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Objectives 

• Review the philosophy and structure 

behind the Canadian Forest Fire Danger 

Rating System (CFFDRS). 

 

• Develop an appreciation for the 

similarities and differences between the 

systems used for rating fire danger and 

predicting fire behavior used in Canada 

and the U.S. 

 



Canadian Pioneers in  

Forest Fire Danger Rating Research 

Herbert W. Beall James G. Wright 



CFFDRS Structure 

The Canadian Forest Fire 

Danger Rating System 

(CFFDRS) is the national 

system of rating fire danger 

used in Canada.  The 

CFFDRS includes all the 

guides to the evaluation of 

fire danger and the 

prediction of fire behavior.   

 

The CFFDRS represents the fifth generation of 

fire danger rating methods developed in Canada 

by the federal forestry service. 



Simplified CFFDRS 

structure diagram 

illustrating the 

linkage to fire 

management 

actions 



Canadian Forest  

Fire Occurrence Prediction System 



Accessory Fuel Moisture System 
 

Purpose: to support applications 

of other CFFDRS subsystems  



Fire Weather Index  

Module or Subsystem 

The FWI System provides relative 

numerical ratings of fire potential in a 

standard fuel type (i.e., mature pine 

stand) on level terrain.  



Jack pine and lodgepole pine forests have 

continental distribution across Canada. 



Structure 

of the 

Canadian 

Forest Fire 

Weather 

Index 

(FWI) 

System 
 



Structure 

of the 

Canadian 

Forest  

Fire 

Weather 

Index 

(FWI) 

System 
 



Fire Weather Observations 

Dry-bulb Temperature  

Relative Humidity 

33-ft Open Wind Speed 

24-hr Accumulated Rainfall  

 Calculation of the FWI System 

components is based on  

consecutive daily fire weather 

observations. Therefore, an  

unbroken daily weather record  

is required. 



Structure 

of the 

Canadian 

Forest  

Fire 

Weather 

Index 

(FWI) 

System 
 



The FWI System fuel moisture codes are 

dynamic "bookkeeping" systems that account 

for each day's wetting and drying effects. 

- Fine Fuel Moisture Code (FFMC) 

- Duff Moisture Code (DMC) 

- Drought Code (DC) 

Higher values represent lower moisture 

contents and hence greater flammability 



Timelag Concept 

The drying time, under stated 

conditions and time of year, 

required for dead fuels to lose 

about two-thirds of the 

difference between their initial 

moisture content and their 

equilibrium moisture content.  

 

 Stated Conditions 
 

Dry-bulb Temperature: 

21.1 °C (70 °F)  
Relative Humidity: 

 45% 

Wind Speed:  

13 km/h (8.1 mph) 

Time of Year:  

July 



Fine Fuel Moisture Code (FFMC) 
A numerical rating of the moisture content of 

litter and other cured fine fuels.  This code is 

an indicator of the relative ease of ignition 

and flammability of fine fuel.  
 

Weather inputs: Temp, RH, Wind, Rain 

 

Scale: 0-101 (higher numbers mean lower MC) 

 

Rainfall threshold: 0.02 in. 

 

Timelag or response time: 2/3 day or 16 hours  

 

Nominal depth & load:  0.5 in. & 1.1 T/ac 



Rain 

? 

FFMC 

Rain Code 

Today's 

FFMC 

Yesterday’s FFMC 

Temperature 

Relative 

Humidity 

Wind 

Rain 

YES NO 

Direct  

Wetting Effect 
Drying and Indirect  

Wetting Effects 

Calculation of the Fine Fuel Moisture Code (FFMC) 
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Fine Fuel Moisture Code (FFMC) 

"rough rule of thumb" 

FFMC =75 

MC = 28.5 

Fine Fuel Moisture Code (FFMC) 

An FFMC of at least 75 (i.e., 

~25-30% moisture content) is 

typically required for ignition 

and fire spread in fine fuels in 

many forest fuel complexes. 

Spot fire ignition 

begins to 

approach certainty 

at FFMC 90  



A numerical rating of the average moisture 

content of loosely compacted organic layers 

of moderate depth.   This code gives an 

indication of fuel consumption in moderate 

duff layers and medium-sized woody material.  
 

Weather inputs: Temp, RH, Rain (+ Month) 
 

Scale: 0 (saturation) to “open ended”  
 

Rainfall threshold: 0.06 in. 
 

Timelag or response time: 15 days  
 

Nominal depth & load: 2.8 in. & 22 T/ac 

Duff Moisture Code (DMC) 



Rain 

? 

DMC 

Rain Code 

DMC Drying  

Factor 

Yesterday’s DMC 

Temperature 

Relative 

Humidity 

Month 

Rain 

YES NO 

Direct  

Wetting Effect 

Drying 

 Effect 

Calculation of the Duff Moisture Code (DMC) 

Today's DMC 



Seasonal Variation in DMC Drying 

The length of the day 

influences the 

duration of drying 



 National Standard 

Duff Moisture Code (DMC)  

vs 

Moisture Content  

Relation 

Note that there is very little 

change in moisture content 

once DMC exceeds ~ 150 

 

Other duff 

specific 

relations exist 



Duff Moisture Code 

(DMC) 

"rough rule of thumb" 

Duff doesn't normally 

become involved in 

combustion until the 

DMC reaches ~ 20. 

 

A DMC of 20 is also 

regarded as a threshold 

for lightning fire starts. 

from Van Wagner (1972) 



A numerical rating of the average moisture 

content of deep,compact, organic layers.  This 

code is a useful indicator of seasonal drought 

effects on forest fuels, and amount of 

smoldering in deep duff layers and large logs. 
 

Weather inputs: Temp, Rain (+ Month) 
 

Scale: 0 (saturation) to “open ended”  
 

Rainfall threshold: 0.11 in. 
 

Timelag or response time: 53 days 
 

Nominal depth & load: 7.1 in. & 112 T/ac 

Drought Code (DC) 



Seasonal Variation in DC Drying 

The length of the 

day influences the 

duration of drying. 



Rain 

? 

DC 

Rain Code 

DC Drying  

Factor 

Yesterday’s DC 

Temperature 

Month 
Rain 

YES NO 

Direct  

Wetting Effect 

Drying 

Effect 

Calculation of the Drought Code (DC) 

Today's DC 



National Standard 

Drought Code (DC)  

vs 

Moisture Content 

Relation 

 

Other organic layer 

specific relations exist 



Adjustments to the 

spring DC starting 

value for high 

season ending 

value and/or below 

normal over winter 

precipitation 
  

Example:  

Fall DC: 500 

 Overwinter Precip: 

100 mm  

Spring DC = 126 



Drought Code (DC) 

"rough rule of thumb" 

In many forest fuel complexes a DC of around 300 is 

generally considered a critical point or threshold for 

the onset of significant ground or sub-surface fire  

persistence or activity and in turn mop-up problems. 



FFMC 

DMC DC 

Daily variations in FWI System Fuel Moisture Codes 



FWI System Fuel Moisture Codes  

 

 "Memories“: 

 

FFMC - integrates weather effects of past 

several days 

 

DMC - integrates weather effects over past 

couple of weeks 

 

DC - integrates temperature and rainfall trend 

over period of months 



Structure 

of the 

Canadian 

Forest  

Fire 

Weather 

Index 

(FWI) 

System 
 



Basic Features of a Forest Fire: 
 

It spreads … 

it 

consumes 

or  

“eats” fuel 

and … 

it produces 

heat energy 

and light in 

… 

… a visible 

flaming 

combustion  

reaction. 



Byram’s Fireline Intensity 

         I      =        H       x       W      x         R 

Fire 

Intensity 
(Btu/sec-ft) 

Fuel 

Consumed 
(lb/ft2) 

Rate of Fire 

Spread 
 (ft/sec) 

Heat of 

Combustion 
(8000 Btu/lb) 



The FWI System’s fire behavior indexes are 

patterned after Byram's fireline intensity 

concept 

            - Initial Spread Index (ISI) 

            - Buildup Index (BUI) 

            - Fire Weather Index (FWI) 

 

FWI  constant  BUI   ISI 

I  =   H  ·  w · r 

Values increase as fire weather severity worsens 



A numerical rating of the expected rate of fire 

spread.  It combines the effects of wind and 

FFMC on rate of spread without the influence 

of variable quantities of fuel.  
 

 

Inputs: FFMC, Wind 

 

Scale: 0 to “open ended” 

Initial Spread Index (ISI) 

Of note: Lacks long-term effect of heavy fuel 

dryness.  Best used as a correlator against actual 

head fire rate of spread in specific fuel types. 



Initial Spread Index (ISI) 

"rough rule of thumb" 

For example: 

ISI is a function of 

the FFMC and 10-m 

open wind. An 

FFMC of 89 and 

wind of 20 gives an 

ISI of 10. 

ISI values over 10 

generally indicate a 

significant 

potential for spread 

in most forest fuel 

complexes. 



A numerical rating of the total amount of fuel 

available for combustion that combines DMC 

and DC. 
 

 

Inputs: DMC, DC 

 

Scale: 0 to “open ended” 

Buildup Index (BUI) 

Of note: Compound measure of duff and heavy 

fuel dryness.  Integrates medium and long-term 

weather history.  Good indicator of fire potential 

over wide areas.  Best used as a correlator 

against actual fuel consumption in specific fuel 

types. 



In most boreal 

forest fuel 

complexes, a BUI 

> 80 represents a 

very significant 

level because 

given a nominal 

ISI of 10 ( and 

thus a FWI ~28), 

the onset of 

extreme fire 

behavior is in 

turn quite likely. 
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Buildup Index (BUI) 

"rough rule of thumb" 



A numerical rating of fire intensity that 

combines ISI and BUI.  It is suitable as a 

general index of fire danger throughout the 

forested areas of Canada. 
 

Inputs: ISI, BUI 
 

Scale: 0 to “open ended” 

Fire Weather Index (FWI) 

Of note: Complex series of effects blended into 

one number.  Integrates effects of weather history 

and current weather on fire behavior potential.  

Good correlator against fire intensity in a number 

of fuel types. 



Different ISI and BUI combinations can 

result in the same FWI value 

 

For example: 

FWI  

24 

BUI 200 

ISI 5 

 

BUI 24 

ISI 18 



Different DMC and DC combinations  

can also result in the same BUI 

 

For example: 

BUI  

24 

DMC 13 

DC 329 

 

DMC 22 

DC 60 

In cases where a low BUI is involved, one needs to 

check for the possibility of a high DC. 



 

 Poster “Fire Behavior in Jack Pine Stands Related to the 

Canadian Forest Fire Weather Index (FWI) System 



FWI 17 

Fire intensity as a 

function of the FWI for 

the  

Darwin Lake Project 

 experimental fires 

FWI 24 FWI 20 

FWI 15 

FWI 9 FWI 14 

FWI 34 



Fire Weather Index (FWI) 

"rough rule of thumb" 
 

 

 

Most wildfire "disasters" in forested areas are 

associated with FWI values of greater than about 50 
 



ISI 

BUI FWI 

Daily variations in FWI System Fire Behavior Indexes 



FWI System Table Calculations FWI System Calculations 

Tables Computer 



Yukon Territory 

Informing the Public of Impending Fire Danger 



Province/                        Fire Danger Class 

Territory  Low  Moderate  High  Very High  Extreme 

                ---------- Fire Weather Index (FWI) ----------- 

   YT           0-13    14-23     24-28          -            29+  

   NT  0-4       5-12      13-18      19-24        25+ 

   AB  0-4       5-10      11-18      19-29        30+ 

SK & MB 0-5       6-16      17-30          -            31+ 

   ON  0-3       4-10      11-22          -            23+ 

   QC  0-4       5-10      11-20          -            21+ 

NB & PE 0-1        2-8         9-15      16-21        22+ 

   NS  0-1        2-8         9-21          -            22+ 

   NF  0-3        4-7         8-14      15-20        21+ 

Fire Danger Classification Schemes Used 

in Canada (exclusive of British Columbia) 



Fire Danger 

Classification Scheme 

Used in British Columbia 

I 

II 

III 



http://fms.nofc.cfs.nrcan.gc.ca/cwfis/ 

Canadian Wildland Fire Information System 



"Operationalizing" of the FWI System 

components 
 

• Personal experience linking indices to 

wildfire & prescribed fire activity 

• Examining historical summaries (i.e., fire 

danger climatology)  

• Historical wildfire & prescribed fire case 

studies   

• Comparison to statistical data from fire 

reports 

• Recent wildfire case studies 

• Experimental & operational burning 

  trials  



Miller’s Reach Fire June 3, 1996 

Standard Fire Weather Observations 

Dry-bulb Temperature 

Relative Humidity 

20-ft Open Wind 

Days Since Rain 

- 62 °F 

- 51% 

- 10 mph 

- 7 



Miller’s Reach Fire June 3, 1996 

FWI System Components 

Fine Fuel Moisture Code (FFMC) 

Duff Moisture Code (DMC) 

Drought Code (DC) 

Initial Spread Index (ISI) 

Buildup Index (BUI) 

Fire Weather Index (FWI) 

- 88.9 

- 70 

- 222 

- 9.3 

- 78 

- 26 



Understanding the FWI System  

CD-ROM based training course 

E-mail: utpbooks@utpress.utoronto.ca When ordering quote: ISBN 0-7785-0076-4  

mailto:utpbooks@utpress.utoronto.ca


Because the FWI System was developed to 

integrate the influence of weather on fire behavior 

in a stylized fuel complex, on level terrain, the 

same component value will obviously have 

different meanings among fuel types. 

Fuel Type        Aspen Slash  Jack Pine Slash 
 

ISI                              18   18 

 

Spread Rate        0.8 ft/min              11.5 ft/min 

 

FWI                             23   23 

 

Fire Intensity  1859 Btu/sec-ft    19,635 Btu/sec-ft 

Adapted  from: Alexander, M.E. 1982.  Fire behavior in aspen slash fuels as related to the Canadian Fire Weather Index.  Canadian Journal of Forest 

Research  12(4):1028-1029.  



Canada like Australia has taken an empirical 

approach to developing fire behavior models 



Natural  Resources 

Canada 

Canadian Forest  

Service 

Fire Behavior Prediction  

Module or Subsystem 

 

In contrast to the FWI System, the  FBP 

System provides quantitative outputs of 

selected fire behavior characteristics for 

several major Canadian fuel types and 

topographic situations. 



Structure of the Canadian Forest Fire 

Behavior Prediction (FBP) System 



The fundamental 

mathematical 

relationships in the  

FBP System are based 

on three different fire 

behavior data sources 

Experimental Fires 

Operational Prescribed Fires Documented Wildfires 



Experimental fire in red pine plantation,  

Petawawa, Ontario 



Experimental fire in jack pine logging slash,  

NE Ontario 



Line fire ignition in immature jack pine,  

NE Ontario  



Experimental fire in lodgepole pine,  

central British Columbia 



Experimental fire in spruce budworm-killed balsam 

fir fuel complex, NE Ontario 



Experimental fire in black spruce-lichen woodland, 

Caribou Range, Northwest Territories 



 

Experimental 

fires in 

matted and 

standing 

grass, 

Northern 

Territory, 

Australia  

 



Experimental fire in jack pine/black spruce, 

International Crown Fire Modelling Experiment, 

Northwest Territories 



Inputs 

and 

Outputs 

of the 

FWI 

System 

used in  

the FBP 

System 
 



Basic rate of spread curve for FBP System 

Fuel Type C-3   

(Mature Jack or Lodgepole Pine) 



FBP System Fuel Types  
General  

Category 

C-1 Spruce-Lichen Woodland 

C-2 Boreal Spruce 

C-3 Mature Jack or Lodgepole Pine 

C-4 Immature Jack or Lodgepole Pine 

C-5 Red and White Pine 

C-6 Conifer Plantation 

C-7 Ponderosa Pine/Douglas-fir 

 

D-1 Leafless Aspen 

 

M-1 Boreal Mixedwood-Leafless 

M-2 Boreal Mixedwood-Green 

M-3 Dead Balsam Fir/Mixedwood-Leafless 

M-4 Dead Balsam Fir/Mixedwood-Green 

 

S-1 Jack or Lodgepole Pine Slash 

S-2 Spruce/Balsam Slash 

S-3 Coastal Cedar/Hemlock/Douglas-fir Slash 

 

O-1a Matted Grass 

O-1b Standing Grass 

Fuel Type Input Modifier 

Coniferous 

Deciduous 

Mixedwood 

Slash 

Open 

- 

- 

- 

- 

- 

Live Crown Base Height 

- 

 

- 

 

% Softwood/Hardwood 

% Softwood/Hardwood 

% Dead Fir 

% Dead Fir 

 

- 

- 

- 

 

% Degree of Curing 

% Degree of Curing 



FBP System Fuel Type Characteristics 

C-1 Spruce-Lichen Woodland 

C-2 Boreal Spruce 

C-3 Mature Jack or Lodgepole Pine 

C-4 Immature Jack or Lodgepole Pine 

C-5 Red and White Pine 

C-6 Conifer Plantation 

C-7 Ponderosa Pine/Douglas-fir 

 

D-1 Leafless Aspen 

 

M-1 Boreal Mixedwood-Leafless 

M-2 Boreal Mixedwood-Green 

M-3 Dead Balsam Fir/Mixedwood-Leafless 

M-4 Dead Balsam Fir/Mixedwood-Green 

 

S-1 Jack or Lodgepole Pine Slash 

S-2 Spruce/Balsam Slash 

S-3 Coastal Cedar/Hemlock/Douglas-fir Slash 

 

O-1a Matted Grass 

O-1b Standing Grass 

Fuel Type Crown Base 

Height (ft) 

6.7 

22.3 

22.3 

22.3 

22.3 

22.3 

15.6 

 

6.7 

 

22.3 

22.3 

22.3 

22.3 

 

35.7 

71.4 

142.7 

 

0.3 

0.3 

Crown Fuel  

Load (T/Ac) 

Max. Surface Fuel  

Consumption (T/Ac) 

6.6 

9.8 

26.2 

13.1 

59.0 

22.9 

32.8 

 

- 

 

19.6 

19.6 

19.6 

19.6 

 

- 

- 

- 

 

- 

- 

3.3 

3.6 

5.1 

5.4 

5.4 

8.0 

2.2 

 

- 

 

3.6 

3.6 

3.6 

3.6 

 

- 

- 

- 

 

- 

- 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Spruce-lichen Woodland 

Forest floor: Continuous reindeer lichen 

Ladder fuels: Tree crowns extend to the ground 

Structure: Open black spruce with dense 

clumps 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Boreal Spruce 

Forest floor: Continuous feathermoss 

Ladder fuels: Tree crowns extend to the 

ground 

Structure: Moderately stocked black spruce 

stands  



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Mature Jack or Lodgepole 

Pine 
Forest floor: Continuous feathermoss 

Ladder fuels: Tree crowns separate from ground 

Structure: Fully stocked stands 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Immature Jack or 

Lodgepole Pine 

Forest floor: Continuous needle layer 

Ladder fuels: Tree crowns extend to ground 

Structure: Very dense stands 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Red and White Pine 

Forest floor: Continuous needle layer 

Ladder fuels: Tree crowns separate from ground 

Structure: Moderately well stocked stands 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Red Pine Plantation 

Forest floor: Continuous needle layer 

Ladder fuels: Tree crowns separate from ground 

Structure: Fully stocked stands 



C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

Conifer Fuel Types 

Ponderosa Pine – Douglas 

Fir 
Forest floor: Continuous needles and grass 

Ladder fuels: Tree crowns separate from ground 

Structure: open stands, uneven aged 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 

Leafless Aspen 

Forest floor: Continuous leaf layer 

Ladder fuels: None 

Structure: Moderate to well stocked stands 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 

Boreal Mixedwood - 

leafless 
Forest floor: Continuous leaf layer and 

discontinuous feathermoss/needles layer 

Ladder fuels: Crown fuels extend to ground, 

possible balsam understory 

Structure: Moderate-well stocked stands 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 

Boreal Mixedwood – 

leafed out 
Forest floor: Continuous leaf layer and 

discontinuous feathermoss/needles layer 

Ladder fuels: Crown fuels extend to ground, 

possible balsam understory 

Structure: Moderate-well stocked stands 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 

Dead Balsam Fir 

Mixedwood – leafless 
Forest floor: Continuous leaf layer and 

discontinuous feathermoss/needles  layer 

Ladder fuels: Crown fuels extend to ground, 

possible dead balsam understory 

Structure: Moderate-well stocked stands 



D-1 

M-1 

M-2 

M-3 

M-4 

Deciduous and 

Mixedwood  Fuel Types 

Dead Balsam Fir 

Mixedwood – leafed out 
Forest floor: Continuous leaf layer and 

discontinuous feathermoss/needles  layer 

Ladder fuels: Crown fuels extend to ground, 

possible dead balsam understory 

Structure: Moderate-well stocked stands 



O-1a 

O-1b 

Open and Slash Fuel Types 

S-1 

S-2 

S-3 



O-1a 

O-1b 

Open  and Slash Fuel Types 

Grass – matted (spring) 

S-1 

S-2 

S-3 
Forest floor: Continuous grass layer, matted 

down by winter snows                                              

Structure:  Open with occasional thickets 



O-1a 

O-1b 

Open  and Slash Fuel Types 

Grass - standing 

S-1 

S-2 

S-3 
Forest floor: Continuous grass layer, stranding 

grass from the summer is cured                                              

Structure:  Open with occasional thickets 



O-1a 

O-1b 

Open  and Slash Fuel Types 

Slash : Jack or Lodgepole 

Pine 

S-1 

S-2 

S-3 
Forest floor: Discontinuous feathermoss and 

needle layer                                              

Structure:  Slash from clear-cut logging 



O-1a 

O-1b 

Open and Slash Fuel Types 

Slash: Spruce-Balsam 

S-1 

S-2 

S-3 
Forest floor: Discontinuous feathermoss and 

needle layer                                              

Structure:  Slash from clear-cut logging 



O-1a 

O-1b 

Open and Slash Fuel Types 

Slash : Coastal Cedar-

Hemlock-Douglas Fir 

S-1 

S-2 

S-3 

Forest floor: Discontinuous feathermoss and 

needles layer                                              

Structure:  Slash from clear-cut logging 



FBP System Fuel Type Poster 



This fuel type is characterized by pure, moderately well-

stocked black spruce stands on lowland (excluding 

Sphagnum bogs) and upland sites. Tree crowns extend to or 

near the ground and dead branches are typically draped with 

bearded lichens (Usnea sp.). The flaky nature of the bark on 

the  lower portion of stem boles is pronounced. Low to 

moderate volumes of down woody material are present. 

Labrador tea (Ledum Groenlandicum Oeder) is often the 

major shrub component. The forest floor is dominated by a 

carpet of feather mosses and/or ground-dwelling lichens 

(chiefly Clodonia). Sphagnum mosses may occasionally be 

present, but they are of little hindrance to surface fire spread. 

A compact organic layer commonly exceeds a depth of 23-30 

cm (9 - 12 in.).  

C-2 (Boreal Spruce) 

Example Fuel Type Description 



FBP System Sub-models 

• Rate of Spread 
– Including a build-up effect, grass 

curing, etc. 

• Surface fuel consumption 

• Slope influence on rate of spread 
– Including wind/slope interaction 

• Transition to crowning 

• Foliar moisture content 

• Crown fraction burned and total 
fuel consumed 

• Head fire intensity 

• Acceleration 

• Elliptical growth  
– including flank and back spread 

rates, perimeter growth, area burned 



O-1b 

C-2 

M-1 

M-2 

D-1 



Slope Effect on 

Fire Spread Rate 

used in the FBP 

System 



The onset of crowning occurs when the potential 

surface fire intensity attains or exceeds a certain 

critical value as determined by the foliar moisture 

content and the crown base height. 

 

CROWN 

 BASE 

HEIGHT 

FOLIAR  

MOISTURE 

CONTENT 



Conceptual example of the seasonal trend in 

the foliar moisture content of conifer foliage 



 

An example of foliar moisture content calculated by 

the FBP System for west-central Alberta 



A Simple  

Elliptical 

Fire 

Growth 

Model is 

Employed 

in the FBP 

System 



Commercial FBP System Software 

Behave by Remsoft®                         http://www.remsoft.com/ 

 

 

 

http://www.remsoft.com/


http://fms.nofc.cfs.nrcan.gc.ca/cwfis/ 

Canadian Wildland Fire Information System 



“Operational Use” of the FBP System  

Operational Field Manual 

(FBP System “Red Book”) 

Technical & Scientific 

Documentation 



Flow chart of procedures used in the guide  



Red Book “Quickie”: The Scenario 
 

- a fire is reported 5 km from a community  

- winds are currently and are also forecasted 

to blow directly towards the town at 15 km/h 

- fire danger conditions: FFMC 92, BUI 90 

- fuels and topography: area dominated by 

black spruce forests on level terrain 
 

 Question: 

 What would you 

tell the local 

community 

leaders? 



Red Book “Quickie”: 

The Schoolbook Solution 
Computations: 

- determine ISI value: 12 

- determine Head Fire Intensity 

Class: 6 (> 10 000 kW/m) 

- determine equilibrium head fire 

ROS: 17 m/min or ~ 1 km/h 

(m/min x 0.06 = km/h) 

- determine time for fire to reach 

  community (Distance/ROS):  

  5 km/1 km/h = 5 hours 

- determine LB: 2.0 

- determine fire breadth or 

maximum width (Distance/LB): 

   5 km/2.0 = 2.5 km 



Implications: 

 Fire is uncontrollable and will reach the 

community in less than 5 hours on 2.5 km front 



A SIMPLE FIELD GUIDE FOR ESTIMATING THE BEHAVIOUR AND SUPPRESSION 

REQUIREMENTS OF FIRES DRIVEN BY WIND COMING FROM A CONSTANT DIRECTION, IN 

OPEN, FULLY CURED GRASSLANDS AT LOW FUEL MOISTURE. 

Caution: Flame heights at the fire’s head will  be greater than 2.5 metres.  Under NO circumstances should direct 

attack be mounted on the head fire. Any containment action must begin from a secured anchor point and progress 

along the flanks toward the head as the fire edge or perimeter is “knocked down”. 
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  absent      present   

a See reverse side for details on the Beaufort Wind Scale. 
b The “Trees absent” and “Trees present” classes refer to the absence or presence of trees/scrub within 20 meters of 

the windward side of the firebreak. The presence of trees or scrub has a significant influence on firebreak 

effectiveness because they supply woody material for firebrands which can spot across the break. 

F
o

rw
a

rd
 s

p
re

a
d

 

d
is

ta
n

ce
 

+ 
Maximum 

breadth 

W
in

d
 

Alexander & Fogarty (1997)  

Grassland Fire Behavior Pocket Card 



Cole & Alexander 

(1995) wall poster 

Alexander & Cole 

(1995) technical 

paper presented 

at the SAF/CIF 

Joint National 

Convention, 

Anchorage, 

Alaska, Sept. 18-

22, 1994 





Hay River, Northwest Territories 

Black Spruce Forests 

Average Number of Days (basis: 1954 - 1996) HFI Fire 

Season Sep. Aug. July June May Class Danger 

58 16 10 10 8 14 1-2 Low 

46 8 11 9 9 9 3 Moderate 

19 2 4 5 4 4 4 High 

34 3 7 9 9 6 5-6 Extreme 

Application of 

CFFDRS to the WUI 

Fire Problem - 

 An Example 



*i.e., two loads. 

Recommended Foam Consistencies for Aerial Attack on Wildfires in Canadian Forest 

Fire Behavior Prediction (FBP) System Fuel Types 

Ground Support (within 30 minutes) No Ground Support 

FOREST FLOOR: FOREST FLOOR: 

Shallow 

WET 

DRIPPING 

FBP System 

fuel types 

C-1, C-7, 

 S-1, O-1) 

FBP System 

fuel types 

C-4, C-5,  

C-6, D-1) 

Shallow 

DRIPPING 

FBP System 

fuel types 

C-1, C-7,  

S-1, O-1) 

FBP System 

fuel types 

C-4, C-5,  

C-6, D-1) 

WET 
FOLLOWED BY 

DRY-optional* 

Deep 

DRY 

FBP System 

fuel types 

C-2, S-2, S-3) 

WET 
FOLLOWED BY 

DRY 

FBP System 

fuel types 

C-3, M-1, M2 

M-3, M-4) 

Deep 

DRIPPING 

FBP System 

fuel types 

C-2, S-2, S-3) 

WET 
FOLLOWED BY 

DRIPPING* 

FBP System 

fuel types 

C-3, M-1, M2 

M-3, M-4) 

TREE 

CANOPY: 

Open 

Closed 

TREE 

CANOPY: 

Open 

Closed 

FBP System Fuel Types have been linked to Aerial 

Application of Foam Requirements 



Mack Lake Fire, Michigan 

May 5, 1980 

FFMC 94.6 

DMC 35 

DC 59 

ISI 43.2 

BUI 35 

FWI 50 

Dry-bulb Temperature 80 °F 

Relative Humidity  24% 

33-ft Open Wind 20.5 mph 

Days Since Rain 6 



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 (ft/min)     187           184 

Head Fire Intensity (Btu/sec-ft)       9731      8890 

Forward Spread Distance (mi)      7.1            7.5 

Area Burnt (Acres)          6262         6778     

Fire Perimeter (mi)          15.4          12.4 

Predicted Type of Fire at the "Head" : 

Continuous Crown Fire (100% Crown Fuel Involvement) 



Stephan Bridge Road Fire  

 Michigan May 8, 1990 

FFMC 93.6 

DMC 68 

DC 112 

ISI 29.1 

BUI 68 

FWI 52 

Dry-bulb Temperature 82 °F 

Relative Humidity  26% 

10-m Open Wind 17.4 mph 

Days Since Rain 14 



The following comparisons are based on the major run of the 

Stephan Bridge Road Fire that occurred between 1540 and 1930 

hours EDT on May 8, 1990 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 (ft./min)      174           184 

Head Fire Intensity (Btu/sec-ft)      14,859      N/A 

Forward Spread Distance (mi.)     7.2          8.0 

Area Burnt (Acre)          7129          4490 

Fire Perimeter (mi)          15.8           15.4 

Predicted Type of Fire at the "Head" : 

Continuous Crown Fire (100% Crown Fuel Involvement) 

Stephan Bridge Road Fire Michigan  

May 8, 1990 



FBP System Training Materials 

CD-ROM 

E-mail: orders@gtwcanada.com 

When ordering quote:  

ISBN 0-660-17600-9  

Workbook 

http://www.ubcpress.ca  
When ordering quote: 

ISBN 9780660163895 

mailto:orders@gtwcanada.com


Advanced Wildland Fire 

Behavior Course 
 

 

Wildland Fire 

Behavior Specialist 

Course 

 
 

Course Dates & Locations Advertised on Canadian 

Interagency Forest Fire Centre web site: 

www.ciffc.ca 

• Delivered regionally (West, East + French) 

• Delivered Nationally   



Basic Similarities & Differences 

Between Canadian & U.S. Systems 



Fire Environment Inputs: 

Fuels 

• U.S. 

– 13 Fire Behavior 
Fuel Models (1976) 

– 20 Fire Danger Fuel 
Models (1978) 

– Customized Fuel 
Models (1979) 

– 40 new Fire 
Behavior Fuel 
Models (2005) 

• Canadian 

– 1 Fuel Type in FWI  

   System 

– 16 Fuel Types in FBP 
System 

 



Fire Environment Inputs: 

Live Fuel Moisture 

• Canadian 

– Conifer Foliar MC 

Estimated From 

Calendar Date, 

Location (Lat./Long) 

and Elevation 

• U.S. 

– Understory Live 

Moisture Content 

(Herbaceous & 

Woody) Estimates 

Based on Phenology 

Required for Certain 

Fuel Models. 



Fire Environment Inputs: 

Dead Fuel Moisture 

• Canadian 

– FWI System Fuel 

Moisture Codes 

Dependent on the 

Continuity of Daily 

Wx Readings 

– Emphasis on Forest 

Floor Layer 

• U.S. 

– Dead Fuel Moisture 

Content (1-hr, 10-hr, 

100-hr, 1000-hr TL’s) 

Calculated From Current 

Wx Observations Plus 

Other Environmental 

Variables 

– Emphasis on 

Herbaceous & Woody 

Vegetation & Dead-

Down Roundwood Fuels 



Fire Environment Inputs: 

Topography 

• Canadian 

– Considers the 

Mechanical Effects 

of % Slope on Fire 

Behavior 

– Uses a Vectoring 

Approach For Cross-

Slope Situations 

• U.S. 

– Considers the 

Mechanical Effects 

of % Slope on Fire 

Behavior 

– Uses Basic 

Vectoring for Cross-

Slope Situations 



The effect of slope 

steepness on uphill 

rate of fire spread of 

free-burning 

wildland fires in the 

absence of wind 

according to 

Australian  

(McArthur 1962; 

Cheney 1981), 

Canadian (Van 

Wagner 1977b) and 

American 

(Rothermel 1972) 

authorities 



Fire Environment Inputs: 

Weather 

• Canadian 

– Temp, RH, Rain 

–  Open Wind Measured 

at 10-m Height 

 

• U.S. 

– Temp, RH, Rain + 

additional parameters 

– Open Wind Measured at 

20-ft (6.1-m) Height 

– Open Wind Adjusted for 

Vegetative Cover & 

Topographic Position to 

“Mid-flame” Wind Speed 





Fire Danger Index Equivalencies 

Canadian 

 

FFMC 

 

DMC/BUI 

 

DC 

 

ISI 

 

FWI 

 

 

U.S. 

 

IC 

 

ERC 

 

KBDI 

 

SC 

 

BI 













Fire Behavior Outputs 

• Canadian 

– Produces Estimates of ROS 

& Intensity 

– Predicts both Surface & 

Crown Fire Within a Given 

Fuel Type 

– Predicts Fuel Consumption 

– Allows for Acceleration 

From a Point Source Ignition 

• U.S. 

– Produces Estimates of ROS & 

Intensity/Flame Length 

– Primary Prediction by Fuel 

Model is for Surface Fire 

– Crown Fire Prediction 

Handled Separately  

– No Direct Estimates of Fuel 

Consumption 

– No Allowance for 

Acceleration 



Acceleration curve for open canopy fuel types 

showing the proportion of equilibrium rate of 

spread as a function of elapsed time since 

ignition. 



Fire Behavior Outputs: 

Fire Intensity Class Graphs vs.Hauling Charts 



http://www.firegrowthmodel.com/ 



Technical Basis 
• Canadian 

– “Seamless” System 

Largely derived from  

empirical data  

coupled with  

simple logic 

• U.S. 

– Systems based on 

laboratory fires  

and physical  

theory 



In his comparison of the 1972 National Fire 

Danger Rating System and the Canadian FWI 

System, Van Wagner (1975) concluded that: 

The American system is probably at its best in the 

open, grassy forests or brush types with little or no 

duff layer common in many parts of the United 

States, but not well represented in Canada.  The 

Canadian system, on the other hand, is at its best 

in forests with fairly complete canopy and a 

substantial layer of litter and duff but no marked 

seasonal variation in herbaceous vegetation. 



“Fire  

Behavior 

Prediction 

Olympics”: 

 

Canada vs. USA 

 

Comparison of 

BEHAVE System 

(i.e., Norum 1982) 

versus Canadian 

FBP System based 

on the 1983 Rosie 

Creek Fire near 

Fairbanks, AK 



Rosie Creek Fire near Fairbanks, Alaska 

June 2, 1983  

FFMC 92.7 

DMC 114 

DC 209 

ISI 18 

BUI 114 

FWI 49 

Dry-bulb Temperature 74 °F 

Relative Humidity  33% 

10-m Open Wind 13 mph 

Days Since Rain 4 



FBP System Red Book  

      Given ISI 18 and BUI 114 

 

• Head Fire Intensity Class 6 

 

• Equilibrium head fire ROS:  

   31 m/min or 102 ft/min 

 

• Continuous Crown Fire 

 

 



+ 

1983 

Rosie 

Creek 

Fire 

Rosie Creek Fire near Fairbanks, 

Alaska June 2, 1983 



Description of Probable Fire Potential and 

Implications for Wildfire Suppression at Head Fire 

Intensity Class 5* 
 

The situation should be considered as "explosive" or super 

critical in the upper portion of the class.  The characteristics 

commonly associated with extreme fire behavior (e.g., rapid 

spread rates, continuous crown fire development, medium- to 

long-range spotting, firewhirls, massive convection columns, 

great walls of flame) is a certainty.  Fires present serious 

control problems as they are virtually impossible to contain 

until burning conditions ameliorate.  Direct attack is rarely 

possible given the fire's probable ferocity except immediately 

after ignition and should only be attempted with the utmost 

caution; an escaped fire should in most cases, be considered 

a very real possibility.  The only effective and safe control 

action that can be taken until the fire run expires is at the 

back and up along the flanks. 
*from Alexander and Cole (1995) 



Rod Norum found 

that Fire Behavior 

Fuel Model 9 Rate of 

Spread X 1.2 worked 

best for predicting 

head fire spread 

rates in Alaskan 

black spruce.   

 

For flame lengths 

and in turn fire 

intensities he 

recommended using 

Fire Behavior Fuel 

Model 5. 



1983 Rosie Creek Fire, Fairbanks, AK 

BEHAVE Predictions 
 

Estimating 1-hr Time Lag (TL) Fuel Moisture Content   

as per Rothermel (1983) 
 

Temperature: 74 oF 

Relative Humidity: 33%  
 

Reference Fuel Moisture: 5% 

Adjust for shading, time of year  

(i.e., month), time of day,  

slope steepness, aspect and elevation: 3% 
 

Dead Fuel Moisture Content: 5% + 3% = 8% 
 

Assumptions (as per Rothermel 1983): 

10-hr TL = 8% + 1% = 9%           100-hr TL = 8% + 2% = 10% 
 

Assume 100% for Live Moisture Content as per Rothermel  

(1983, Table II-2, p. 13) 



1983 Rosie Creek Fire, Fairbanks, Alaska 

BEHAVE Predictions 
 

 

 

20-ft Open Wind Speed: 13 mph  
 

Rod Norum has suggested a Wind 

Reduction Factor of 0.2 for Alaskan  

black spruce. 
 

Dick Rothermel has suggested a Wind 

Reduction Factor of 0.4 for Fire Behavior 

Fuel Model 5 
 

Mid-flame Wind Speed = 13 x 0.2 = 2.6 

mph for Fire Behavior Fuel Model 9 
 

Mid-flame Wind Speed = 13 x 0.4 = 5.2 

mph for Fire Behavior Fuel Model 5 

Estimating the Mid-flame Wind Speed 



1983 Rosie Creek Fire, Fairbanks, AK 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fire Behavior Characteristic          BEHAVE        CDN FBP 

       System   System 

Head Fire Rate of Spread (ft/min):       3.9                 102 
 

Flame Length (ft):                     3.3                 35+        
 

Fire Intensity (Btu/sec-ft):          75             12 140 

Rosie Creek Fire near 

Fairbanks, Alaska June 2, 

1983 

 



For more information on the CFFDRS 

CFS Canadian Forest Fire Danger Rating System website: 
http://fire.cfs.nrcan.gc.ca/research/environment/cffdrs/cffdrs_e.htm 

 

Applying the Canadian Forest Fire Danger Rating System to Alaska 
http://depts.washington.edu/nwfire/ 

http://fire.cfs.nrcan.gc.ca/research/environment/cffdrs/cffdrs_e.htm


THE END 

ANY QUESTIONS? 


