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Summary

Past wildfire and fuel treatments had a large effectsoinfacefuel loadings and ladder fuedsidfire behavior,
fuel consumption, and fire effects wer®deratedvherethe Walker Fire burned through an area where the
2007Wheeler Firehad burned with low severitifhe Fire Behavior Assessment TeaRBAT) collected pre
fire data oreightplots and posffire data orthreeof thoseplotsthat burnediuring the Walker FireThe
WalkerFire startedon September4 2019, and the last day of appreciable growth was tHeflSeptember
before wetting rairon the morning ofhe 18". The fire burned through a wide rangetaography, weather,
andfuels Fuels variedyreatlyacross the Walker Fir@ccording tanechanical treatment affide history, with
some areas having seea fire inthe last centurgnd otheareashavingburned with a range of severity during
the 2007 Wheeler Fire (part of the Antelope ComplEBAT performedplot-basedfuelsandvegetation
measurements ponderosgine dominated foregprimarily in and around munburned island near Murdock
Crossing on the NE side of the fifleigure 1) Topographyhere plots were locatedas moderatePlots
inventoriedincludedareaghat hadburned at low severity in the Wheeler Fias well asreas outside the
Wheelemerimetemwith a range of historiesangingfrom no known treatment or wildfire history ¢oplotthat
had receivedothmechanical treatment and prescribed. figbstantiallylower ground (duff) andurface fuel
loadingswere inventoriean the ecently burned plotsompared with where there had been mechanical
treatmentand/orno record offire. Ladder fuels were not always reduced by mechanical treatfarge plots
burned in the Walker Fire as a result of burnout operationsarttiese pl& fire behavior, fuetonsumption,
and fire effects were moderated whtre 2007 Wheeler Fire causkeav-severityeffecs. In contrast, in a plot
with no known history of fire omechanicatreatment, high surface fuel consumption aralg torching
occuredandfirst-order fire effectgsoil heating severity ratingsand tree impactsyere elevated

On the Walker Fire, FBAT integrated gp2rson Terrestrial Laser Scanning (TLS) crew into its operations to
support USFS Pacific Southwest Region (Redpefforts to improve vegetation, fuels, and carbon mapping
and fire emissions prediction for National Forests in California. TLS data were collected on batidgrest

fire FBAT plots and will be used to develop a higisolution digital 3D stand majp®m which stand
characteristics are derived. Stand characteristics, in turn, will be used to calibrate map products derived from
pre-existing airbornendsatellitebased LiDAR.

During the assignment, FBAT delivered data to the incident meteorologist and fire behavior analyst and
provided fire video and an assessment of fuel treatment effects to the public information staff. Additionally,
FBAT benefited from drone surveillance the California Air National Guard and provided feedback on
potential future products useful for fire and land management that could be derived from drone iDagery.
from the Walker Fire will be added tbe FBAT archiventended to improve fuels anddimanagement

decision support.

Al t hough FBATO6s work on the Walker Fire focused
Fire, the Walker Fire also spread through areas burned at high severity during the Wheelbe Fitaeé&ler

Fire mae an intense run with dry, hot weather, heavy fuel loadings, and a southwest wind that aligned with tf
Indian Creek drainag&.egetation reovery was heavily shrub domiea resultingin high severity fire effects
when the Walker Fire burned the sameugieb 12 years lateAt lower elevationsn the Indian Creek drainage
outside of the 2007 Wheeler Fireods per whamrtheeerhad an
been no fuel treatments graain wheresouthwest winds and the drainaggned. Reburning where terrain

and prevailing winds align highlights the potential that such areas will become persistently shrub dominated
(vegetationtype converted) in the future as climate andtfiemds continug=BAT worked on the 2007

Wheeler FHie and the resulting report provided useful context for the Walker Fire. Plots inventoried by FBAT
during the Wheeler Fire were outside of the Walker Fire perimeter and were not re\Baeedppendix For

more discussian
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Introduction

This reporsummarizeshe resultsof he Fi r e Behavi ofrF BAAsTs6ess)s nteondtasedi enaan
measurements dire behavior, vegetatigriuel loading consumption, and fire effects on the Walker Hine

addition to thecoreFBAT measurements, the teampportedlerrestrial Laser Scannin{LS) on the plotsas a
partof USFSPacific SouthwestPSW)Regiord R e g i 0 mitiabvé ® map forestegedation fuels,and
carbonstocksacross California National Foredtased on airbornand satellitedbased seeGEDI project)

LiDAR (Light Detection and Rangingnd other remotelgensed datd he Walker Fre startedon September

4™ 2019 near Geneseand burnedibout54,600 acres, primarily in the Plumas National FoiEsé days of
greatest growth were ti&# and 7" of Septembe(Figure 1) After the two days of rapid growth, firefighting
resources, aided by moderate weather, worked quickly towards contaifmBAitinstalled studyplotsin

ponderosa pine dominateddéston the NE side of the fire both an island of unburned fuels around Murdock
Crossingand outside the outer fire perime(Brgure ). Part of the area had been burned with low severity
effectsduring the2007WheelerFire, providinga contrast withong-unburned fuel®othnear Murdock

Crossing anautside theVa | k e s peifimeterdFdgure 2Burnout operations in the unburned island
strengthened containment and helped protect historic structures near Murdock Crossing in the days leading
to andduring September 15wvhen high winds and dry weather causedftag conditionsBurnoutoperations
resulted irntheburning of plots 4, 5, and 8, before heavy rain during the morning of Septentiterde®l active
spread

Figure 1. Walker
Fire progression
mapand FBATplot
A locations FBAT
inventoried fuels
and vegetation and
— collected TLS
e emmerte e datasets on all pre
fire plots Plots 4, 5,
and 8 burned and
were remeasured
postfire. For
reference, Plot 8 is
just east of
Murdock Crossing

0 07515 3 45 6
mmmm [Viles

Souwrces_ EsrifUSGS, NOAA, Sources: Esri, Garmin, USGS, NPS
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Figure 2. Top pané
Recent wildfire and fuel

treatment history on the
Walker Fire Severity of
the Wheeler and
Moonlight Fires (the
Antelope Complex) from
the Monitoring Trends in
Burn Severity (MTBS)
dataset are showhRuel
treatmentgindicatedby
diagonal linesjrom the
Forest $rvice Activity
Tracking System
(FACTS) databasare
shown back to 200Plots
2, 4, and 5 wermstalled
where the 2007 Wheeler
Fire had burned witltow
severityeffects. Noother
FBAT plots hadrecorded
wildfire history, though
bark charring suggests the
Plot 7alsoburned during
the Wheeler FireData
sources: MTBS and
FACTS.

Bottom panelThe FBAT
plots sampledvere
characterized by ang
NeedleLitter or Timber,
Grass, andUnderstory fuel
types. More heawl
forested and shrub
dominated fued that
dominated other areas of
the Walker Firevere not
surveyedThe Walker Fire
perimeter is shownData
source:LANDFIRE.
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Fire weatherconditionson the Walker Fire ereaverage to below averageative tothe previousl3yearsas
indicated by the Energy Release Component (ERC, Figuif8ERC is an indexised to describe potential

fire energyreleaseandresistance tgsuppression. lis strongly related to fuel moistur@ecliningas fuel

moisture increses The period during which FBAT plots burned was after a minor rain event that presents itsel
as a dip in the ERC graph on Septembdt (Figure 3, circled)After the rain on Septemb&f", ERC values
recoveredvith warmer, dryer, and windier weathbat led to reeflag conditions on the 15of September

Wetting rain fell on the morning of the 1éading to the steep decline in ER®t shown).
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Figure 3. Energy Release Component based on weather from the Coyote Remote Access Weathe
(RAWS) showing the 2007 fire season (Wheeler Fire) and the 2019 season (Walker Fire) through
September 2019. The 2019 ERC dropped sharply early on 16 September with wettiR@Agaimplots
burned orSeptembefl5" and early on th&6". Two burned plots wenereviouslyburned with low
severityduringthe Wheeler Fire.

Objectives

FBAT objectives on the Walker Fire were to:
1. Safely maximize the number of plats/entoriedboth pre and posffire.

2. Support

t he

P SW Rapgdagaiatioh,Suels, and tarksotksandepredicbemissions

from wildland fires in California National Forests by integrating TLS sampling into FBAT operations.

3. Test new technology thatould reduce plot setup times and increase information captured.

4. Continue to build the FBAT data archive to reflect a broad range of fuels, fuel treatments, and climactic
conditions in support of fire and land management decisiaking.

5. Deliver a report on findings for the benefit of interested land and fire managkusers of the data
archive and to facilitate future plot-reeasurement.

FBAT Report on the Walker Fire
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Measurements and Observations

Pre- and Post-Fire Vegetation and Fuels

Vegetation and fuels were inventoried before theréeched eacplot andrepeategostfire for burned plots
4,5, & 8 Fire behavior measurements were also made on each burnesddgigtwith first order fire effects
assessment®lots weremonumentedvith rebarto allow long-term monitoring

Overstory Vegetation Structure and Crown Fuels

Variable radiusubplotswere used to characterize crown fuels and overstory vegetation stréctetascope
(slopecorrecing tree prism) was used selectboth pole (>2.5 to 5.B. diameter at breast heigiBH) and
overstory £6 in. DBH) sizedtrees When possibleabasal are@rism factor was selected to include
approximatelylQ trees for each classificatiofree species, status (alive or ded@BH, height,andcanopy
base heighwerecollected for each tree before the fifeee heightmeasurements were completed witlaser
rangefinder DBH was measured with a diameter tape

After the firg minimum andmaximumbole char, crownscorch torch heightsand percentagef scorch and
torchwere recorded for each tréaees were assuméalhave survivedf any green needles were present.
Changes irtanopy base heightere estimated frortmaximumbranchtorchheightswith percent otcanopy
scorcled alsarecordedDue tosmoke and poor lighting, visibility of the fudrown cansometimededifficult.

The Forest Vegetation Simulator progréfvVS, Crookston and Dixon 200%andits Fire and Fuels Extension
(FFEFVS, Rebain 2010wereused to calculate canopy bulk density, canopy base height, tree dandity
basal aredoth pre and posfiire. FVS/FFEFVS arestandlevel growthandyield prograns used throughout the
United StatesThe Western Sierrgariant was used for all calculations.

Understory Vegetation Structure and Loading

Understory vegetation waharacterizeth a3 ft widebelt alorg three 56foot transectbefore andafter the

fire. Thefuel and vegetatiotransects were always in view of the video camera (which will be described below
in the fAFire Behavior Me as.5Speeasavetagheigatmrnt pedcesover v at |
(based on an ocular estimation) were recorded for all understory séeelingsgrasses and herbaceous

plants Biomass of live woody fuels (shrubad seedlingsand live herbaceous fuels (grassed)s subshrubs)
were estimated using coefierits developed fahe BEHAVE Fuel Subsystem (Burgan and Rothermel 3984
Calculations wereompletedby spreadsheet (Scott 2005)

Surface and Ground Fuel Loading

Surface and ground fuels were measured along the same thies H@nsectsised tocharacterizeinderstory
vegetationSurfacefuel loadingglitter, 1-hr, 10hr, 106hr and 100¢hr time lag fuel classes and fuedigh)
were measured using the limgercept method (Brown 197¥%an Wagner 19680ne and 1éhr fuels were
tallied from 0 b 6 ft, 100hr from 0 to 12 ft and 106Br from 0 to 50 ftMaximum fuel height was recorded
from O to 6 ft, 6 to 12 ft and 12 to 18 Hitter and duff depths were measured a8,Jand 12t. All
measurements were taken both-pned postfire. Thesemeaurements were used to calculate surface and
ground fuel loadingfuel/area)with basal area weightexpeciesspecificcoefficients(van Wagtendonkt al.
1996;1998) Fuel consumption wake difference betwegore- and posfire measurements

Terrestrial Laser Scanning

Agencies managing forest landsGaliforniaare working tdoetter quantify and map forestgetationfuel

loading and carbon stocks affidel consurmptionand carboremissions fronwildfires. High resolution 3D

maps of forest suicture (e.g., crown shapes, ladder fuels, and tree heights) based on TLS samples (Figure 4)
will be related to airborne LiDARata available for National ForestsCaliforniato refine mapsThe mapping
effort is led by th°PSWR e g i Bemotes Sensing lbawith TLS sampling led bgollaborators atniversity of
NevadaRena Based on experience witlupportingTLS measurements adhe 2018Ferguson Fire, FBAT
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integrated a TLS sampling team of twewtcarded personnelithin its operations on the Walker FifEhe TLS

crew scanned each plot from multiple perspectives after the core FBAT measurements were collected on pre
fire plots and for burned plotshefore core FBAT measurements were collepi@stfire. Time required for
scanning ranged from approximatélyp to 2.5 hours, increasing with tree density

Figure 4. Three
dimensional
visualization of a TLS
plot dataset witithe blue
to redcolor ramp
representing increasing
height above terrain
Canopy and fuel
characteristics will be
described from these
data.

Fire Behavior

At each plot, thermocoupleaneyelevelanemometer, and a video camera were set up to gather information or
fire behavior(Appendix A) The thermocouples arrayed across the gapturel dateand tme offire arrival

Their location and distance from each other allovae of spreatb becalculatedAn anemometer at eye level
recorcedwind speeds leading up to the fifidhe video camerevasused to determine fire type, flame lergth
variability and direction of rate of spreadrelation to slope and windame durationandwind direction The
camera is triggered by fire arrival at thermistors which are connected into a wire cacistglaced around the
plot.

Rate of Spread

Rate of spread/as determined both by estimating rate of spfead video analysigabove)and by calculating
rate ofspreadrom fire arrival times atthermocouplegn known positionsThe data loggerthat recorded
thermocouple temperatures wéxgried underground with the thermocouptesitionedat the surface of the fuel
bed Thermocouplesecorcedtemperatureat two second intervals, allowing a precise measurement of fire
arrival. The distanceandazimuthsamongthermocouplesvere measurednd thesérigonometricaldata and
time of fire arrival were sed to estimate rate of sprg&@imardetal. 1984) Rate of spread can be calculated
with any combination of three sensors formingiangle (Figureb). If more than one triangle of sensors
triggered all rates of spread wepalculatedandthe rangevasreported

A T B
Figure 5. Rate of spread was calculated using
N0 ‘ geometric triangulation between five heat senso
It (ABCD & O) at each plot (Simaret al, 1984).
Distances from the central to outer thermocouple
typically about 50 ft.
D C
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Fire Type

Fire typewasclassified as surface fire (low, moderate or high intensity) or crowrCiavn fire can be
defined as either passive (single or group torchamgctive (tree to tree crowningjire type was determined
from video as well aBom postfire effects at eachlot. For exampleplots with complete consumption of tree
canopy needle@orching)indicateat least passiverown fire.

Flame Length and Flaming Duration

Flame length was primarily determined from video footdgh e met a | poles in the v
are marked in-foot increments, allowing an approximate flame lerigtheestimaed Flaming duration was
basedon direct vidembservation and can be supplementedimation of flamingat thermocouples

Plot Wind Speed

Wind data collected with cup anemometers placed 5 feet above ground at the locatiocamktizand give

an indication of the wind experienced at each plot as the fire passed thifbegbdataareusedin the

BEHAVE fire model The instrument is not fire hardened asndlamage@nd stops recording when moderate to
intense fires arrive at itecation Wind data were recorded #0 second interval

Fire Effects

Burn Severity

A rapid assessment bltirnseverity was completed along each transect and for the platilgrea to document
the effects of fire on the surface and ground (USDI National Park 8&0i@3) The National Park Service
(NPS) uses fire severity ratings from 1 t¢highest to lowestyvhen evaluating fire severitfFBAT uses the
same coding matrix (Appendix E) but reverses the scale so thatate intuitive, withl representing
unburredareasand 5Srepresentindpigh fire severityAppendixE).

Tree impacts

Tree measurements includednimum and maximunshar heights and canopy impactse combination of
minimum and maximum char heighdse a better reflection of fireline intensity than maximum char height
alone (Inouel999. Canopymeasurements included scofbbliage killed but not consumedhnd torch (foliage
consumeylheights and the percentage of the canopy that was scorchednadt®ercentage scorch and torch
values were determined using ocular estimations and heights were measured utilizgiguenent that
combines daser rangefinder and clinometer

Soil heating

Soil temperature profiles were measured using a prototypeedihat is easier to use and provides less biased
results than existing methodghis device provided measurements of mineral soil temperature at 2, 4, and 6
inch depths below the surface of the mineral $oitonjunction with soil temperature measuesns,forest

floor and minerakoil samples were collecté@fore and after fireo assess fire impacts anil carbon, as well
asnutrient cyclingandmicrobial communitiesThese data are important for understanding changes to soil
quality, which influerces forest productivity and pefste recovery of forest ecosysten&ampleanalysiswill

be performed by collaborators at Michigan State University and University of N®eda

Findings

Plot characteristics

All eightplotsestablished on the Walker Fire were dominated by ponderosa pirepbegented differertiel
loadings, stand structures, treatment and wildfire fire hist¢fiasle 1) Prefire data were collected at all eight
plotsandpostfire fuels and fire behawr data were collected at the three plots which burplets(4, 5, and 8)
Specifically,plots 2, 4, and Fand probably plot Avere burned at low severity in the 2007 Wheeler Fire while
plots 1, 3,6, and 8 were unburned in the Wheeler Fire but hadivgityeatmenhistories including prescribed
FBAT Report on the Walker Fire Paged of 34



fire for plot 1 Photographic documentation of pend posffire vegetéion may be viewed in Appendix C (if
plot burned) or Qunburnedlots). TLS measurements were made-faed postire on all plots

Table 1. Site description foeightFBAT plots sampledh the ponderosa pine forest the vicinity ofthe 2007

Walker Fire Latitude and longitude datum is WGS. &8lvicultural and hazardous fuels treatment history was
determined from the FACT3-¢rest Servie Activity Tracking Systemndatabase Treatments were performed

over areas much larger than FBAT plots and, as such, conditions within plots do not always represent averac
treatment conditiondVildfire history was determined from perimetergilablein the Wildland Fire Decision
Support System (WFDSS).

. Wild fire Slope | Aspect | Elev.
Plot Lat. Lon. Treatment history : 0 P P
history (%) (deg) (ft)
1| 40°04.080| -120° 41.823| 2009 tin & piling, 2011pile bum | e vocorded | 15 160 | 3851
2013undestoryburn

2 | 40°07.314 | -120°33.535| 2008 salvage cut borders the pli{ -0 Severty 14 80 5758
Wheeler Fire

3 | 40°06.489 -120° 33.309| PlOtbordered the north side of |0 yocorged | 8 170 | 5636

2002 precommercial thin

# | 40°08.611| -120° 33.255 1996 commercial & Low severity 7 154 | 5516
precommercial thin Wheeler Fire

51 40° 08.597| -120° 33.445 1992 cut, 2008 salyage cut, 200 Low sever[ty 9 261 5681
tree planting Wheeler Fire

1986 cut, 1993 precommercial
6 | 40°04.135| -120° 27.579| tNin. 1998 commercial thirf002 | 0o ecorded | 11 37 6247
precommercial thin2005 site prep|
for planting

1975 cut, 1994 commercial & Low severity

7 40° 08.290| -120° 30.289 precommercial thin, 2003 Wheeler Fire 3 315 6061

precommercial thin (probably¥
8! 40° 06.999( -120° 31.756 No recorded activities None recorded 7 34 5571

'Burned in the Walker FiréBole charring in plot 7 is consistent with it having burned in the Wheeler Fire
although it is outside the recorded perimeter.

Pre- and Post-Fire Vegetation and Fuels

Overstory Vegetation Structure and Crown Fuels

Canopy base height, canopy bulk density, and canopy contareityey characteristics of forest structure that
affect the initiation and propagation of crown fire (Albini 1976, Rothermel 1991). Canopy base height (CBH)
or the bottom of the tree canopy, is important becausen indicator for how likely passive (torching) or

active crown fire behavior would bAs stated in Scott and Réiardt (2001,) Ddlined interms of its
consequences to crown fire initiationBB is thelowestheight above the grourat which there is sufficient
canopy fuel to propagate fire vertically through the canofgnopy base height is defined in FVS as the height
where the 13oot running mean canopy bulk density is greater than 3adtesft, or 0.111 kg/f Canopy Bulk
Density (CBD) is the mass of canopy fuel available per unit canopy volume (Scott and Reinhardt 2001)

Forest treatments that target canopy base hé@pi) and canopy bulk densitfCBD) can be implemented to
reducethe probability ofcrown fire (Grahanet al.2004).CBH in plots that burned previoussitherin the
2007WheelerFire (plots 2, 4, 5, and 7) or in prescribed fire (ploavdgraged 25 ft (range 40 ft) while

CBHO6s i n (ontrdatedrandpriechaaiy treated) averaged I7(range 130 ft) indicating thepotential
utility of low severityfire as a treatmenh preventinguture canopy firesMechanically teated plat that had

not experienced recent fican vary substantially in CBH depending on specifics of the treatmmt
mechanically treated (yetunburngd) ot s 6 and 3 having CBHdble2)from 1
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Table 2 Canopy characteristider plotsinventoriedon the Walker FireCanopy height and cover are
estimatedirectly from plot data.Canopy height is the average across all overstory trees in the s@iide
tree density, basal area, canopy base height, and canopy bulk densitparetputs based on plot data.

Cano Cano

. Overstpryl Po|e_2 QMD | Basal Area CEMOLEY Car]opy Basgy Bulkpy
Site| density density : Cover | Height . .
(trees/acre)| (trees/acre) (in) {iErEee) (%) (ft) AIEIEIT | D

(ft) (kg/m3)

1 79 96 9 76 46 57 18 0.03
2 98 0 16 144 62 68 23 0.07
3 89 0 16 125 31 76 30 0.05
43 85 0 19 160 23 77 24 0.05
5 197 0 14 199 46 66 19 0.08
6 62 407 8 164 38 90 1 0.08
7 86 0 20 179 31 89 40 0.04
83 415 576 9 468 62 71 6 0.27

1>6 in DBH; <6 in DBH; *Burned in the Walker Fire.

Thinning to reduce canopy bulk denditylessthan 0.10 kg/rhis generally recommended to minimize crown
fire hazard (Agee 1996, Grahahal 1999) below this point, active crown fire is unlikely (Scott and
Reinhard2001) Only plot 8, the plot with no wildfire or treatment histphyd a canopy bulk density above the
0.10kg/m? threshold(Table 2) Plot 8 also had relatively high canopy foliage loadings (Tablk 8hould be
noted that plot 8 was located in a clump of uneaged trees and represented the upper etrdedensity

across theurroundingstand that was characterized by patchy tree distribufioe head fire across plot 8
resulted ina grouptorchingeventwhile the lowintensity fire across plots 4 andvehich hadhigher canopy

base heights, had no discernableatp on the canopiomass is presented in TablédB later comparison

with TLS-derived estimates of forest carbon stocks.

Table 3. Canopy biomass predictiopse-Walker Firebased on tree sampling and the Forest Vegetation
Simulator (FVS) analysisNo shags were present on any plot.

Plot Biomass (tons/acre)

Snag Foliage Live (<3in) | Live (>3in) Total
1 0 2 8 25 36
2 0 3 13 47 64
3 0 2 13 42 58
4t 0 4 19 57 79
5t 0 5 19 58 82
6 0 6 23 67 96
7 0 3 20 70 92
8t 0 15 46 142 203

Burned in théNalker Fire.

Surface, Ground, and Understory Vegetation Fuel Loading

The three plotocated inside the 200/ heeler Firegperimeter(plots 2, 4, and and probably plot)/had the

lowest totalground, surface, and understdéungl loads Table 4. The twoplots with the highest total fuel

loadings plots 6 and 8) haditherno recorded history dire (both plots) or no mechanical treatment in 14

years Except forplots burned in the007Wheeler Fire, duff was thgredominanfuel. Duff loadings were
particularly high inplots 6 andB. Shrubs were abundant ptot 6, but liveunderstoryfuels were otherwise of
secondary importancé partial species list for grasses, forbs, shrubs, and trees in the understory is provided il
AppendixC.
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Table 4. Surface fuels and fuel bed deptbr plots inventoried on the Walker Fir&lote the high totajround

and surfacéuel load in the two plots (6 and 8) with no evidence of recentGiver88% of this is accounted

for by the duff and litter.

Mean Fuel Loading (tons/acre) Fuel Bed
Plot . 10- | 100 | 1000 | Forb & | Shrub & Depth
el el hr hr Grass | Seedling ozl (ir?)
1 9.2 1.8 | 0.04| 0.41 | 0.37 | 3.82 0.008 0.002 14.4 10.67
2 6.1 23 | 0.19| 0.77 | 1.70 0 0.001 0.353 7.7 23.17
3 103 | 3.2 | 0.15| 056 | 0.73 | 0.27 0.001 0.047 15.0 8.33
4 2.5 3.2 0.09| 0.14 0 0 0.054 0.194 6.1 5.17
5 1.1 22 | 0.04| 0.49| 0.37 | 3.82 0.01 0.144 6.8 9.67
6 26.0 | 6.0 | 0.07| 0.70 | 1.11 0 0.027 2.273 36.2 8.50
7 3.4 2.2 | 0.02| 0.14 0 0.27 | <0.00% 0.028 5.8 5.33
8 20.3 | 2.1 | 0.09] 0.63 0 0 <0.00% 0.005 23.1 8.00

Trace amount.

Fire Behavior
Narrative

The narrative below describe fuels and fispreadhrough the plat For general plot locations, see Figures 1

and 2. Overall, plot 8 had a higher fuel load and more extremééhavior than plots 4 and Bable 5. The
least severe fire occurred on plaa$a major storm approached on the morning of 16 Septembir. R
extinguishedhe fireas it was spreading through the pl@¥eather was windy and d(yed flag conditions)
duringdaylight on15 September when plots 4 and 8 burnatl plots were in ponderospine dominated

stands.

Table 5. Fire type flame lengths, and rates of spré®&DS)for FBAT plots burned on the Walker Fifeor rate
of spread, a flame front moving kthain/hour is roughly one fombinute. Sensor failure in the case of plot 8

and a partially burned plot 5 prevented ROS estimation from sensors.

Flame Flame ROS ROS Date & End of Active
Plot Fire Type Length | Angle* | (ch/hr) | (ch/hr) Approximate Consumption
(ft) (%) Camera | Sensors| Arrival Time P
9/15/2019 1430
4 Backing sirface fire 1-2 75 0.9 1.57 2 PDT, arrived at 9/15/2019 1555 PDT,
moved through SW corne
NE corner of plot
Plot partially burned 9/16/2019 0749 | Wetting rain extinguished
5 creepingsurface fire 0.5 N/A N/A PDT, arrived at flaming after approx. 1/3
extinguished by rain NE cornerof plot of the plot had burned
Surfacefire both 9/14/2019 1500 F'arzngrg)‘(’”{g;‘gggﬁp'om
8 creeping and running| 0.5-15 N/A 4-5 N/A PDT, arrived at pprox. s
o . consumptiorcontinuedfor
with isolated torching NW cornerof plot
several hours

Plot 4

Plot 4 is located west &SFS Rd 26N07, south ¢&td 27N02Y and north oRd27N41. Evidence odlow
seveity burn during the 2007 Wheeler Fire was present as well as past thifaislg 1) Fuel loading was
generally low and there was little understory vegetdfi@ble 4. The plot camera recorded backing fire
through the plot with flame lengths arounit,loccasional wind shiftsreatedshort periods of flanking/head

fire with flame lengths 2 3 ft (Table 5. Sensors placed at knowoatationswithin and aroundhe plot recorded
rates of spread between 1.2 ch/hr. Surface fuels were generally consumed islthemovingfire (Tables 6
and7). Bole scorchresulted fromflamé& e ddy i ng o

around

trees (lasledt he

During the timeplot 4 burned, the Coyote RAWS reported temperatufd-A&lative humidity RH) 14% and
10hr fuel moisture 4%. Pierce RAWS reported winds fronsthghwesat 18mph with gusts to 3gph
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Plot 5

Plot 5 is located north &JSFS Rd 26N41 west of itgtersection with Rd 26N07 between Frazier Cabin and
Murdock CrossindgFigure 1) Evidence points ta previous low severity burn during the Wheeler Kirable

1). Fire reacheglot 5 in the morning just before wetting rain on 9/ffecipitation haltedife spreadibout 1/3
of the way through thplot. The plot camereecordeccreepingandbacking fire entering the plot from the NE
with flame lengths less thdh5 ft prior to the rain(Table 5. Becausehe fire did not cross the entire plodfe

of spreadcould not be determined from the sensbngring the timePlot 5 burned, the Coyote RAWS reported
temperature 52 RH 68%, and 10hr fuel moistures 6%. Pierce RAWS reported winds frometsianorthwest
at 4 mph with gusts to 1ph

Plot 8

Plot8 is located just north adSFS Rd 26N15 near Murdock Crossiiigure 1) This plot had greater fuel
loading when compared to the otlernedplots (Table 3 andno recordof fire or fuels treatmer(fTable 1)
Pastlogging was evident by old stumps wabvanced rotting/decaBacking fire flame length wasi12 ft

with wind shifts and heat pulsessulting inflame lengths of 4 6 ft along withsometorching(Table 5.
Backing/flanking fire burned into the plot from therthwest Surface firepredominatd, with occasional single
tree and group torchin&urface fuels were mostly consun{@@bles 6 and)7 Char and scorch heights on trees
wasdependent on proximity to group torchifigable §. Low duff moisture contents and high duff loadings
swpported sustained duff smoldering ot 8. Drone imagery fronplot 8 approximately 5 hours after

ignition illustrate the sustained heating from duff consumgffagure §. During the timeplot 8 burned, the
Coyote RAWS reported temperature’,82H 11% and 10hr fuel moistures 4%. Pierce RAWS reported winds
from thewestsouthwesat 11 mph with gusts to 26ph Because oéquipment failurewith the primary plot
camera and thermocouple loggdine behavior wasn plot 8 wasstimated from timdéapsel imagery, using a
backup camera installed in an opening near the plot.

Figure 6. Infrared radiation from
duff consumption imaged by
California Air National Guard
droneonplot 8 at 1929 PDT-
about 2.5 hours afteéhe flaming
front spread through the plot
The crosshairs near the center
the imageareclose to plot
center Cool areas are dark whi
hot areas (e.g., duff and log
consumption) are bright.

Fuel Consumption

Consumption was by far highest ontgBo(Table 6), which had no recent history of treatment or recorded
wildfire (Table 1). The high prére fuel loads allowed more total tons/acre to be consumed (Table 6). The fire
also consumed a large percentage of the existing fuel for most fuel ¢Bakes7). iff consumptiorin plot 8

is probablyartificially low given that depths were measured before rainfall when remaining duff (particularly
the upper layeof less consolidated material known as the fermentation laygercharrednd underlyingash

was not blown away, compacted, or washed into the soil.
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In contrasto plot § plots 4 and 5 had a history of low severity ustiaty burning during the Wheeler Fire

(Table 1), low prdire fuel loadings Table 4, and exhibited minimabtal fuel corsumption(Table §. Much of

the fresh litter,hour fuel s, forb and grasses presentThever e
percentages of duff, litter, and woody fuels consumed on plot Bwrgiven that there was consumption only
onone transect while consumption is calculated for the entire plot

Table 6. Duff and sirface fuel consumptiofions/acre) Only one transect was burned on plot 5 resulting in
low plot-level consumption.

Mean Fuel Consumption (tons/acre)
A Duff | Litter | 1-hr | 10-hr | 100-hr e | e e Shrub_& Total
hr Grass | Seedling
4 0 2.61 | 0.09 0 -0.003 0 0.05 0.127 29
5 0.35 | 0.25 | 0.01| 0.21 0 1.07 0.01 0.002 1.9
8 10.37 | 2.06 | 0.09 | 0.63 0 0 0 0.001 132

Table 7. Duff and suirface fuel consumptiof?s).

Mean Fuel Consumption (%)
Plot : 100- | 100G | Forb & | Shrub &
Duff | Litter | 1-hr | 10-hr hr hr Grass | Seedling
4 0 82 100 0 N/A N/A 100 53
5 33 11 25 43 0 44 100 1
8 51 100 | 100 | 100 | N/A N/A 100 20

Given an average of 27% torch on trees in dlgfable §, an estimate of canopy fuel consumptisr27%of
15tons/acreof greenneedle loading (Table &y 4 tons/acre As such, canopy fuel consumption was about

30% of ground and surface fuel consumptienplot 8 Therewereno visible impacts on the canopies in

burned plots 4 and 5 and, thus, no consumption above the relatively small amount of consumed ground and
surface fuels.

Fire Effects

We collected postire measurements one to two days after fire in each burngdaptaving for combustion to
complete Measurementmcluded soil heatingNPS severity rating&oil & understory AppendixD), char
height,maximum and percentage crown scoffciage brown),and torchheighs (foliage consumed)rhese
metrics combineé give an overall picture dhe extent of fire impacts

In plot 4, thebackingsurface firg(Table § had low to moderate severigffectsin the soil and understory
(Figure 7andTable §. Bole charring occurred up to 4 feet and was difficult to adsessuse of the substantial
amount of char remaining from t2807Wheeler Fire. There was measurable scorching or torching on any
of the overstory treed éble 8 Figure §.

In plot 5,the creeping fireTable § was suppressed by rain after burningydri3 of the plotSoil and substrate
severity ratings were negligib{@able 8 Figures 7 and 8)

In plot 8, the surface fire and high levels of duff consumption resultedoiderate to high severitatings for
the substrate and understory effgdtables 6 and 8Figure j. Much of thecanopy was eithescorched or
torched(Figure g, with average torch height 88 ft (Table §.

Table 8 Walker Fireaverage bole char height, percent scorchtarah, andsubstrate and vegetatisaverity
ratings. Substrate @d severity ratings range from(io fire) to 5 (extrera, see Appendix P Scorch and torch
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heights are not reported becansechof the canopy impacts were the resaflagroup torching everthat
impactedthe sides of the canopies of atgat trees Thus, scorch antbrch heights are not meaningful.

Plot Bole char (ft) | Scorch | Torch Severity
Min Max (%) (%) Substrate | Vegetation
4 0 4 0 0 2.1 3.0
5 0 0 0 0 1.1 1.3
8 7 29 63 27 3.4 3.2
A. Surface soil (substrate) B. Understory vegetation
® 100 - & 100
@ 90 - v 90 -
8 380 - ® Very high (5) S 80 -
2 70 A High (4) 2 70
‘% gg | Moderate (3) ’g :(O) 1
& 40 - ot g a0 -
§ 30 - ® Unburned (1) g 30 -
a 20 - 2 20 4
§ 10 - § 10
é o . E o NN
4 5 8 4 5 8
Plot Plot
Figure 7. Soil and understory vegetatisaverity on burned plats

Percent of live canopy affected by fire

Figure 8.
6% Percentage of th
canopy on
1o burned plots that
20% was scorched of
torched during
1 : 8

the Walker Fire.

Percentage affected

Soil heatingreflecied contrastingduff loadingsandconsumption omlots 4 and 8 On plot 4, duff consumption
wasabsent to minor andimeral soilsexperienced a minor but detectable increase in temperatusndt4n.
depths. In contrastpds belowdeep dufthat consumedn plot 8 experienced high levels of soil heatowger a
long duration(Figure @). In geneal, temperatures above 14B causemmediatelylethal effects on (nen
dormant) plant tissues and microb€&kis temperatur¢hreshold was reached@ir deepest temperature sensor
(6 inches depthin plot 8, whereas the temperature did not reacHeti®al threshold even at 2 inches depth
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Date & UTC time

Date & UTCtime
Figure 9. Soil temperature profiles from burned plots 4 arad 8vo, four, or six inches belotlie duff Plot 4

(right panel)lshowsthe daily cycle okoil heatingone day por to burning as well as theditional rise in
temperaturedue to the fire on the second day. Pldle® panel)showsextensive and prolmed soil heating

with soil still cooling on the second dayter the flame front had burned through the.plot
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Conclusions

FBAT results from the Walker Firadd to a consistent narrative about the effectivendssveseverity
undestory-burning in reducing fuel loads antbderating subsequent fire behavior and effectgpen
ponderosa pine standsBAT collecteddata orprefire fuels and vegetation agightplots during the Walker
Fire and active fire behavior, fuel consumption, ang diffects on three of those plots that burmecddition

to the standard FBAT plot measurements, TLS datacollected preand posfire in support of the PSW
Regionds ongoing ef f or t andcarbonstoekgandivilmland frd emigsems @adroast i o
CaliforniaNational Forestd.ow severity effects of the 2007 Wheeler Fire in ponderosa pine on mild terrain
were particularly effective at reducing fuaelsdmoderatindire behavior and effects during the Walker Flre
contrast, twlots in areas with no recorded fire history (prescribed or wildfire) hadstidgace anground

fuel loads as well dsigh densities of ladder fuels that, time one such plot that burned, resulted in deep duff
consumptionextensivesoil heatinggrouptorching behavior, andigh levelsof tree injury and expectddee
mortality.

FBAT metobjectives on the Walker Fire to the extent thasafelyinventoriedas manypre- and posffire
plotsas possible We had limited succeg®sitioring plotssothat they would burn because of successful
suppressionmoderate weather, and wetting rain on the disSeptembethatall reducedire growthafter early
runs. Success getting plots burnedenerally increases the earlier FBAT arrives on aTit& measurements
were successfully accomplished alhpre and posffire plots.We tested new equipment that promise to reduce
plot setup time and increase information retukew cameras were eagyuse, reduced plot setup tinagd
triggered successfullgxcept in one instancé&he trigger failure was a problem that we will be able to solve
easily.Soil temperature measurement devices were easy to use and pgnodatformation but were

difficult to install in hard soilsa problem that we can now waudk fix. Data will be added to the FBAT archive
and will be useful inmy futurestudy of fuel treatment impacts on fudise behavior, and fire effect¥his
report will help guide use of the archive.

Rapid fire growth and severe effects occurred oWhéker Firewherethere wasalignment of prevailing

winds and drainages asgread througshrubdominated fuelsesulting from th&2007 Wheeler FirelThe risk

of severe effects because of untreated fuels and positive feedbacks among fires is expaateddnto the
futuregiven current fire and climate trends. A discussion of the Walker Fire in the context of the 2007 Wheele
Fire is provided in Appendix F. FBAT worked on both fires.
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Appendices

A. FBAT Plot Layout

FBAT selects study sites to represent a variety of fire behavior and vegetation/fuel corféitibsedection
priorities are also based on safe actesseas that would most likely be burned ovethwi the timeframe that
FBAT would beat the incidentWithin each plot both fuels and fire behavior datacateected A graphic of a
typical plot set upgs shown below (Figure 1)Hot layout changes based on terrain, fuels, and additional

objectives (Terrestrial Las&canning, soil sampling, etcNo Fire Behavior Package (heat flux) was used on
the Walker Fire.

(O Thermocouple

F 3

Camera box
&y

0
Photo A
Thermocouple poles Thermocouple
Thermocouple O @)
O
H Heat flux
>, y 4

Fuels plot

Thermocouples

and anemometer
‘ (O Thermocouple

FBAT Report on the Walker Fire Page20of 34



B. Plot Species List

Grass, forbshrub, and treepgcies presence along understory fuel transects in plots sampled on the Walker

Fire. Trees include individuals present as seedlindsaplings. Presence is indicatedady 1 0 .
of species by lifeform is provided at the emd

Speciesbbreviationsare composed of the first tWetters of the genus and specific epithet.

each

Tot al

I i f ef or mdnknovenespedies areinoto f
included. Species lists for plots-2 and 8 are not completehile lists for plots 47 are close to complete

Lifeform and Species

Plot

1 | 2] 3]a]s5]e] 7] 8

Grasses

Agoseris spp.

1

ANRO

Astragalus spp.

Bromus spp.

BRTE

Carex spp.

Festuca spp.

PR |R (e

Phlox spp.

Pterospora spp.

Poa spp.

=

PRTE

=

SIHY

Stipa spp.

VUMI

Number of species

N/A

N/A

N/A

fo'oJ [N TS IN

A G

N/A

Forbs

Achillea spp.

ACMI

=

Agoseris spp.

ANRO

Antennaria spp.

APEN

Asteraceae

Astragalus spp.

Castelija spp.

CEVI

Cirsium spp.

COGR

COPA

PR |R (e

=

Cryptantha spp.

EPMA

=

EPMI

Fragaria spp.

FUGR

Gallium spp.

Hieracium spp.

Lathyrus spp.

Lupinus spp.

Osmorhiza spp.

Penstemon spp.

PHGR

PNGR
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PODO

Lifeform and Species

Plot

1 | 2] 3]4]5]6] 7] 8

Forbs, continued

Scuttelaria spp. 1

Senecio spp. 1 1

Stellalroa spp. 1

Sumariaceae spp. 1

TAOF 1

Number of species N/A | N/A | N/A 9| 13| 10| 15| N/A
Shrubs

ARPA 1] 1

ARTR 1

BAWY 1 1 1 1] 1 1

CEPR 1 1 1 1] 1 1

CEVE 1] 1

CHVI 1 1 1

PSME 1

PUTR 1 1 1 1 1 1

QUCH 1

Symphoricarpos spp. 1

Number of species N/A 3 4 4 6| 5 3 3
Trees

ABCO 1

PICO 1 1

PIPO 1 1 1] 1 1

Prunus sp. 1

QUKE 1

Number of species 2 1 1 1 1] 3 1 0
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C. Burned Plots: Paired Pre- and Post-Fire Photographs

See next page.
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Plot 5 Transect 3, 50 Pre

Plot 5Trnsect 3, 50 Post
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Plot 8 Transect 1, 50 Post
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D. Photographs of Unburned Plots

See next page.
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