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LoNG-TERM EXPERIMENT
TAKES SOME OF THE MMIYSTERY
OuTt oF CROWN FIRES

Martin E. Alexander

he August 2004 issue of the
T Canadian Jjournal of Forest

Research (volume 34[8]) is
devoted to a special topic: “The
International Crown Fire Modelling
Experiment (ICFME) in Canada’s
Northwest Territories: Advancing
the Science of Fire Behaviour.”
Running from 1994 to 2001 at a
site about 30 miles (50 ki) north
of Fort Providence, the ICEME was
amajor international wildland fire
research effort organized by the
Canadian Forest Service and the
Forest Management Division in the
Department of Resources, Wildlife
and Fconomic Development
(DRWED) of the Government of
Northwest Territories (GNWT), with
substantial cooperation from the
USDA Forest Service.

"What you guys
envisioned and so many
of us worked on will
make fire history. Lots
of excellent work, data,
concepts and
techniques to stoke the
research fires for a long
time to come.”

- Dr. Ted Putnam (2004)

Dr. Marty Alexander is a senior fire behav-
ior research officer with the Canadian
Forest Service. Northern Forestry Centre,
FEdmonton, Alberta, Canada. At the time
of thiswriting, he was on assignment as a
senior researcher with the Wildland Fire
Operations Research Group. Forest
Engineering Research Institute of (anada,
Hinton, Alberta, Canada.

Volume 65 « No. 3 « Summer 2005

Rl 3o

Canadian
Journal of

Forest
Research

Voue 33, Numibes £ Augist 7004

The special issue features 10 arti-
cles. The first article presents an
overview and introduction to
ICEME (Stocks and others 2004a).
The other nine articles focus on
some of the main research studies
carried out during the course of the
ICFME, including:

evue
canadienne
ge recherche
forestiére

NOlUTE: 34, rLETO & 4031 204

Several aspects of crown fire
behavior (Butler and others
2004a. 2004b: Stocks and others
2004b; Taylor and athers 2004):
Firefighter safety (Putnam and
Butler 2004);

The wildland/urban interface
(Cohen 2004);

Fira Wanagamant Today
Surnmer 2005 jssue
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INTRODUCTION / INTRODUCTION

Overview of the International Crown Fire
Modelling Experiment (ICFME)

B.J. Stocks, M.E. Alexander, and R.A. Lanoville

Introduction

Abstract: The International Crown Fire Modelling Experiment (ICFME), carried out between 1095 and 2001 in Can-
ada’s Northwest Territories, involved 18 experimental high-intensity crown fires, with more than 100 participants repre-
senting 30 organizations from 14 countries. ICFME has provided valuable new data and insights into the nature and
charactenistics of crowning forest fires. which will assist in addressing fire management problems and opportunities af-
fecting both people and ecosystems in future decades. ICFME evolved as the result of a number of converging issues:
the recognition that the US and Canada could not continue sepamle approaches to fire behaviour model d:vtlupment
the opening of Russia to the westem world. 1 d . and the ion of ional associations
to facilitate collaboration. While the initial impetus for ICEME was Lhe desire to improve the physical modeling of
crown fire propagation and spread, the project also created the opporfunity fo examine many other aspects and impacts
of crown fires. This special issue of the Canadian Jowrnal of Forest Research devoted to ICEME is intended to sum-
marize most of the major research results from the project.

Résumeé : Dans le cadre de L'Expé: i ionale de des feux de cimes (EIMFC), 18 feux de cimes
expérimentaux de forte intensité ont été provoqués dans les Territoires du Nord-Ouest du Canada L'EIMFC, qui a mo-
bilisé une centaine de chercheurs issus de 30 organismes et représentant 14 pays, a fourni de riches données et rensei-
gnements sur la nature et les caractéristiques des feux de cimes en forét, qui contribueront indubitablement a résoudre
les dlﬂicultes de gestion des incendies qui affectent 'homme et les écosystemes. Plusieurs facteurs ont influé sur la

de L'EIMFC, 1a mise en évidence du fait que les E-U. et le Canada se devaient d'unir leurs ef-
fum dans 1'élaboration de modeles de comportement des feux. 1'ouverture du rideau de fer en Russie, la multiplication
des échanges et la constitution d’associations internationales destinées A favoriser Ia collaboration. Si cette expérience
internati avail pour pri visée d’ameli Ia élisation physique de la transmission et de la propagation
du feu, elle a toutefois aussi permis d’examiner plusieurs auntres aspects et facteurs d'incidence des feux de cimes. Le
présent numeéro de la Revie canadienne de recherche forestiére consacré 3 L'EIMFC constitue une synthése des consta-
tations les plus marquantes de cette expérience.

[Traduit par la Rédaction]

The transition from surface to crowning fires represents a
threshold bevond which suppression actions most often fail,

While some progress has been made in predicting and
modeling the imtiation and behaviour of crown fires at
northern latitudes. a complete understanding of the phenom-
ena has proven an elusive goal over the past half century.

and crown fires, spreading quickly at high intensity levels.
continue to account for the wvast proportion of the area
bumed in northern forests (Weber and Stocks 1998; Stocks
et al. 2003) creating significant economic loss, and increas-
ngly thr human life and property. The International

Received 6 May 2004. Accepted 22 June 2004. Published on
the NRC Research Press web site on 14 August 2004,

B.J. Stocks.! Natural Resources Canada, Canadian Forest
Service, Great Lakes Forestry Centre, 1219 Queen Street
East, Sault Ste. Marie, ON P6A 2E5. Canada.

M.E. Alexander. Natural Resources Canada, Canadian Forest
Service, Northern Forestry Centre, 5320-122 Street,
Edmonton, AB T6H 3S5. Canada.

R.A. Lanoville. Government of Northwest Territories,
Department of Resources, Wildlife and Economic
Development, Forest Management Division, P.O. Box 7, Fort
Smith, NT X0E 0P0, Canada.

!Corresponding author: (e-mail: bstocks@nrean.ge.ca).
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Crown Fire Modellng Expennment (ICFME) was designed
to address modelling the propagauon and spread of crown
fires, using both modern and a collaborati
multi-disciplinary international approach.

Background and genesis of ICFME

During the 1990s. a number of converging fire research is-
sues made the development of ICFME both timely and relevant
(Stocks and Conard 2000). Forest fire research scientists in
Canada and the United States had worked independently for
much of the previous half century on the development of fire
danger and fire behaviour prediction systems, always vsing

‘@ 2004 NRC Canada
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Characterizing the Jack Pine — Black Spruce
Fuel Complex of the International Crown Fire
Modelling Experiment (ICFME)

Crown fire behaviour in a northern jack pine -
black spruce forest!
B.J. Stocks, M.E. Alexander, B.M. Wotton, C.N. Stefner, M.D. Flannigan,

S.W. Taylor, N. Lavoie, J.A. Mason, G.R. Hartley, M.E. Maffey, G.N. Dalrymple,
T.W. Blake, M.G. Cruz, and R.A. Lanoville

M.E. Alexander, C.N. Stefnéf ). A. Mason, B.J. Stocks, G.R. Hartiey
M.E. Maffey, B.M. Wotton, 5:W. Taylor, N. Lawoie, and G.N. Dall

Abstract: This paper reports on the behaviour of 10 experimental crown fires conducted between 1997 and 2000 dur-
ing the International Crown Fire Modelling Experiment (ICFME) in Canada’s Northwest Territories. The primary goal
of ICFME was a replicated series of high-intensity crown fires designed to validate and improve existing theoretical
and empirical models of crown fire behaviour. Fire behaviour characteristics were typical for fully developed boreal
forest crown fires, with fires advancing at 15-70 m/min, consuming significant quantities of fuel (2.8-3.5 kgimi) and
releasing vast amounts of thermal heat energy. The resulting flame fronts commonly extended 25-40 m above the
ground with head fire intensities up to 90 000 kW/m. Depth of burn ranged from 1.4-3.6 cm. representing a 25%—65%
reduction in the thickness of the forest floor layer. Most of the smaller diameter (<3.0 cm) woody surface fuels were
consumed, along with a significant propoertion of the larger downed woody material. A high degree of fuel consump-
tion occurred in the understory and overstory canopy with very Little material less than 1.0 cm in diameter remaining.
The documentation of fire behaviour, fire danger, and fire weather conditions carried out during ICFME permitted the
evaluation of several empirically based North American fire behaviour prediction systems and models

INFORMATION REPORT NOR-X-393 Résumé : Cet article traite du comportement de 10 feux de cime expérimentaux provoqués entre 1997 et 2000 dans le
Canadian Forest Service cadre de I'Expérience internationale de modélisation des feux de cimes (EIMFC) dans les Territoires du Nord-Ouest au

Narthern For estry Centre Canada. Le principal objectif de cette expérience consistait a reproduire une série de feux de cime de forte intensité
congus pour valider et améliorer les modéles théoriques et empiriques existants de comportement des feux de cime. Les
caractéristiques du comportement des feux de cime étaient typiques des feux de cime en forét boréale mature, ol les
feux progressent 4 15 4 70 m/min, en consumant d’importantes quantités de combustibles (2.8 4 5.5 kg-‘mz) et générent
de fortes quantités d’énergie thermique sous forme de chaleur Les fronts de flamme qui en résultent s"élevaient géné-
ralement & 25 a 40 m au-dessus du sol avec des intensités a la téte du feu allant jusqu’a 90 000 kW/m. La profondeur
de brilage variait de 1.4 4 3.6 cm. ce qui représentait une réduction de 25 % a 63 % de I'épaisseur de la couverture
morte. La plupart des combustibles de surface de plus petit diamétre (<3.0 cm) ont été consumés de méme qu’une im-
portante proportion du plus gros matériel ligneux au sol. Il ¥ a eu une forte consommation de combustibles dans le
couvert des étages inférieur et supérieur ot il restait trés peu de matériaux d’un diamétre inférieur a 1.0 cm. La docu-
mentation du comportement du feu, le danger de feu et les conditions météorologiques propices aux incendies fores-
tiers ont permis d’évaluer plusieurs systémes et modéles empiriques nord-américains de prédiction du comportement
des feux.

-
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[Traduit par la Rédaction]
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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

Abstract: A numerical model for the prediction of the spread rate and intensity of forest crown fires has been devel-
oped. The model is the culmination of over 20 years of previously reported fire modeling research and experiments;
however, it is only recently that it has been formulated in a closed form that permits a priori prediction of crown fire
\pfead rates. This study presents a brief review of the development and structure of the model followed by a discussion

ations made to formulate a fully predictive model. The model is based on the assumption that radiant
energy transfer dominates energy exchange between the fire and unignited fuel with provisions for convective cooling
of the Tuels ahead of the fire front. Model predictions are compared against measured spread rates of d experi-
mental fires conducted during the International Crown Fire Modelling Experiment. Results of the comparison indicate
that the closed form of the model accurately predicts the relative response of fire spread rate to fuel and environment
variables but overpredicts the magnitude of fire spread rates.

que récemment gu'une formulation dans une forme analytique a permis la

jon a priori du taux de propagation d’un feu de cimes. Cet article présente une bréve revue du développement et
de la structure du modéle suivie d’une dis ion des modifications récentes qui ont été apportées pour formuler un
modele entigrement pré . Le modele est basé sur I"hypothése voulant que le transfert d’énergie de rayonnement do-
mine les échanges d’énergie entre le feu et les combustibles non enflammés en tenant comple du refroidissement des
combustibles par convection 4 I"avant du front. Les prédictions du modéle sont comparées aux mesures du taux de pro-
pagation de certains feux expérimentaux allumés dans le cadre de L'Expérience internationale de modélisation des feux

S omparaisons indique que la forme analytique du moedéele prédit correctement la réaction rela-
tive du taux de propagation aux combustibles et aux variables environnementales mais surestime ’ampleur du taux de
propagation du feu.

[Traduit par la Rédaction]

Introduction fi i compute, but also inherently limited
in their range of applicability. Models based on physical
principles, on the other hand, have the potential to accu-

stems (Andrews 1986; Andrews and Queen 2001). rately pred]«.t the parameters 1t interest o
cally, crown fires account fi a small percentage of input v

of the total number of wildland fires that occur each fire s based models can also provide the basic infc

son. However, it is this small number of fires burning with for proper description of physical proces

relatively high intensities that result in the majority heat rr'lmfer. and dlemh.al luna c

age burned (Pyne et al. 19 Metho

dicting the onset and spread of crown fire have been used

extensively fire and land managers to minimize ri 3 e

life and property, project the v g fires, plan i that the underlying physics can be represented

for prescribed fires, and examine trade-offs in vegetati mathematically in a manner that permits numerical solution
treatment options. i ns exist in currently available while retaining adequate realism, that the informational
models (Deeming et al. 1977, Van Wagner 1977; needs of the mathematics can be met by the user, and that

Xanthopou! 1990; Rothermel 1991 Forest Canada Fire the predicted variables are in a form to be useful by the

Danger Group 1992; Canadian try Service 1997; practitioner. Improved models are needed for increased a

Alexander 1998; Cruz et al. 2002, 2003). Such models are  curacy in fire behaviour prediction, fire danger rating calcu-

August ').(IEI-L

B.W. Butler? M.A. Finn
Laboralory P Box sl

'This article is one of a selection of papers published in this Special Issue on The International Crown Fire Modelling Experiment
(ICFME) in Canada’s Northwest Territor) dvancing the Science of Fire Behaviour.
“orresponding author (e-mail: email: bwbutler@fs fed.us
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Results ofithe .comparison indicate that:the model
... accurately predicts the relative response of fire
spread/ratetofuelland environment:variables:but
OVErpredicisithemagnitudeofifire spread rates.:

Effective Measured

radiometric Fadiation Predicted rate of spread rate
Plot temperature (K) ratio spread (m-min~') (m-min~")

1200 0.30 34 36
1 200 (.35 62 36
1250 (.325 a1 36
1200 (.35 61 29
1250 0.325 89 29
1 200 (.35 B 36
1250 0.325 127 36
1200 (.35 74 69
1250 0.325 104 69
1200 (.35 121 24-54

A
A
A
3
3
6
6
7
7
B




©bserved forward spread rates (Y axis) ofithe
ICEME fires In comparsen te predictions: (Xcaxis)
from anumbper ofiNerthrAmercan fire BENaVvIor
prediction systemsrandimodels: Unittoiimeasure:
M/MINNESOIM/MINT==500MmIn)

{a) Rothermal {b) Finney (&) Scolt & Reinhardt (d) Cruz et al,
(19381} {1998) (2001) (2002)

.o 4 | |
50 100 0 50 100
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() Nelson & Adkins {f) Nelson & Adkins

(1988) 1,= 30 (1988) 1, = 45 lg) FBP C-3 (h) FBP C-4




WOrKing llowards an Alternative Approacn
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Probability, ofi Crown Eire ©OCCUNENGE —
Analysis & Model Development
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Probability ofi Crown Eire ©CCUrence —
Analysis & Model Development

Statistics on Assembled Database

Independent variables

Stand basal area (m* ha™ "
Stand density (trees ha™ ')
Stand height (m)

Fuel strata gap {m)

10-m open wind speed (kmh™ ")

Estimated fine fuel moisture content (%) . 9.1

Surface fuel consumption (kg m™ ) 3.2 1.26

Foliar moisture content (%) ' 2. 1146 194
Rate of fire spread (m min "} A 40 - 2.1 10.0
Fireline intensity (kW m™") 15,2 5.903 9180




Probability ofi Crown Eire ©OCCUrrence - Results

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 phenome
crawn fires in live o

madel approsch for predictin

lead to a simplified ampirical
ciis foreste an level

na data ==t (m = T1) generatsd from

r exparirrerital firss oovering a
d with the initiat

fine dead fuuli...:r-:l ne fire-beshay i

the spactrurm of bu
del is dewels pad

wn base height in some ltun-:l-l:..
o surfacs fusl
f the cazss in the dats sst ussd in its

its sersitivity to its inputs, and its bshai
support systams to operationally pradict

limnited test
differert fusl cornplexes iz

suraging. FOR. S0 BOIE)E40-6E2,

Hey Words: Forest fires, orown fire, orown fire initistion, orowning, ssperimental fire, fire
behavicr, fire-behavior pradistion, logistio madal.

ior, lis spread, is effzcis oo soil and vegstaiicn
propertiez, and the difficulty of controlling the fire
depared meetly on the fire behavior exhibiled The estima-
tion of fire behavior is of utmost imporfance in any firs
MANGZEmErE appro allowing for e delermination of
the impacis of fire oo ecosysiem component: and support-

! FOREST HRE 1 in essence the result of fire bzhav-

ing forsst firs manage iz . Wildland firs
reszarchars have produced modals to predict fundamental
firs-bebavior characienstics or descrippors, such as rate of
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(Rethermel 1983)
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Probability off Crown Eire ©CCUrience --
Evaluation
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Canada Canada o aries Renewable Re

I*l Forestry  Foréts m

3
)
-’

Fire behavior in black spruce-lichen
woodland: the Porter Lake project

M.E. Alexander, B.J. Stocks, and B.D. Lawson
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Probability off Crown Eire ©CCUrience --
Evaluation Results

Predicted

Correctly
Surface Crown predicted
Observed fire fire (%)

Data set used in logistic model development

Surface fire 29 5 85.3

Crown fire 6 31 83.8
Porter Lake experimental fires (Alexander et al. 1991)

Surface fire 0 0 100

Crown fire 0 8 100
ICEME experimental fires (Stocks et al. 2004)

Surface fire 0 0 100

Crown fire 0 11 100




Probability, ofi Crown Eire Initiation

- L L
Assessing the probability of crown fire initiation Four different lo gIs tIC
based on fire danger indices
Miguel G. Cruz!, Martin E. Alexander” and Ronald H. Wakimoeto? r e g r S S i n d e I S t h t
hy nadian Forest Fire Weather Index -
(FWT) System. The study was based on a fire behaviour research datab: g of 63 experimental fires covering a relati ide
range of burning conditicns and fuel type charactes . Four models were built with d 2 input needs. Signil pi 5 u S e C r O W n b aS e h e I g h t
of crown fire initiation were: canopy base height, wind speed measured at a height of 10 m in the open. and four components of the

Fine Fuel Moisture Code, Drought Code. Initial Spread Index and Buildup Index). The models predicted correct-
surface or crown) between 90% and 66% of the time. The C index.

0. 71, re\eahng good concordance between predicted probabilities a { e A comp: s
Canadian Forest Fire Behaviour Prediction System models did not show cl ifferences. The results ited —
tion invelving two independent experimental fire data sets for disti ‘Uy different fuel complexes were encouraging.

els built may have applicabili fire management dex pp tems. allowing for the estimation of the probab
fire initiation at small and large spatial scales from Lm'lmnnlyawajlahl ¢ environment and fire danger rating information. The rela-
tionships presented are considered valid for free-burning fir in coniferous fi s that have reached a pseudo steag

state and are not deemed applicable to dead conifer for i killed s 3 o d d U d
Key words: Canadian Forest Fire Danger Rating System, crown fire initiation, fire behaviour, fire danger indice: istic si W I n S p e e 1 O a n
indépendant. . e de] ememh]s tormant le mmbua tible et‘ c m‘;nnx
=l COMPONENTSIGIithE
code d"humidité des particules fines de combustible, le LOdE de

. - ; . .
mulation). Le: modele; nnl predu:m’c exactitude le ty| pe de fe a-dire,
s. L'indice 71
s obs Une ci is s s logis s s 2les
tion de . pe stime la prntnbl]]le de I'amorce des fE‘lL\ s B o hell s
ourantes de feux et en fonction de 1"information sur le niveau de danger as: « feux. Les relati é s

d’équilibre el ne sont pas utilisables pour les foréts de coniféres mortes (par ex. les peuplements ravagés par des insecles).

The initiation of crown fires in conifer stands was modelled through logistic regression analysis by considering as independent vari-
ru d C;

me canadien de ification des feux de forét, amorce des feux de cime, indices de danger relié aux feux,

e —— 1z e8] EEVe, WS, De

The knowledge of fire
behaviour is a fundunent'll

component 4 |
’ E —
the determination of the imp: . o - , ,

of fire on several ecosystem
components sment of

the effectiveness of fuel treat- .
ments, and support for decisi E —
makmg in wildfire suppres B y y

sion planning and in forest
management activities that i . Marlin E. Alexander Ronald H. Wakimeoio
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Results ofievaluation ofilegistic moedels against
(Wo Independent expermental fire data sets —
Porter Lake and ICEME

Porter Lake ICFME
Model Type of fire (Pred./Obs.) (Pred./Obs.)

LOGITI Surtace fires 0/0 1 /0
Crown fires 8/ 8 10/11
LOGIT2 Surface fires 0/0 270

Crown fires 8/8 9/ 11
LOGIT3 Surface fires 0/0 370
Crown fires 8/8 8/ 11
LOGIT4 Surtace fires 0/0 270
Crown fires 8/8 9/11




Active Crown Eire Rate ofi Spreaa

Development and testing of models for predicting - . .

crown fire rate of spread in conifer forest stands p red I Ctl n g aCt | V e

Miguel G. Cruz, Martin E. Alexander, and Ronald H. Wakimoto f " d t
Abstract: The rate of spread of crown fires ad over level to gently undulating terrain was modeled through p

nonlinear ¢ ion analysis based on an experimental data set pertaining primarily to boreal forest fuel types. The

data set covered a significant spectrum of fuel complex and fire behavior characteristics. Crown fire rate of spread was

modeled 1y for fire:s spreading in active a_nd passive ¢ oWl ﬁ.re_.. regf'.mes, T!] tive crown fire rate of spread b aS e d O n t h r e e

model encompassing the effects of 10-m open wind speed. estimated fine fuel moisture content, and canopy bulk den-

sity explained 61% of the variability in the data set. Passive crown fire spread was modeled through a correction factor

hased on a criterion for active crowning related to canopy bulk density. The models were evaluated against independent - L

data sets originating from experimental fires. The active crown fire rate of spread model predicted 42% of the inde- m

pendent experimental crown fire data with an error lower then 25% and a mean absolute percent error of While e n V I r O n e n a I n p u S
the models h; me shortcomings and areas in need of improvement, they can be readily utilized in support of fire

management decision making and other fire n h studies.

a g modé-
3 pm:.r d‘un eusemble de données expenmenl:llel portant principa-
lement sur les types de combustibles rencontrés en forgt boré ensemble de données couvrait une importante
gamme de compls de combustibles et de stiques de comportement du feu. Le taux de proy tion des feux
de cimes a €& mods séparément pour les feux se propageant selon des régimes de feu de cimes dépendant ou pas-
sif. Le modéle du taux de propagation des feux de cimes dépendants qui tient compte des effets de la vitesse du vent &
découvert & 10 m, de la teneur en eau estimée des combustibles fins et de la densité apparente de la canopée expliquait

-
MG PENWINGISPEEQ

61 % de la variation dans le jeu de données. La propagation des feux de cimes passifs a &€ modélisée en appliquant -

un facteur de correction basé s -3 fel nida :lié 4 la de appa  la ca e,

Les modéles ont & e g ges i da 8 » feux expérime . Le &l l | I

du taux de proj s, e ipends s dis o Fad - ; ,

¢ Bien
que les modéles ajent certain cunes et que certains aspects aient besm.n d étre J.ruehc-r i ilement &tre

- w
utilisés comme support 4 la prise de décision dans la gestion des feux de fordt et dans le cadre dautres travaux de re-
cherche sur le feu. . e ‘ I V e I n e

[Traduit par la Rédaction]

-
Introduction (Schmoldt et al. 1999). The application of fire behavior mod- .f e I m O I S t r e
takes Ve ter i rtance in fire ma ment de- II ll
Advances in our knowledge of the role of fire in ecosys- axes On even Breater Imparance It e management de

: cision making because the spectrum of fire effects at a local
tern dynamics demand that land management practices be P . - .
P = . . scale depends primarily on burning conditions at the time
supported by sound scientific principles and. in turn, reliable H

S . o ; - and the resulting fire behavior characte . Among the
information about the prediction of fire impacts and effects various types of forest fire propagation, crown fire spread
has been the one more challenging aspects of wildland
Received 12 November 2004, Resubmitted 2 February 2005, fire behavior to understand and model (Van Wagner 1977),
05. Published on the NRC Research although it could be argued that in some respects “the pre-

Press Web site at http:/cjfr. . on of surface fire behavior is, in fact, probably more
¢do para o Desenvolvimento da d.l_ttu.ult thn'n the pl’ei?.l iorE of cr wning potential, because

Aerodinimica, Tndustrial, Apartado 10131, 3031-601 Coimbra, ~ ©F the multiplicity of possible forest floor and understory
Portugal. fuel complexes™ (Van Wagner 1979). Our present under-
Alex:mder ? Canadian Forest Service, Northern Forestry standing of crown fire dynamics is mainly of a qualitative

22 Street, Edmonton, AB T6H 355, Canada. nature. This be partially explained by the inherent diffi-

College of Forestry and Conservation, culty in carrying out and adequately instrumenting full-scale

University of Montana, Missoula, MT 59812, USA. experimental fires designed to simulate their “wild” counter-
parts in the field. few studies have attempted to experi-

1Curre.sp(md.[ng_ author (g-mail: miguel.cruz@ adai.pt). . _ . . L
Forest Engineering Research Institute of mentally quantify some of the basic physical characteristics

e e e 11T o e e Canzielizin) Jotrnzl of Sorast Flasazire ]
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Crown Eire Rate ofi Spread/ —
Analysis & Model Development

Statistics on Assempled Databhase

Active crown fires (n = 24) Passive crown fires (n = 13)
Variable lin. Max. Mean Std. dev. Min. Max. Mean Std. dev.
Stand basal area (m®ha™") 135 50 26.8 16.3 4.14 35.2 18.4 10.4
Stand density (trees-ha™) 6750 3561 1454 597 9276 3656 3481
Stand height (m) 2.9 14 7.9 3.8 4.1 19 11.7 6.6
Crown ratio (fraction) = 0.88 0.78 012 0.37 0.9 0.74 0.15
Canopy base height (m) 7 2.1 2 0.8 12 3 32

Canopy bulk density (kg-m™) 12 048 0.27 0.09 0.05 0.37 0.16 0.1
10-m open wind speed (km-h™!) . 321 15.8 6.7 ) 29 16.3 6.3
Estimated fine fuel moisture content {5&) 12 BB 1.3 11 a6 1.2
Surface fuel consumption (kg-m™) 2.4 L6 0.5 32 1.7 0.7
Foliar modsture content (%) 135 107 11.5 75 118 102 15.4
Rate of fire spread (m-min~") 5 514 22.6 12.6 1,35 15.4 7.1 4
Fireline intensity (kW-m™") 45 200 16018 10 746 HOR 5127 4239




Crown Eire Rate ofi Spread

CBD = 0.05 kg/m3 CBD =0.10 ke/m3 CBD = 0.15 ke/m3

CBD = 0.20 kg/m>

~
=
* v—
£
B
e
<
o
=
o
%)
i
o
2
<
a7

10-m open wind (km/h)




—
=
£
.=
g
=
=
L
Q.
S
g
S
—

Crown Eire Rate ofi Spread
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Active Crown EFire Rate ofi Spread --
Evaluation Results from Expernmental EIres

Experimental active crown fires ICFME experimental crown fires
Cruz et al. (2005) Cruz et al. (2005)
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Experimental active crown fires
Cruz et al. (2005)
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ICFME experimental crown fires
Cruz et al. (2005)
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Experimental active crown fires
Rothermel (1991)
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ICFME experimental crown fires
Rothermel (1991)
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Passive Crown Eire Rate ofi Spread --
Evaluation Results from Expernmental EIres
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Active Crown EFire Rate ofi Spread --
Evaluation Results from Wildfires

Wildfire observations - Canada Wildfire observations - US
Cruz et al, (2005) Cruz et al. (2005)
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Wildtire observations - Canada
Cruz et al. (2005)
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Wildfire observations - US
Cruz et al. (2005)
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Wildfire observations - Canada
Rothermel (1991)
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Wildfire observations - US
Rothermel (1991)
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Vertical
crown
depth

(m)
Stand
height
(m)

Canoepy. or Crown BulkiDensity.

Crown bulk density (kg/m?)=
Available crown fuel load (kg/m?)
Vertical crown depth (m)

Live crown base height (m)



#4 Crown Fire Initiation and Spread
Units

CFIS

Simulation of Crown Fire Initiation and Spread

Developed by :

Miguel G. Cruz - ADAI
Antonio M.G. Lopes - ADAI
Martin E. Alexander - FERIC

o

Associacao para o Desenvolvimento
da Aerodinamica Industrial

@, Forest Engineering
E¥ Research Institute of Canada




# Crown Fire Initiation and Spread

IUccuuenceI Rate of Spreadl Help I Creditsl

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

~ Models ~Input Data

& LOGIT1 CEH [m]: | 0

" LOGIT 2 10-m wind [km/h] ; | 0
 LOGIT 3 FEML

L
LOGIT 4 e

~ Dutput

Probability of Crown Fire Initiation [%] :




# Crown Fire Initiation and Spread

Units

Likelihood of Crown Fire Occurrence (%)

~ Input Data ~ Crown Fire ROS

FSG [m]: l—a' [ Select
10-m wind |_'d' CBD [ka/m3]: I 0

— Estimated Fine Fuel Moisture

EFFM [%]: I 0 ~ Spotting Separation Distance

| Calculate from weather ™ Select
and site variables D [ 1
SFCClass: @ <1kg/m2 I
" 1-2kg/m2
" 5 2ka/m?2

~ Dutput

Prob. crown fire occurrence [%] :
Type of Fire :

Crown Fire ROS: [mfmin] ;

Critical Spotting Distance [m] ;




# Crown Fire Initiation and Spread
Units

Initiation | Dccurrence | Rate of Spread I Help | Credits |

Crown Fire Rate of Spread (ROS)

~ Input Data

CBD [ka/m3]: | 0
10-m wind | 0

— Estimated Fine Fuel Moisture

FrrM L I g ~ Spotting Separation Distance
m Calculate from weather [~ Select

and site variables ID [riir] : '—1

Type of Fire :
Crown ROS [m/min] :

Critical Spotting Distance [m]




¥ Crown Fire Initiation and Spread

Units

| Credits I

Quick help and useful references

QUICK HELP ]

This program allows the estimation of the likelihood of crown fire initiation and the
spread rate of crown fires from the knowledge of Canadian Forest Fire Danger Rating
System [CFFDRS) components, weather and fuel complex variables.

The Tab - Initiation - incorporates four distinct models that predict the likelihood of

crown fire occurence from Canadian Forest Fire Danger Rating System components
(Cruz, Alexander and Wakimoto 2003, see below).

The Tab - Occurrence - predicts the likelihood of crown fire occurrence based on
three fire environment variables, namely the 10-m open wind speed, fuel strata gap,
estimated moisture content of fine dead fuels, and one fire behavior descriptor -
surface fuel consumption [Cruz, Alexander and Wakimaoto, 2004, see below).

The Tab - Rate of Spread - predicts the reqime and spread rate of crown fires from the
knowledge of 10-m open wind speed, estimated moisture content of fine dead fuels,
and canopy bulk density [Cruz, Alexander and W akimoto, 2005, see below).




Wildland Fire Operations Research Group (WFORG) - Microsoft Internet Explorer

File Edit ‘Wiew Favorites Tools Help

dmEack - = - la ot | @Search [#2] Favarites @Media a | %v =k -
Address I@ htkp: ffFire. Feric.caf

fu il

Wildland Fire Operations R ,' e

Home Head Office Eastern Division

Marty’s 35 Good Reads | Wallpapers | All Documents | All Links | All References (I
I -Fast Select- -]

= Hot Hews

Species Flammability and Resistance Research - Project

Drate: 1002452005

Evaluating the fire ignition potential of an Exhaust
9282005 Insulator designed far all terrain vehicles - An Interim
Feport Mews Hits:

Current User: a
AE323

9/26/2005 |og Deck Protection Demonstration  Mewr Best Wiew: MS5-1ES B00"E00

9i6:2005  Crown Fire Modelling Software Program Demo MNew Ta read POF farmat report you need the

*% k%%
erzln:n)q Oﬂt\memi&rgpg ngtg\!\/ﬂ%ﬁ@ *;:2;_2:1 Reader frorm Adobe

TUTT O Operations Meer hdohe

8772005  Mew fuel management test plot Aew

232005 Conference on Future Research Opportunities
Surrounding Post-Wildfire Watershed Rehahilitation  Mes

8372005  Forestry Handhook for BC Aewr

Advantage Report - Operational trial of the Forestitvatch
712012005 wildfire smoke detection systerm (FDF file)

German Farestry Exchande Student's Reflections of 3

l_ l_ l_ |4 Internet

necos//iire faric, cal




Concluding Remarks

* VIl Cruz — PhD (2004) & Australia (2005)

o Better than the EBP System?.2.2

*EIRE BEHAVIOR PREDICIHONPARAIDOX ==
INENMPUEISTand Sy Ssiemsiarenisiaceurale.
enougne
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