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- prevention planning 

- preparedness planning 

- detection planning 

- initial attack preparedness planning & 

dispatching 

- fire suppression tactics & strategies 

- escaped fire situation analysis 

- prescribed fire planning & execution 

- fire behavior training 

Uses or Applications of  

Fire Danger Rating Systems 



Review of Basic  

Fire Behavior Characteristics 



“FIRE BEHAVIOR 101” 

Fire behavior is defined as the manner in 

which fuel ignites, flame develops,  

fire spreads and exhibits other related 

phenomena as determined by the 

interaction of fuels, weather, and 

topography (i.e., the fire environment). 



The more important fire behavior 

characteristics from the practical 

standpoint of fire suppression are: 
 

• Forward Rate of Spread 
 

• Fire Intensity 
 

• Flame Front Dimensions 
 

• Spotting Pattern (densities & distances) 
 

• Fire Size and Shape 
 

• Rate of Perimeter Increase 
 

• Burn-out Time 



What 

distinguishes 

wildland fires 

from structural or 

urban fires is 

their horizontal 

spread potential. 



Most forest or wildland fires start from a point. 



+ 
+ 



A fire originating from a single point source 

gradually increases its rate of forward 

progress until a rate of spread approaching a 

"quasi" or equilibrium steady state is reached. 



Porter Lake Experimental Point Source Fire P2 

2 min 

4 min 

9 min 

12 min 



Porter Lake Experimental Point Source Fire P2 

14 min 



Porter Lake Experimental Line Fire L2 



Acceleration patterns in 

forest fires are very variable 

but generally the more 

severe the burning 

conditions the longer a fire 

will continue to accelerate. 



Acceleration Pattern Observed in Forest Fires 
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The acceleration phenomena in forest fires 

typically follows a "stepped" pattern or stages. 



Nominal Spread Rates for Wildland Fires 

Ground or Subsurface Fires: < 0.01 m/min 
 

Surface Backfires  

in Forests: 

 0.1 – 1.0 m/min 

 

Surface Head Fires  

in Forests: 

 1 - 10 m/min 
 

Crown Fires in Forests: 

 15 - 200 m/min 
 

Grass Fires:  

up to 250 - 350 m/min 



Rate of Fire Spread (ROS) 

Descriptive Term 
 

Extremely or Very Slow  

Slow Moderately  

Slow  

Moderately Fast  

Fast  

Very Fast  

Extremely Fast 

m/min 
 

<0.1  

0.1  -  1 

1  -  3 

3  - 10 

10 - 18 

18 - 25 

25+ 



Fire Size 

and 

Shape 



In the absence of wind and slope, an incipient 

fire would spread in a circular pattern, 

provided the fuels are uniformly distributed.   

However, wind-driven fires on level ground or 

on slopes originating from a point source 

ignition can generally be represented by an 

ellipse or oval shape provided wind direction 

remains relatively constant. 



IF 
 

• FUELS ARE UNIFORM AND CONTINUOUS 

• TOPOGRAPHY SIMPLE AND HOMOGENUOUS 

• WIND IS CONSTANT AND UNI-DIRECTIONAL 

• THE FIRE IS WIND OR WIND/SLOPE DRIVEN 

 
THEN 

 

A FIRE STARTING FROM A POINT SOURCE WILL 

HAVE AN ELLIPICAL SHAPE 

Simple Elliptical Fire Growth Model 

Assumptions: 



Associated Fire Characteristics and/or 

Environmental Conditions 

 

Expected only for very small, slowly 

spreading fires 

 

Normal fire shape on flat to moderately 

sloping ground 

 

Normal fire shape on steep slopes or 

with moderately strong winds 

 

Very windy conditions or very steep 

terrain 

L/B Ratio  

 

 

1.0 

 

 

 2.0-3.0 

 

 

4.0-5.0 

 

 

6.0 



Rate of Perimeter Increase 



Rough Rule of Thumb 

Rate of Perimeter Increase =  

Head Fire Rate of Spread x 2.5 



How "hot" is a forest fire? 

The maximum temperature in wildland fire 

flames are ~ 800-1000 deg C and occur in a 

single burning conifer needle as readily as in 

a active crown fire. 





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. 



Fire Intensity 

         I      =        H       x       W      x         R 

Fire 

Intensity 

(kW/m) 

Fuel 

Consumed 

(kg/m2) 

Rate of Fire 

Spread 

(m/sec) 

Fire Intensity Spectrum 
 

10 kW/m – Lower limit of surface fire spread 
 

1000 kW/m – Limit of suppression capability by  

                       hand crews 
 

10 000 kW/m – Active crown fires have developed 
 

100 000 kW/m – Major conflagrations 

Heat of 

Combustion 

(18 000 kJ/kg) 



 Fire Intensity    Minimum Control Requirements 

Generalized limits of fire suppression 

effectiveness in relation to fire intensity 

    Fire Intensity                 Minimum Control Requirements 

 
        < 500 kW/m                               hand tools 

 

       500-2000 kW/m                water under pressure and/or heavy machinery 

 

       2000-4000 kW/m                helitankers & airtankers using chemical              

                                                         retardants 

 

           4000+ kW/m               very difficult to control  



Fire intensity is related to size of flames 

Simple Formula for Field Use 
 

I = 300 x (L)2  

L = Flame Length (metres) 



Rough Rule of Thumb  

Minimum Firebreak or Fireguard Width  

[in the absence of severe spotting]  

= Flame Length X 1.5 



Crown Fire Initiation 



The transition from a surface fire to a crown 

fire is obviously of great interest and concern 

to fire managers since crown fires represent a 

level of fire behavior that normally precludes 

any direct fire suppression action. 
 

Furthermore, the forward spread of the fire 

typically at least doubles its rate of advance 

and in turn the area burned  

for a given period of time  

is at least four times greater  

in size because the area  

burned is proportional to  

the (rate of spread)2. 



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 



Spotting Pattern  

(density and distance) 



Burn-out Time 



So it practical terms, for initial attack planning we need 

answers to questions such as the following given a 

newly reported fire: 

 

• What kind of fire can we expect – Ground or sub-

surface fire? Gentle or low-intensity surface fire? 

Moderate to high-intensity surface fire?  Crown fire? 

 

• Can the fire be handled by ground crews with hand 

tools or will heavy machinery and aircraft be required? 

 

• How big will the fire be after 30 minutes?  1 hour?    

2 hours? 

 

• Will mop-up will be difficult and involved? 



Fire Behavior as a Factor in Fire 

Suppression 





To stop a fire one can:  
 

(1) Remove the fuels ahead of the spreading 

combustion zone 



To stop a 

fire one can:  

(2) Reduce 

the 

temperature 

of the 

burning 

fuels 



To stop a fire one can:  

(3) Exclude oxygen from reaching the 

combustion zone  



Even after 

containment, it is 

generally 

necessary to 

physically separate 

the burnt fuel from 

the unburnt fuel  

along the fire 

perimeter ...  



... in order to prevent re-kindling and 

"breakaways"  or escapes from occurring! 



Every type of fire fighting resource has a 

limit! 



In order to achieve successful fire containment the fireline 

production rate of the appropriate suppression resource 

must exceed the rate of perimeter increase 

 



Generalized  

fuel 

type 
 

Short grass 

Tall brush 

Conifer stand 

Logging slash 

Crew with 

hand tools 

(m/person-hour) 
 

80 

13 

40 

20 

 

5-person 

pumper crew 

(m/hour) 
 

805 

402 

463 

402 

 

Medium-sized 

bulldozer 

(m/hour) 
 

1509 

734 

694 

785 

An example of fireguard or fireline production rates 

by fuel type for three commonly used fire 

suppression resources 

 



Fireline Production Rates of Bulldozers 



Hot-Spotting Suppression Capabilities or 

Production Rate 



How many metres or feet of fire edge can a 

pumper truck of a given size knock down? 





An example of the simulated production of a “light” helicopter 

with a 530-liter capacity bucket dropping water in the exotic 

pine plantation fuel type of south-eastern Queensland, 

Australia 



The primary purpose of aerial attack is to 

retard the progress of fire fire and hold it until 

ground crews can move in to complete the 

suppression job. 



Basic Airtanker “Containment Capability” 

Data Table Based on Drop Tests in Handout 

The 

“Footprint” 





to achieve containment within some specified period of time 

after arrival or at some predetermined final size? 

Basic Consideration: 
 

Does the IA suppression force have a production rate that exceeds 

the rate of perimeter growth within a reasonable period of time in 

order to achieve containment within some specified period of time 

after arrival or at some predetermined final size? 



7-person Helitac Crew with Medium Helicopter 



DIRECT ATTACK FLANKING ACTION 



Effect of Fire 

Containment on 

Fire Growth 



Potter & Others (1981) 

 40% of the Perimeter for Containment  

"Rough Rule of Thumb"  
 



Schematic diagram illustrating the various activities involved 

in controlling and extinguishing a wildfire as a function of 

cumulative area burned and elapsed time since ignition 



The chain of actions required to control a wildfire 



Is it realistic to expect we can control all fires 

before they reach conflagration levels? 



Every human-caused fire is a fire 

prevention failure!  



Even if we could prevent all human-

caused fires we would still have to 

contend with lightning-ignited fires 



You cannot prevent fires.  You can only 

prevent small fires becoming large ones. 

Taylor (1989) 





Would more 

airtankers 

eliminate the 

wildfire 

problem? 



Would more 

lookouts 

eliminate the 

wildfire 

problem? 

B.J. Stocks 



Are these realistic solutions to the  

wildfire problem? 



... further major advances 

in combating wildfire are 

unlikely to be achieved 

simply by continued 

application of the 

traditional methods.  What 

is required is a more 

fundamental approach 

which can be applied at 

the design stage … 

 

Such an approach requires 

a detailed understanding 

of fire behaviour ... 
 

Drysdale (1985) 



TIME as a factor 

influencing  fire 

behavior is not 

adequately or fully 

appreciated. 



"During the first 

30 minutes or so 

of a fire's life 

history, 

suppression 

forces  have their 

greatest chance 

of success 

purely because 

the fire is still 

accelerating and 

has not reached 

its maximum rate 

of spread ..." 
Alan McArthur (1968)  

The Effect of Time on Fire Behaviour and 

FireSuppression Problems 



Simulation of the build-up in fire intensity with elapsed time 

since ignition for free-burning fire originating from a single 

ignition source. 



 

 
 Initial attack preparedness/dispatch 

systems need to carefully consider the 

various times involved in "elapsed time 

since ignition": 

- Discovery Time 

- Reporting Time 

- Get-Away Time 

- Travel Time 



Discovery Time 



 

 
Discovery Time  

of Incipient Fires by Lookout Observers 



Reporting Time 



Get-a-way Time 



Travel Time 



Initial Attack Fire Preparedness Guidelines 

Ultimately Need to Consider Fire Behavior Potential 

and Fire Suppression Resource Productivity in 

Relation to Time Since Ignition 



Canadian Forest Fire Behavior 

Prediction (FBP) System  

 



Commercial FBP System Software 

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

 

 

 

http://www.remsoft.com/




• Head fire rate of spread 

• Head fire intensity class 

• Type of Fire (Surface, 

Intermittent Crown, 

Continuous Crown) 

 



Head Fire ROS: 19 

HFI Class: 6 

Continuous Crown Fire 



FBP System Red Book also provides means 

of predicting: 

 

• Forward and Back Fire Spread Distances 

 

• Fire Area 

 

• Fire Perimeter 

 

• Length-to- Breadth ratio  

 

• Rate of Perimeter Growth 





1980 Chachukew Fire, Saskatchewan 

40% Containment Rule of Thumb 

 Case Study Example 





 
 

1980 Chachukew Fire, Saskatchewan  

 

Distance from Base to Fire: 150 km 

Cruise Speed of Tracker: 300 km/h 

Total Travel Time: 10 minutes (for get-a-way & climb to 

cruise speed) + 30 minutes = 40 minutes 

Initial Spread Index (ISI): 13/2 (Head Fire/Backfire) 

Buildup Index (BUI): 77 

10-m Open Wind: 20 km/h 

FBP System: C-3 (Mature Jack Pine) 

 

40% Containment Rule of Thumb 

 Case Study Example 

 



 
 

Head Fire Rate of Spread: 10 m/min 

Head Fire Description: Intermittent Crowning (CFB > 

0.5); Intensity Class 5 

Backfire Rate of Spread: 0.1 m/min 

Elapsed Time: 45 (includes 5 minutes  

allowance for size-up) 

Head Fire Spread Distance: 281 metres 

Backfire Spread Distance: ~ 3 metres 

Total Spread Distance: 284 metres 

Fire Area: 2.8 hectares 

Fire Perimeter: ~ 650 metres 

40% Containment Rule of Thumb 

 Case Study Example 

 1980 Chachukew Fire, Saskatchewan 



HOW MANY TRACKERS REQUIRED TO ACHIEVE 

CONTAINMENT? 
 

40% of 650 metres: 260 metres (i.e., 0.4 x 650 = 260) 
 

Maximum "Containment"  

Capability Per Tracker 

 (4-door String Drop): 

  94 metres 

 

40% Containment Rule of Thumb 

 Case Study Example 

 

Answer: at least 3  

 (i.e., 260/94 = 2.8 or 3)  

1980 Chachukew Fire, Saskatchewan 



Case Study: 1980 
Chachukew Fire, 
Saskatchewan 

This case study also 
highlighted the 
need for fire 
managers to make 
appropriate 
adjustments in 
calculating FWI 
System components 
when dealing with 
scattered rain 
showers. 

+ 

+ 



Why Document Wildfire Behaviour & Suprression 
Effectiveness? 

Comparison 

Idealisation 
Approximation 

Abstract or 
Symbolic 

Representation 

Mathematical 
Processing 

Real World 

Conclusions 
Predictions 

Applied 
Mathematical 

 Model 

Real  
or Actual 

Model 



Washington Creek - 299 

• 6/21/04 

• RAWS Weather Observations  1400 HRS 

• 80 degrees F. 

• 41% RH 

• 3.5 mph Windspeed 

• 5 days since measurable precipitation 

• Lower RH at discovery 1745 hrs 

• Recall FWI predicts for the “peak”  

 

 



Fire Weather Indices 

 

• Washington Creek Fire – June 21, 2004 

• Fuel Moisture Codes and Fire Behavior 

Indexes 

• FFMC  90.7 

• DMC  71.2 

• DC  237.1 

• ISI   6.3 

• BUI 81.3 



Aerial Detection  



INITIATION OF A CROWN FIRE  



FIRE ACCELERATION AFTER 

IGNITION  



Fire Spread 



+ 

2004 

Washington  

Creek Fire 



 Any Questions? 

Comments? 


