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INTRODUCTION

The Canadian Forest Fire Behavior Prediction (FBP)
System is the one of four subsystems of the Canadian Forest
Fire Danger Rating System (CFFDRS). It has been under
.development since 1968 when a modular approach to a
national system for fire danger rating was envisioned (Figure
1). Other subsystems of the CFFDRS are the Canadian Forest
Fire Weather Index (FWT) System, which was implemented
by operational fire management agencies in Canada in the
early 1970s; the Canadian Forest Fire Occurrence Prediction
(FOP) System and the Accessory Fuel Moisture System, both
of which are still in development (Stocks et al. 1989).

The FBP System was developed by the Forestry Canada
Fire Danger Group' in order to provide a national system for
predicting fire behavior. An interim edition of the system was
released in 1984 (Alexander et al. 1984) and documentation
of the first complete version is now available (Forestry
Canada Fire Danger Group 1992). Given that a formal
technical report on the FBP System has been published, the
purpose of this paper is to provide a brief overview of the
system, its key inputs and outputs, and some of its primary
operational applications.

NATURE OF THE FBP SYSTEM
AND ITS DEVELOPMENT

The FBP System is primarily empirical in nature; many
of the relationships within the system are based on observa-
tions of actual fire behavior. Information from a total of 495
fires (409 experimental fires and 86 well-documented wild-
fires) are included in the FBP System database (Table 1). The
FBP System data base also consists of observations from 345
fires from across Canada as well as 18 fires from six arcas in
the northern United States and 132 Australian grass fires.

To develop the FBP System the setof empirical fire data
was analyzed using simple mathematical models and corre-

! Current members of the Fire Danger Group are: R.S. McAlpine -
Chairman (Petawawa National Forestry Institute), B.J. Stocks and
T.J. Lynham (Great Lakes Forestry Centre), M.E. Alexander and
B.S. Lee (Northemn Forestry Centre), and B.D. Lawson (Pacific
Forestry Centre). Also a major contribution to the development of
the FBP System was made by C.E. Van Wagner who recently retired
from the Petawawa National Forestry Institute,
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Figure 1. Simplified structure diagram for the Canadian
ForestFire Danger Rating System (adapted from Stocks et. al
1989).
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lation techniques. Laboratory-based fire research in moisture
physics and heat transfer theory was used as a framework for
explaining the results of the data analysis. Physical theories
of fire behavior were assessed in relation to the actual data to
ensure that the most logical predictions were provided by the
FBP System. These analysis and modelling activities were
conducted jointly by the members of the Fire Danger Group
allowing for the discussion of a wide variety of opinions and
considerations.

STRUCTURE OF THE FBP SYSTEM

The FBP System has 14 primary inputs that can be
divided into five general categories: fuels, weather, topogra-
phy, foliar moisture content, and type and duration of predic-
tion (Figure 2). In the FBP System these inputs are used to
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Table 1. Type and aumber of fires in the FEP System data base {(adapted from Forestry Canada Fire Danger Group 1992).

Fueltype . i Experimental Wildfires* Total

Coniferous

{C-1) Spruce-Lichen Woodland 7 i 8

(C-2) Boreal Spruce 18 30 48

{C-3) Mature Jack or Lodgepole Pine 41 22 63

(C-4) Immature Jack or Lodgepole Pine 15 20 35

{C-5) Red and White Pine 19 7 1 20

(C-6) Conifer Plantation 12 0 12

{C-7) Ponderosa Pine/Douglas-fir 8 5 13
Deciduous

(D-1) Leafless Aspen 32 3 35
Mixedwood

(M-1) Boreal Mixedwood-leafless® — — —

(M-2) Boreal Mixedwood-green® — — —

(M-3) Dead Balsam Fir/Mixedwood-leafless 5 ] 5

(M-4) Dead Balsam Fir/Mixedwood-green 1 0 1
-Slash

(S-1) Jack or Lodgepole Pine Slash 48 11 59

(5-2) Spruce/Balsam Slash 49 21 70

(5-3) Coastal Cedar/Hemlock/Douglas-fir Slash 28 5 33
Open

(O-1a) Matted Grass® 52 6 58

(O-1b) Standing Grass® 74 — ' 74
TOTAL 409 125 5344

*The wildfire category also includes a few well-documented operational prescribed burns conducted in the slash fuel types.

* The M-1 and M-2 fuel types are derived mathematically from the equations for C-2 and D-1.

¢ The O-1a and O-1b fuel types are based on Ausiralian grass fire data that was analyzed by the Forestry Canada Fire Danger Group.

4 A total of 39 wildfire observations were used in more than one fuel type (mostly C-2, C-3, and C-4) because a combination of these fuel

types were consumed during the major wildfire runs.

calculate four primary and 11 secondary outputs. Primary
outputs are based generally on the fire intensity equation
developed by Byram (1959), and secondary outputs are
derived from a simple elliptical fire growth model {(e.g., Van
Wagner 1969).

Inputs

(a) Fuel Types - The FBP System has 16 general fuel types
{including 7 coniferous, 1 deciduous, 4 mixedwood, 3
slash, and 1 open or grass type} which represent most, but
notall, of the major fuel types found in Canada (see Table
1). A poster with representative photographs of each fuel
type is also available (De Groot 1992),

(b) Weather - The FBP System uses the Fine Fuel Moisture
Code (FFMC), the Initial Spread Index (ISI) and the
Baildup Index (BUT) from the FWI System (Van Wagner
1987). These indexes are considered weatlier inputs
because they are calculated from observations of tem-

peramre, relative humidity (RH), wind speed and pre-
cipitation. The FBP System can also use detailed (c.g.,
hourly or time of day) observations or forecasts of wind
speed (km/h) and wind direction.

{c) Topography - Percent slope and aspect are necessary

inputs when the effectsof topography on fire behaviorare
considered. Percent slope directly impacts on the raie of
fire spread and the interactive effect of the slope direction
{i.c., aspectyand the wind direction arc used topredict fire
spread direction.

(d) Foliar Moisture Content - The FMC influences calcula-

tions related to the prediction of crown fire involvement
for coniferous and mixedwood fuel types, It also influ-
ences crown fire rate of spread in the Conifer Plantation
{C-6} fuel type. The percent foliar moisture content
{FMC) is computed using the latitude (°N), longitade
(°W), elevation (m) above mean sea level, and the date.
Within the FBP System the FMC can vary between 85%
and 120%, with the minimum FMC usually occurring
between mid-May and mid-June.
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- Figure 2. Structure of the Canadian Forest Fire Behavior Prediction (FBP) Systern
(adapted from Forestry Canada Fire Danger Group 1992).

() Type and Duration of Prediction - The FBP System allows
for two different types of fire behavior predictions de-
pending on whether or not the fire has reached its equilib-
rium rate of spread. A point source prediction is used for
a fire that is in its early stages of fire growth and is still
accelerating. A prediction for a line ignition fire is used
when a fir¢ has already reached its steady-state rate of
spread. For example, a point source prediction would be

. used for a fire started from a match, campfire, lightning
strike, or spot fire occurring a large distance ahead of a
spreading fire. On the other hand, a line ignition predic-
tion would be used when a wind shift occurs on a large
fire causing the flank fire to become the head fire.

Duration of the prediction or the elapsed time (in
minutes) determines the fire behavior characteristics of
anaccelerating fire starting from a point ignition. Itis also
necessary for the calculation of many of the fire size
components of the secondary outputs.

Outputs

(a) Primary - Three of the four primary outputs in the FBP
System (Figure 2) relate directly to Byram’s fire intensity
equation (Byram 1959). They are rate of spread (m/min),
fuel consumption (kg/m?), and head fire intensity (kW/
m). The fourth primary output, fire description, has 3
categories: surface fire, intermittent crown fire, and con-
tinuous crown fire. They are defined by the degree of
crown involvement or crown fraction burned (Table 2).

Table 2. Fire Description categories used in the FBP System,

Fire type Crown fraction bumed*
Surface fire <0.1
Intermittent crown fire 0.1-0.89
Continuous crown fire 209

* Crown Fraction Burned (CFB) refers to the proportion of tree
crowns in a given area that are involved in the fire.
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(b} Secondary - The 11 secondary outputs (Figure 2) are
based on the assumption that a fire will grow in an
elliptical shape if fuels, weather and topographic condi-
tions remain relatively constant. The secondary outputs

. and their common units are:
~ Head, flank and back fire spread distances (m),
- flank and back fire rates of spread (m/min),
- flank and back fire intensities (kW/m),
- elliptical fire area (ha),
- elliptical fire perimeter (m),
- rate of elliptical perimeter growth {(m/min}, and
- elliptical length-to-breadth ratio.

PRINCIPAL CALCULATION PROCEDURES

To produce a fire behavior prediction, the FBP System
uses a variety of theoretical and empirical models. It is
sufficiently complex that a computer is required in order for
all of the FBP System outputs to be calculated. Therefore,
understanding why and how a specific calculation is made is
crucial to the effective use of the FBP System., A summary of
the principal calculation procedures is given below and a
more detailed discussion is provided in Forestry Canada Fire
Danger Group (1992).

(a) Fire Site FFMC and ISI - The time of day adjusted FEMC
and resulting IS] can be calculated using three different
methods. Each method requires a different type and
amount of information which affects the representative-
ness of the indexes.

(b) Rate of Spread (ROS) - The ROS is based on the fire site
ISI value and can be adjusted for the steepness of a slope,
the interaction between slope direction and wind direc-
tion, and increasing fuel availability as accounted for
through the BUL

(c) Fuel Consumptior - The fuel consuraption calculation
- includes both surface fuel (i.e., down woody and forest
floor material) consumption and crown fuel consump-
tion. Surface fuel consumption is based on the BUI for
most fuel types, and crown fuel consumption is depen-
dent on the crown fuel load (foliage only) and the degree
of crown involvement,

(d) CrownFire Initiation - The FBP System uses Van Wagner’s
crown fire theory (Van Wagner 1977) o determine
whether the crown fuel layer of a given coniferous or

~ mixedwood stand will become involved in the fire. The
theory states that there is a minimum or critical surface
. - fire intensity value that mustbe exceeded for crowning to
" occur. Once crowning is initiated, a second assumptionis
© - 'made which assumes that continuous crowning will
~ occur when the critical surface fire rate of spread (which
corresponds to the critical surface fire intensity) is ex-

" ceeded by a value of 10 m/min,

(e} Fire Intensity - The FBP System predictions of fire
intensity are modeled after Byram’s (1959) fire intensity
equation as follows:

I = 300xFCxROS [1]
where I = predicted fire intensity (KW/m),
FC = predicted weight of fuel consumed per unit

are in the active fire front (kg/m?%).and
ROS= predicted rate of forward spread (m/min).

Note that the constant value of 300 is derived by dividing
an assumed standard valve of 18,000 kifkg for the low heat
of combustion by 60, allowing ROS tobeexpressed in m/min
rather than m/sec.

(f) Elliptical Fire Growth Model - A simple elliptical fire
growth model is used to calculate most of the secondary
outputs. For example, the prediction of the area or perim-
eterof a fire is simply the mathematical calculation of the
area or perimeter of an ellipse.

(g} Acceleration of Point Source Fires - An acceleration
period has been incorporated into fire growth projections
for point source ignition fires to account for the time it
takes such fires to reach their equilibrium rate of spread.
For open-canopy fuel types it is assumed that a fire will
achieve 90% of its equilibrium rate of spread after 20
minutes, whereas for a closed-cancpy fuel type it will
take between 20 and 75 minutes depending on the degree
of crown involvement,

{h) Back Fir¢ Rate of Spread - Back fire rate of spread is
calculated from the wind speed and the head fire rate of
spread and is independent of the length-to-breadth ratio. -

(i) Grass Fuels Rate of Spread - The rate of spread in grass
fuels is dependent on the degree of curing and the ISI.
Grass fuels with less than 50% cured material are consid-
ered insufficient to support fire spread. Grass fuel load
does not influence rate of spread but it does affect the
amount of fuel consumption and therefore the fire inten-
sity.

(j) Conifer Plantation Fiiel Type - For the Conifer Plantation
(C-6} fuel type, certain fire behavior characteristics,
particularly rate of spread, are modeled using a physi-
cally-based rather than an empirical model (Van Wagner
1989). A rigorous dual-equation model that predicts rate
of spread as a value between two bounding curves for
surface fires and crown fires was developed for the
typically homogeneous conifer plantation fuel type,
whereas a single-equation regression model was used for
the other, more variable fuel types.

OPERATIONAL USES OF THE FBP SYSTEM

The FBP System is currently beimng used for two primary
operational activities, First, it is used by many fire manage-
ment agencies in Canada for the prediction of large fire
behavior. For example, fire behavior officers will often
attempt to predict the rate of spread, the shape and the fire
intensity of a campaign fire at different points on the perim-
eter so that an overhead team can develop appropriate fire
suppression strategies. Second, the FBP System is used in
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preparedness planning systems that aliow fire managers 0
pre-position their fire suppression resources based on the
potential fire behavior. The FBP System is often an integral
part of this planning process regardless of whether the pre-
paredness system is a complex computerized fire manage-
ment system (Lee and Anderson 1991; Kourtz 1984) or a
more simplified manual preparedness system (Lanoville and
Mawdsley 1990; De Groot 1990; Hirsch 1991).

In the future it is expected that the FBP System will also
be related to other aspects of fire and resource management.
For example, a strong relationship may exist between certain
fire behavior characteristics (e.g., fire intensity, ratc of pe-
rimeter growth, etc.) and the effectiveness of various types of
fire suppression equipment and methods. Also, it may be
possible to directly correlate specific fire behavior param-
eters to post-fire vegetative responses or certain types of
environmental impacts such as smoke emissions.

CONCLUDING REMARKS

The FBP System is a systematic method for assessing
fire behavior in Canada that integrates many of the major
factors that are known to influence fire behavior, It is a
complex, mathematical system that can be utilized by fire
managers in their decision-making process. However, like
any other system that attempts (o simulate what occurs in the
“real world”, the FBP System has its limitations. For this
reason, individuals that use the FBP System mustnotonly be
familiar with its inputs and oatputs but they must be aware of
how the systeia derives fire behavior predictions.

To predict fire behavior accurately requires a great deal
of skill and knowledge. It is heavily dependent upon an
individual’s experience and their understanding of the basic
principles of fire behavior. Since no model or system could
ever account for all the variables that could affect a fire’s
behavior, the fire manager must still rely on his or her own
ability to cope with unique and unusual sitvations. Thus, the
best possible fire behavior predictionsare those that are based
on the systematically calculated values of the FBP System in
combination with the opinions and assessments of experi-
enced fire management personnel.

Acknowledgments. The author would like to thank the
members of the Fire Danger Group for their support and input
on this paper.
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ICG

The Institute for Global Communications

The Institute for Global Communications (GC) provides computer networking tools for international communications
and information exchange. The IGC Networks —PeaceNet, EcoNet, ConflictNet and LaborNet — comprise the world’sonly
computer communications system dedicated solely to environmental preservation, peace, and human rights. New
technologies are helping these worldwide communities cooperate more effectively and efficiently. IGC, located in San
Francisco, California, is a division of the Tides Foundation, a 501(c) (3) tax-exempt organization.

By subscribing to any of the IGC Networks, you have full access to the resources of any of the other common e-mail
networks, through gateways. To help you decide which of the IGC Networks might best reflect your interests and needs,
here is a brief description of each:

EcoNet serves individuals and organizations working toward environmental sustainability. Important issucs covered
include; biodiversity, global warming, energy policy, rainforest preservation, legislative activities, water quality, toxics and
environmenial education.

PeaceNet serves peace and social justice advacates around the world in such areas as human rights, disarmament, and
international relations. A number of allernative news services provide a range of information about these and other topics
from around the world.

. ConflictNet serves groups and individuals working for social justice and conflict resolution. ConflictNet’s resources
include guidelines for choosing a neuiral third party, sample case development in conflict resolution, extensive bibliogra-
phies, legislative updates, educational materials and newsletiers from around the world.

How People are Using the IGC Networks

Electronic Mail .

Send and receive private messages — including Fax and Telex — (o and from more than 15,000 users in more than 94
countries on our affiliated networks or to millions of users on other networks. Electronic mail is quick, inexpensive, reliable
and easy to use.

Conferences

1GC’s several hundred public conferences include events calendars, newsletters, legislative alerts, funding sources, press
releases, action updates, breaking stories, calis for support, as well as ongoing discussions on issues of global importance.
IGCis also an access point for the USENET system of interuniversity bulletin boards. IGC’s capabilities allow you to search
lists of speakers, U.S. Congress and world leaders, media, grant-making foundations or bibliographies.

The Association for Progressive Communications

IGCregardsinternational cooperation and partnership as essential in addressing peace and environmental problems. IGC
maintainsamajor program todeveloplow-costaccess to computer networking from outside the United States, especially from
non-industrialized and Southern hemisphere countries. The result of this program has been the Association of Progressive
Communications (APC) which now includes low- cost computer networks in eleven countries. IGC has played a major role
in starting the Alternex (Brazil), Nicarao (Nicaragua) and GlasNet (Russia) non-profit computer networks, as well as in

providing technical support to all of the partner networks.

: Current projects include developing computer networks for peace, environmental and intemational development
organizations in Bolivia, Costa Rica, Ecuador, Uruguay and Kenya. The focus of the work is to empower local, indigenous
organizations by transferring expertise and capacity in computer networking. Operation and management of alocal APC node
becomes the full responsibility of the local organization. All APC partners are independent organizations, and retain full
control over their network. _

IGC collaborates with the United Nations Development Programme in work in Latin America. The International
Programme is supported entireiy by grants from major Foundations and individuat donors. Contributors include; The Ford
Foundation, General Service Foundation and the John D. and Catherine T. MacArthur Foundation.

Subscription information. Anyone can qualify for inexpensive e-mail by calling IGC at 415 442 0220. The cost is
$15.00 to sign up, $10.00/month plus a low hourly connect charge, with the first off-peak hour free.
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