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As for big fires in the
early history of the
Forest Service, a young
ranger made himself
famous by answering
the big question on an
exam, “What would you
do to control a crown
fire?” with the one-liner,
“Get out of the way and
pray like hell for rain.”

Maclean (1992)



In October 2009, a 3-year project
supported by the Joint Fire Science
Program was initiated that aims to
synthesize the currently available
iInformation on crown fire behavior in
conifer forests (e.g., the B
onset of crowning, type Program
of crown fire and the

associated spread rate |
and fireline intensity).




Project Team Members

Marty Alexander, University of Alberta,
Edmonton, Alberta

Miguel Cruz, CSIRO Bushfire Dynamics
& Applications, Canberra, Australia

Nicole Vaillant, USDA Forest Service,
Western Wildland Environmental Threat
Assessment Center, Sparks, Nevada

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




A critical synthesis on crown fire
ehavior must rest upon as solid a
foundation of knowledge as Is

possible at this time.

A sufficient body of

scientific, peer-reviewe
and technical literature of

a practical nature does

N

fact presently exist to be

able undertake a synth
on crown fire behavior.
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Introduction
Crowning fores firs are exceadingly exciiing 1o observe but
Hikce most natural phenomens, are dang

asssssment might be improved, werous 2 well. The safe

and effective mansgement of fre b most conifemus forest

i bebaviour, fre behaviour modelling, firline intensiy, foliar moisture
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true, 2 substantial number of observations gamered from con-

cueting outdoor experimental fires (Alexander and Quinilio
199) and me ith case study doc-
wmertation (Criz. and Plusincki 2007) aver the years bave
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Many advances have been made in crown fire beaviour
rescarch in ecent years, including more intersively monitored
experimental crown fires {Stocks e al 2004) and physical-
‘based madeling (Butlr e a. 2004 Cruz etal. 2006, 2006b)
Neveriheless, crown fie bebaviour is sometimes porrayed ¢
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haracteristcs under cerain environmental conditions, at least
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A SYNTHESIS oNn CrRoOwN FIRES IN

ConiFER ForesTs IS UNDERWAY

Martn E. Alezander

(FFSI) has elected i support 2

project aimed at synthesixing
the currenthy available nforma-
tion on the characteristics and
prediction of crown fire behawior in
conifer forests (Alocander and oth-
ers 20110, This would inchde sach
Ecets of crmen fire behawior 25 the
orset of crowning and the type of
crowem fire [passive, active, indepen-
dent) and the associabed spread rate
and fireline intensity in relation to
the wildbnd fire environment (i.e.,
fuels, weather, and topographes).

Th.-e Joimt Fire Science Program

While the focus is on North
American forests, the synthesis is
imtended to be global in nature and
iz intended for multiple audiences
rangimy from the general public to
college students, fire and kind man-
agers, university professors, and
other researchers.

In addition to summariing the
existing scientific and technical
literature on the subject. project
members are also actively seeking
assistance from individuals in the
form of field ohszrvalions of crown
fires and related experiences s well
as shll pictures and video footage.

'We are interested in hearing from
wyout, the wildland fire commumity.
s o your opirions on the sub-
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ject of crown fires and any spe-
dific questione, research needs, or
kniovwledge gaps that you would Hie

to see addressed or discussed in this

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

To learn more zhout JFSF Project
09-5-03-1 and enswing develop-
ments, visit the crown fire sythe-
sis project Web site at «hitpoiiane.
[ fed_pefewetacprojectualanndar.
hitmlze.
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CROWN FIRES IN CONIFER FORESTS OF THE
WORLD: Do you have something to contribute or
would like to know about something?

amn associaed with the Jeint Fire Science Program (JFSE)
wn Fire Behavior Chamcteristics and Predicton in Conifer
esis” are actvely seeking help and input from members of
5. Cruz, M.E. Alexander, N.M. Vaillant & D.L. Petersof 1 of photo deommentaton of crown fites and sugzestions
fitten product.

fenior, crown fire ndfiation, cown fire propasation, crown

In October 2002, a 3-year project supported by the Jont
Fire Science Program was initiated that aims to
synthesze the currently available information on crown
fire behavior in conifer forests.

While the focus is on the coniferious forests of the
United States and adjacent areas of Canada, the
synthesis is intended to be global in nature and is
intended for multiple audiences ranging from the
general public to college students to fire and land
managers to unversity professors and other
researchers.

ram (JFSE) elacted to support a project to underiake a state
bt of cowm fire behavior characteristics and predicion in
fed to be completed by October 2012 The puposs of this
ckeround information on the project and at the same time
i fire comemimity for their inprat and assistancs

Information from all regions of the world would be
appreciated, including Mexico, South Africa,
Australasia, Euope, Central and South America,
Europe and Asia

| iz on synthesiding the currently available mfommaton on
er forests (.2 onset of crowning, type of crown fire and
io relation to the wildand fire enviropment {je.
ton on crown fre behavior is availabls from several
g the seminal amicles by Van Wagner (1977, 1993) on
1829 oo fire hehavior in immature and msture jack pine
Forest Research as well as the special izue oo the
eriment (Baatler of al. 2004a, 20048 Stocks er ol 2004;
p rloped and tested models for pradicting passnve
(Cruz e ai. 2005; Alexander and Cnzz JHA). Additional
] runbeﬁnmdm.F‘a.rﬁ_rSrmm(szEral’Dﬂfl]

In addition to summarzing 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 fires and related expenences as well as still pictures and video
footage in both natural forest stands and industrial plantations

Finally, we are interested in hearing from you — the “end user” — a5 to your
opinions on the subject of crown fires and any specific guestions and/or research
nesds/knowledge gaps that you would Iike to see addressed in this crown fire
synthesis project.

To keep up to date on the crown fire synthesis
project periodically visit our website:

csiho 15.f0d.

"IZIII:I} FWEI‘F} C-'nrart:cw (Cruzm'.:n RILIEE)] md_.ﬂ._ rrmm?‘mrr} (L':mz:r.:n 200E).




Throughout the process there has been
lilaison and dialogue with:

#(v5s, Fire Behavior
J&% Subcommittee

Conference calls and a in person meeting.
Progress reports and provided documents.
E-mails. Reviews by FBSC members.



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
fires and related
experiences as well as
still pictures and video
footage.




Finally, we are interested in hearing
from you -- the “end user” -- as to
your opinions on the subject of crown
fires and any specific questions
and/or research needs/knowledge
gaps that you would like to see
addressed In this crown fire synthesis
project. For example:

What fuel-weather combinations are required to produce a
propagating crown fire in northern flatwood forests? —
Rodney W. Sando et al. (1970)




Another example: In a
fire ecology survey of

environmental
scientists in western |
i . ECOLOGY
North America S A,
conducted Iin the early BURVEY

A.R. TAYLOR, R.N. KICKERT, D.H. FIRMAGE, and M.J. BEHAN

/0s, several questions
were raised that dealt
with aspects of crown
fire potential:
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Wil fire In a thinned stand tend to stay on the
ground as opposed to crowning? What are the
effects of various spacings? What spacing
Inhibits spread of [crown] fire?

How many tons/acre of fuel are required to
support a crown fire in ponderosa pine and In
mixed conifer forest in the Southwest?

What stand and crown density Is required to
carry a fire in standing pinon-juniper stands?
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Member List & Email The Joint Fire Science Program (JSFP) is supporting a project aimed at synthesizing the currently available information
on crown fire behavior in conifer forests (e.g., the onset of crowning, type of crown fire and the associated spread rate
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crown fires and any specific questions and/or research needs/knowledge gaps that you would like to see addressed in
this crown fire synthesis project. Note that we do have a project website.
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Topical Issue #1

Independent Crown Fire

“The crown phase will ... No longer depend in any way on the surface
phase and can run ahead on its own.” — Van Wagner (1977)

*Is this possible, have you seen it?

Long term or short term phenomena?

Crowning over snow or rock slide

Adapted from Brown and Davis (1973)




Topical Issue #2

Conditional Crown Fire

The possibility exists for a stand to support an active crown fire that
would otherwise not initiate a crown fire (Scott and Reinhardt 2001).
*Relatively high CBH and CBD where CI < TI.
*More extreme conditions (of wind and fuel moisture) are required
to initiate crown fire than to maintain active crown fire.

Fire Type Active crown fire
Mo Yes

Transition o Surface Conditional
Fire Crown Fire
to crown
fire? Yeg Passive Active
Crown Fire Crown Fire




Topical Issue #3
Crown Fire Cessation

What causes crown fires to stop?
*Major change in fuel type,
*Wind changes (speed or
direction),

*Moisture differential,
«Combination,
*Other factors ??




Topical Issue #4

Spot Fire Distances
> 2 mies from Active Crown Fires

\

Spot fire



Open Discussion

#1 Independent Crown Fire
#2 Conditional Crown Fire
#3 Crown Fire Cessation

#4 Spot Fire Distances
> 2 miles from Active Crown Fires



Interim Products:
Review of “Crown Fire” Content in ‘S’
Fire Behavior Courses (190, 290, 390 & 490)

Introduction to Wildland
Fire Behavior

Intermediate
Wildland Fire Behavior
S-290
@7y I
\'§993m\;_rlyc652:2:/ 1
NFES 2900
Y

NFES 0000

e
sy
0y
R Instructor Guid
NEFES 2930 SEPTEMBER 200

Instructor Guide
MONTH 2002

Introduction to Wildland
Fire Behavior Calculations

S-390

S-490
Advanced Wildland Fire

Behavior Calculations

Instructor Guide
NEES 001770 AUGUST 2010



Interim Products (cont.): Software

= Fire Behavior

Search | Brovee Records

Search the Resource Catalog:

 leo
I

Contacts

Martin E. Alexander
University of Alberta
mea2@telus.net

Miguel G. Cruz

CSIRO Bushfire Dynamics &
Applications
Miguel.Cruz@csiro.au

Related Sites

Applied Wildland Fire Behavior
Rezszrch & Davalopment

Applying the Canadian Forast Fire
Danger Rating System (CFFDRS)
to Alasksn Ecosystems

nal Crown Fire Modeling

FRAMES Home Subject Areas Geographic Areas Partner Sites Log In

Subject Fire Behavior > Crown Fire Initistion and Spread (CFIS) Software m > CFIS Home

Crown Fire Initiation and Spread (CFIS) Software System
http:/fw

ww.frames.gov/cfis

CFIS is a software tool incorporating several recently developed models designed to simulate crown fire behavior.
The main outputs of CFIS are: 1) the likelihood of crown fire initiation or occurrence; 2) the type of crown fire
({active vs. passive) and its rate of spread; and 2) the minimum spotting distance required to increase a fire's overall
forward rate of spread. The onset of crowning can be predicted through two distinct approaches. One approach
relies on the knowledge of canopy base height and certain components of the Canadian Forest Fire Weather Index
System and/or the 10-m open wind speed. The other approach requires the 10-m open wind, the estimated fine fuel
moisture, fuel strata gap (or canopy base height), and an estimate of surface fuel consumption as inputs. Reguired
inputs to predict crown fire rate of spread are 10-m open wind speed, estimated fine fuel moisture, and canopy bulk
density. The minimum spotting distance to affect overall crown fire rate of spread, which assumes a point ignition
and subsequent fire acceleration to an equilibrium rate of spread, requires the predicted crown fire spread rate and
an ignition delay as inputs. The primary models incorporated into CFIS have been evaluated against experimental and
wildfire observations. CFIS has applicability as a decision support aid in a wide variety of fire management activities
ranging from near-real time prediction of fire behavior to analyzing the impacts of fuel treatments on potential crown
fire behavior.

Download CFIS software tool (exe; 5.3 MB)
Download Canopy Fuel Stratum Characteristics Calculater (Cruz et al. 2003} (xIs; 376 kb)
Download 2010 poster "Introducing the Canopy Fuel Stratum Characteristics Calculator” (pdf; 481 kb)

@J File Edit Wwiew Insert Format  Jools  Data window  Help -8 X
b | B | c | D | E | F G H I
1 it
2 Cruz, Alexander and Wakimoto {2003)
3 Canopy Fuel Stratum Characteristics Calculator
4 YWersion 1.0 - February 2010
5
5] Inputs:
7 Step 1: Select Unit System SI
=)
9 Step 2: Select Fuel Type Ponderosa pine SHRPLB SN
[EmTHC—r— Tniermattona! fournsd of Biliized Fiee, 20003, 12, 7950
10
11 Step 3¢ Input Stand Basal Area (m2fha) a5 Assessing canopy fuel stratum characteristics in crown fire
12 prone fuel types of western North America
13 Step 4 Input Average Stand Height {m) 15
14 Migmel . Craz®, Martin £ Alexander™ and Ronald H. Wiskimoto®
15 Step 5: Input Stand Density (trees/ha) 1000 e et e Schcl of sy, Lo o i, M, MT 2, U5
16 Corresponding author. Telephone: < 1 406 243 6422; fax: 41 4046 243 4845 email: mgono@sevay.umtedu
" Canadian Forest Service, Northern Forestry Cengre 5120-127 Sereet Edmonton, ATherta TGH 355, Canady.
17 Telephone: + 1 T80 435 T346; fax: 4+ 1 790 435 715%, email: malesand@nrcan ge.ca
13 Outputs . « Zchool of Forestry, Univessity of Montama, Missoul, MT 58812, USA. Telephone: <1 406 243 6201;
. Fax: 41 806 147 S845; mmail: wakimol donestry.ume edu
19
. Lo il | ¥ fire bebavi dels in fire management deci smaking have been limited by
20 CEIﬂD[Jy Basze HEIght (m) 7.3 Jﬂguﬂcﬁcnhfﬁ;\:r::“u:\:;;;n:.r:"blnp mrno":ﬁe:\sgls"speclfmllycm:;n-r:;lghdwllen:am; hl-l"mlzu.ﬂmh
21l estimate canopy fisel sretum characteristics of four bread fuel types found in S westers United Sates md adjacens
areas of Casadh, namely Dewglas fir, ponderosa pine, mixed conifer. and lodgepole pine fores stands, data from
o9 Canopy Fuel Load (kgimgj 0.95 the USTH, Forest Service’s Forest [ventory and Analisis (FLA) database: wens analysed and linked with tree-level
folizge dry weight egetions. Models to predict cancpy bese beighe (CBH), canopy Ssel lead (CFL) and canopy
23 bulk density (D) were developed through linsar rqgrmlm.uub:u and using comman stand descriptors (2.g.
. stand dessity, basal stand hii gh) lanatory varables. The models davel fuel I fic and
24 Canopy Bulk Density {kg/m3) 0.29 eoclicirts oT Stemmination m:;;d o 09020 l].'l?ﬁ:vrf‘ls'l_hi{um;ﬁwmﬁ;llﬂ;:rclalgpfﬂsp?smtﬂa.[&
o5 b 058 ;::IIZHH. .\I'i.bm.uh _m:ihrrrullj -e-.:huned.lmeymdek seem to give a ressosable chamacterization of the
canapy strabomn for use m fir: mamagement applications.

Addiiowa] kepwonds: canopy base height canopy bulk density; canopy fued load; crown fire bebavior,

crown fuel dymamics.

Intreduction

The grewing complexity of deferministic fire behaior med-
els implemenied in fire managemest decision spport sys-
tems requires that descriptions of fisel complex chamctenistics
should be 2= accurate 2 possible gives the existing msomre
and lmewledge constrints. Unbl recently im the US. fial
complex caracterzation has been limited to surface el
beds (eg. Brown and See 1981 Brown and Bevins 198€)
e 1o the restricted applicability of fire behavior medels
sach as the BEHAVE system (Bargan and Rothermel 1984;
Andrews 1986) io this fisel stratum. The development of
fire bebavicr models and systems designed te predict crowm
fire behavior [Allbizi 1979, 199¢; Van Wagper 1977, [980;
Forestry Canada Fire Desger Group 1992; Call and Albini
1997, Alexander |99E; Finney 1998; Scoet and Reinhardt
1001} point oul the need to describe the canopy fuel sira-
tum. Based on an amlysis of existing fire bebavior models
and physical mascnizg, & is possible fo isolaie e rlevant
canopy fued stmium chamacieristics that determine crows fire
behavior. The canopy structam] properties of a stand (2.8
cover, depth, shape, leaf aren and leaf distribution] influence

O IAWF 200

umderstony micrometecro logy, and therefore influence cer-
tain factors of the fire emvisonment such as subcanopy wind
Flow (Meyers and Pawr LT 19ET; Amiro 1990 and seasomal
and diurzal fuel medsture dynamics (Rothermel ot @l 1986).

Simce camopy fuels are the main fuel loyer supposting
crowm fire spread, canopy structere largely determines com-
bestion requirements and outputs, aad consaquently Empor-
tant fire behavior descripiors sach as mie of fire spread and
fire imtensity (Byram 19559). With Finney s (1 99E) implemen-
tatiom of Yan Wagner s {1977} crown fire initiation and spread
midels imo the FARSITE fire growth simulsior, information
om CEIY and CBH have become essential for fire manage-
ment planning (Keane ef af 1998), althosgh ne methed of
exsily qmntifying these paameters is dinectly avaibible o
fire mamagers. Such information is needed for other crown
fire potentinl assessment schemes [Alexander 1983; Graham
atal 199%; Keyes and 0" Ham 2000).

Fuael complex characteristics commesly acoepied as con-
trelling crown fire spread are CFL, canopy fuel bulk density
and CBH. When describing azrial fuels the term crown and
camopy henve ofien heen used interchangeably without formal

10. 1071 WFI2024 104992001 TR0 D033




Interim Products (cont.)

Synthants of Knostedpe of Extwme MNre Sehevior: Yolume | for Mre Masegers

USDA
ainiy

Synthesis of Knowledge of
Extreme Fire Behavior:
Volume | for Fire Managers
Paul A. Werth, Brian E. Potter, Craig B. Clements, Mark A. Finney,

Scott L. Goodrick, Martin E. Alexander, Miguel G. Cruz, Jason A.
Forthofer, and Sara S. McAllister

Chapter 8: Crown Fire Dynamics in Conifer Forests

Mot E Alesander and Miguel G. Crad

As for bug fires in the carly histary of e Fovest Service

 yourg ramper made hveself famous by answering the

g q on o cxaee, " What would you & 1o control
a crown fire? ™ with the ome-Bace, "Get ot of the way and

peay ke hell for ratn "—Noveean Mackear (1992)

Introduction

Three beoad types of fire are commuonly recognized =
coader-dominstad forees oo he basis of e Fuel layer(s)
troegh which they are spresding

»  Ground or ssbsurface fire

*  Swfacefiee

*  Croown fre

Ground or subsurface Srex spread very dowly sad with so

vaable flame. Heading surface fires can spread with the

wind or upsdope, and backing surface firex born (g0 the

" Marzin I Alezasader, Departmest of Recewabie Resourses sad

Alderta Schocd of Torese Sueacs end Muugersn Uzversty of
Alder, Edmoorce, Alberia, Cazads Migud G Crus, Do N
Dyramics and Applcaions, CSIRD Keonywarss Sceoces-{in
Adupration Magehp, Caaberra, ACT 2000, Asstaidin

Fire Moddinyg Fxperment study area near
cromn five, and (C) active crown fire. For sdd

al

wind (lig 8-1 A) or downdope. A crown fire i dependers
oe & surface fire for both 24 milal esergence sl continued
existence Thus, & crown fire sdvances teough both the
surface and tree casopy Fecl beyesy with the surface and

coown fee phassy more o less linked together 28 2 unit (fig

8-1 Band C) The term “crowning ™ therefoee, refers o both
the meessaon mio the crowns of troes and the pread fom
Crown b Srown

From (e perspectve of contaming or conteolling
wikdfrex or usplannad gatons, the development md
subsegquent movement of 8 crown fire represents 2 hghly
sigmlicand evert s o result of the sudden escallation in
the rate of advence and the drenic incresse in Same
size and thermal radiston & well 25 comectve activey
induding fire-nducod vortsoss and, in tur, both sbort- 1o
losg-range spolling potential As 2 comeguence, rown
fises are Sasgewous for firefighten 10 try 10 contral diroctly

by convenlosal seans Supprestion sctions and oplaoes

m fire betwvior wehs weck pena’black spruce fucd
Fort Providence, Northwent Territones, Camadx (A) marface fire, (B) paxdve
photography aermed ol on experumental baas, soc Alssander and De

COroct (19R), Alexxnder and Lamowille (1989), Stocks sl Hartley (1995, and Hirsch o al (2000)

Volume Il chapter on crown fires has been completed and reviewed




Interim Products (cont.):
Peer-reviewed publications

*Cruz MG & Alexander ME. 2012. Evaluating regression model estimates of
canopy fuel stratum characteristics in four crown fire-prone fuel types in
western North America. Int. J. Wildland Fire - available online

*Alexander ME & Cruz MG. 2012. Interdependencies between flame length
and fireline intensity in predicting crown fire initiation and crown scorch
height. Int. J. Wildland Fire - available online

*Albini FA, Alexander ME & Cruz MG. In press. A mathematical model for
predicting the maximum potential spotting distance from a crown fire. Int. J.
Wildland Fire - accepted, not available yet

*Alexander ME & Cruz MG. In press. Modelling the impacts of surface and
crown fire behavior on serotinous cone opening in jack pine and lodgepole
pine forests. Int. J. Wildland Fire - accepted, not available yet

*Alexander ME & Cruz MG. Assessing the effect of foliar moisture on the
spread rate of crown fires. Submitted to the Int. J. Wildland Fire, Jan. 2012



Evaluating regression model estimates of canopy fuel
stratum characteristics in four crown fire-prone fuel types

In western North America.
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Evaluation of the Cruz
et al. 2003 regression
equations to predict
CBH, CBD & CFL from
stand characteristics

Comparison to original
data treated and
iIndependent PP data
set

Observed vs. expected CBD for 16 PP stands in the

Black Hills, SD



Interdependencies between flame length and fireline
Intensity in predicting crown fire initiation and crown
scorch height.
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Comparison of FI — FL relationships for various
models and fuel types

State-of-knowledge
review of the
assumptions and
limitations associated
with
“fireline intensity,
flame length,
char height, and
eCcrown scorch
height
relationships.



A mathematical model for predicting the maximum
potential spotting distance from a crown fire.

Maximum spotting distance (km)
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10-m open wind speed (km h™)

Spotting distances for different fuel types under
specific conditions

A mathematical model for

predicting maximum

spotting distance
*Multiple sub-models

Model inputs
Flame height above
canopy
*Windspeed at top of
canopy
Firebrand size



Modelling the impacts of surface and crown fire behavior
on serotinous cone opening in jack pine and lodgepole

pine forests.
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Intensity can be
used to define
thresholds for
opening serotinous
cones and release
of seed in JP & LP.

| — low intensity surface fire, no crown scorch, no cone opening
Il — mod intensity surface fire, part to full crown scorch , no cone opening
[l — high intesnity surface fire, full crown scorch,

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



Assessing the effect of foliar moisture on the spread rate of
crown fires.

Digest and analysis of
existing lab work,
theories and
experimental data
related to the
Influence of live fuels/
foliar moisture on rate
of spread of active
crown fires for

different spread
= models.

Schaaf et al. (2007)
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Relative effects of moisture on rate of spread for a)
normal and b) extreme range of moisture



End Products

3 Book (including a multi-media DVD
featuring video imagery and other
supporting documentation) pattern after
“Grassfires”

GRASSFIRES

Fuel, weather and fire behaviour

« Text to be completed
fall of 2012.
* Publication of book not
Ikely until late 2013.
« Patterned after Australian
grass fire behavior book.




End Products (cont.)

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

Management;L‘%f‘i’?v
< . |

%

Looking at early 2013
for publication.




Crown Fire Behavior Synthesis
Project website
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