CROWN FIRE Bli,\,/lOR IN CONIFER FORESTS:
A PRE-CONFERENCE WORKSHOP
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The goal of this workshop is provide participants with a
summary of the results emanating from the Joint Fire
Science Program sponsored project “Crown Fire Behavior
Characteristics and Prediction in Conifer Forests: A State
of Knowledge Synthesis” (JFSP 09-S-03-1) that began in
October 2009.




Workshop Objectives

The current state-of-knowledge with respect to crown fire
initiation and propagation in relation to fuel complex
characteristics and surface weather conditions will be
described with time for questions and discussion.
Workshop participants will also have the opportunity to
share their experiences and observations regarding crown
fires, including thoughts on future research needs and
knowledge gaps.



In October 2009, a 3-year project supported
by the Joint Fire Science Program was
initiated that aims to

synthesize the currently available
information on crown fire behavior in
conifer forests (e.g., the

onset of crowning, type Progtain
of crown fire and the
associated spread rate
and fireline intensity).

9-month extension requested in July 2012



Project Team Members

Marty Alexander, University of Alberta, Dept. of
Renewable Resources, Edmonton, Alberta

Miguel Cruz, CSIRO Ecosystem Sciences and
Climate Adaptation Flagship, Canberra, Australia

Nicole Vaillant, USDA Forest Service,
Western Wildland Environmental
Threat Assessment Center, Prineville, Oregon

Dave Peterson, USDA Forest Service,
Pacific Wildland Fire Sciences Laboratory,
Seattle, Washington




A critical synthesis on crown fire behavior
must rest upon as solid a foundation of
knowledge as is possible at this time
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A sufficient body of scientific, | e oo
peer-reviewed and technical ||~

literature of a practical nature

does in fact presently exist to
be able undertake a synthesis
on crown fire behavior.
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In addition to summarizing
the existing scientific and
technical literature on crown
fires, project members are
also seeking assistance from
individuals in the form of -
field observations of crown [FREEEE#
fires and related {
experiences as well as
still pictures and video
footage




A SyYNTHESIS oN CROWN FIRES IN

ConiFer ForesTs 1s UNDERWAY
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he Joint Fire Science Frogram
TI_JFSI'_I has elected to support 2

project aimed at synthesizing
the currently available mforma-
tion on the characteristics and
prediction of crown fire behavior in
conifer farests (Aleander and oth-
ers 2010). This would include such
facets of crown fire behavior 25 the
onset of crowning and the type of
crown fire (passive, active, indepen-
dent) and the associated spread rate
and fireline intensity in relation to
the wildland fire environment (i.e.,
fuels, weather, and topography).

Whilke the focus is on North
American forests, the synthesis is
intended to be global in nature 2nd
is intended for muitiple audiences
ranging from the general public to
college students, fire and and man-
agers, university professors, and
other researchers.
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knowledge gaps that you would Hie
to see addressed or discussed in this

crown fire synthesis project. Feel
free to contact any project team
member.

Tu leamn mare shout JFSF Project
09.5.03-1 and ensuing develop-
ments, visit the crown fire synthe-
55 project Web site at <hitpoiwwew.
fsfed. usiewetac/projects/aloander.
btml.

Reference

Aleander, ME. Crox, MG Vadtant, N3
Pelergm, DL, 2010. Tovards 3 oown Nire
synihestic wial would yoo Hiee b koow
aod whal mught o de able o contrib-
ule? Irc Proceedings of Ird Fire Setator
and Fusts Corfersace, 25-29 Ociber

2010, Spolane, WA Hinmes AL
Imernaiin: Assectiion of WEgand
Fire COROM. B

JFSP Crown Fire
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assistance from individuals in the
form of field cbservations of crown
fires and refated experiences as well
as still pictures and video footage.
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Towards a crown fire synthesis:
what wounld you kike to lmow and what might you be able to contribute?

Martin E Alexander™*, Migue! G. Cnz”, Nicole M. Vaillant™, and David L Pecerson”

‘Unsversity of Albema, Deparmment of Renewable Resources and Albera School of Forsst
Sdence and Edmonton, AB, T6G 2HI, Canada.

Mamagement,
"CSIRO Ecosystem Sciences and CSIRO Climate Adaptation Flagship - Bushfire Dynamics and
| Applications. GPO Box 284, Canhemra, ACT 2601, Australia
“USDA Forest Service, Pacific Northwest Stadon, Western Wildiand Envarosmental Threat
‘As,essmem Center, 1200 Frankhn Way, Sparks, NV, 89431, USA
PUSDA Forest Service. Pacific Northwest Station., Pacific Wildland Fire Sciences Laboratory,
400\:4‘S!reet&me’01 Semig“A.Qsm: USA
2 el net

CROWN FIRES IN CONIFER FORESTS OF THE
WORLD: Do you have something to contribute or
would like to know about something?
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Throughout the process there has been liaison
and dialogue with:

#{¢f., Fire Behavior
{t’mf’g Sub-Committee

Conference calls and a in person meeting.
Progress reports and provided documents.
E-mails. Reviews by FBSC members.
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Synthesis of Knowledge of
Extreme Fire Behavior:
Volume | for Fire Managers
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Chapter 8: Crown Fire Dynamics in Conifer Forests
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The chapter on crown fires for Volume Il -- Fire Behavior Specialists, Researchers and

Meteorologists has been completed and reviewed, and is currently undergoing editorial review
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2 Cruz, slexander and Wakimoto {2003)
3 Canopy Fuel Stratum Characteristics Calculator
4 Yersion 1.0 - February 2010
5
5] Inputs:
7 Step 1: Select Unit System SI
g
g Step 20 Select Fuel Type Ponderosa pine st i
waew pebih crro a peman rwt Insreaiiana! Soarusd of Wikdiend Fire, 2003, 113953
10
11 Step 3: Input Stand Basal Area {m2/ha) _ Assessing canopy fuel stratum characteristics in crown fire
12 prone fuel types of western North America
13 Step 4 Input Average Stand Height {m) _
14 Miguel G. Cnz*, Martin E. Alexander™ and Ronald H. Wiskimoto©
15 Step 5: Input Stand Density (trees/ha)  [La000 ] e
16 Correspending author. Telepbone: +1 406 243 6422; fax: 41 806 243 £845; email- macnszd@se ay.umt.edu
“szdx:TweﬂS«vwe Northern Forestry Cengre 5320-122 Street Edmonton, Alberta T6H 385, Canada.
17 Telepbone: = 1 780 435 T346; fax: + 1 780 435 7159, email- mulexand@sasan ac.ca
© School of Forestry, Ussvessity of Moal Missoaly, MT 59812, USA. Telephone: <1 406 241 6201:
18 Outputs: 2 fax: .1‘7»&:43 ;E-. emad nkrmlod_ﬂnxuu;\xm:l.nh
19
b=l CEII"IDFI'}" Base Helght (m) 7.3 ::rﬁ;h;\ﬁlyxmnnfcm-nﬁr-behnmlmbbmanmd:ﬂm;ﬁr?nhgﬁnlma
2l :ﬂmn&:éa;:;;‘ﬁaelmmafmwwﬂqﬁﬁmmmhwranL?dS::&d;:ﬁ
=eas of namel i, nderosa e, i conder, lodgqmc ne fores
22 Cano Fuel Load (kg/m2 0.95 lkUSDr\rcu:stSentanmsllw:wvmdl;’:}ynslﬂ»\)indnxwemmahw‘:!mhnl'd"lhu«\-lc\rl
Py g
foliage dry weight eqations. Models to predict canopy bese beight (CBH), casopy sl Jood (CFL) and canopy
23 bulk de:sxz\ {CBD) were developed through linear regression analysis and using common stand descriptors {e.8.
. stand density, hasal stand height) hinatory variables. The models devel were fuel t ific and
24 Canopy Bulk Density (kg/m3) 0.29 mﬁumisra«:?;mms“f&:ﬁmm?v;rmgl_h«mouwmu;}:ycastdﬁcmcou

to 0.58 for CAH. A¥kocph not formally evalusted, the models seem to give a ressomable characterization of the
canopy fuel stratum for use @ fire memagement applications.

Addsonal keywonds: canopy base height: canopy bulk deasity; canopy fusl load; crown fire behavior;

crown foel dynamics.

Intreduction

The growing complexity of deterministic firs behavior med-
els implemented in fire managemest decision sppor sy

quires that d of fizel complex ch

should be a5 accurte as possible gives the existing resocroe
and ksowledge comstraints. Until recently im the US. fel
complex characterization has been fimsted to surface fisel
beads (e g Brown and See 1981; Brown and Bevins 1986)
@ 1o the restricted applicability of fire behavior models
sach 2s the BEHAVE system {Bargan aad Roghermel 1984;
Andrews [986) to this foel stratum. The development of
fise bekavior models and systems designed to crown
fice behavior (Albézi 1979, 1996; Van Wagner 1977, 1989;
Forestry Canada Fire Dasger Growp 1992; Call and Albini
1987; Alexander [998; Finney 1998; Scott mnd Reinhardt

undentory micrometeorology, and therefore influence cer-
t2in factors of the fiss envizonment such as subcanopy wind
fow (Meyess and Paow U 1987; Amaro 1990) and seasoml
and diursal fuel moasture dynamics (Rothermel e al. 1986).

Stmce canopy fuels are the main fuel layer supporting
<rown fire speead, canopy structure largely determines com-
betion requirements and outpues, and conssquently impor-
tast fire behavior descriptors sach 25 mte of fire spread aad
fire intensy {Byraem 1959). With Finney's (1998) implemen-
tation of Van Wagners (1977) crown fire imitiaticn and spread
modals into the FARSITE firs growth simulator, information
os CBD and CBH have become essential for fire manage-
ment planning (Keane of al. 1958), althosgh no method of
exsily quartifying these paramesers is directly avashble to
e Sach mk ion is needed for ather crown

2001} point out the need to describe the canopy fusl stra-
tum. Based on an amlysis of exxting fire behavior models
and physical reasoming, # i possible to isolae the mlevant
cazopy fued stmtum ch s that 4 rown fire
behavior. The canopy structam] properties of a stand (2.2,
cover, depth, skape, leaf ares and leaf distribution) influsnce

© LAWF 2000

fre pam—nl assessment schemes (Alexander 198%; Graham
eral 1999; Keyes and O"Hara 2002}

Fuel complex characteristics commenly accepted as con-
trolling crows fire spread mre CFL., canopy foed bulk density
and CBH. When describing serial fuels the term crown aad
camopy have ofien been used iterchangeahly without formal
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Project ID: 03-5-03-1

JFSP Website

Date Started: 10/01,/2009

Ending Date: 05/30/2013
Title: Crown Fire Behavior Characteristics and Prediction in Conifer Forests: A State of Khowledge Synthesis

Project Proposal Abstract: The focus of the proposed project will be an synthesizing the available infarmatian on crown fire behavior related to conifer forests
(e.q., the onset of crowning, type of crown fire and the associated spread rate and fireling intensity, convection column development, spatting, fire-induced
vartices). A critical synthesis an crown fire behavior must rest upon as =olid a foundation of knowledge as is possible at this time. A sufficient body of
scientific, peerreviewed literature of a practical nature to undertake a synthesis on crown fire behavior presently exists. The literature includes articles
published in the Canadian Journal of Forest Research, International Journal of Wildland Fire, Forest Science, Forestry Chronicle, and Australian Forestry,
Mlany of the specific target articles can currently be wiewed on the Firehouse website. Input and operational experiences from fire and land managers will also
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Final End Products

d Book pattern after Australian “Grassfires”

GRASSFIRES
« Textto be completed ful, weatherand fife behaviour

July 2013.

Phil Cheney and Andrew Sullivan

 Publication of book not
likely until early 2013-4.




Final End Products (cont.)

] Special issue of Fire Management Today
that will summarize the content of the book.

Management..,

Looking at late 2013 for
publication.




The Icebreaker

Crown Fire Behavior in Conifer Forests

8:00 am - 3:00 pm

Instructors: Marty Alexander, University of Alberta, Miguel Cruz,
CSIRO Australia, Nicole Vaillant, USFS, PNW Research Station

The current state-of-knowledge with respect to crown fire initiation
and propagation in relation to fuel complex characteristics and
surface weather conditions will be described with time for questions
and discussion. Workshop participants will also have the opportunity
to share their experiences and observations regarding crown fires,
including thoughts on future research needs and knowledge gaps.
Participants will be asked to submit a color photo of a crown fire to
be projected during the workshop and be prepared to orally provide
a short description of the image. The instructors will elicit input on
fuels and fire behavior characteristics that are unique to the southern
United States in regards to crown fire behavior in conifer forests
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Brad Reed

Little Salmon Fire 2003 cresting the Ridge.

Note the wind sock in left foreground.

Column interaction of same fire




Grant Pearce

Berwick Forest Fire, NZ, Feb. 1995
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Jim Prevette

Pains Bay




Jim Reardon

Soil Heating Associated with Crown Fires in NWT

PN




Sara McAllister

NWT fine vs. coarse fuel - VIDEO




Sara McAllister

Salt Fire - VIDEO
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teven Miller

Benton Fire




Steven Miller

District dozer waiting for spots




Steven Miller

Scrub burning hot




Steven Miller

Crown fire in scrub, Buck Lake




Steven Miller

Scrub burn at chk Lake - VIDEO
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David Finn

My topical submission is regarding the transition process for surface to crown fire in
open bole pine stands.

The current Canadian Forest Fire Danger Rating System uses the formula:

CSI=(0.001xCBHA1.5x(460+25.9xFMC))*1.5

where CSI = Critical Surface Intensity in kW/m, CBH=Crown Base Height in meters,
FMC=Foliar Moisture Content in %(gravimetric).

CSl is the threshold heat output level where surface fire intensity creates enough
open air convective energy to cause ignition in the overstory canopy.

My observation in the field is that there is an entirely different mechanism that
carries fire into the canopy, and that is the focused convection present in lee-side
vorticity. My photos show this phenomenon and my drawing shows my hypotheses
of what is happening. Other factors to consider are bark flake ease of ignition, bark
flake fuel loading, tree and canopy shape, and in-stand wind conditions.



David Finn
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David Finn




David Finn




LaWen Hollingsworth




Morris Johnson

Wallow Fire — Fuel Treatments
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Why are crown fires significant

Suppression
Expenditures

Firefighter Safety

Community
Protection

Use of Fire Resource Damages & Impacts



Flame depth —

Wind (

—_— \7

Behind the flames

Below the flames

Around the flames




Basic Features of a Forest of Wildland Fire:
It spreads but it also ...

consumes

- or
 “eats” fuel

and ...

It produces ... a visible
heat energy flaming
and light in combustion

reaction.




Basic descriptor
of a spreading heat source:

l=H-w-r
| — Byram’s (1939) fireline intensity (kW/m)
H — Net low heat of combustion (~18 000 kJ/kg)
w — Fuel consumed in active flaming front (kg/m?)

r — Linear rate of fire spread (m/sec)




100

80

L=y
=

I
—=

Rate of fire spread — R (m min™")

20

Fireline
intensity — J
(kW m™

Fuel consumed — w (kg m™)

Fire

behavior
characteristics
chart

Onset of crowning:
 5-10 m min-
« >4000 kW mt

Continuous active
crowning:

e 15-30 m mint

e >10000 kW



Flame front residence time -- t, (sec)

t. = Dir
D = Flame depth (m)

r = Rate of fire spread (m/sec)



What is a “crown fire”?

A “crown fire” is defined as:

A fire that advances through the crown fuel layer, usually
In conjunction with the surface fire. Crowning can be
classified according to the degree of dependence on the
surface fire phase.

What is “crowning”?

“Crowning” is defined as:

A fire ascending into the crowns of trees and spreading
from crown to crown.

from Merrill and Alexander (1987) — Glossary of Forest Fire Management Terms



What types of crown fires are there?

See Van Wagner (1977) Conditions for
the start and spread of crown fire. CJFR




Canopy Fuel Stratum and Stand Characteristics

—_
Vertical Canopy bulk density =
crown
depth Canopy fuel load
Vertical crown depth
Stand \_
height

anopy base height

Available Crown Fuel Load: needle foliage, lichens, small dead and live (a
proportion) twigs < 1 cm in diameter

Ladder or bridge fuels: bark flakes, lichens, needle drape, boles branches (live &
dead), understory conifers, tall shrubs



Type of Crown Fire:
Passive or Dependent




Passive Crown Fires can occur under two broad
situations:

« Canopy base height and canopy bulk
density are considered optimum but
fuel moisture and wind conditions are
not quite severe enough to induce
full-fledged crowning

e Canopy base height and canopy bulk
density are, respectively, above and
below the thresholds generally
considered necessary for crowning
so that even under severe burning
conditions full-fledged crowning is
not possible, although vigorous,
high-intensity fire behavior can occur.




Type of Crown Fire:
Active, Running or Continuous




Active Crown Fires are most likely
to occur in forests that have:

e Ground and surface fuels that
permit development of a
substantial surface fire

A moderately high canopy or
crown base height

* A fairly continuous crown
layer of moderate to high
bulk density and low to
normal foliar moisture
content



_ “The crown phase will ... No
Type of Crown Fire: |jonger depend in any way on
the surface phase and can
Independent run ahead on its own.”
— Van Wagner (1977)

Adapted from Brown and Davis (1973)

“In other words, the spread of crown fire independent of
any surface fire is essentially ruled out as a stable
phenomenon on level terrain. ...” — Van Wagner (1993)




Understanding Crown Fire Behavic;'r'f,c;m
Experimental Fiaend Wildfire
ations




T GARTEESE

- . - %

Red Pine Plantation, Petawawa, Ontario



Lodgepole Pine Stand, central British Columbia



Mature Jack Pine Stand, Mature Jack Pine Stand,
Northeastern Ontario Northeastern Alberta



Immature Jack Pine Stand, Northeastern Ontario
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. R |
Spruce-budworm Killed Balsam Fir Stand,

Northeastern Ontario



Spruce-Lichen Woodland Stand,
Northwest Territories




Lowland Black Spruce Stand, North-central Alberta




International Crown Fire Modelling Experlmen 3
(ICFME), Northwest Terrltorles J
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General Value of Case Studies

“Time and time
again case histories
have proven their
value as training
alds and as sources
of research data.”

Chandler (1976)

USFS Fire Research Director



THE MAY 1968 FOREST

CONFLAGRATIONS IN ——  The Mack Lake Fire
CENTRAL ALBERTA

A review of fire weather,

fuels and fire behavior

(
Y
bushfire c=

Fire behaviour, suppression and
lessons from the Berwick Forest Fire
of 26 February 1995

by L.G. Fagarty
AF. Jackson and
F{ W.T Lindsay

BILLO ROAD FIRE

REPORT ON FIRT BERAYIOLR PRENOMER A AND SUPPRESSOK ALTIVITIES

NO. Crudamd AP PO

FR Bulletin No. 197
Forest and Rural Firg Sciontitic and Technical Series Report No, 3

NEW ZEALAND
- FOREST RESEARCH INSYITUTE
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Wind
direction‘

Cross section of a wind-driven surface fire



Van Wagner’s (1977)

Crown Fire Initiation Mode
Vertical fire spread into the overstory FOLIAR
canopy will occur when the surface ~ MOISTURE
fire intensity (1.) attains the critical CONTENT
value |, as determined by z and m. B
_ CROWN
BASE
| HEIGHT

ﬁ

<l ! S L 'é‘i
Surface Fire I, ~ 1,: Surface Fire -
Crown Fire Transition




Van Wagner’s (1977) Theory on Initiation of
Crowning: Starting with two basic equations

Temperature rise (AT) at height z over a line heat source, |
(after Thomas 1963)

AT a 1283/7

Heat of ignition (h — kJ/kg) in relation to foliar moisture content
(m - %) (from Van Wagner 1968)

h=460+25.9 - M
Replacing AT/h, with an empirical quantity C yields:

where |, Is the critical surface intensity (kW/m) needed to
Initiate crowning and C is a criterion for initial crown
combustion



Van Wagner' s (1977)
Criterion for Initial Crown Combustion

“The quantity C is best regarded as an empirical
constant of complex dimensions whose value is to be
found from field observations. = Van Wagner (1977)

A value of 0.010 was derived for C from an
experimental fire in a red pine plantation
(z=6 mand m = 100%) exhibiting an
Intensity of ~ 2500 kW/m just prior to
crowning as follows:

C =132z h)
C = 25003/2/(6 - (460 +26 - 100))

C =0.010



Van Wagner’ s (1977)
Crown Fire Initiation Moc
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Van Wagner’ s (1977)
Crown Fire Initiation Model
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Van Wagner’s (1977) Crown Fire Initiation Model:
Strengths and Weaknesses

Simplicity:
Only two crown fuel properties (z and m) and an estimate of
potential surface fire intensity required as inputs

Limitations:
 Truth of the matter is, that separate C values are required for
distinctly different fuel complexes — furthermore, currently used
value (0.010) is essentially based on a single observation.
« Doesn’ t allow for variable duration of heating (presently the
flame front residence time is a constant 50 sec) — thus, quite
possible for two surface fires to have the same intensity but
significantly different residence times (e.g., grass vs. conifer
needle forest floor).
 Surface burning conditions (i.e., temp, RH, plus in-stand wind
and thus fire plume angle) a constant rather than a variable.



Cruz, Alexander and Wakimoto (2004)
Crown Fire Occurrence Probability Model

) =
|fax) |(B)

|
50

« Comprehensive
review of the literature

5 o® | . * Number of variables

10 15 20 25 30 35 0 2 4 6 8 10 12 14

10-m open wind speed (km ! ) Fuel strata gap (m)

 Data available for 34
I surface fires & 37
crown fires (principally
| Canadian but a few

1 8me S | .80 @ fires from Portugal and
Janalagoe © °|| o38ait o . Australia)

00 05 1.0 1.5 2.0 25 30 35 4 6 8 10 12 14 16 1%

Surface fuel consumption (kg m™) Estimated fine fuel moisture (%)






Cruz, Alexander and Wakimoto (2004)
Crown Fire Occurrence Probability Model

Modeling the Likelihood of Crown Fire
Occurrence in Conifer Forest Stands
Miguel G. Cruz, Martin E. Alexander, and Ronald H. Wakimoto

ABSTRACT. The unknowns in wildland fire phenomenclogy lead to a simplifisd empirical
model approsch for predicting the onset of crown firss in live coniferous forests on lewvsl
terrain. Model parameterization is based on a data s=t [n = 71) ganerated from conducting
autdoor sxperirrental firss covering & signifioant partion of the spsstrum of burning condi-
tions assoviated with the initiation of orown fires. & logistio model is develo ped to predict the
likelihioad of crown fire coourrenos based on thres firs srvironmant variables, namshy thes
10-r openwind spesd, fuel strata gap (=quivalentto live orown base heightin some stands),
sstimated moisturs conbent of fine dead fusls, and one fire-bshavior desoriptor— su rfacs fusl
aonsumption. The model correctly pradicts 86%% of the cases in the data set used in its
development, and the recsiver operating characteristio statistio is (084 The model is svalu-
ated for its sensitivity to its inputs, and its behavior is compared with other modsls used in
deoision support systems to operationally predict orown firs initistion. The resuls of a
lirmitad test ofthe model against teo independent experimental fire data sets for distinothy
different fusl complesss is encouraging. FoR. 301 B Bnb40- 662,

Key Words: Forest fires, orown fire, orowen fire initiation, orewning, sxperimental firs, firs
behavicr, fire-behavior pradiotion, logistio meodel.

FOREST FIRE 15 in essence the resuli of fire behay-
A ior. lis spread, is effects on soil and vegetation

properties, and the difficuliy of controlling the firs
deperd mosily on the fire behaviar exhibiied The estima-
tion of fire behavior is of utmest importance in any firs
management approach, allowing for the delermimation of
the impacis of fire oo ecosysiem components and support-
ing forsst fire management decisionmakirg. Wildland fire
reszarchers have produced models to predict fundamental
fire-hebavinr characienstics or dascriptare, such as rate of

fire spread (Rotbermel 19725 flame geometry {Albini 1981,
Mebon and Adkine 1985), and fuel consumption [ Reinhardi
etal. 1921, 1997, Albini and Reinhardi 1995), from sasily
recagnized or memured fire environment warishles (ie.,
fuels, weather, and topographic inputs). These models hawe
bezn integraied inin decision support sysiems dhat e
found widespread use for management and research activ-
ities i the United Staies (Finney 1998, Scoit 1998a, An-
drews et al. 2003% Nevertheless, our incompleiz under-
standing of e processes and interactions determining
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Partugal—Phone: +381-235 706880, Fac +351- 230708633, pyro_gest® hatrmail com. Martin E. &lesander, Senior Rra

Boharvior Ressarch Officer, Canadian Forest Service, Horthern Forestry Canire, 52200122 Sreet, Edmonton, AB, Canada
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Logistic regression model
requires three environmental
Inputs:

« 10-m open wind speed (U.,);
« Canopy base height (CBH) or
fuel strata gap (FSG);

« Estimated fine fuel moisture
(EFFM); and one fire behavior
description:

 Surface fuel consumption
(SFC) class (<1, 1-2, >2 kg/m?)

Threshold for Crown Fire
Occurrence judged to be 50%
Probability.




Cruz, Alexander and Wakimoto (2004)
Crown Fire Occurrence Probability Model

1.0 .
Effect of 10-m Open

Wind Speed (U,,) under
variable Fuel Strata Gap
(FSG)
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Wind
direction‘

Cross section of a wind-driven surface fire



Cruz et al. (2006)
Crown Fuel Ignition Model
(CFIM)

Wind
direction

Plume base __

Heat transfer to
fuel particles

7 L Heat flux

)[4

Heat flux =
Radiative f (E)
+
Convective f (T, U,)




Weather/climate inputs:
Wind speed profile
Air temp./RH
Fuel moisture

Fuel complex description:
Surface fuel layer
Canopy fuel layer

v

Basic surface fire properties

—

Rate of spread
Residence time

Conditions Flame geometry (depth and height)
that Fireline intensity
define Flame Temperature - Time profile
Energy Iy I ¥
source Radiative Convective
energy source heat source
= rVC c]"<J
Crown fire Is Fuel Temp

initiation possible

320 C
?

Heat balance

equation

Ignition of canopy
fuels unlikely

Cruz et al.
(2006)
Crown

Fuel
Ignition
Model
(CFIM)



Cruz et al. (2006)
Crown Fuel Ignition Model (CFIM):

Evaluation Protocol

 Sensitivity analysis of input parameters
« Comparison against other models (Van Wagner 1977;
Alexander 1998; Cruz, Alexander and Wakimoto 2004)

« Experimental fires (correctly predicted 14 of the 15 fires)

.




CFIM evaluation: critical wind speed for
crowning under variable canopy base height.

Red Pine Plantation Fuel Model;
Normal Summer Burning Conditions
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Temperature (K)

CFIM evaluation:
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Critical surface fire intensity for crown combustion (kW m'1)

Ignition of dead crown fuels — application
of Van Wagner crown fire initiation model

5000
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L
I=)
[ =
Q
Q
2000 1 e
T
1000 +
0 iy
Canopy base height (m) Canopy base height (m)

From Jenkins, Page, Hebertson and Alexander, 2012 FEM






Van Wagner’s (1977)
Criteria for Solid Crown Flame

Based on rearranging a simple heat balance equation (cf.
Thomas et al. 1964) for fire spread in wildland fuel the
following relation was proposed:

R, =S, /CBD

Where R, is the critical minimum spread (m/min) in order to
sustain a continuous flame front within the crown fuel layer,
S, is the critical mass flow rate for solid crown flame (kg/m?-
min), and CBD is the canopy bulk density (kg/m3).

S, Is regarded as an empirical constant to
be derived from field observations. Best
available estimate (3.0) based on
experimental fires in red pine plantations.




80

® Active crown fire
& Pasgsive crown fire

60

Van Wagner’ s (1977)
R, = 3.0/CBD relation

Rate of spread (m/min)
P
o

20 +

0.0 0.1 0.2 0.3 0.4
Canopy bulk density (kg/mB)

from Cruz, Alexander and Wakimoto (2005)

0.5

Experimental crown
fires used in the
development of the
Canadian FBP
System plotted.

Points of note:

* No passive crown
fires with CBD
< 0.05 kg/m?3

* NO active crown
fires with CBD
< 0.11 kg/m3



Crown fire rate of spread vs wind speed
per spread regime
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Alexander et al. (1991) found in
the Porter Lake Project that Van
Wagner’ s (1977) R, relation
worked reasonably well in a fuel
type that you would consider as
discontinuous or non-uniform

from a crown fuel layer
perspective, at least as the
stand level.




Linking crown fire initiation and propagation theories
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Onset of crowning: effect on fire spread
ICFME Plot 8; Taylor et al. 2004; Stocks et al. 2004)
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Rate of fire spread

Intermittent crown fire propagation

Rate of fire spread

I~
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Open wind speed crown fire spread
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Open wind speed

N




Wind speed variation
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Conditional Crown Fire

A conditional crown fire represents a situation where conditions exist to
support an active crown fire but would not result in the initiation of a

crown fire (Scott and Reinhardt 2001).
* Relatively high CBH and CBD.

* More extreme conditions (of wind and fuel moisture) are required

to initiate crown fire than to maintain active crown fire.

Active crown fire?

Fire Type
Transition o
to crown

fire? Vs

o Yes

Conditional
Crown Fire

Passive Active
Crown Fire Crown Fire




Typical conditional crown fire situation

Wind
_>

y

High CBD, low CBH stand High CBD, high CBH stand

Low Tl - Low ClI High Tl - Low CI

fg—



Effect of transient wind speed In
simulated crown fire spread rate

Wind speed variation

Wind speed (km/h)
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Crown Fire
Rate of Spread



nputs

FBP System FFIMC, ISI Percent Slope Elevation Elapsed Time
Fuel Type & BUI Upslope Direction Lat./Long. Point or Line
Wind Speed Date Ignition
& Direction l
Foliar Type &
Fuel Weather Topography Moisture Duration of
[ Content Prediction
h 4

Qutputs

Canadian Forest Fire
Behavior Prediction

(FBP) System
Primary | Secondary
Head Fire Rate of Spread Head, Flank & Back Fire Spread Distances

Fuel Consumption Flank & Back Fire Rates of Spread
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Fire Description Elliptical Fire Area & Perimeter
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Canadian FBP System:
Surface & Crown Rate of Spread
(Natural Forest Stands)

Rate of spread (ROS) m/min
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Assessing the effect of foliar moisture on the spread rate
of crown fires

20
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Relative effect of fuel moisture content on rate of fire spread

06 | .
Schaaf et al. (2007)"
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Assessing the effect of foliar moisture on the spread rate of crown

fires.

No. Range in  Range in Correlation
Dominant species of LFM ROS coefficient
Reference and principal location fires (%) (m min?) (p-value)

Thomas (1970)  Calluna vulgaris (GB) 12 10-60 1.1-18 A
Lindenmunth and  Quercus turbinella 32 71-142 utold 0.08 (>0.05) ®
Davis (1973) (Arizona, US)
Van Wilgen etal. Leucadendron laureolum 14  58-147 2.4 -53 -0.30 (0.29)
(1985) (South Africa)
Marsden- Gymnoschoenus 68 23-132 0.6 - 55 0.06 (0.69)
Smedley and sphaerocephalus
Catchpole (1995) (Tasmania, AU)
McCaw et al. Eucalyptus tetragona 9 68-90 7.7-405 -0.17 (0.66)
(1995) (Western Australia, AU)
Catchpole etal.  Heath and mallee (NZand 133 --C 0.6-600 --°(>0.05)°
(1998) AU)
Fernandes et al. Erica umbellata, 44  66-112 0.7-141 0.26 (>0.05)°
(2000) Chamaespartium

tridentatum (PT)
Fernandes (2001) Ulex sp., Erica sp., 29 72-113 07-200 --°(>0.05)°

Chamaespartium

tridentatum (PT)
Bilgili and Quercus coccifera, 25 28 - 51 0.8-6.6 0.36 (0.075)
Saglam (2003) Arbutus andrachnea (TR)
Saglam et al. Quercus coccifera (TR) 17 69-109 0.6-84 -0.42 (0.09)
(2007)
Saglam et al. Arbutus andrachnea, 18 60-164 04-74 0.36 (0.138)
(2008) Pistacia lentiscus (TR)
Davies et al. Calluna vulgaris, 26 55-97 05-126 --E
(2009) Vaccinium myrtillus (GB)
Cruz et al. (2010) Eucalyptus calicogona, E. 28 51-93 1.2-55 0.17 (0.39)

diversifolia (South
Australia, AU)




Rothermel (1991) Rate of Spread “Model” for
Wind-driven Crown Fires

OBSERVED CROWN FIRE

RATE OF SPREAD, MI/H
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PREDICTED SURFACE FIRE RATE
OF SPREAD, FUEL MODEL 10, Mi/H

Ave. Crown Fire ROS =
3.34 x Surface Fire ROS

Max. Crown Fire ROS =
1.7 x Ave. Crown Fire ROS

A statistical correlation
between the predicted
surface fire rate of
spread for Fuel Model 10
(wind reduction factor
0.4) and 8 western U.S.
wildfire observations

Predicting Behavior
and Size of Crown
Fires in the Northern
Rocky Mountains




Rate of spread (m/min)

Cruz, Alexander and Wakimoto (2005)
Crown Fire Rate of Spread Models

e Active crown fire
o Passive crown fire
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Development and testing of models for predicting
crown fire rate of spread in conifer forest stands

Miguel G. Cruz, Martin E. Al d Id H. Wakimot
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Cruz, Alexander and Wakimoto (2005)

Crown Fire Rate of Spread Models: The Equations

Active Crown Fires: CAC >1.0
CROS,=11.02 - (U,))%? - CBD%13: exp(-0.17 - EFFM)

Passive Crown Fires: CAC< 1.0
CROS, = CROS, . exp(-CAC)

where CAC is the criterion for active crowning dimensionless),
CBD is the canopy bulk density (kg/m3), U, is the 10-m open
wind speed km/h), EFFM is the estimated fine fuel moisture
(%), CROS, Is the active crown fire rate of spread (m/min), and
CROS, Is the passive crown fire rate of spread (m/min).



Observed rate of spread (m/min)

Model Evaluation — experimental data

Experimental active crown fires
Cruz et al. (2005)
T T A

ICFME experimental crown fires
Cruz et al. (2005)
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Crown Fire Rate of
Spread Models:
Evaluation Against
Experimental Active
Crown Fires

Rothermel (1991)
under-predicts by a
factor of 2-5 and
shows little
sensitivity to burning
conditions.

Cruz, Alexander and Wakimoto (2005)



The Cruz, Alexander and Wakimoto (2005) model outputs
have been compared to 57 wildfire observations (43
Canadian & 14 U.S.) obtained from case studies. The

Model Evaluation — wildfire data = 5T

results have been quite favourable.
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Crown fire potential in FCCS (Schaaf et al. 2007; CJFR)
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A conceptual framework for ranking crown fire
potential in wildland fuelbeds’

Mark D. Schaaf, David V. Sandberg, Maarten D. Schreuder, and Cynthia L. Riccardi
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Schaaf et al. (2007) model: Comparison Against
Experimental Crown Fires
(black spruce —feather moss fuel complex)
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A radiation-driven model for crown fire spread’

B.W. Butler, M.A, Finney, P.L. Andrews, and F.A. Albini
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In the mid to late 90s Dr. Frank
Albini was supported by the
Canadian Forest Service and
USDA Forest Service to
develop a new physically-based
rate of spread model for crown
fires. The testing and calibration
of this model was largely the
Impetus for ICFME.

Dr. Frank Albini
ICFME 1997




Albini Physically-based Crown Fire Rate of Spread Model.:
Comparison Against Other Experimental Crown Fires
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This included
experimental active
crown fires in
Immature jack

pine, red pine
plantation, and
black spruce-lichen
woodland.

Model output
showed large
over-predictions.



Incorporating field wind data into FIRETEC
simulations of the International Crown Fire
Modeling Experiment (ICFME): preliminary lessons
learned

Fod man Linn, Kerry Andarson, Judith Winterkamp, Alyssa Brooks, Michael Wottan,
Jean-Luc Dupuy, Frangd s Pimont, and Cardeton Edminster
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Linn et al. (2012)
compared FIRETEC rate
of fire spread
predictions with
observed values for two
of the 10 ICFME
experimental crown
fires.

The FIRETEC rate of
spread predictions were
in close agreement with
the observed spread
rates.



Crown Fire Intensity
and Flame Size



Crown Fire Intensity

The Win |l =H W:R includes an estimate of crown fuel
consumption (CFC) that generally takes the following form:

CFC =CFL -CFB
where CFL = available crown fuel load.
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Evaluating regression model estimates of canopy fuel stratum
characteristics in four crown fire-prone fuel types in western North
America.

& Evaluation of the Cruz et
£ 20 ¢ | =z al.2003 regression

= A £  equations to predict CBH,
8 15- LA “| £ CBD &CFL from stand

[ 7w / 8 characteristics

Z 10 / /!. 4 g

§ ey T4 @ Comparison to original
s 4 ; @ data treated and

8 Rt A = independent PP data set
J2 " :

% 00 F£

0 0.5 1.0 1.5 2.0
Observed canopy fuel load (kg m2)

Observed vs. expected CFL for 16 PP stands in the Black
Hills, SD



Summary on Crown Fuel Consumption
for the 10 Primary ICFME Fires Based on Post-burn
Crown Weight Sampling
(from Stocks, Alexander, Wotton et al. 2004)

Needles — 100%
< 0.5 cm roundwood (overstory & understory — 86%
0.5-1.0 cm roundwood (overstory) — 70%

0.5-1.0 cm roundwood (understory) — 80%
1.0-3.0




Surface vs. Crown Fire Flame Lengths

Wind

Flame heigth

M}

Flame depth




Byram (1959) indicated that his fire intensity-flame length
equation would under-predict the flame length for “... high
Intensity crown fires because much of the fuel is a
considerable distance above the ground.”

He suggested, on the basis of personal visual estimates, that
“... this can be corrected for by adding one-half of the mean
canopy height ...” to the flame length value obtained by his
equation. Thus, the equation for crown fire flame lengths (L)
taking into account stand height (SH) becomes :

L. =0.0775 - (1)°46 + (SH/2)

Rothermel (1991) suggested using Thomas’ (1963) relation to
estimate the flame lengths of crown fires from fire intensity:

L.=0.0266 - (1)23



More recently Butler et al. (2004) proposed the following
relation for calculating the flame lengths of crown fires
from fire intensity:

L, =0.0175 - (1)23

Where L; is the flame length measured from the upper
surface of the fuel array.
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None of these methods seem to work consistently well
based on comparisons against experimental crown fires
undertaken in Canada. Take, for example, the following
experimental crown fires in red pine plantations (SH = 15 m)
documented by Van Wagner (1977).

------------- Predicted L.(m) ---------
Exp. Obs.L., Byram Thomas Butler et al.
Fire (m) (1959) (1963) (2004)
C4 19.8 15.1 20.2 28.8

C6 30.5 15.3 21.2 29.4




General Observation Based on Experimental Crown Fires:

The flame front depth increases as fire intensity increases
rather than a corresponding increase in the vertical flame
length.

ICFME Plot 9 — Fire Intensity ~93,000 kW/m



Alexander’s Simple Rule of Thumb for
Crown Fire Flame Heights:
2-3 x Stand Height for Active Crown Fires




Crown Fire
Spread Distance
and Fire Size



K— Breadth (B) —"

+ Wind direction

Area burned by head fire

— Area burned by flank fire

Area burned by back fire




Length-to-breath ratio (L/B)

6.1-m open windspeed (km/h)
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" Plume- or Convection-Dominated
vs. Wind-driven Crown Fires



In his publication, Rothermel (1991) identified
3 plume-dominated crown fires:

» 1980 Mack Lake Fire, Michigan
« 1985 Butte Fire, Idaho
* 1990 Dude Fire, Arizona

7 Mack Lake Fire/
In the case of the Mack Lake
Fire, the fire was observed to
spread at a rate of 188 m/min
(11.3 km/h) over a 20-min
period. This was considered
as evidence of a

plume-dominated crown fire

run. |view it simply as a chance | L T —
observation with no associated 1200 1400 1600 1800 2000 2200 2400
wind speeds. TIME OF DAY, H

RATE OF SPREAD, MI/H




Mack Lake Fire, Michigan

May 5, 1980
o ,
ANy 3100 FFMC 94.6
A RS bMC 35
Dry-bulb Temperature 26.9 °C  DC 59
Relative Humidity 24% ISI 43.2
10-m Open Wind 33 km/h BUI 35

Days Since Rain 6 FWI 50



Mack Lake Fire, Michigan May 5, 1980

The following comparisons are based on the major run of the
Mack Lake Fire that occurred between 1230 and 1600 hours
EDT on May 5, 1980 using FBP System Fuel Type C-4, a 0%
Slope and 100% Foliar Moisture Content:

Fire Behavior Characteristic Predicted Observed
Head Fire Rate of Spread (m/min) 57 56
Head Fire Intensity (kW/m) 33 660 30 440
Forward Spread Distance (km) 11.5 12.1
Area Burnt (ha) 2534 2743
Fire Perimeter (km) 24.8 20.0

Predicted Type of Fire at the "Head" :

Continuous Crown Fire (100% Crown Fuel Involvement)



Butte Fire, Idaho, Au‘gust 29, 1985

Dry bulb Temperature 22.4 °C
‘Relative Humidity 19% @ .

v 10-m Open Wind 20 km/h
‘*Dielys Since Rain 26

"FEFEMC 95 IS] 23
L:aMC 172 BUI 218
"DC 744 FWI 65



Butte Fire, Idaho, August 29, 1985

The following comparisons are based on the major run of the Butte Fire that
occurred between 1430 and 1610 hours MDT on August 29, 1985 using FBP
System Fuel Type C-3, a 9% slope and 105% Foliar Moisture Content:

Fire Behavior Characteristic Predicted Observed
Head Fire Rate of Spread (m/min) 22.3 24.7
Head Fire Intensity (kW/m) 43 326 N/A
Forward Spread Distance (m) 2200 2460

Predicted Type of Fire at the "Head" :

Continuous Crown Fire (>99% Crown Fuel Involvement)
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Maximum spotting distance (km)

Onset of crowninq

6.1-m open wind speed (km h™")
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Crown fire behaviour prediction in US fire behaviour

Rothermel (1972) ——> Van Wagner (1977)
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Linking surface and crown fire behaviour models

Rothermel (1972) —— Van Wagner (1977) ——— Rothermel (1991)
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US fire behaviour prediction systems
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Crown Fire Logic in BehavePlus Version 3.0

(Andrews et al. 2005)

-FuelModel | | -Follarmoisture | | -surfacetuel | | -camopyBulk
- Midfiame wind - Canopy Base molstures, live & Density
-Slope Helght dead
INPUTS - Fuel mofstures -20 ft.wind
-Winddirection
- Spread direction
B+MODULE ~ SURFACE ™  CROWN ™ ~ CROWN ™  CROWN ™
“._ module _/ \__ module _/ \ module o » module 7

Surface fireline
intensity
lg
{Rothammal, 1083

Clown fire Crmcal crown fire
rate of spread . rate of spread
)

(VanWagnar, 1977| Ro Mmﬁ 1”“ van \\*agmv 1977)

e N

Critical surface
fireline 'mtenstty

INTERMEDIATE
OUTPUTS

A . pe
f Transition ratio Acttve ratio
L Te=l/l, - Ap=RJR,

{

v

Transition to

FIRETYPE NO
CRITERIA g
) |
FIRETYPE s Surface fire | Su :afe fire
g Torching crocu::\“feire

Incorporates Van
Wagner’ s (1977)
crown fire initiation
model and
Rothermel’ s
(1991) crown fire
rate of spread
model but there no
transition function
for scaling rate of
spread between
surface fire and
active crown fire,
although ratios are
outputted.

From BehavePlus Training Lesson 13 — Crown Fire (www.fire.org)



Calculation of Fire Intensity per Byram (1959)
I=H -W- R

Calculation of Byram’ s Fire Intensity in the context
of Rothermel (1972)

H-W =H,
Hya= gt
| = I; 't ‘R
where H, is the heat per unit area (kJ/m?), I, is the
reaction intensity (kW/m?) as per Rothermel (1972), and

L, is the flame front residence time (sec) as per Anderson

(1969) relation based on the characteristic surface-area-
to-volume ratio for the fuelbed.

Result:
| values calculated via Rothermel (1972) are
up to ~1/2 to 2/3 lower compared to Byram (1959)



Thus, when Van Wagner's (1977) crown fire initiation model is
Implemented in the context of the various U.S. fire behavior
decision support systems, it is grossly underestimating the
presumed onset of crowning.

Fuel model 10

4000

3000
E Fuel moistures:
S
éZOOO I, atR C | firel L-hr TL = 7%
D J atk = J. ritical fireline intensity 0
£ CBH = 5 m; FMC = 100% 10-hr TL — 8%
= Woody — 30%
e I, at R = 7.1 m/min
(VIR

1000 Slope steepness:

Level terrain

2.5 5 7.5 10 12.5 15 7.5 20
Mid-flame wind speed (km/h)



Coupling Rothermel’ s Surface Fire (1972) and Crown
Fire (1991) Rate of Spread Models

 FARSITE and FlamMap uses the Van Wagner (1993)
approach (i.e., a unigue a coefficient to calculate CFB as
dictated by the critical surface fire spread rate (based on
SFC, CBH and m) for the onset of crowning and critical
minimum spread rate for active crowning (based on CBD).

« NEXUS (and in turn the FFE-FVS) uses a linear relation
between the critical surface fire spread rate (based on
SFC, CBH and m) for the onset of crowning and critical
minimum spread rate for active crowning (based on CBD).

* Fuels Management Analyst includes both the
FARSITE/FlamMap and NEXUS/FFE-FVS methods
For copy of user guide see:
http://www.fireps.com/software/ug _cma3.pdf



Coupling Rothermel’ s Surface Fire (1972) and Crown

Fire (1991) Rate of Spread Models
40 . .

Rate of spread (m min'1)
) OV
() o

—_
o

10-m open wind speed (km h'™")



NEXUS Simulation (Scott and Reinhardt 2001)
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Onset of crowning: effect on fire spread
ICFME Plot 8; Taylor et al. 2004; Stocks et al. 2004)
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FIELD GUIDE TO THE
CANADIAN FOREST FIRE BEHAVIOR
PREDICTION (FBP) SYSTEM

1

Inputs
FBP System FFMC, ISI Percent Slope Elevation Elapsed Time
Fuel Type & BUI Upslope Direction Lat./Long. Point or Line
Wind Speed Date Ignition
S.W. Taylor & Direction l l
R.G. Pike [ Foliar " Typed
Fuel ‘ Weather Topography Molsture Duration of
and : Conltent _Preg]c_ugn_
M.E. Alexander -
Canadian Forest Fire
Behavior Prediction
(FBP) System
Outputs + I
Primary Secondary
Head Fire Rate of Spread Head, Flank & Back Fire Spread Distances
Fuel Consumption Flank & Back Fire Rates of Spread
Head Fire Intensity Flank & Back Fire Intensities
Fire Description Elliptical Fire Area & Perimeter
(Crown Fraction Burned Rate of Perimeter Growth
& Type of Fire) Length-to-Breath Ratio

Canadi




Table 4.1 Inteasily class

Equilibrium rate of spread (m/min) —1
and fire intensity class o
C-1 spruce-ichen woodland Y™y
BUI
0~ 21~ 31- 41~ 61~ B1- 121~ 161~
1SI 20 30 40 60 80 120 160 200

O NN -

Constants: foliar moisture content = 87%; CBH = 2 m; surface fuel consumption for FFMC 80.| ' =
average BUI. Type of fre: surface, intermittent crown®, Lo iy, _ =CFB50%

Sample page from FBP
System “Red Book”

For a given fuel type, each
table provides the
following:

» Head fire rate of spread,;
 Type of fire (surface,
Intermittent crown or
continuous crown);

* Intensity class; and

* 50% CFB threshold.



44 Crown Fire Initiation and Spread
Units Help Credits

(CFIS l Initiation | Dccurrence | Rate of Spread | Publications |

CFIS

Simulation of Crown Fire Initiation and Spread

ADi D

Forest Engineering Research
Institute of Canada

Associacao para o Desenvolvimento
da Aerodinamica Industrial

Cruz,
Alexander
and
Wakimoto
(2003, 2004,
2005) crown
fire behavior
models have
now been
Incorporated
INto a
software
package.



§ Crown Fire Initiation and Spread
Help  Credits

Units

CFIS

Dccunencel Rate ofSpreadI Publicationsl

Probability of Crown Fire Initiation Based on Canadian
Forest Fire Weather Index System Components

Models——— —Input Data
* LOGIT 1 CEH [m]: [ 0
' LOGIT 2 10muind kmhl: [ g
C LOGIT 3 .
FFMLC: [ 0
P
LOGIT 4 Do -

Fun

Reset

Cloge

u

Output
’V Frobability of Crown Fire Initiation [%] :
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ate of Spread'_‘_
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Crown Fire Rate of Spread (ROS)
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Run

Reset |
Cloge |

— Output
Type of Fire :

Crawn Fire ROS [rn/mit] ©

Critic:al S potting Distance [m]

Crown Fire
<— |nitiation

Crown Fire—
Occurrence

Screen
Captures
from CFIS
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Fire Rate
of Spread

Publications
list >

4 Crown Fire Initiation and Spread

Units  Help  Credits
CFIS I Initiation Rate ofSpleadI Publicationsl
Likelihood of Crown Fire Occurrence (%)
— Input D ata — Craown Fire ROS
FSG [m]: I—D I~ Select
10-m wind [krnsh] I il CED [kg/m3]: I 0

E stimated Fine Fuel Moisture
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1.2 kaim2
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— Dutput
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Type of Fire :
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/i Crown Fire Initiation and Spread
Linits
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CFIS I Initiationl Dccunencel Fiate of Spread | Publications |

Cruz, M.G.; Alexander, M.E.; Wakimoto, B.H. 2002. Predicting crown fire behavior bo support forest
fire management decision-making. [r: Wiegas, 0. [editor). Forest Fire Research wildland Fire
Safety, Proceedings of the [V International Conference on Forest Fire Research/2002 wildland Fire
Safety Summit. Millpress S cientific Publications, Rotterdam, Netherlands. CO-ROM. 11 p.

Cruz, M.G.; Alexander, M.E.; Wakimaoto, B.H. 2003a. Definition of a fire behavior model evaluation
protocol: & caze study application to crown fire behavior modelz. 1n: Omi, P, and Jopce, LA,
[technical editars]. Fire, Fuel Treatments, and E cological Restoration: Conference Proceedings.
US04 Forest Service, Focky Mountain Research Station, Fort Colling, Colorade. Proceedings
RMRS-P-29. pp. 43-67.

Cruz, M.G.; Alexander, M.E.; Wakimato, B.H. 2003b. Aszessing canopy fuel stratum characteristics
in crown fire prone fuel types of western Morth America. Intermational Journal of *wildland Fire 12
3350

Cruz, M.G.; Alexander, k.E.; Wakimaoto, B.H. 2003c. Aszeszing the probability of crown fire initiation
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Predlctablllty of crown fire spread rates?




Plume behaviour
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The predictability of crown fire propagation

Uncertainty associated with model predictions of surface and
crown fire rates of spread, (Cruz and Alexander, in review)

We compiled data from 48 fire spread model evaluation
datasets involving 1265 observations in seven different fuel

type groups.

Objective:
— Quantify uncertainty with fire spread model predictions
— Quantify the limits of predictability of current operational

models



Statistics used

The RMSE is a useful overall measure of model performance.
The RMSE provides a measure of the precision of the
estimates in the same units as the dependent variable (e.g., rate
of fire spread, m/min). A “good” model will provide low
values of the RMSE. Because large errors are weighted
heavily, this can result in a large RMSE even though the errors
may be otherwise small.

MAE, which like the RMSE is expressed in the same units as
the original data, is a quantity used to measure how close
predictions are to observed value. As the name suggests, the
MAE is an average of the absolute error. The MAE is similar
to the RMSE but is less sensitive to large errors.

Sy-3
MAE =
n
MAPE
(22
= Yi_ 7 100
n

The MAPE is a very popular measure of the accuracy of a
predictive model or system. It represents the summed
differences between the individual predicted versus observed
values divided by the observed value: multiplying it by 100
makes it a percentage error. If a perfect fit is obtained then the
MAPE is zero. A MAPE of 10% is considered a very good
result. A MAPE in the range of 20 to 30% or even higher is
quite common.

The MBE describes the dispersion or spread of the residual
distribution about the estimate of the mean. A positive value
indicates an over-prediction trend while a negative is an
indication of an under-prediction trend.




Data types used in evaluation of fire spread models

Grasslands (n = 6) Experimental Surface fire
Shrublands (n = 8) Prescribed burn Crown fire
Logging slash (n = 3) Wildfire

Conifer forest (n = 17)
Hardwood forest (n = 3)
Mixedwood forest (n = 2)

Eucalypt forest (n = 9)




Rothermel (1991) model: Comparison against experimental
and wildfires — multiple fuel types
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Schaaf et al. (2007) model: Comparison against crowing
wildfires in black spruce —feather moss fuel complex)
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Cruz et al. (2005) model: Comparison against experimental and
wildfires — multiple fuel types

ICFME expenmental F ires North American wildfires
100¢ — —_— 120 : . : /
4
o 5
/

80 100
< =
E E
E 60 £
2] 2]
2 :
'8 o
S 40 g
Ji 3
o o

20

0 20 40 60 80 100 0 20 40 60 80 100 120
Predicted ROS (m/min) Predicted ROS (m/min)

ROS range (m/min) l:l-m--m-lm:-m-

22.3-70.1 (Exp) 10 14.5 11.4 26 %
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Cheney et al. (2012) model: Comparison against wildfires —
Eucalypt forest

Vesta evaluation against wildfires
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Model evaluation — predictability of crown fire rates of spread

(Cruz and Alexander, in review)

Type of fire Fuel type m

Rothermel (1972) Surface Shrubland/AUS 20 % -1.8 1
Rothermel (1972) Surface Palmeto/USA 26 % 0.9 4
Cruz et al. (2005) Crown Conifer/CA, USA 26 % 7.7 5
Rothermel (1972) Surface Shrubland/SA 30 % -2.1 7
Cruz et al. (2005) Crown Conifer/CA, USA 52 % -6.6 17
Vesta - Cheney et al. (2012) Crown Eucalypt/AUS 54 % -6.8 25
Rothermel (1972) Surface Grassland/SA 86 % -3.5 45
Rothermel (1972) Surface Eucalypt/AUS 95 % -0.11 46
Griffin and Alan (1984) Surface Grassland/AUS 217 % -43.4 47
Rothermel (1972) Surface Conifer/USA 310 % -0.4 48




Can we define an acceptable error for fire spread model

predictions?

Vesta evaluation against wildfires

On the basis of the analysis 20 7

e/
o0

of 48 model evaluation o
datasets and related -
considerations, it appears
that a £35% error
constitutes a reasonable
and conservative standard
for fire spread rate model 50
performance

100

Observed ROS (m/min)

0 50 100 150 200
Predicted ROS (m/min)



Limitations
and
Assumptions



On the Limitations in Fire Models

“All fire models simulate reality but fall short of it in varying
degrees. In meeting the objective of simplifying
relationships, minor factors are neglected and the model is
usually based on a single set of idealized conditions. If
fire-modeling laws are observed, this will permit
approximations close enough for many purposes, but it is
easy to forget that they are approximations only.
Consequently, there is a strong tendency to apply models
beyond their field of usefulness. To avoid this, the
assumptions on which they are based and the range of
conditions under which the model is valid need to be
carefully defined and frequently rechecked.”

A.A. Brown & K.P. Davis (1973)
Forest Fire: Control & Use. 2"d Edition



Limitations
* Empirical models — broad simplification
* Physical models — uncertain model bounds

« Need more evaluation



Assumptions

* Model specific assumptions

* General prediction assumptions
(Idealized environment)

* Forecast specific assumptions



The models comprising CFIS are considered
most valid for free-burning fires that have
reached a pseudo steady-state, burning in
live, boreal or boreal-like conifer forests

(.e., they are not applicable to insect-killed
stands).

Level terrain is assumed as the CFIS does
not presently consider the mechanical effects |
of slope steepness on crown fire behavior.

The models underlying the CFIS are not applicable to
prescribed fire or wildfire situations that involve strong
convection activity as a result of the ignition pattern.
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Systems used to available to evaluate crown fire
potential in the US
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Torching and Crowning indexes
(Scott and Reinhardt 2001)

Torching Index—The open (6.1-m) windspeed at which crown
fire activity can initiate for the specified fire environment.

Crowning Index—The open (6.1-m) windspeed at which active
crown fire is possible for the specified fire environment.




Crown fire potential: a critique of current approaches and
recent simulation studies Cruz and Alexander (2010), IJWF
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Crown fire potential: a critique of current approaches and
recent simulation studies Cruz and Alexander (2010), IJWF

The principal sources of underprediction bias were:

(1) Incompatible model linkages;

(2) Use of surface and crown fire rate of spread models that
have inherent underprediction biases themselves;

(3) A reduction in crown fire rate of spread based on the use
of unsubstantiated crown fraction burned functions;

(4) The use of uncalibrated custom fuel models to represent
surface fuelbeds was considered as fourth potential source of

bias.



Dead fine fuel moisture content (%)

2009 Black Saturday fires, VIC, Australia
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Pine plantation pyrometrics

RADIATA PINE PLANTATION
FUEL AND FIRE BEHAVIOUR GUIDE

2011 g s e . :
) This project is supported by funding from the Australian
Government Department of Agriculture, Fisheries and
Authors: Miguel Cru 3 : :
P ul de Ma Forestry under its Forest Industries Climate Change
58 Research Fund program
llllll Adshead

Cruz, Alexander and Fernandes (2008), Development of a model system to
predict wildfire behaviour in pine plantations. Australian Forestry
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Sample Simulation of Fire Behavior Potential
In 12 y.0. Radiata Pine Plantations (per Williams 1978)

Effect of wind speed on rate of spread (Cruz et al. 2008; AF)
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Serotinous cones of
jack pine and lodgepole pine:

sealed shut by a resinous bond at the tips of the

cone scales require high temperatures for them
to open




Canopy
base

height

(CBH)

Firelme mtensity Canopy bulk
({) at surface per densiw‘{(ﬁﬂﬂ)
equation [1] J{

Calculate critical surface Foliar
fire intensity for initial |, moisture
crown combustion () content

per equation [ 7] (FMC)

Calculate critical
minimum spread rate
for active crowmng

(R,) per equation [8]

Low- to high-mntensity
surface fires

)
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Calculate crown
scorch height (/1)
per equation [4]
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Four categories of canopy fire impact
and cone opening or lack thereof:

Fireline Intensity Class | Fireline Intensity Class Il Fireline Intensity Class IlI Fireline Intensity Class IV
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Brown needles
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line

line line

Stem char !ﬁ— Stem char




Modelling the impacts of surface and crown fire behavior on
serotinous cone opening in jack pine and lodgepole pine forests.
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Fireline intensity class
| — low intensity surface fire, no crown scorch, no cone opening

Jack pine (SH = 10 m)

Fireline intensity class
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Lodgepole pine (SH = 20 m)

Fireline intensity class

Fue! consumed (kg m %)

Rate of spread, fuel
consumption and
fireline intensity can
be used to define
thresholds for
opening serotinous
cones and release of
seed in JP & LP.

Il — mod intensity surface fire, part to full crown scorch , no cone opening

lIl — high intesnity surface fire, full crown scorch,

IV — crown fire, defoliation of crown, cone opening & charring via flame contact



On the Limitations in Fire Models

“All fire models simulate reality but fall short of it in varying
degrees. In meeting the objective of simplifying
relationships, minor factors are neglected and the model is
usually based on a single set of idealized conditions. If
fire-modeling laws are observed, this will permit
approximations close enough for many purposes, but it is
easy to forget that they are approximations only.
Consequently, there is a strong tendency to apply models
beyond their field of usefulness. To avoid this, the
assumptions on which they are based and the range of
conditions under which the model is valid need to be
carefully defined and frequently rechecked.”

A.A. Brown & K.P. Davis (1973)
Forest Fire: Control & Use. 2"d Edition



A Method

of Evaluating

~_ Crown Fuels
in Forest Stands
1 '

_____RODNEY W._SANDQO

CHARLES H. WICK

FOREST SERVICE = U.S, DEPARTMENT OF AGRICULTURE

“Little is known about
the amount of fuel
required to support
combustion vertically.”



Serortinous cones of
jack pine and lodgepole pine:

sealed shut by a resinous bond at the tips of the

cone scales require high temperatures for them
to open




Canopy
base

height

(CBH)
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equation [1] J{
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Modelling the impacts of surface and crown fire behavior on
serotinous cone opening in jack pine and lodgepole pine forests.
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Lodgepole pine (SH = 20 m)
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Rate of spread, fuel
consumption and
fireline intensity can
be used to define
thresholds for
opening serotinous
cones and release of
seed in JP & LP.

Il — mod intensity surface fire, part to full crown scorch , no cone opening

lIl — high intesnity surface fire, full crown scorch,

IV — crown fire, defoliation of crown, cone opening & charring via flame contact
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Research Needs and
Knowledge Gaps



Topics Considered Worthy of Investigation/Study:

A Vertical fire spread (critical CBD) into the overstory canopy
and ladder fuel effects (e.g., bark flakes).

d Crown fuel consumption by size class
d Crown fire flame size model

O Additional emphasis placed on the prediction of surface
fire rate of spread and flame front characteristics (e.g.,
residence time, intensity).

“The prediction of surface fire behavior is, in fact, probably
more difficult that the prediction of crowning potential,
because of the multiplicity of possible forest floor and
understory fuel complexes.” — Van Wagner (1979)




] Crown Fire Potential in
Dead Canopy Fuels




] Heavy Fuel Moisture Threshold in
Mature, High Elevation Stands

RELATIVE FIRE INTENSITY

e
INCREASING FIRE DANGER WITH SUSTAINED DRYING
(Late Spring) (Early Fall)

Williams and Rothermel (1992)



The “Two Solitudes”
in Wildland Fire

Behavior Research



Empirical Physical/Theoretical
Approach Approach




Physics-based Fire Behavior Simulators

WFDS FIRETEC

Stokeview 4.0.2 - Sep 7 2004 Slice  Part >
sty Trees From Data Collected Near Flagstaff, Az ' , Time = 100 sec
Grass (35 m tall, 35 kg'm*2) \ |
6.0__ Moisture Fraction in Grass = 05 . A
800 320 U= 6.0 msec. [ & iy,
Domain Skze: 160 m x 160 m x 615 m e | ,‘
728 230 Trees Thinned into Patches of Uneven Sized Trees G W

fire plume temperature
—n Y




The most effective means of judging potential fire
behavior is considered to be the coupling of
(1) mathematical modelling with
(2) experienced judgement (e.g., “expert opinion”),
and (3) published case study knowledge (e.qg.,
wildfires and operational prescribed fires

Probability of crown fire occurrence

10-m open wind speed (km/h)




Conducting
Experimental Crown Fires
and
Operational Prescribed Fire
Opportunities






e.g., ICFME Treated/Untreated Plot - burnt June 14, 2000

IGNITION FACE
Strengths: Limitations:
» Any differences should be readily < Plot face exposure problem (fuel
apparent moisture)
o Lull in wind speed not a problem  « Subject to shift in wind direction after
ignition

» Question of one half influencing the
other




Alternative Approach to Conducting Experimental Fires
for Gauging Fuel Treatment Effectiveness

Strength:
* Provided wind speed remains

relatively constant, provides direct
evidence of treatment effect

Limitation:
» Subject to shift in wind direction after
ignition

I I I » Winds could drop off at or near the
interface boundary between the two
IGNITION FACE olots y




Alternative Approach to Conducting Experimental Fires

for Gauging Fuel Treatment Effectiveness

Untreated Treatment Treatment
CCA” CGB”
\ 1 /

IGNITION FACE

N

Strenqths:

IGNITION FACE

I

Simultaneous Ignitions

o Lull in wind speed not a problem
* Provides direct evidence of treatment effect

IGNITION FACE

A

L imitation:

e Subject to shift in wind
direction after ignition




Operational Prescribed Fires




Wildfire Observation and
Documentation

* Detection

* Initial attack

o Later
stages of
suppression

o After
containment




Fire Documentation Team —
Southern Forest Fire Laboratory (SFFL),
Macon, GA

SFFL Moblle Flre Laboratory v_

laboratory
trailer

Y & TRCANTRITTY

February 1973

AN ANALYSIS of the

Air Force Bomb Range Fire




Technological State-of-the-art:
1958

advances in
photography, remote
sensing and weather
monitoring over the
years has greatly
facilitated matters.
However, good
representative or site-
specific wind readings,
for example, are still ‘
difficult to obtain. Today: RAWS




Red Lake 35-61 Fire - Northern Ontario

"" Red Lake ’"‘\\
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photoaraphic
MeMO"‘y.

Some just don't
have Film!



“We are just too
busy to do case
studies.”



s a permanent, dedicated group a
possibility?

A Case For WiLbLanD FIRE BEHAVIOR
ResearcH UnNiTs

recognition of the human dimen-
lity incidents (Braun and Latapie
rcent case histories (e.g., Maclean
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TraininGg: A COMMENTARY

1 9 Martin E. Alexander
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e “Case” for Case Studies

Management:Z;

WiLoLano FiRe
BeHavior Case
STUDIES AND
AnaLyses: Paat 1

The 1988 Fires
of Yellowstone and Beyond

as a Wildland Fire Behavior
Case Study

by Martin E. Alexander
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Background

It is important to continue to learn more about fire behavior in
relation to fuels and weather within wildfires. It is not possible to
address these needs completely in a burn chamber or even on most
prescribed burns. ICFME and Frostfire experiments provided
valuable information but still cannot replicate the conditions that
are found in free burning wildfires.

Monitoring goals

Directly measure fuel treatment effectiveness

2. Measure fire behavior and effects and their relationship to
pre-fire fuels, fire history, and treatments

3. Measure effects of fire on archeological/biological
resources

4. Build a dataset useful for calibration of consumption,
smoke production, and fire behavior models

=



Background

JoAnn Fites-Kaufman, AMSET team leader started the “Rapid Response”
team in 2002
Worked with Missoula to build the equipment, tested it on
prescribed fire in Yosemite

In 2003, she received a JFSP grant as one of the “Rapid Response” teams
The primary objective was to prototype in-situ measurements
during wildfires of changes in fire behavior through fuel
treatments, past land-use activities, or old fires.

2004 - present — cobbled together funding from R5
and WO to maintain the equipment, ordered by
Incidents to head out to fires

2005 — changed name to FBAT (Fire
Behavior Assessment Team)

2013 - forming a collaboration with the
Calaveras Wildland Fire Module, STF




Fires visited

Collected fire behavior and fuels data at 13 fires (137 sites with
115 burned)

Orleans Complex Fire 2006

Bar Complex Fire 2006 Blackerby Fire 2005

J Black Mountain Il Fire 2003 '

Antelope Complex Fire 2007 ‘7‘

Warm WFU Fire 200 2006 "‘ ‘ﬁi
= 2

 Crag WFU Fire 2005
i Red Mountain Rxfire 2007

Moon Unit Clover WEU 2008 h ‘

RxFire : )
2004 Lion Fire 2011

Q

Ralston Fire 2006 Georgia Bay Complex Fire 2007



Site selection & data collection

Early years — a bit like the “tornado chasers” if the SIT
report looked busy we went to the busiest location with
the most fires with the most extreme fire behavior

Now — have to be invited and ordered through ROSS

Opportunistic sampling — set up where it is most likely to
burn and we can swiftly and safely access

Pre- and post-fire fuels and fire behavior data collected
at each site

— 2 “teams” one on fire behavior equipment one on
fuels

Site set-up takes ~45 min



Site set -up

|| Heat Flux

l ' Camera box
/\ with trigger wires

\\." O

./ Thermocouples
/7 and anemometer

ROS sensor

O




Fire proofed camera boxes

Set up 1 or 2 cameras per plot
Handheld Sony camera — 80 min video

Strung out wire with connectors to a LANC box which turns on the camera
when the circuit is broken o, T




Heat flux sensor

Heat flux was measured using a Medtherm sensor containing both a
radiometer and thermal flux transducer.

Total and radiant heat fluxes were computed by integration of the area
under distribution curves over time for different time intervals.

Convective heat flux was computed from the difference between total and
radiant heat fluxes.




Thermocouples
Set them up at different heights ) —

“clipped” to a pole with Campbell Sci =
data loggers buried in an ammo box. :
Or set up in triangles/chevrons for " o
ROS with MadgeTech data loggers ]
g ol |
g 14, '
: {’*‘ Kt
o Y

Time (H.MM:SS)



Anemometer

Addition of in stand
windspeed — 10 s
average

Plastic blades so
they only have
windspeed leading
up to the flaming
front

No direction

800 t

Temperature (Celsius)
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Calculating ROS

Via camera footage Via ROS sensors
Using photo poles for Simard (1982) method of
reference — know the estimating rate of spread

distance between poles and using applied trigonometry.
camera then use time on
video Used time stamp from RASP

and/or temperature & time
from thermocouples

i
FIRE FROMT AT _— 2 (D, ¥Im
SUCCESSIVE TIMES 53

Figure &
" SPREAD
DIRECTION
{Slnrnr =i
tan&

Eguation: ¥= -1 (a-B)
famE

0 [0, F D8
o




Fuels & Vegetation

General plot info
 GPS plot center
« Mark plot center and transect end

* Photos NSEW, up & down transect L-..*

Trees

* Variable radius prism plots for pole- -
sized and overstory trees

e Canopy metrics calculated using FVS
or FMA Plus

- ‘f"'_



Fuels & Vegetation

Fuels and understory plants
One 50 ft transect — fuels line intercept
Vegetation 3 ft belt using Burgan & Rothermel (1984) methods
Measured both before and after fire
In view of the camera

¥ e | T N, W

SHRUB TYPE 1

JENSITY 2




Fuels & Vegetation

Fuel moistures

« 2-3 samples/plot litter and 1-hour dead fuel

« 2-3 samples 10-hour dead fuel

« 2-3 samples/plot live fuel moisture (tree & shrub)

Typically from arms length and at the time of site set-up
(can be up to a week before fire hits)

Samples processed <18hrs after collection
Dried in oven for approx. 24 hrs



“Rapid Response” team

Managements;

Volume 65 » No. 3 » Summer 2005

PERSPECTIVES ON
WiLDLAND FIRE

United States Department of Agriculture
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RAPID-RESPONSE FIRE BEHAVIOR
RESEARCH AND REAL-TIME IVMIONITORING

Carol J. Henson

ects often evaluate the effect of

F ire managers planning proj

fuel treatments and other land
use activities on potential wildfire
behavior. To make these assess-
ments, managers typically rely on
fuel and fire behavior modeling
before a fire or fire research after-
ward. In 2002, the Adaptive
Management Services Enterprise
Team launched a unique research
project: The team collected fire
behavior data during actual wild-
fires

The real-time project. funded by
the Joint Fire Sciences Program
and the Fire and Aviation
Management Staff in the USDA
Forest Service’s Pacific Southwest
Region, focused on providing fire
managers with quantitative infor-
mation. Researchers, successful in
meeting many objectives, are
expanding operations and seeking
additional funding and support.

Getting Started

From 1999 to 2004, JoAnn Fites-
Kaufman, team leader and the pro
ject’s principal investigator, worked
extensively with incident manage-
ment teams on wildfires. Fites
Kaufman became familiar with fire
operations and developed opera-
tional research procedures.

In 2002, with the support of the
Forest Service's Missoula Fire Lab
and Missoula Technology and
Development Center, Fites
Kaufman and Tiffany Norman, the

ehavior analyst or
Pacllic Southwest

Carol 1
IS

Volume 65 « No. 3 « Summer 2005

Flgure 1—Josting a burked heat flux sen-
sor during profect development on a pre-
scribed bum In California. Photo: Adapt e
Management Services Enterprs
est Service Tahoe National
L, Nevada Qity, CA, 2002.

u
For

team’s technology specialist. devel-
oped equipment to use in studies
on safety zones and crown fires.
The Development Center made spe-
cial fire-resistant boxes for video
cameras and a heat trigger device
to safely videotape fire behavior
during a wildland fire. The equip-
ment was tested in California on a
prescribed fire in Yosemite National
Park in 2002 and on prescribed
burns on the Tahoe and Plumas
National Forests in 2003 (fig. 1)

In May 2003, the Rapid Response
and Research Team (RRT) was
formed. The team was trained in
operational and scientific proce.
dures, including fireline safety.
Team members included Fites.
Kaufman, firefighters, a fire behav-
ior analyst, and field technicians
with firefighting experience. Objec-
tives for the 2003 fire season were
to:

Prototype fire behavior research
on wildfires;

Design equipment and test sen
sor operation and layout on
selected sites;

Establish operational procedures
and methods for collecting data;
Work successfully with incident
management teams on active
fires;

Observe and measure fire behav-
ior in fuel treatment areas; and
Measure prefire fuel conditions
to identify the metrics applicable
to wildland fire behavior and to
refine fuels inventories, maps,
and monitoring data.

A research team
collected data during
actual wildfires, a
unique study on fire
behavior.

Evaluating a Fire
Season

The RRT evaluated nine wildfires on
six national forests during the sum-
mer of 2003 (table 1). Equip-ment
was installed and fuel plots were
determined to capture fire behavior
as it passed through the research
sites (fig. 2). The layout design was
based on successful research by
Professor Phil Omi of Colorado
State University, Fort Collins, CO, in
reconstructing changes in fire
behavior after fires (Pollet and Omi
2002). Detailed fuel plots were taken
using the Brown's Planar Intersect
method and measurements of
crown fuels with laser devices.




* =~ Ponderosa pine dominates
* the overstory. Gambel oak
present in the understory or
low sub-canopy, as clumps
(missed by fuels plot).
Canopy base height 2 ft, CBD
0.4 kg/m3.

" PP fuel moisture 77-82%

Tree cover Understory cover
Overstory Pole Shrub Grass
20 40 1 15

Small surface fuels (ton/ac)
1-hr 10-hr  100-hr 1000-hr
0.05 0.30 0 0

BA (ft2/acre) Trees/ac QMD (in)
80 7484 1.4




Warm WFU Fire 2006 site 2 M

Transitioned from high intensity surface to active crowning with
fire whirls.

Flame length ROS Duration
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Warm WFU Fire 2006 site 2 M

v -r, “ ‘:. " P “Q \ . .
o L/ i 100% consumption of pre-fire
~ 4 = woody fuels and litter, and
75% dulft.

Soll severity rating of 3 -
moderate, ash and some
patches of charred litter or
duff.

100% torch of midstory trees,
3-50% torch of overstory
trees and 30-90% scorch



Georgia Bay Complex 2007
Pre-fire conditions site 5 s

15 year old plantation of
slash pine, sparse palmetto
and gallberry in the
understory.

Cover by Life Form (%)
Tree Shrub/palmetto  Other
80 10-15 0

&2

i m’s‘mv,

A
3
2
:
5
(A
&
zl

Canopy characteristics
Basal Canopy  Canopy base  Canopy bulk
area height height density
(ft2/ac) (ft) (ft) (kg/m3)
190 34 21 0.127




Georgia Bay Complex 2007 \‘
Spot fires coalesce into crown fire
site 5 VIDEO




Georgia Bay Complex 2007 . °
Post-fire conditions site 5

1N |

4 ol N 5

Soil severity rating
Very high  High Moderate Low Unburned

10% 85% 5% 0% 0%
Summary of immediate post fire effects
Understory Midstory Trees Overstory Trees
Non-shrubs  Shrubs Seedlings | Scorch  Torch | Scorch Torch Char height
% consumption % crown % crown ft
nja l00leaves&90- 100 100 100 100 13-52
100 stems




Successes

Flexibility is a MUST! This is one of the only groups that has
attempted and succeeded at doing this.

Collaboration — data being used by California Air Resources
Board with other fires formulating estimates of carbon stocks and
greenhouse gas emissions and FOFEM consumption calibration.

Learned a lot from our mistakes and equipment failures.

The site set-up has been an evolution overtime:
Added ROS,
Added anemometers,
Added photo poles.



Equipment lessons learned

Equipment survivability
Although we don’t want to disturb the fuels, if the data is lost we still did not
succeed. Learned to clear around the data boxes better — bare mineral soll
& to bury them deeper!

Equipment failures

42 attempts at ROS, 20 totally failed, 10 partially failed, switched from
RASPs to MadgeTech with thermocouple (helped but not 100% success)



Equipment lessons learned

Smoke
Smoke blocks the view from the video camera — use of IR
cameras would help — we purchased one so far

Not every idea is a good idea....
Failed attempts = “LA boxes”
Army medical box with anemometer & thermocouple sticking
up about 1ft

Aerial drop of thermocouples
Got a fire to do it (love those AK teams), but couldn’t find the
sensors after....



Now what?

What can we do with what we have?
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Now what?

What can we do with what we have?

Better study the coalescence of the spot fires we caught on
tape




Now what?

What can we do with what we have?

Potentially use the data to help validate physics based
models or stand-level fire behavior in models. If lucky can
gather data in multiple sites that all fall within a single fire run
for larger-scale calibration.




Now what?

What can we do with what we have?

Learn more about the ladder fuel effect on crown fire initiation




