 &a0F 0SS WCA| Spokane, WA 108
Tunnel Oakland, CA 2900
1993 Laguna Hills, Old Topanga| Laguna & Malibu, CA 634
1996 Millers Reach Big Lake, AK 344
1998 Florida wildfires Flagler & Volusia Cnty, FL | 300
2000 Cerro Grande Los Alamos, NM 239
2002 Hayman NW of Colorado Sprgs, CO | 139
RodeeChediski HeberOvergaard, AZ 426
2003 Aspen Summerhaven, AZ 340
Old, Cedar, etc. Southern CA 3640
2006 TX, OK Wildfires TX & OK 723
2007 Angora Lake Tahoe, CA 245
Witch, Slide, etc. Southern CA 2180
2010 Fourmile Canyon Boulder County, CO 168
2011 Bastrop Complex, etc. Central TX 2725
2012 High Park Rist Canyon, CO 259
Waldo Canyon Colorado Springs, CO 346
2013 Black Forest El Paso County, CO 511
2014 Carlton Complex, etc. Okanogan County, WA 342
2015 Butte Amador County, CA 475
Valley Lake County, CA 1322
2016 Chimney Tops 2 Eastern Tennessee 2400
2017 Atlas, Tubbs, Nun and Sonoma, Napa, Solano and| 8334
Redwood Valley Complex | Mendocino Counties, CA
Thomas Ventura County, CA 1063

Wildland-urban fire disasters will continue withoam effective preventiompproach and effective prevention

will require understandingf how the disasters occand how structures ignit&he inevitability of wildfires

during severe conditions leading to extreomg;ontrollable WU fire conditionssuggestshat WU fire disasters

are inevitableHowever, observations of WU fire destruction patterns, analyses of how WU fire disasters occul
and research on how structures ignite during extreme wadfidécatethe conditionsfor ignition of a structure
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and a structur eds ncipatleddterminee Isatmtal destractionnotdgtsgeqgraphic
location and wildfire flame exposure

Patterns of WUI Fire Destruction
Examirationsof WU fire disasters such as those listed in Tallleviereveaédunconsumed vegetation
adjacent to and surrouimgy mosthomedestructionFor exampleexaminatios of the Grass Valley Fire (Cohen
and Stratton 2008nd the Fourmile Canyon Fir&fahamet al.2012)found 97 percerdnd 83 percerdf
home destructionespectivelywas not associated with high intensity wildfire flame exposuskisoughthese
observationslo not identifyspecificcauses of structure ignitiorthe patterns of destructiondicatehow
structures could not have ignitddome destruction withdjacenunconsumed shrub and tree vegetasisnvell
asthroughouta residentiahrea(Figure 1) along with fueldiscontinuitiesdue to street@~igure1b) indicatethe
following:

1 Highintensity widfire doesnot continuouslyspread througa communityas a wave or flood of flame

1 Unconsumedhrub and tree canopiasad structureadjacent to homedo not produce high intensity

flame exposures anddicate surface fires and burning engydirebrands)arethe ignition sourceand

9 Totaldestructiorof homess notan indicator ohigh intensity wildfireexposure
Furthermore, theeWU fire patternsuggesthe characteristicef a home and its immediate surroundings
principally determindnomeignitionsresulting intotal destructionTwo factors influencinghe destruction
patterrs during extreme wildfire conditions Figuresli 5 are apparentl) fire spread characteristics change
from 6wi | dléam2) lome ignitiansareldetermined by conditiais homer e | at ed t o
immediate surroundings

a) b)

Figures 13 b.

a) Home destruction across a residential area during the 2007 Grass Valley Fire, Lake Arrowhead, C). Rows of
destroyed homes with adjacent unconsumed tree canopies during the 2007 Grass Valley Fire in Lake Arrowhead, CA.

Continuous fgh intensity wildfire spreat disrupted andoes not continue into a residential araa tbfuel
discontinuities such asgrees, driveways and home sitdsgure2ais an example of a high intensity wildfire
(crown fireduring the 2000 RodeGhediski Firg thatspread to the edge of a residential developrnetdid
not contine across the first residential streatthough the crown firespread ceased tite street, a shower of
firebrands into thelownwindresidential area initiated fires around and on structuresireginttheir total
destructionTrees within the residential area that were not between andtoveturegypically did not burn
(Figure2b).

Most homeignitions occurfrom sources witha  h o immédigte surroundingsaot a tsunami olvildfire
flames flowing through a residential areBhus, nost totally destroyed homesiring extreme wildfire
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a)

Figures 2a, b

a) Spreading crown fire stopped at the perimeter residential streeb) Trees away from burning structures did not burn.
Nearly the entire RV park was totally destroyed, 2002 Rode€@hediski Fire, Heber-Overgaard, AZ.

conditionsare associated witlow intensity fire exposuresrom surface fires spreading to make flanoatact
with ahome and firebrands accumulatiaigflammable locations and directly ignitittge homeExamination of
thedestruction shown in Figui(a, b) determinethehomes were primarily exposed tow intensityflame
contacthoursafter the active crown fir€2000 Cerro Grande Fire) spread phstaregCohen 200Q)Surface

fire spread through continuous forest litteprodue flame contact with the wood sided hom&khough

homes were ignited, theidace fire intensities were not sufficient to sustainably ignite the wood rail fence in
the photo background. Structtiestructure flame exposws@erenot sufficient for igniton as indicated by the
unburned tree canopy between structures in Figaireowever chared treesdjacent to the homas both
Figure3a and b were ignitebly the burning home& he homean Figured4awas burningwithin an unburned,

a)
Figures 3a, b

a) Total destruction of a home and its neighbor surrounded by unconsumed vegetatidm). The same @stroyed home

looking down slope towardsundevelopediand from where surfacefire spread. Los Alamos, NM during the 2000 Cerro
Grande Fire.

green conifer canopyhere wa®only evidence oburface firdeading to the home. Without any evidence of a
high intensity flame exposure, the honmld onlyhave ignitedrom surface fire spreading to contact
flammable structure materials at ground level and firebrands collecting on flammable structure materials and
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a) b)

Figures 4a, b

a) Burning home during the 2002 Missionary Ridge Fire, Southwestern Coloradd) Isolated home destructiorwithin a
residential areaduring the 2007 Grass Valley Fire, Lake Arrowhead, CA.

accumulated debrighe totally destroyed home of Figutke waswithin the communityseparatedrom the
actualwildfire by streets and drivewayThe surrounding unconsumed vegetation and other homes indicate
firebrands as the only possible ignition soufieebrandsnayhave ignitecadjacent surfacktter resulting in

fire spreading to andontacing the homeand firebrandsnayhaveignitedthe home by accumulating on and
igniting flammable structure materials and debris sudateasleaves and pine needles, firewood, &ieeach of
theserepresentativexamplegFigures 15), extreme
wildfire conditionswerethe initiating ignition sourcéut
thecommunityfuel conditions that is, structureand
vegetatiorwithin the community aredetermined home
ignitions. In addition,Figure5, showng thetotal
destructiorof four homessurroun@dby green conifes,
demonstrasthattotal home destruction is not indicativ
of high intensity wildfireflame exposures

Theexampleburn patterns discussedere largely from
residential developments whefree community
development was dense enotdighaccess roads and
home sitego discontinue the wildfire spread but sparse
enough th_a_Structl_Jreto-structure flame_ exposur_es were Figure 5. Four totally destroyed homessurrounded by
nOt,a S|gn|f|cant fire sprga‘dctor. For high density unburned conifer canopies 2007 Grass Valley Fire,
residential developmerfjgure6 showstotal home L ake Arrowhead, CA.

destructionwherewildfire generated firebrandsitiated

ignitionsthatcontinuedthrough the residential arég structureto-structurefire spreadAs previously shown,
theunconsumed tree canopies and shrubs along streets and the development pediceethat local
conditions determined home ignitions; however, in this case the local ignition sawecefirebrands from
burning homes and flames fraan adjacenburning homeln areasof scattered residential development (less
than one home every four hectarespds and home sites may pog¢ventcrownfire spread. Figur@ shows a
surviving home surrounded by tree canogi@ssumed durindigh intensity wildfire spreadn this case the
local conditions ofnignition resistant home and reduaedliative and convective heating by removing
vegetation immediately surrounding the home did not prodwstestained structure ignition leadingdial
destruction




Figure 6. Figure 7.
Fig. 6) Destruction in a high density residential area was initiated by firebrands from the Tubbs Fire but continued with
structure-to-structure fire spread; September 2017, Coffey ParkSanta Rosa, CA.

Fig. 7) The ignition resistant house @ not ignite from a high intensity wildfire that spread through the low density
residential area during the Fourmile Canyon Fire, Boulder County, CO.

How WU Fire Disasters Occur

Extreme wildfires ar¢he principal initiator ofVU fire disasters by producirgimultaneousgnitions overlarge

area of residential developmerithe pevious discussion associated Wig disasters with extreme wildfire
conditions an intuitive relationship. élvever, the patterns of residential destruction indicated local conditions
principally determind structure ignition@and most exposures responsible for ignition were low intensity flames
and firebrandsacounterintuitive relationshipThis section describes a sequence of factorsetkaliairs how
emergencyvildfire suppression and strucauprotectionthe principalapproach to extreme WU fires, is
ineffective for preventin§VUI fire disastes even when most structure ignitions argiatedby low intensity
exposures.

WU DISASTER SEQUENCE

SEVERE WILDFIRE EXTREME BURNING RESIDENTIAL FIRES
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BY WILDFIRE & OR HOMES
IGNITING HOMES NON-EXISTENT DESTROYED

CONSEQUENCE

Figure 8. Extreme wildfire conditions result infailed wildfire control and structure protection leading toresidential fire
disasters (Cohen 2010; Calkin et al. 2014).

The disaster sequence (Fig@)ebegins with a set of conditiotisatconsequentlpverwhelm the emergency
wildfire andstructureprotectionefforts and the abilityo preventa WU fire disaster



Severe Wildfire Potential
Thefuel, weather and topography determine the wildfire behavior potential
1 Fuel:thevegetation specgcomposition, structure and camiity,
1 Weatherthe relative humiditytemperature angrecipitationaffecting fuel moisture conterand the

wind speed,
1 Topographythe slope steepness amdrainchanneling of thevind and wildfire convection
Although an area may be classified as wildlamblan interfacdd ased on resi denti al de

proximity to undeyv@avishoO0SDATarest Seriiic00L;drtiauzzil ed §l. 2015)¢
may rarely experiencgevee wildfire potential due to fuels thab not burn with high intensitgndor weather
conditions that infrequently have low relative humidity with high wind speadsxtended dry periodg hus,
theidentification and mapping of WU fire potential requires factolated to thelegreeand frequencyf
extreme wildfireconditionsand the extentf residential developmeKi#enakis et al. 2002)

Extreme Burning Conditions

The occurreoe of severe wildfire potentigiven an ignition(or ignitiong produces wildfire with high
intensitiesandrapid growth rate Commonly severe wildfire potential includes flammable shrub and tree
canopy foliage that burn taroadly showefirebrandsmore than a kilometer downwiridatignite numerous
spotfires acrossan areaDue torapid fire growth and high intenss, extreme wildfiresoverwhelmfire control
operations and safety consideratioestrict firefighter engagement, thus making wildfire suppression
ineffective.

Residential Fires

Giventhe presence of residential devetmmt (and businessesktreme wildfires can expose broad area of
homes to ignitionExposure of homes vulnerable to ignitieads tonumerous homes simultaneously bogn
Typically, largenumbes of homes exposed to wildfire ignitionesult fromhigh residential density
(concentrated suburban developmemt)l thenitial ignitions within the residentiareaaretypically from
wildfire generatedirebrandswith little to no wildfire flame exposure

Firefighting Resources Overwhelmed

More homes i@ simultaneously exposed to ignition than the availabilitstfcture protectionesourceswith
residents evacuated and relatively few firefighters, small home ignitions from firebrands and low intensity
surface fires are not extinguisheldor examplethe2010 Fourmile Canyon Fiiavestigation found that
without consideration for firefighter safety, bestse estimates of available firefighting resources could only
protect about 15 percent of the wildfire exposed homes (Graham et al. Ridd Drotection is typically
proportional to the standard structural fire response involving a single structure and perhaps neighboring
structures; however, the capability to protect for the rare local occurrence of hundreds to thousands of
simultaneousl exposed structures is not practical.

Firefighting EffectivenessReduced

Having significantlyfeweravailable structure protection resources than exposed homes resultseipuitiig
priority on homes judged to be protectable. With the addition didireer safety limitations and residents
evacuated, most homésr examplemore than 85 percent in the Fourmile Canyon Fiegive no attention
during wildfire exposuresAny home that sustains an ignition with no attention burns to total destruction
regardless of the ignition sourtcgensity(Figure5).

WU Fire Disaster

Extreme wildfires overwhelm fire suppression and initiate ignitions over a wide area of residential developme
that overwhelms structure protection. A vast majority of homeargyeotected and those sustaining ignition
free-burn to total destruction. Although tactical firefighter actions save some hetrasgicallywildland and
structure protection fails to prevent a WUI fire disastbundreds to thousands of homes burtotal
destruction. Given the inevitability etremewildfire conditions, the inevitability of WUI fire disasters seems
assuredvith the continued emphasis on a reactive wildland and structure firefighting approach

Defining the WU Fire Problem

Theabo\w discussion showed that Wite disasters have only occurred during extreme wildfire conditions
(Table 1)and yet, the patterns of destructigiigures 17) show that conditionkcal to a home@rincipally
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determindts ignition. This indicates thahe WU fire problem cannot beeliably identified as a geographic
location Pavis1990;Martinuzzi et al. 2015) but rathasa set of conditions related tioe potential for extreme
wildfire behaviorandthe home ignitionpotentialof an exposed residentialea Inspection of the Disaster
Sequence (Figur®) reveals that if homeare ignition resistarand most homes do notignitei Re s i dent i
Fi r e s qfird peotedtianiis not overwhelmedyailableprotection is effective for ignitions that do occur

and WUfire disastes arepreventedextreme wildfires can occwithout WU fire disastersThis indicateghat

WU fire disasters arprincipally a home ignition problerteffective reduction possiblenot a problenof

controlling extreme wildfiregcontmol not possible)

Preventinghome destruction leading to Wiide disasters requires an appropriate problem definition with which
to base an effective mitigath approachHowever,an appropriatgoroblemdefinition requires arappropriate
identifyingterm. Thewo r d fi | mthe terfn &itdareUrban Interfacendicates the problem is
geographicallyelated tcalocation rather than a set of ignition conditiohBus,communitydestruction during
wildfires is referred taaswildland-urban(WU) fire. Because WU fire destruction is a home/structure ignition
problem, an appropriate problem definition must generaklyl at e t hignitiah factdrsdfirebramnds
andflamest o t he HAur baaost gtdlaanmabke métetialamddesign The following WU fire
definition paraphrases C.P. Butler (1974):
I n its simplest terms, WU fire is where the f
(veget at i on)homesttruttweas)daimtidte thisitleelflames and firebrands of the wildfire
must be close enough or in contactwith theflammablematerials of astructureresulting insustained
homestructureignitions
In essence, the WU fire definition is a statement reldtirgpeat transfeof burning objectgflames and
firebrands)o a structur® gnition. The patterns of destruction previously discussed indicate the required heat
transfer for a sustained home ignition is determ
immediate surrounding3his area, a structure/nome and its imraggdsurroundings, is called thime
lgnition Zone(HIZ) (Cohen 2001Cohen and Stratton 2008phen 2010)However,the WU fire definitionand
the observed patterns of home destructieithergi ve a quantitative descript
s ur r o umorhicompgrehénsive descriptidar how structure ignitions can occdtus, firtherresearchnto
how structures can ignite during extreme wildfire conditioasenabédthe identificatiorand assessmeot
ignition vulnerabilitiegNFPA 2QL7) with guidance for effectively increasing home ignition resistance during
extreme wildfire conditionéNFPA and IBHS 2017)

How Structures Can (and Cannot) Ignite during Extreme Wildfires

Research investigations using computational modeling, laboratory and field experimentssaad on
examinations of WU fire destructidravegenerallyidentifiedthe factors responsible for structure ignitions
during extreme wildfire condition&lthough continuedresearch is necessaryftotherdescribe specific
ignition factors and develgpracticalmethoddor reducing structure ignitabilitycurrent understanding is
sufficient to guide effectivabatemenof structure ignitios during extreme wildfires

Two principal WU fire characteristiqggovide profound opportunities for reducing structure ignitability during
extreme wildfire conditions:
1 The HIZ the area that principally determines structure ignitions is typically within 30 meters of a
structureand
1 Themost commorsources of home ignition are firebrands and flame contactitomingsurface tiels

Computational modeling arekperimentsleterminedarge flames from high intensity crown farmust be
within 30 meterf awood wallfor piloted ignition to occu(Cohen 2004)Thirty metersanintendedover
estimatehas becoméherecommendedistance from a house the extent of aflZ (NFPA 2018) The HIZ
and collectively, the communitg the principal area fanitigations increating ignition resistant structures
without the necessity of controlling extreme wildfire behavidnis, in turn, isconsistent withand reinforces
the WU fire definition as a home ignition problem not a wildfire control prolaethprovides the opportiiy
to separat¢he WU fire problemfrom managingwildland fire (Cohen 2010).
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