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FOREWARD 

The 1 9 7 5  Federal Department of the Envi ronment ( DOE ) 
Poli cy on Meteorological Servi ces for Forest Fire Control 
set s out the responsi bilities of the Atmospheri c  Envi ronment 
Servi ce ( AES ) and Canadian Forestry Service ( CFS ) in 
provi sion of f i re weather foreca st s ,  f i re danger foreca st s ,  
and other weather-related servi ces to the various f i re 
control agencies . Briefly , thi s poli cy gives AES the 
responsibility of providing current and forecast f i re weather 
and Fire Weather Indi ces in accordance with the need s of 
fire control agencies . The CFS role is that of research 
and development of improved cooperation with AES in 
preparation of training aids and manuals . Both AES and 
CFS share the respons ibility of improving meteorologi cal 
servi ces for forest f i re control in Canada . Van Wagner 
( 1 9 8 4 ) 1 recently re-empha si zed these speci f i c  obligations . 

In 1 9 7 6 , 
facilitate the 
Meteorologi cal 
"charter" for 
as follows : 

six regional committees 2 were formed 
implementation of the DOE Policy 

Servi ces for Forest Fire Control . 
these regional f i re weather committees 

to 
on 

The 
i s  

Member ship : 1 or more AES representatives desi gnated by 
AES Regional Director ; 1 or more CFS representatives 
desi gnated by CFS Regional Di rector ; and 1 or more f i re 
management agency representatives des ignated by the 
Provincial or territorial chief ( s )  of forest f i re management . 

Terms of Reference : Each Regional Committee will make 
recommendations to the Regional Directors of DOE Servi ces 
( i .  e . , AES and CFS ) for the development and implementation 
of a program of Meteorological Servi ces for Forest Fire 
Control whi ch i s  sui ted to the need s of the Region and 
is within the DOE Poli cy and Guidelines . 

Guidelines : Regional Committees will be responsible for 
( a ) identi f ying the needs of regional f i re management 
agencies for meteorologi cal servi ces ; ( b )  making 

1 Van Wagner , C . E .  1 9 8 4 .  Forest f i re research in the 
Canadian Forestry Servi ce . Agri culture Canada , Can
adian Forestry Servi ce , Petawawa National Forestry 
Institute , Chalk River , Onto Information Report 
PI-X- 4 8 . 4 5  p .  

2 These were ali gned on the ba s i s  of the exi sting AES 
administrative boundaries : Paci f i c  ( Briti sh Columbia ) ;  
Western ( Yukon , Northwest Territories , and Alberta ) ;  
Central ( Saskatchewan , Manitoba , and northwestern 
Ontario ) ;  Ontari o ;  Quebec ; and Atlantic ( Nova Scotia , 
New Brunswi ck , Newfoundland , and Pri nce Edward I sland ) .  

i i i  



recommendations of the servi ces identif ied in sub-sect ion 
( a ) ;  ( c )  monitoring the program and implement ing changes 
as requi red ; ( d )  coordinating wi th the Development Commi ttee ; 
and ( e )  referring to the Development Committee those 
recommendations whi ch the Regional Directors of DOE Servi ces 
have been unable to implement .  

The function of the Development Commi ttee , referred 
to above , i s  to coordinate in consultation with the Regi onal 
Committees , the development of meteorologi cal servi ces 
for forest f i re management through contact s , at the techni cal 
level , between research and development o f f i cer s of AES 
and CFS , operations supervi sors in the AES f ield 
establi shments and techni cal representatives of f i re 
management agencies . 

iv 



INTRODUCTION 

The inaugural meeting of the Central Region Fire Weather 
Commi ttee ( CRFWC ) was held at the Atmospheric Environment 
Servi ce ' s  ( AES ) Central Region Of f i ce in Winnipeg , Manitoba , 
on January 2 6 , 1 9 7 6 . CRFWC member agencies currently include 
Saskatchewan Parks , Recreation and Culture , Mani toba Natural 
Resources , Canadian Parks Servi ce Prairie Region , AES 

Central Region , and Canadian Forestry Servi ce ( CFS ) 
Western and Northern Region . In 1 9 8 3 , a "techn i cal 
sub-commi ttee" was formed ; representatives of the Ontario 
Mini stry of Natural Resources have begun to attend these 
mettings . The terms of reference prepared for the CRFWC 
Techni cal Sub-committee state that i t " may ( and i s  
encouraged to ) provide the opportunity f o r  the presentation 
and discus sion of scient i f i c  and techni cal papers on sub j ects 
relating to forest f i re meteorology in the Region" . The 
concept of a scient i f i c  and techni cal seminar series was 
originall1 initiated by the Western Region Fire Weather 
Committee in 1 9 8 3 . Subsequent gatherings occurred in 
1 9 8 4  and 1 9 8 6  and will continue to occur on a biennial 
bas i s . There have now been four seminar s  held in con j unction 
with the CRFWC Techni cal Sub-commi ttee ' s  annual spring 
business meeting ; these have all taken place at the AES ' s 
Central Region off i ce in Winnipeg . Attempts have been 
made each year to have the presentations strike a balance 
between research and operations as well as between f i re 
and meteorology . A list of the presentations from the 
f i r s t  three seminars i s  given at the back of thi s document . 
Thi s  report constitutes a summary of the four presentations 
whi ch took place at the f ourth seminar . An attendance 
li st i s  appended . The CRFWC seminar series provides an 
excellent forum for the exchange of information , ideas , 
etc .  on current and/or timely f i re weather related topics  
of direct interest to all CRFWC member agencies . At  the 
1 9 8 6  CRFWC Techni cal Sub-committee meeting the present 
format for the Scienti f i c  and Techni cal Seminar was 
re-af f irmed and all agencies expres sed the des ire to have 
these seminars continued . 

The f inancial support for the fourth seminar was 
provided jointly by the CFS Manitoba and Saskatchewan 
Distri ct off i ces and i s  gratefully acknowledged ; special 
thanks to District Manager s J . A .  McQueen ( Winnipeg ) and 
R .  Fautley ( Prince Albert ) in thi s  regard . The cont inued 
assi stance of D . A .  Vandevyvere , C .  Klaponski and R .  Raddat z 
of AES with local arrangement s  i s  sincerely appreciated . 

. Also , special thanks are necessary for M .  E .  Alexander and 

lproceedings for each of the f i rst three Western Region 
Fire Weather Committee Scientific and Techni cal Seminars 
were compiled and di stributed on a limited ba s i s  by M. E .  
Alexander of the Northern Forestry Centre , 5 3 2 0 - 1 2 2  Street , 
Edmonton , Alberta , T6H 3 S 5  

- 1 -
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W . J .  DeGroot for their guidance and a s s i stance . Finally , 
I would like to thank S .  Sokol for her f ine ef forts with 
the word process ing associated with the production of this 
report . 

Kelvin G .  Hirsch2 
CRFWC Seminar Coordinator 

2Fire Research Of f i cer , Canadian Forestry Service , Manitoba 
District Of f i ce ,  1 0 4 - 1 8 0  Main Street , Winnipeg , Mani toba , 
R3C lA6 



INTERPRETING THE CANADIAN FOREST FIRE 

WEATHER INDEX (FWI ) SYSTEMI 

by 

William J .  De Groot 2 

Introduction 

Fire danger i s  def ined by the Canadian Committee on 
Forest Fire Management ( Merrill and Alexander 1 9 8 7 ) as : 

A general term used to express an as ses sment 
of both f i xed and variable factors of the 
f ire environment whi ch determine the ease of 
i gnition , rate of spread , d i f f i culty of con
trol and f i re impact . 

The Canadian Forest Fire Danger Rating System ( CFFDRS ) 
i s  the national system for rating f ire danger in Canada . 
The Canadian Forest Fire Weather Index ( FWI ) System i s  
a sub- system o f  the CFFDRS and has been i n  i t s  present 
form s ince 1 9 7 0 , with the fourth version of the tables 
for the FWI System now being used ( Canadian Forestry Servi ce 
1 9 8 4 ; Van Wagner 1 9 8 7 ) .  The purpose of the FWI System 
i s  to account for the ef fects of weather on f orest f uels 
and forest f i res . Other factors af fecting f i re danger 
( i . e . , fuels , topography ) are dealt with elsewhere in the 
CFFDRS . 

The FWI System i s  compri sed of six components ( see 
Fig . 1 ) : three f uel moi sture codes and three f i re behavior 
indexes . Each component has its own s cale of relative 
values . Even though the scales f or the six component s 
are dif ferent , all are structured so that a high value 
indi cates more severe burning conditions . 

The FWI System uses temperature , relatively humidity , 
wind speed , and 2 4 -hr precipitation values measured at 
noon Local Standard Time ( LST ) . These values are used 
to pred i ct the peak burning conditions that will occur 
during the heat of the day , near 1 6 0 0  h LST , as suming that 
the measured weather parameters follow a normal diurnal 
pattern ( Turner and Lawson 1 9 7 8 ; Van Wagner 1 9 8 7 ) .  

lA presentation made at the Fourth Central Region Fire 
Weather Committee Scient i f i c  and Techni cal Seminar , 
April 2 ,  1 9 8 7 , Winnipeg , Manitoba . 

2 Fire Research Of f i cer , Saskatchewan District 
Canadian Forestry Service , Western and Northern 
1 0 1 - 1 5 Street East , Prince Albert ,  Sask . , S 6V lGl . 
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Figure 1. Structure of the Canadian Forest Fire Weather Index (FWI) System. 
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Fuel Moisture Codes 

The FWI System evaluates f uel moi s ture content and 
relative f i re behavior us ing the pa st and present ef fect 
of weather on forest floor fuels . The three moi sture codes 
represent the fuel moi sture content of three cla sses of 
forest floor fuels in the "standard" mature pine stand 
( Fi g . 2 ) .  The moi sture codes calculate the net ef fect 
of a daily drying and wetting phase , similar to a bookkeeping 
system of moi sture los ses and additions . 

Fine Fuel Moi sture Code ( FFMC ) 

The FFMC i s  a numeri cal rating of the moi sture content 
of litter and other cured f ine fuels ( needles , mosses , 
twi gs les s  than 1 cm in diameter ) • The FFMC is 
representative of the top litter layer 1 - 2  cm deep , and 
has a typical f uel loading of about 5 tonnes per hectare 
( t/ha ) . 

FFMC fuels are af fected by temperature , wind speed , 
relative humidity , and rain . However , to account for the 
interception of rain by the forest canopy , the wetting 
phase of the FFMC is not initiated if the. 2 4 -hr rainfall 
i s  0 . 5 mm or les s . 

The rate at whi ch f uels lose moi sture is measured 
in terms of timelag , similar to the ' half -li fe ' decay rate 
of radioactive mater ial . Timelag i s  the time required 
for f uel to lose two-thirds of its free moi sture content 
with a noon temperature reading of 2 1°C , relative humidity 
of 4 5 % ,  and a wind speed of 13 km/h ( Lawson 1 9 7 7 ) .  The 
timelag f or FFMC f uels i s  two -thirds of a day . 

rll�:::>r'l� . LA�\��' ��\ll 
___ � ,f,;:(t�J�I(?1!. ���YZ A:m\�O�J � 0 glt:t:�,\lij-!.!� ..... �l,.f�}:.�/J' �:Xr" ,rli:. �;�··£�J1ti, 

Wei ght 

5 t/ha 

Fuel Moisture 
Code 

FFM C 

� 10 >. (1) ....l 
t) 15 .... 
t: (1) e? 20 

o 

La y. r 

middle 

r;.t:;:;',-j/�t", "�:""': I==�i\I/;:::;:::u..alC::JI =w--::.. \ - == t.: �:.fI_§I,,=7�·� �!..L�!�ll fr:21 '-T \ \.-, �-:: ';1i;�":::'�,=-""Y.-7.��rr;:;:;-�L�.,\ . -.:..:-:: Min •• ol Soil ":-k���F�li'En��\������;r;�','e-� 

50 t/ha DM C 

440 t/ha D C  

Figure 2. Representation of forest floor fuels by Fuel Moisture Codes of the FWI Svstem. 
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FFMC values change rapidly because o f  a high surface 
area to volume ratio , and direct exposure to changing 
envi ronmental conditions . Thi s characteristic of rapidly 
changing moi sture content causes the FFMC to have a 
short -term memory and only ref lects the weather conditions 
that have occurred over the past three days . 

The FFMC can be ad j usted for times other than 1 600 
h LST ( Van Wagner 1 9 7 2 , 1 9 7 7 ; Alexander 1 9 8 2a ;  Alexander 
et al e 1 9 8 4 ) to account for changing moi sture content of 
the f i ne fuels throughout the day or to allow for an 
irregular diurnal pattern of temperature or humidity . 

Because f i res usually start and spread in f ine fuels , 
the FFMC is used to indicate ease of i gnition , or ignition 
probability ( Fig . 3 ) .  The FFMC scale ranges from 0- 9 9' 
and i s  the only component of the FWI System whi ch does 
not have an open-ended s cale . Generally , f i res begin to 
ignite at FFMC values near 70 , and the maximum probable 
value that will ever be achieved i s  9 6 . At the high end 
of the s cale , a general rule of thumb i s  that the fuel 
moi sture content i s  101 minus the FFMC value . Of importance 
is the fact that f i re starts increase exponentially with 
an increase in FFMC values at the high end of the scale . 
In the boreal forest , a high potential for f ire starts 
exi sts once the FFMC reaches 8 6 - 8 9 . 

Duf f  Moi sture Code ( DMC ) 

The DMC indicates the moi sture content of 
loosely-compacted organi c  layers of moderate depth . It 
is representative of the duf f layer that i s  5 - 10 cm deep , 
and has a f uel loading of about 50 t/ha . 

DMC f uels are affected by rain , temperature and relative 
humidi ty . Because these f uels are below the forest floor 

I 
I / 

/ 
I 

� / 
/ Figure 3. Ignitabi1ity o f  'shaded' 

slash pine needle litter under 
'no wind' conditions as a function 
of the Fine Fuel Moisture Code 
(adapted from B1ackmarr 1972 by 
M. E. Alexander based on Van Wagner 
1987) . V I 

IY\ \ 0.. 20 

o 58 70 74 78 
e.ne Fvei Mo"ture Code I F FMC) 

82 86 



(/) Q) ,.. 

- 7 -

surface , wind speed does not af fect the fuel mo isture 
content . A 2 4 -hr rainf a l l  of les s  than 1 . 5  rom has no effect 
on the DMC because of interception by the forest canopy 
and the f ine fuel layer . 

The DMC fuels have a s lower drying rate than the FFMC 
f uels , with a timelag of 1 2  days . Due to the s lower drying 
rate , the length of dai ly drying time is important . 
Therefore , a seasona l day- length factor has been incorporated 
into the drying pha se of the DMC . 

Although the DMC has an open-ended sca le , the hi ghest 
probable va lue is in the range of 1 5 0 . The DMC is of ten 
used to assist in predicting the probabi lity of lightning 
f i re starts ( Fig . 4 )  since lightning strikes usua l ly result 
in f i res smoldering in the duf f layer . 

Drought Code ( DC )  

The third moi sture code i s  the DC , and it i s  an 
indicator of moisture content in deep , compact organic 
layers . This code represents the f uel layer approximately 
1 0 - 2 0  cm deep , having a f uel loading of about 4 4 0  t/ha . 

Temperature and rain af fect the DC , although wind 
speed and relative humidity do not because of the depth 
of this f uel layer . A 2 4 -hr rainf a l l  greater than 2 . 8  
rom i s  required to af fect the moisture content due to 
interception by upper f uel layers and the forest canopy . 

2.8 

2.4 

�_ 2.0 
e 

..... .::,: o 
,.. � 1.6 
Q) (/) ..0 So 
� g 1.2 Lf'\ "" Q) ,.. � Q) 
U Q. 0.8 Q)'-" 
Q.. >< W 

0.4 

10 20 30 40 50 bO 70 
Duff Moisture Code (DMC) 

Figure 4. Typical relationship 
between DMC and lightning fire 
starts (adapted from Martell 1976) • 
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The D C  f uels have a very s low drying rate , with a 
time lag of 5 2  days . Therefore , a seasona l day- length factor 
is also incorporated in the drying phase . 

The DC i s  indicative of long-term moi sture conditions 
and can be used in estimating mop-up d i f f i culty due to 
deep burning f ires ( Table 1 ) . The DC scale is  open-ended , 
although the maximum probable value i s  about 8 0 0 . 

Because of the s low drying rate of DC f ue l s , the amount 
of overwinter precipitation i s  critical to calculating 
spring starting va lue s . I f  there has not been suf f i cient 
overwinter precipitation to recharge moi sture levels in 
the deep organic layer s , then an upward ad justment of the 
DC in the spring must be done to ref lect the drier conditions 
( Turner and Lawson 1 9 7 8 ; Alexander 1 9 8 2b ,  1 9 8 3 ) .  

Table 2 provides a summary of features for a l l  the 
Fue l Moi sture Codes . 

Fire Behavior Indices 

Initial Spread Index ( l S I ) 

The l S I  combines the FFMC and wind speed to indicate 
the expected rate of fire spread ( Fi g . 5 ) .  General ly , 
a 1 3  km/h increase in wind speed wi l l  double the l S I  va lue . 
The l S I  i s  accepted as a good indi cator of f ire spread 
in open light-fue l stands with wind speeds up to 4 0  krn/h . 

Table 1 .  Mop-up recommendations as determined by the Drought 
Code ( adapted after Muraro and Lawson 1 9 7 0 ;  Can
adian Forestry Service , 1 9 7 1 ) . 

DC INTERPRETATION 

< 3 0 0  

'3 0 0  5 0 0  

> 5 0 0  

Moisture wi ll increase with depth . 
attention to mop-up and patrol , with 
attention to critical perimeters as 
value of 3 0 0  is approached . 

Usua l  
c loser 

a DC 

Moi sture content may decrease with depth . 
Extensive mop-up of edges should be initiated 
as control problems could be posed by 
critical edges . 

Moi sture content wi l l  most like ly decrease 
with depth . Extens ive mop-up and patrol 
of a l l  edges is required . 
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TABLE 2 .  Summary of Fue l Moi sture Code Feature s . 

I TEM FFMC 

Fue l Association l itter and 
other cured 
f ine f uels 

Fire Potential 
Indicator 

ease of 
ignition 

Depth ( cm )  1 - 2 

Fue l Loading ( t/ha ) 5 

Required Weather Input s : 

Dry-bulb Temperature X 
Relative Humidity X 
Wind Speed X 
Rain X 

2 4 -hour Rainf a l l  
Threshold (rom) 0 . 5  

Time lag Constant 
( days ) 2 / 3  

Value Range 0 - 9 9  

Maximum Probable 
Va lue 9 6  

Spring Starting 
Value 8 5  

DMC 

loosely-compacted 
organic layers of 
moderate depth 

probabi lity of 
lightning f ires ; 
fue l consumption 
in moderate duf f 

5 - 1 0  

5 0  

X 
X 

X 

1 . 4  

1 2  

o - 3 5 0 1 

1 5 0  

6 

DC 

deep , 
compact 
organic 
layers 

mop -up 
d i f f i culty ; 
fuel 
consumption 
of deep 
organi c  
materi a l  

1 0  - 2 0  

4 4 0  

X 

X 

2 . 8  

5 2  

o - 1 2 0 0 1 

8 0 0  

IAn open-end scale ; the upper va lue i s  shown for convenience 
of comparing the relative range of s cales . 

2Thi s  va lue may be ad j usted upwards to account for lack 
of suf f i cient overwinter precipitation . 
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Figure 5. Rate of spread for the mature 
jack or lodgepole pine fuel type on level 
terrain as a function of lSI (from 
Alexander, Lawson, Stocks and Van Wagner 
1984). 

The BUI is  a wei ghted combination of the DMC and DC 
to indicate the total amount of fuel avai labte for combustion 
by a moving f lame front ( Fi g . 6 ) . The DMC has the mo st 
inf luence on the BUI value . For example , a DMC value of 
z ero a lways results in a BUI value of z ero regardle s s  of 
what the DC value i s . The DC has strongest inf luence on 
the BUI at high DMC value s , and the greatest effect that 
the DC can have is to make the BUI value equal to twice 
the DMC va lue . This wei ghting procedure makes the BUI 
an upper organic layer moi sture moni tor with a deep duf f 
indicator bui lt in . The BUI i s  often used for presuppre ss ion 
planning purposes . 
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Figure 6. Relationship between total fuel 
consumption and BUI in jack pine slash (from 
Stocks and Walker 1972). 
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Fire Weather Index ( FWI ) 

The FWI is  a combination of l S I  and BUI , and i s  a 
numerical rating of the potential fronta l f ire intensity 
( Fi g . 7 ) .  In e f fect , it indicates f i re intensity by 
combining the rate of f ire spread with the amount of fuel 
being consumed . Fronta l f ire intensity i s  useful for 
determining f ire suppre s s ion requirements ,  as shown in 
Alexander and De Groot ( 1 9 8 8 ) .  As we ll , the FWI i s  used 
for genera l  public information about fire danger conditions . 

Operational Application 

The FWI System provides re lative numerical ratings 
of f ire potential over a large area represented by an 
individua l f ire weather station site . Understanding the 
limi t s  of such a system wi l l  ensure its proper application . 
For instance , to account for isolated rainfall at a weather 
station , the fire manager must a lso calculate a second 
set of FWI System va lue s  us ing no-rain to represent areas 
whi ch did not receive any precipitation ( the ca lculation 
using the actual rainfall at the weather station is used 
for the fol lowing days ca lculation ) .  A reca lculation of 
the FWI System would a lso have to be done if normal diurna l 
conditions did not occur between noon and the peak burning 
period . For example , this would typically be done after 
a f rontal pas sage and would only be valid for that afternoon 
( but not used for the fol lowing days calcu lati on ) .  

9000.----------------n 

I 

8000E 
7000t. IaoJ 

.�5000 Figure 7. Frontal fire 
intensity in mature jack 
pine as a function of the 
FWI (from Alexander and 
De Groot 1988). 
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Concluding Remarks 

An understanding of the sensi ti vi ty of the FWI System 
can only be gained by dai ly observation of the component 
value s and changing weather conditions . By comparing f ire 
activity ( f ire starts , rate of spread , d i f f i culty of contro l ,  
etc . ) to the value s  produced by the FWI System , f ire managers 
wi l l  gain an experti se in interpreting the FWI System . 
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THE MINI SONDE AS A MANAGEMENT TOOL IN PLANNING 

AND CONDUCTING A PRESCRIBED BURN1,2 

by 

Howard G .  Wai les 3 

Introduction 

The study of the re lationship of uppper winds and 
lapse rates to f ire behavior can a s s i st the Fi re Behavior 
Specia list and improve many of the planning aspects of 
a pre scribed burn . Upper air data used for f ire behavior 
mode l ling has for many years been , as  a result of nece s sity , 
obtained from upper air observing stations operated by 
f ederal government agencies in both Canada and U . S . A .  
These observing stations are part of a wor ldwide network 
whose operations are over seen by the Wor ld Meteorological 
Organization ( WMO ) in Swit zer land . 

At each of these stations two observations are taken 
simultaneous ly each day at 0 0 0 0  h Greenwich Mean Time ( GMT ) , 
whi ch i s  0 8 0 0  h Eastern Daylight Time ( EDT ) and 1 2 0 0  h 
GMT or 2 0 0 0  h EDT . For pres cribed burns conducted by the 
Ontario Mini stry of Natural Resources ( OMNR ) the se 
observation times could not be more inappropriate . Most 
prescribed burns are now i gnited between 1 3 0 0  h and 1 9 0 0  
h EDT during which t ime the temperature and wind in the 
portion of the atmosphere lying genera lly be low 2 0 0 0  m 
undergoes rather large diurnal changes .  I t  i s  obvious 
that upper air data gathered at 0 8 0 0  h EDT would be of 
little use , or even mi s leading , in predicting f ire behavior 
for a prescribed burn being ignited at , for example , 1 6 0 0  
h EDT , after eight hours of atmospheri c  modif i cation . 
Also of concern i s  the need to extrapolate the data from 
these s ites , as  i s  often the case in Canada , over a di stance 
of several hundred mi les to the pre scribed burn s ite . 
Thi s often proves impract i ca l  when , for examp le , a frontal 
zone exi s t s  between the two locations . 

I Summary of a presentation made at the Fourth Centra l Region 
Fire Weather Committee Scient i f i c  and Technical Seminar , 
Apr i l  2 ,  1 9 8 7 , Winnipeg , Manitoba . 

2This paper was also pre sented at " Forest Climate ' 8 6 :  
A Sympos i um/Workshop on Climate Application in Forest Re
newal and Forest Protection " ,  Nov . 1 7 - 2 0 ,  1 9 8 6 , Geneva 
Park , Ori l lia , Ontario . 

3Fire Weather Technician , Ontario Mini stry of Natural 
Resource s ,  Northern Region , R . R . #2 , Timmi ns , Ontario 
P4N 7C3 . 
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Thi s paper wi l l  look a t  a typ i ca l  mini sonde as i t  
pertains t o  pres cribed burning operations i n  order t o  see 
what it does and how its portabi lity overcome s the problems 
of space and time that are conunonly found in the upper 
air data from WMO stati ons . The approach of thi s  study 
is empirical and it appears that it wi l l  be continuing 
for a number of years . Therefore , thi s paper should be 
regarded as only an introduction to the topic and the results 
and conc lusions should be carefully s crutini zed . 

The Mini sonde And Its Operation 

The minisonde used by the OMNR consi sts of four major 
part s . They are : 

( 1 )  the airborne radio transmitter with integrated 
temperature sensor , 

( 2 )  a ba lloon to carry the transmitter a loft , 
( 3 )  a radio receiver and proce s sor , and 
( 4 ) a printer ( manufactured by Aero-Aqua Inc . , Markham , 

Ontario ) . 4 

Also required are a ba l loon tracking theodolite ( manufactured 
by Bre ithaupt , Wes t  Germany ) 4 and a Sharp lSO OA4 hand-he ld 
computer . 

The transmitter i s  powered by a sma l l  9 volt tran s i s tor 
radio type battery . The receiver and printer both contain 
( rechargeable ) high capacity gel batteries that can operate 
the equipment for at least three days of norma l operation . 
Wi th a vehicle in whi ch the equipment i s  housed and f rom 
whi ch to properly operate it , upper air soundings can be 
taken within a mi le of two of the pres cribed burn s ite 
and at the time that is most appropriate for obtaining 
the nece s sary information . The bal loon i s  inf lated 
suf f iciently to lift  the transmitter at a rate of 1 8 0  m/min . 
The recording chart i s  driven at a constant speed and it 
i s  therefore easy to analyze the chart as a graph with 
temperature a long the " x "  axis and hei ght as the " y "  axi s . 
The specially designed theodolite that i s  used for tracking 
the ba l loons is used to take readings of a zmuth and e levation 
during each minute of the bal loon ' s  ascent . From these 
va lues and the known rate of ascent the upper winds are 
ca lculated . 

APPLICATION 

The information provided by the minisonde has its  

4 The exc lusion of certain manufactured products 
imply rejection nor doe s the mention of other 
imply endorsement by the Canadian Forestry Servi ce . 

doe s not 
products 
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best application when i t  can be used a s  a management tool 
in the dec i sion-making proce s s  for a prescribed burn . 
A Fire Bo ss must provide answers or make decis ions concerning 
many que stions prior to a prescribed burn being conducted . 
Some of these questions are answered only after an analys i s  
of the upper a i r  data in terms of s tabi lity and wind pro f i le 
in a time frame of one hour or less before the time of 
ignition . Some of the questions are as fol lows . 

( 1 )  Can the pre scribed burn be conducted effective ly and 
safely under the pre sent and forecasted weather con
ditions?  

( 2 )  How wi l l  the smoke a f fect the air support operations 
around the f i re during i gnition and later during pos 
si ble suppre s s ion operati ons ? 

( 3 )  Will  local smoke af f ect sensi ti ve areas such as air
port s , and citie s ?  

( 4 )  What wi l l  the spotting potenti a l  be as a result o f  
the upper leve l wind speed and direction ? 

( 5 )  How vigorous wi l l  the convective co lumn and the f ire 
intensity be ? 

( 6 )  Wi l l  the convective co lumn be conducive to extreme 
f ire whir l  generation? 

The minisonde i s  very useful with re spect to pre scribed 
burns , however it also has some importance in wi ldf ire 
situations . Thi s  is especially true in providing the f ire 
crews and base camp personne l with information which would 
ensure the highest pos sible degree o f  safety whi le they 
are per forming their duties . 

SOME PRELIMINARY FINDINGS 

The method of using thi s  data in problem solving in 
OMNR operations i s  sti l l  quite subjective , and pos s i bly 
to some extent , intuitive as a consequence of previous 
experience s .  The re lationship of f ire behavior and 
as sociated wind pro f i le s  f rom work by Byram ( 1 9 5 4 ) is used 
present ly as a bas i s  for some predictions but i t  i s  
undergoing constant s crutiny as part of the OMNR minisonde 
program . 

As far as stabi lity i s  concerned , i t  has been found 
that severe whir lwinds occur mos t  often when winds are 
1 5  km/h or less through the lower 1 0 0 0  to 1 5 0 0  m of the 
atmosphere with a lapse rate c lose to or greater than 1 ° C  

.per 1 0 0  m through that same depth . Thi s layer i s  usua l ly 
capped by a stable layer of at least 5 0 0  m .  

For centre fire ignition , an unstable layer from the 
surface to at least 6 0 0  m is required , with a sha l low layer 
next to the surface having a lapse rate greater than 1 ° C  
per 1 0 0  m .  Thi s  lower layer i s  usua l ly in the order of 
15  to 20  m in depth . The winds are 15  to 20  km/h or le ss 
be low 6 0 0  m dropping to les s  than 1 0  km/h at the surface . 
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I t  has also been found that a temperature change of 
as sma l l  a magnitude of 3 ° C at the surface can s igni f i cantl y  
a lter the smoke column and consequent ly f ire intensity 
in sma l l  f ires where smoke column tops are be low 2 0 0 0  m .  

Concluding Remarks 

I feel that the experience gai ned from thi s  program 
wi l l  enhance the mathematica l  model s  now present , and those 
yet to be written , to f urther describe f ire behavior in 
more detai led terms than has previously been pos s ible , 
when les s  accurate upper air data was used . 
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RECENT DEVELOPMENTS IN THE CANADIAN FOREST FIRE DANGER RATING SYSTEMI 

by 

Robert S .  McAlpine and Martin E .  Alexander2 

Introduction 

Fire danger i s  " a  general term used to expre s s  an 
assessment of both f i xed and variable f actors of the f ire 
environment whi ch determine the ease of i gnition , rate 
of spread , d i f fi culty of control ,  and f i re impact " ( Merri l l  
and Alexander 1 9 8 7 ) .  Fi xed f ire danger factors more or 
less vary from place-to-place at a given time ( e . g . , 
topography , va lue s -at risk , f ire c l imate , fue l  types ) .  
I t  i s  the object of pre suppression p lanning to take these 
constant elements into account in permanent f ire management 
plans as part of an assessment of " total f i re danger " .  
Variable f i re danger factors on the other hand vary from 
time to time ( throughout the day and f rom day to day ) at 
any given place ( e . g . , temperature ,  relative humidity , 
wind , precipitation , condition of herbaceous vegetati on , 
fuel moi sture ) .  The purpo se of a fire danger rating system 
i s  to properly integrate the individual and combined e f fects 
of these f actors on f ire potentia l  into one or more 
qualitati ve and/or numerical indices as a guide in various 
f ire management activitie s .  However ,  both practi ca l  and 
s cient i f i c  considerations limit the number of variables 
that can be accounted for in a f ire danger rating system . 
I t  i s  common human experience that not more than three 
factor s can be kept in mind at any one t ime . Consequently , 
the use of objective devi ces to simp l i f y  the mental proce s s  
of bringing together a l l  the sign i f i cant factors a f fecting 
f ire danger i s  s ound . A further , stronger supporting 
argument , whi ch is often over looked , is the advantage of 
substi tuting an objective method for the opinions of 
individua ls in justifying requested f ire expenditures .  

The hi storical bas i s  for the present system of forest 
fire danger rating or measurement in Canada can be traced 
back to at least 1 9 2 5  when J . G .  Wri ght ( considered the 
" f ather " of Canadian f ire research ) publi shed a paper 
entitled " Re lative Humidity and Fire Weather " .  The initial 
f ire danger index system was produced by Wright in 1 9 3 3 . 
Wri ght was soon joined in the research and deve lopment 

I Summary of a presentation made by the f irst author at 
the Fourth Central Region Fire Weather Committee Scient i f i c  
and Technical Seminar , Apr i l  2 ,  1 9 8 7 , Winnipeg , Mani toba . 

2 Fire Research Of f i cers , Canadian Forestry Service , Western 
and Northern Region , Northern Forestry Centre , 5 3 2 0 - 1 2 2  
Street , Edmonton , Alberta T6H 3 S 5 . 
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work b y  H . W .  Bea l l  and eventua l ly other s  ( Van Wagner 1 9 8 7c ) . 
Succe s si ve systems were gradua l l y  produced these 
became progressively more sophisticated whi le sti ll retaining 
the very e s sential element of simpli city . The present 
system of forest f ire danger rating in Canada -- the Canadian 
Forest Fire Danger Rating System ( abbreviated CFFDRS ) 
repre sents the f i fth generation of such s ystems . The purpose 
of thi s paper i s  to review the current s tatus and future 
outlook of the various modules or sub-systems of the CFFDRS . 
A simi lar report wa s presented at the f irst Centra l Region 
Fire Weather Committee scienti f i c  and technical seminar 
in 1 9 8 4  ( Alexander 1 9 8 5a ) . 

Current System Structure and Composition 

The Canadian Forest Fire Danger Rating System ( Stocks 
1 9 8 6 ) has been under deve lopment in its present form s ince 
1 9 6 8  when the Canadian Forestry Service ( CFS ) adopted a 
"modular " approach to a new national system of f i re danger 
rating ( Fi g . 1 ) 3 . The CFFDRS is one of the few nationa l l y  
app lied systems in Canadian f orestry . In fact , the CFFDRS 
represents the only " true " nationa l system of f ire danger 
rating in the world . The CFFDRS wi l l  ultimately form the 
bas i c  bui lding block for many other systems or schemes 
( Fi g . 2 )  deve loped by f i re management agencies ( e . g . , 

Anon . 1 9 8 3 ; Gray and Janz 1 9 8 5 ;  Lanovi lle 1 9 8 6  - - a highly 
attractive color poster has also been recently produced 
by NWT Fire Management ) and f i re research ( e . g . , Stechi shen 
et al e 1 9 8 2 ; Kourt z  1 9 8 4 , 1 9 8 7 ; Marte l l  et a l e 1 9 8 4a , 
1 9 8 4b ;  De Groot 1 9 8 8 b ;  Feunekes and Methven 1 9 8 8 ) .  Concept-

3 Since its inception , the responsibi lity for continued 
deve lopment of the CFFDRS has rested wi th what has 
traditional ly been referred to as the " CFS Fire Danger 
Group " . The CFS Fire Danger Group presently consists of 
at least one representative from each o f  the three regiona l 
forestry centres maintaining an in-house f ire research 
programme ( i . e . , Northern , Great Lake s , and Paci f i c ) and 
the Petawawa Nat iona l Fores try Institute . Thi s  group 
mai ntains liai son with regiona l , nationa l , and international 
f ire organi z ations , committees and agencies inc luding annual 
reporting to the Canadian Commi ttee on Forest Fire 
Management ( the national body responsible for advi sing 
the f ederal government on f ire research needs ) ,  to ensure 
research , deve lopment and application of the CFFDRS 
c'ontinues in a timely and relevant manner . Thi s  former 
ad hoc group of CFS f i re researchers was o f f i ci a l ly 
recogni z ed as a formal nationa l CFS Working Group in February 
1 9 8 7 . As a result this group has prepared "A Strategic 
and Operationa l P lan for Forest Fire Danger Rating Research 
and Deve lopment in Canada , 1 9 8 7 -1 9 9 2 "  ( Stocks and others 
1 9 8 7 ) which in ef fects an earlier ( 1 9 8 2 ) document enti tled 
" Proposed Extension of the Canadian Forest Fire Danger 
Rating System " . 
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STRU CTURE OF THE CANADIAN FOREST F IRE DANGER RATING SYSTE M ( CFFDRS) 
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Figure 1. Simp l i stic s tructure diagram of the Canadian 
Forest Fire Danger Rating System ( CFFDRS ) as 
current ly envi sioned by the Canadian Forestry 
Servi ce Fire Danger Group ( f rom Canadian Forestry 
Service 1987). 
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CANADIAN FOREST FIRE DANGER RATING SYSTEM 
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Figure 2 . Conceptua l f ramework i l lustrating the integral 
role of the Canadian Fore st Fire Danger Rating 
System ( CFFDRS ) in f i re management actions as 
envi sioned by the Canadian Foresty Servi ce Fire 
Danger Group ( f rom Canadian Forestry Servi ce 
1 9 8 7 ) .  
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Conceptua l ly ,  the CFFDRS wi l l  consist o f  a series o f  Fore stry 
Technical Reports ( FTR ) publi shed by CFS Headquarters ( e . g . , 
Canadian Forestry Servi ce 1 9 8 4 ; Van Wagner and P ickett 
1 9 8 5 ;  Van Wagner 1 9 8 7a ) in both English and French . Al l 
such " national " publications wi l l  co llectively form the 
CFFDRS . A CFFDRS users ' guide consi sting of a 3 -ring binder , 
whi ch wi l l  house a l l  of these reports ( which wi l l  eventua lly 
appear a s  FTRs ) and re lated materials  ( e . g . , Turner and 
Lawson 1 9 7 8 ;  Alexander and others 1 9 8 4 ; Alexander 1 9 8 6a ) 
i s  currently being prepared for distribution ( Canadian 
Forestry Servi ce 1 9 8 7 ) .  Provi sion has also been made for 
additiona l publications related to the CFFDRS produced 
at the regiona l leve l ( e . g . , DeGroot 1 9 8 7a ,  1 9 8 7 b ,  1 9 8 8a , 
1 9 8 8b ;  Hirsch 1 9 8 7a ,  1 9 8 7 b ,  1 9 8 8a ,  1 9 8 8b ) . 

canadian Forest Fire Weather Index (FWI ) System 

The first major module or sub-system of the CFFDRS , 
the Canadian Forest Fire Weather Index ( FWI ) System ( Van 
Wagner 1 9 8 7a ) , was initially released in provi s ional form 
in 1 9 6 9 .  The first edition appeared in 1 9 7 0  with subsequent 
editions appearing in 1 9 7 6  ( f irst metric ver sion ) ,  1 9 7 8  
and 1 9 8 4 . In many ways , the FWI System represents the 
culmination of Canadian f i re danger rating research dating 
back to 1 9 2 5 .  The system is ba sed large-ly on field 
exper imentation and observation with predicti ve components 
prepared f rom empirica l  correlations between f ire weather 
e lements ,  fuel moi sture and f ire behavior ( i . e . , 1 5 , 0 0 0  
2 -minute outdoor test f ires p lus 2 1  larger ones and a great 
mas s  of fuel moi sture data linked to weather readings ) .  
A l i beral amount of s imple theory and phi losophy was applied 
where necessary ( Van Wagner 1 9 8 7a ) . 

The FWI System cons ists of six components that account 
for the e f fects of fuel moi sture and wind on f ire behavior . 
The three fue l  moi sture code s are the Fine Fue l Moi sture 
Code ( FFMC ) , Duf f Moi sture Code ( DMC ) , and Drought Code 
( DC )  and they are numerical ratings of the fuel moi sture 
content of the f i ne surface litter , loosely compacted duf f 
of moderate depth , and deep compact organic matter . The 
three f i re behavior indexe s , name l y ,  the Initial Spread 
Index ( l S I ) , Bui ldup Index ( BUI ) ,  and Fire Weather Index 
( FWI ) component itself , are intended to represent the rate 
of f ire spread , fuel avai lable for combustion , and frontal 
f ire intens ity . 

Several computer programs ( Van walner and Pickett 
1 9 8 5 ;  McAlpine 1 9 8 6 b , 1 9 8 7a ,  1 9 8 7 b ) are avai lable 
for 

4A user-fri end ly program ( written in BASIC ) for ca lculating 
FWI System component s and archiving dai ly f ire weather 
observations has been deve loped for the I BM-PC ( Bryan S .  
Lee , Fire Re search Of f i cer , Canadian Forestry Service , 
Western and Northern Region , Northern Forestry Centre , 
Edmonton , Alberta , persona l communicati on ) .  
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calculating the six components compri sing the FWI System 
based on dai ly 1 2 0 0  h LST observations of dry-bulb 
temperature , re lative humidity , 1 0 -m open wind speed , and 
2 4 -h accumulated rainf a l l  in lieu of us ing the FWI System 
tables ( Canadian Forestry Servi ce 1 9 8 4 ) .  FWI System 
components provide numerical ratings of relative fire 
potenti a l  in a standard fue l type ( i . e . , a mature pine 
stand ) on leve l terrain based on the ef fects of past and 
current weather on fuel f lammabi lity ( Alexander and DeGroot 
1 9 8 8 ) .  Since its  introduction , the FWI System has been 
used with increasing conf idence as a guide to planning 
and preparing for f ire management activities ( Ki i l  et a l . 
1 9 8 6 ) . The FWI component i s  sti l l  wide ly used as a genera l 
index to f ire danger throughout the fore sted areas of Canada 
( Table 1 ) .  Harvey and others ( 1 9 8 6 ) offer an overview 
of FWI severity rating and its application . 

Canadian Forest Fire Behavior Prediction ( FBP ) System 

Because the FWI System was deve loped to portray the 
inf luence of weather on f ire behavior in a styl i z ed fuel 
complex , on leve l ground , the same component va lue wi l l  
obvious ly have different meanings among f ue l  type s . The 
second major subsystem of the CFFDRS was conceived , in 
the original modular approach ( Muraro 1 9 6 9 ) ,  as  a serie s 
of regiona l ly deve loped guides to actual ( rather than 
relative ) f i re behavior characteristics in spe c i f i c  f ue l  
type s . Quanti tative models f or predi cting f i re behavior 
in absolute terms f or spe c i f i c  fuel t ypes have been under 
deve lopment for a number of years in Canada and are intended 
to form an integral part of the CFFDRS . The procedure 
for gathering f ire behavior data has been to conduct a 
series of relative ly sma l l-sca le exper imental f ires in 
the fuel type of interest over as wide a range in burning 
conditions ( as ref lected by the FWI System components ) 
as  pos s i ble ( e . g . , Stocks 1 9 8 7b ) . The experimental data 
would then be supplemented with information obtained from 
we l l-documented wildf ires and prescribed f ire s ; particularly 
for the high to extreme end of the f ire behavior s ca le . 
Although the approach to the deve lopment of such guides 
was coordinated nationa lly ( e . g . , uni form methodology ) ,  
the preparation and publ i cation of guide line s  for wi ldfire 
and pre s cribed f ire management in key f ue l  type s regional l y  
was deemed to b e  t h e  respons ibi lity of each C F S  regional 
f ire research uni t . Work began in 1 9 8 1  on a s l ightly revi sed 
approach to such a s cheme , but on a nati onal bas i s . Towards 
thi s  end , an interim edition of the Canadian Forest Fire 
Behavior Prediction ( FBP ) System was released in the summer 
of 1 9 8 4 . Thus , the regional emphas i s  on quantitative f i re 
behavior prediction in the CFFDRS was replaced by the FBP 
System . 

The FBP System 
secondary components 

cons i sts 
( Fi g . 3 ) .  

of four pr imary and three 
An interim edition of the 
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Table 1 .  Genera l progression o f  f ire behavior characteristics 
which are like ly to occur as the class of f i re 
danger increa ses from VERY LOW to EXTREME ( adapted 
from Canadian Forestry Service 1970). If 4 or 
5 classes are desired , LOW may be combined with 
VERY LOW and HIGH may be combined with VERY HIGH. 
The de scriptions given be low would be appropriate 
for public interpretation of f i re danger classes . 

Fire Danger Class 

I 
Very Low 
Green 

II 
Low 
Green 

III 

Moderate 
Blue 

IV 

High 
Yellow 

V 

Very High 
Orange 

VI 

Extreme 
Red 

Associated Fire Behavior Characteristcs 

Fires are not likely to start. If started, they spread very 
slowly or may go out. There is little flaming combustion and 
generally only the upper portion of the litter is consumed.1 
Control is readily achieved and little or no mop-up is 
required. 

Ignition may take place near prolonged heat sources (camp
fires, etc.); spread is slow in forests, moderate in open 
areas; these are light surface fires, with low flames; 
generally, the litter layer is consumed.1 Control is 
readily achieved, and some light mop-up will be required. 

Flaming matches etc., may start fires; spread is moderate in 
forests, fast in open areas; fires burn on the surface with 
moderate flames; some of the duff may be consumed on dry 
sites. Control is not difficult and light to moderate mop
up will be necessary. 

Flaming matches will probably start fires; spread may be fast 
in the forest though not for sustained periods; these are hot 
surface fires with some individual tree crowns being consumed 
"short range" spotting may occur; much of the duff will be 
consumed on shallow and dry sites. Control may be difficult, 
and mop-up may require a moderate effort. 

Ignition can occur readily; spread will be fast for sustained 
periods. Fires may be very hot, with. local crowning and 
"medium range" spotting. Much of the duff will be consumed 
on moderately deep and normally moist sites. Control will be 
very difficult and mop-up may require an extended effort. 

Ignition can occur from sparks; rates of spread will be 
extremely fast for extended periods; fires will be extremely 
hot and there may be extensive crowning and "long range" 
spotting; much of the duff will be consumed on deep and 
normally wet sites.2 Control may not be possible during the 
day and mop-up may be very extensive and difficult. 

'It is important to note that with a h1gh Drought Code (DC) & Buildup Index (G'" 
there may be considerable smouldering throughout the entire organice layer 
despite a low Fire Weather Index (FWI) value. 

2Assuming that the DC is high. 



VARIABLES 
(inputs) 

Primary 
Components 

Secondary 
Components 

FUELS 
(e.g., select 

fuel type) 

TIME 
(e.g., Ilinutes 

2! hours) 
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WEATHER 
(e.g., lSI & BUI 
froa FWI Systell) 

LATITUDE 
( e. g., 45 0, 50 ° 

55°, 60° and 65°N) 

� 
CANADIAN FOREST 

TOPOGRAPHY 
(e.g., slope 

and aspect) 

SEASON 
(e.g., spring, 

summer, fall) 

.. FIRE BEHAVIOR PREDICTION (FBP) ... 
po --

SYSTEM 

" 

FIre BehavIor Element UnIt(s) or Output 

RATE OF SPREAD (ROS) II/aIn; km/h 

FUEL CONSUMPTION (FC) kg/.2; +/ha 

FRONTAL FIRE INTENSITY (FFI) kW/a 

TYPE OF FIRE surface or crown 

FIRE SPREAD DISTANCES (0) II; kit 

ELLIPTICAL FIRE AREA (A) ha 

ELLIPTICAL FIRE PERIMETER LENGTH (P) II; kIl 

FIGURE 3 .  Proposed structure of the f ir s t  edition of the 
Canadian Forest Fire Behavior Predi ction ( FBP ) 
System as current ly envi s ioned by the Canadian 
Forestry Servi ce Fi re Danger Group ( prepared 
for distribution at the 1 9 8 7  Annua l Meeting 
of the Canadian Commi ttee on Forest Fi re Manage
ment held January 2 7 - 2 9  in Ha li fax , Nova Scotia . 
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system appeared in 1 9 8 4  in the form o f  a user guide prepared 
by the CFS Fire Danger Group ( Alexander and others 1 9 8 4 ) .  
An overview has a lso been publi shed ( Lawson et a l . 1 9 8 5 ) .  
Both of these document s should be consulted for comprehensive 
treatments of the system . The FBP System was re leased 
in interim form to : ( 1 )  avoid any further de lay in 
transmittal of the exi sting information on quantitative 
predi ction of f ire spread and growth and ( 2 )  for f i e ld 
testing and eva luation by f ire management agencies prior 
to forma l publication of the complete version of the FBP 
System . 

The main emphas i s  in the 1 9 8 4  interim edition of the 
FBP System was on " steady state " f ire spread rates on leve l 
to gently undulating ground ( Fi g . 4 ) .  The principa l  input 
variable is the l S I  component of the FWI System whi ch 
combines the ef fects of wind and the FFMC on f ire spread 
( Fi g . 5 )  • Head f ire ROS/IS I  relationships were deve loped 
for 1 4  major Canadian fuel types ( Table 2 )  from a data 
bas e  consi sting of 2 4 5  experimental/operationa l prescribed 
f ire and 4 5  wi ldf i re observations . The ROS value from 
the FBP System can be adjusted for the ef fect of s lope 
s imply by multiplying the predicted va lue by the re lative 
spread f actor given by Van Wagner ( 1 9 7 7b ) . 

Fue l type s in the FBP System , consisting of f ive major 
groups ( i . e . , Coniferous C ,  Deciduous D ,  Mixedwood 
- M ,  S lash - S ,  and Open - 0 ) , are described mainly in 
qua li tati ve terms . Note that the fuel type names are to 
a certain degree simply labels . As indicated by Lawson 
et a l e ( 1 9 8 5 ) ,  each of the fue l types wi l l  eventua lly be 
i l lustrated with representative co lor photographs and a 
compos ite wa ll poster . De Groot ( 1 9 8 7a ) and Hirsch ( 1 9 8 8a ) 
have produced earlier versions of the latter speci f ically 
for the provinces of Saskatchewan and Manitoba based on 
guidance received f rom the CFS Fire Danger Group . The 
number of fuel types currently recogni zed in the system 
simply ref lects the amount of empiri ca l  fire behavior data 
avai lable on fuel types in Canada . Eventua lly , other 
important fuel types w i l l  be added as further experimenta l  
burning projects are undertaken . However , one should not 
expect an enormous number of new ones to be added in the 
next several years . I t ' s  no s ecret that the borea l  and 
" near-borea l "  forest s i tuations are quite adequate ly covered 
by the system ' s  pre sent series of f ue l  type s . It ' s  worth 
emphasi zing that proper application of the FBP System 
requires a thorough fami liarization with the written 

·descriptions of each fuel type . I t  was recogni zed that 
these descriptions would be used by f i re managers for 
equating FBP System f ue l  types to exi sting forest 
inventory/s ite c la s s i f i cation schemes ( e . g . , De Groot 1 9 8 8a ) ,  
inc luding the producti on of FBP System fuel type maps ( e . g .  
Dixon et a l e  1 9 8 4 ; Gor ley 1 9 8 5 ) .  

The FBP System user guide ( Alexander and others 1 9 8 4 ) 
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Fuel Type C-2 (Boreal Spruce) 
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FIGURE 5 .  Example of a head fire rate of spread ( ROS ) /Initia l 
Spread Index ( l S I ) graph and equation from the 1 9 8 4  
interim edition user guide to the Canadian Forest 
Fire Behavior Prediction ( FBP ) System for Fue l  Type 
C - 2  ( Borea l Spruce ) with 7 0 %  conf idence limits 
( shaded area ) ,  crowning thre shold , and limi t of 
observed data ( dashed line ) indicated ( f rom 
Alexander and other s 1 9 8 4 ) .  
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TABLE 2 .  Li st of fue l  type s in the 1 9 8 4  interim edit ion of 
the Canadian Forest Fi re Behavior Prediction ( FBP ) 
Sys tem ( f rom Lawson et al e 1 9 8 5 ) .  

Group 

CONIFEROUS 

DECIDUOUS 

MIXEDWOOD 

SLASH 

OPEN 

Identifier Descriptive Name 

C- 1 SPRUCE - LICHEN WOODLAND 

C-2 BOREAL SPRUCE 

C-3 MATURE JACK or LODGEPOLE PIN E  

C-4 IMMATURE JACK or LOG DE POLE PIN E  

C-5 RED AND WHITE PINE 

C-6 RED PINE PLANTATION l 

C-7 PONDEROSA PINE - DOUGLAS-FIR 

0- 1 LEAFLESS ASPEN 

M - 1  BOREAL M IXEDWOOD - LEAFLESS2 

M-2 BOREAL MIXEDWOOD - SUMMER2 

S -l  

S-2 

S-3 

0- 1 

JACK or LODGEPOLE PINE SLASH 

SPRUCE - BALSAM SLASH 

COASTAL CEDAR - HEMLOCK -
DOUGLAS-FIR SLASH 

GRASS 3 

l Rate o f  S p read r e l a t i on s h i ps ava i l a b l e  i n  t h e  Use r  Gu i d e  
f o r  t h r e e  mean s t a nd he i g ht rang e s : < 1 0m , l O - 2 0m ,  and > 2 0m . 

' 2Must spec i f y pe r c e n t  so f t wood ( S )  and ha rdwood ( H )  spec i e s c om
pos i t i on . Three common l y  accept ed comb i na t i ons have bee n  i nc l uded 
in t he User Gu i d e  Ra t e  of Spread and G r aphs 7 SS : 2 SH ,  S O S : 5 0 H , 
and 2 SS : 7 SH .  

3Mu s t  spec i f y pe r c e n t  c u r ed o r  dead ma t e r i a l . S t and a rd f u e l l o ad 
i s  3 t /h a . v a r i ab l e  f ue l we i g h t / r a t e  o f  s p r e ad r e l a t i o n s h i p  
ava i l ab l e . 
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included graphs and tables produced for field use 
from the ROS component equations whi ch were provided for 
computer users ( e . g . , Frech 1 9 8 5 ; Pi l ling 1 9 8 6 ) .  Thre shold 
conditions for crown f i re deve lopment , where applicable , 
were def ined in terms of the l S I  and the s lope adjusted 
ROS ( Table 3 ) .  Procedure s for adjusting the FFMC for time 
of day and topography ( i . e . , % s lope and aspect ) were 
provided based on the best avai lable " o f f -the -she l f " 
information . Guide lines for determining ups lope or downs lope 
spread rates relative to wind direction/s lope and projecting 
f ire spread/growth from an active perimeter source were 
a lso provided ; computer i z ed methods for the latter task 
are beyond ( e . g . , Kourt z  1 9 8 4 ; Feuneke s and Methven 1 9 8 8 ) .  
Genera l guide line s  for documenting wi ldf ire observations 
( e . g . , Alexander and Lanovi l le 1 9 8 7 ) were also inc luded 
in the user guide . The FBP System worksheet ( Fi g . 6 )  i s  
des i gned t o  assist the user in performing the various 
required adjustments and computational procedures . 

The 1 9 8 4  interim edition of the FBP System a lso inc ludes 
procedure s  for projecting f i re growth from a point i gnition 
( Figs . 7 and 8 )  based on a simple e l l i pt i ca l  f ire growth 

mode l ( Van Wagner 1 9 6 9 ) .  Fire shape and s i z e  calculations 
are de scribed in deta i l  by Alexander ( 1 9 8 5b ) . Fire area 
and perimeter length tables have been prepared ( Alexander 
1 9 8 6b )  to assist in speeding-up manua l computations . A 
s l ide-rule device ca l led the Fire Growth Calculator or 
FGC , based on the FBP System ( Alexander 1 9 8 5b ;  Alexander 
and others 1 9 8 4 ) ,  has also been designed . It a llows f i re 
managers to make relative ly qui ck estimates of f ire growth 
( McAlpine 1 9 8 6a ) . Instruction for p lotting the projected 
area and perimeter length of the e l liptica l  shaped f i re 
were inc luded in the user guide and supplementary material 
( Alexander and others 1 9 8 4 ; Alexander 1 9 8 6 b ;  Alexander 
and McAlpine 1 9 8 7 ) .  

The user guide to the 1 9 8 4  interim edition of the 
FBP System was never intended to serve as a f ie ld reference 
per se . The aim was to provide the bas i c  materials , recog
n i zing each agency ' s  needs would vary . For example , the 
Ontario Ministry of Natura l  Resources have incorporated 
the ROS graphs and tables into their bas i c  f ield guide 
( Anon . 1 9 8 4 ) .  The B . C .  Mini stry of Fore sts have condensed 
the pertinent features of the user guide to two plastici z ed 
summary sheets ( 4  pages in tota l ) 5 . An FBP System f i e ld 
reference has recently been prepared ( Alexander and McAlpine 
1 9 8 7 ) .  

All provincial and territorial f ire management agencies 
west of Quebec have incorporated material from the FBP 

SM . Winder , Techni cian ( P lanning , Deve lopment and Research ) ,  
B . C .  Mini stry of Forests , Forest Protection Branch , Victoria , 
B . C . , personal wri tten communication , 2 3  April 1 9 8 5 .  
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TABLE 3 .  Threshold conditions for crown f ire deve lopment 
in the 1 9 8 4  interim edition of the Canadian 
Fore st Fire Behavior Predi ction ( FBP ) System 
for f ires burning on leve l to gent ly undulating 
ground or downs lope in terms of the Initi a l  
Spread Index ( l S I ) OR f o r  f i re s  burning ups lope 
in terms of the head f ire rate of spread ( ROS ) 
adjusted for percent ground s lope ( f rom Lawson 
et al . 1 9 8 5 ) .  

Threshold Conditions for Crown Fire Development 

Fires burning on level or downslope - use Initial Spread Index (lSI)  

Fires burning upslope - use Rate of Spread (ROS) adjusted for % Ground Slope 

Fuel type 

C- l 
C-2 
C-3 
C-4 
C-5 
C-6 

C-7 

0-1 

< 1 0m 1 
1 0-20m 

> 20m 

75S:25H2 

M- l 50S:50H 
2 5S:75H 

75S:25H2 

M-2 50S:50H 
25S:75H 

S-l 
S-2 
S-3 

0-1 

1 Mean stand height. 

lS I  

1 6  
1 2  
1 8 
8 

m/min 

1 5  
1 4  
1 7  
9 

ROS 
km/h 

0.90 
0.84 
1 .02 
0.54 

-------------crowning unl ikely---------------
8 9 0.54 

1 8  1 7  1 .02  
-------------crowning unlikely---------------

25 8 0.48 

-------------crowning unlikely---------------

1 6  1 7  1 .02 
20 1 7 1 .02  
-------- -----crowning unlikely---------------

2 0  
27 

2 1  
2 1  

1 .26  
1 .26 

-------------crowning unlikely---------------

N/A N/A N/A 
N/A N/A N/A 
N/A N/A N/A 

N/A N/A N/A 

2percent softwood (S) and hardwood (H )  species composition. 



- 3 3 -

CANAD IAN FOREST F I RE BEHAVI OR PRE D I CT I ON ( FB P ) S YSTEM '..40RKSHEET Page _ of _ 

F i re Number/Name _______ _____ _ 

P re d i c t i o n  Da te & T i me I n terval  

1 P red i c t i on P o i n t  
F u el Type I n fo rm a t i o n  

2 F B P  Sy s tem F u e l  Typ e  

--------

3 Softwood Spec i es Compo s i ti on ( � )  
4 Ha rdwood S p ec i es Compo s i t i on ( \ )  
5 C u red/Dead G r a s s  ( \ )  
6 Grass  F u e l  We i gh t  ( t/ha ) 

F i ne Fuel Moi s ture Code ( FFMC )  
T ime & S l ope/Aspec t Adj u s tments  

7 S tandard D a i ly FFMC 
'8 T i me "T N 
9 FFMC a t  T i me "T-

1 0  Aspect (N , E ,  S,  O� W) 
11  G round Sl ope ( � )  
1 2  Adj u s ted FFMC 

R ate of Spread ( ROS ) C al cul ations  
1 3  10-m  W i nd Speed ( km/h )  
1 4  I n i ti a l S p read I ndex ( 1 5 1 )  
1 5  Spread Fac tor ( SF )  
1 6  ROS on Level  ( m/mi n O� km/h ) 
1 7  ROS[ 1 6 ]  x SF[ 1 5 ]  ( m/mi n O� km/ h )  

F i re S i ze C a l cul a t i ons 
18  E l a psed T i me ( m i n O� h) 
1 9  For'lard Spread D i stance ( m  or km) 
20 Area Shap e  Fac tor (KA ) 
2 1  Area Burned ( ha )  
2 2  Length/B readth Rat i o  ( L IB ) 
2 3  P e r i me ter Sha p e  Factor (Kp ) 
24 Peri me ter Length (m  O �  km) 

F i re Area P l o tti ng 
2 5  Map Convers i on Factor ( 

2 6  Head F i re S p read D i stance ( cm )  
27  W i nd D i rec t ion 
28 Head/Back F i re Spread Ra t i o  ( H / B )  
29 Bac k f i re S p read D i s tance ( em )  
30 To tal  F i re Length ( em )  
3 1  Tota l F i re B readth ( em )  

D a te & T i me 
-------

from to ----- ----

Fi gure 6 .  Worksheet associated with the 1 9 8 4  interim edition 
of the Canadian Forest Fire Behavior Prediction 
( FBP ) System ( f rom Alexander and McAlpine 1 9 8 7 ) .  
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Fire Perimeter Length = Perimeter Shape Factor ( Kp » )( 0 

Ignition 

rPoint 
Forward Spread Distance ( D) = • 

Backfi re 
Spread 

Head Fire ROS )( Elapsed Time ( T )  

Fire Area = Area Shape Factor ( KA ) x 02 

F I RE AREA ( A )  COMPUTATIONS ; hectares ( ha )  

A ( ha )  : KA x ( ROS ( m/min ) x T ( min ) ]2 or A ( ha )  : [ KA x ( ROS ( km/h ) x T ( h » 2 ] x 1 00 
1 0 , 000 

F I RE PERIMETER LENGTH ( P )  COMPUTATIONS ; metres ( m )  or kilome tres ( km )  

P ( m ) . : Kp x [ ROS ( m/min ) x T (min ) ] or P ( km )  : Kp x [ ROS ( km/h ) x T ( h ) ] 

Figure 7 .  Schematic diagram i l lustrating the area and 
perimeter length calculat ions as sociated w i t h  
free -burning e l l iptical shaped f ires ( ROS = 

Head Fi re Rate of Spread and T = E lapsed Time 
Since Ignition ) ( f rom Alexander 1 9 8 6b ) . 
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System into their f ire behavior seminars and training cour ses 
( e . g . , Ontario M-l O O  Fire Behavior for Fire Managers 
and M-2 0 0  Fire Behavior Of f i cer courses ; Alberta - Advanced 
Fire Behavior Course ) .  CFS f ire research personne l have 
been involved to varying degrees in this regard ; the Sask
atchewan ( see Forest Fire News No . 2 5 ,  p .  2 9 , Jan . 1 9 8 8 ) 
and Manitoba 6 Di strict Of f i ces o f fered several courses 
in 1 9 8 7 7 . Some of the universities and technical s chool s  
have a l s o  done the same in their f ire management courses 
( e . g . , Eiber 1 9 8 5 ; Fe l ler 1 9 8 5 ) . 

Although no computer program was inc luded in the 1 9 8 4  
edition of the FBP System , a l l  o f  the necessary equations 
and tables were provided or avai lable for anybody who wished 
to do so . Programs for the Sharp l 5 0 0A ( Anon . 1 9 8 4 , 1 9 8 5 ) 
and NEC PC- 8 2 0 lA portable computers ( McAlpine 1 9 8 6b ,  1 9 8 7a , 
1 9 8 7b )  have been formulated . Programs have also been 
deve loped for the Apple 1 1 1 8 ( e . g . , Frech 1 9 8 5 ) and I BM-PC 9 
mi crocomputers as we l l  as for traditionally main-frame 
computers ( e . g . , P i l ling 1 9 8 6 ) .  

6 K . G .  Hirsch , Fire Research Of f icer , Canadian 
Servi ce , Manitoba District Of f i ce , Winnipeg , Man . , 
communication . 

Forestry 
persona l 

7 Forest f ire danger rating system seminars were recent ly 
he ld in eastern Canada ( NB ,  NS , NFLD , PEl , and QUE . ) .  
Total attendance at the five sessions was 1 3 3  and inc lud
ed , in addition to individua ls from the provincial f i re 
management agencies and organi zations , representative s 
from the univers ity forestry s choo l s , Environment 
Canada- Parks , and the Atmospheric Envi ronment Service ( see 
Forest Fire News No . 2 5 ,  p .  6 ,  Jan . 1 9 8 8 ) .  B .  J .  Stocks 
( Head-Fire Research Unit ,  Great Lake s Forestry Centre , 
Sault Ste . Marie , Ont . ) and M . E .  Alexander , both member s  
o f  the C F S  Fire Danger Group , made a dozen separate f li ghts 
and trave l led approximately 1 0  0 0 0  km during the 9 -day 
period f rom March 31 to Apri l  8 .  Logi stical arrangements 
and f unding for the seminars was coordinated by D . E .  Dube , 
Fire Research Coordinator , CFS Nationa l Headquarters Uni t . 
The seminars were warmly received a s  evident by the keen 
intere s t  at each location and subsequent feedback . However , 
continua l contact i s  obvious ly needed for optimum 
e f f e ctivene s s . On a historical note , the trip to 
Charlottetown represents the f irst t ime that CFS fire 
researchers have ventured to Prince Edward I s land on work 
trave l s tatus ! 

8N .  Nimchuk , Meteorologi st , Alberta Forest Servi ce , Forest 
Protection Branch , Edmonton , Alta . 

9D .  Carne l l , Sr . Park Warden , Jasper Nationa l Park , Jasper , 
Alta . , persona l communi cation . 



- 3 7 -

A comment on the two principa l methods of ca lculation 
associated with the 1 9 8 4  interim edition of the FBP System 
-- i .  e . , manua l and computer - - is in order at thi s  time . 
The point to be emphasi zed i s  that the same equations are 
used in both methods . Thus , the predicted ROS should be 
identical gi ven the same input s , regardless of the 
calculation method ( Andrews 1 9 8 6 ) .  Any s light dif ferences 
would be due to rounding or table construction . Each method 
of fers certain advantages and disadvantages in terms of 
avai labi l ity or acce s s , costs , power requirement s/fai lure 
potentia l , ease of use ( i . e . , computation time required , 
user-friend line s s ) as  summari zed in Tab le 4 .  

Table 4 .  Summary of the various methods 
involved with the Canadian Forest 

of calculation 
Fire Behavior 

Predi ction ( FBP ) System . 

Met hod of Calculat ion Saaple Ref erence ( _ ) 

Manual 

Tables & Graphs Alexander & o thers ( 1 984) 
Alexander ( 1986b )  
Anon . (1984) 
Alexander & McAlpine (1987)  

Fi� G�th McAlpine ( 1986a ) 
CaLcu Uzto� (FGC ) 

slide-rule 

Coaputer 

Portable or "Lap
top " (e . g . , NEC� 
PC-8 20 1A,  Sharp 
1 500A, HP-7 1B ) 

Micro ( e . g . , 
Apple I I I , 
IBM-PC , Wang ) 

Mini- or Main
.frame (e . g . , 
VAX) 

McAlpine ( 19 86b _ 1987a , 
1 987b) 
Anon . ( 1 984 , 1 98 5) 

Frech ( 1985) 
Feunekes & Methven (1988) 
Methven & Feunekes (1987)  

Pill ing ( 1986) 

Remarks 

Simple,  inexpens ive ( - $ 2-5) 
calculator handy but not 
necessary . Inconvenient f o r  
novice users . 

Cos t :  $ 1 0 .  Quick es t imat es 
of fire spread di s t ance , area ,  

and perimeter length pos s i ble . 

Re lative ly i nexpens ive ( -
$ 500-1000 ) .  Field por t able 
( battery power ) .  Ideal f or 
f ir e  behavior of f ice r s /  
spe c i al i s t s . 

Moder ately expens i ve ( -
$ 1000-10 000 ) .  Of f i ce or 
f ield use ,  depending on powe r 
source . 

Ext remely high purchase and 
operat ing cos t s  ( - $50 000 
- 500 000) r e s t ricted t o  
of f ice use . 
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The other two rna j or components of the FBP System - 
fuel consumption ( Fi g . 9 )  and f rontal f ire intensity 
are current ly under deve lopment for inclusion in the f irst 
publi shed ver s ion of the complete system . However , some 
initial work on the f ronta l f ire intensity component has 
been released . The chart and accompanying guide presented 
in Fi gure 1 0  and Table 5 were prepared initial ly , by the 
second author ( M . E . A . ) on behal f  of the CFS Fire Danger 
Group , for di stribution at the 1 9 8 6  Annual Meeting of the 
Canadian Committee on Forest Fire Management held January 
2 1 - 2 3  in Ottawa , Ontario , in order to solicit comments , 
etc . on the concept . The protype example , whi ch was 
prepared for i l lustration purposes only , i s  in this case 
deemed applicable to upland jack pine stands on leve l ground . 
The key conceptua l point incorporated into the chart/table 
is  that the fronta l f i re intens ity ( Alexander 1 9 8 2 ) ,  expr e s s 
e d  in ki lowatts per meter ( kW/m ) , determines the d i f fi culty 
of control ling a f ire ( i . e . , what kind ( s )  of f ire suppression 
re source s would or would not be e f f ective ) .  What i s  not 
cons idered i s  the " containment capabi lity " required ( i . e . , 
the forces required for constructing f ireguard in order 
to exceed the rate of per imeter growth and/or resi stance 
to f ireguard construction due to fuel and s ite character
istic s ) • The assumption i s  made that the f ire has reached 
a ' steady-state conditi on ' .  The l S I  and BUI inputs can 
be determined on the bas i s  of the standard dai l y  FWI System 
ca l culations at 1 2 0 0  h LST or an updated FFMC and 1 0 -m 
open wind speed . 

How do you use the frontal f ire intens ity rank 
chart/table ? Given the l S I  and BUI , determine the Intensity 
Rank ( e . g . , lSI = 10 and BUI = 4 0 , then Rank = 3 )  and then 
refer to the table for a descriptive exp lanation based 
on the numerical rating between 1 and 6 ( e . g . , Rank 3 :  
low vigour to moderately to highly vigorous surface f ire . 
Hand-constructed etc . ) .  Note the corresponding 
intens ities and approximate f lame s i zes , as  wel l  as the 
associated FWI values for upland jack pine . 

Several pos s ible applications o f  the Intens ity Rank 
chart are foreseen . For example , actua l or forecasted 
lSI and BUI value s  from an agency ' s  fire weather station 
network could be plotted on a daily bas i s  to a s s i st in 
pre suppres sion planning . The chart could also be used 
to evaluate the potenti a l  f ire behavior of a going campaign 
f ire . The f ire danger indices as sociated with eight ex
perimenta l  f ires documented during Augus t  1 9 8 6  in central 

- Alberta ( Murphy et a l e 1 9 8 7 ) have been plotted on the chart 
to i l lustrate its use ; an addit iona l experimental f i re 
was completed in July 1 9 8 7 . 1 0  The se f ires were conducted 
to determine the " hotspotting " production rates of initial 
attack f ire f i ghters ( a ll nine fires were succe s s fully 
control led by the ground suppres s ion crews , a lthough the 
1 9 8 7  f ire was noti ceably more d i f f i cult to controll O ) .  The 

l O D e  Quinti lio , Sr . Fire Control Instructor , Forest 
Techno logy School , Hinton , ALta . , persona l communication . 
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Figure 9 .  Total ground and surface f ue l  consumption 

as a function of the Bui ldup Index for 
four distinct ly diff erent fuel complexe s  
( adapted from Stocks and Wa lker 1 9 7 2 ; Alexander 
and others 1 9 8 4 ; Martel l  et al . 1 9 8 4 a ; Stocks 
1 9 8 7 b ) . 
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30 Fire Intensity Rank Chart for Mature Jack Pine Stands on Level Ground 

25 I NTENSITY RAN K 
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Figure 1 0 . Sample of proposed frontal f ire intensity rank 

chart . Thi s  parti cular example is for mature 
j ack pine stands on leve l ground ( after Alexander 
and De Groot 1 9 8 8 ) .  Refer to Table 5 for f i re 
control management applications . See text 
for explanation of the plotted va lue ( + ) . 
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Table 5 .  Guide to f i re behavior characteristics and f ire 
suppression interpretations associated with the 
sample of the proposed frontal f i re intensity 
rank chart ( see Fig . 1 0 ) ( af ter Alexander and 
De Groot 1 9 8 8 ) .  

Chart 
Rank 

1 
2 
3 
4 
5 
6 

F ron ta l  
F i re 

I n ten s i ty 
( kW/m) 

< 1 0  

1 0-500 

500-2000 

2000-4000 

4 000-10 000 

> 10 000 

S ur face Head F ire 1 

F lame 
L eng th 

( m) 

<0 . 2  

0 . 2-1 . 4  

1 . 4-2 . 6  

2 . 6-3 . 5  

3 . 5-5 . 4 

>· 5 . 4 

F lame 
Heig h t  

( m )  

<0 . 1  

0 . 1-1 . 0  

1 . 0- 1 . 9  

1 . 9-2 . 5  

2 . 5-4 . 6  

> 4 . 6 

Type o f  F i re and 
Fire Suppress i on D i f f icul ty 

F i re 
Wea ther 

I nd ex2 
( FW'I ) 

Firebrands that cause an ign i t ion to 
occur are sel f-ext inquishing ( i . e . ,  f i re 
fails to spread ) . Go ing f ires reamin o f  
the smou l dering ground o r  sub surface 0-3 
varie ty , provided there is a fore s t  
floor layer o f  s i gn i f ican t  depth and a 
general leve l o f  dryne s s !  Ex tens ive mop-
up is gene rally required . 

Creep i ng or gent l e  surface f i re . Dire c t  
manual a t t ack a t  f i re ' s  head o r  f l anks 
by f i re f i gh t e rs wi th hand tools and 4-1 3 
wat e r  is possible . Cons t ructed f i reguard 
should hold . 

Low vigour to moderately or highly vigo r-
ous surface f i re . Hand-cons t ructed fi re
guards l ikely to b e  challenged . Heavy 
equipme n t  (bulldozers , pumpe rs , re t ard- 14-23 
ant aircraf t ,  skimme rs , he licopter wi th 
bucke t )  generally success ful i n  con t rol-
l in g  fire . 

Very vigorous to extremely 
surface f i re ( torching common ) . 
e f fo r t s  a t  f i re ' s  head may fail . 

in tense 
Con trol 24-28 

d i f f i c u l t  
is gen

flanks . 
i gn i t ion 

d ispenser) 

I n t e rmi t tent c rown fire� Very 
to contro l . Suppress ion ac t ion 
e rally res t r i c t ed to f ire ' s  
Ind irect a t tack wi th aerial 
( i . e . ,  h e l i torch and/or A . I . D .  
may b e  e f fec t ive . 

"B l l>w-u p "  o r  " c on f l a g r a t i o n "  t y p e  
f i r e  run; vil>len t phy s i c a l  behav ior 
p N bab l e . S up p ress i!)n act ions should 
not be a t t emp t ed un t i l  burning cond i
t il>ns ameliora t e . 

29- 35 

> 36 

l Flame length based on rela t ionship w�th f i re i n t en s i ty according to Byram ( 1 9 59 ) . Fla�e 
h e i gh t  based on f l ame length and a 4 5  f lame angle (Alexander 1 9 8 2 ) . 

2 Appl i calbe to ma ture j ack pine s tands on level ground . B � �d on the equat ion g iven i n  
Alexander and D e  Groo t ( 19 8 8 ) , exc e p t  the u p p e r  a n d  lower .. - , r  values f o r  Fire Intens i ty 
Ranks 1 and 2 were d e t ermined f rom Van Wagner ( 1 9 8 7 a )  s i nce none of the exper imen t a l  f i r e 5  
on wh i c h  the equa t ion i s  b a s e d  w e r e  c o n d uc t e d  a t  the v e r y  low end o f  t h e  i n t e n s i ty sca l e . 
3 Drough t Code ( DC ) > 300 a n d / o r  B u i ldup Index ( BUI ) > 4 0 . 
" S yno nymous w i t h  pass ive c rown f i re as d e s c r i bed by V.1 n Wagner ( 1 9 7 7 a )  ( �e r r i l l  a n d  
Alexander 1 9 8 7 ) . 
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proposed chart format i s  considered a convenient way of 
portraying the frontal f ire intensity component of the 
FBP System for the generalist and would also serve as a 
qui ck reference for the f ire behavior specia list as we l l . 
The approach doe s  avoid the mathematical nece s s ity of 
calculating fronta l f ire intensity using the I = Hwr ( Byram 
1 9 5 9 ; Alexander 1 9 8 2 ) formula . User agencies may wish 
to replace or supplement the numerical ratings of 1 to 
6 on the chart with genera li zed symbols ( e . g . , back-pack 
pump , f ire shove l/Pulaski , helicopter with bucket , airtanker , 
f lying drip torch , towering or wind-driven convection 
co lumn ) ,  agency spe c i f i c  symbo ls ( e . g . , rappe l crews , 
CL- 2 l 5 ) ,  co lor code s ( green , blue , ye l low , orange , and 
red ) and/or typical f ire behavior i l lustrated with 
representative photographs ( e . g . , ground f ire , surface 
f ire , crown f ire , " blow-up " ) .  The Ontario Mini stry of 
Natura l  Resources ( Anon . 1 9 8 4 , Anon . 1 9 8 5 ) ,  Alberta Forest 
Service , ( Lieskovsky et a l e 1 9 8 7 ) and B . C .  Forest Service 
( Anon . 1 9 8 7 ) have a lready incorporated the protype chart 
and table into their f i e ld handbooks ( e . g . , f i re behavior 
o f f i cer and air attack manuals ) and training guide s . The 
present example of the chart/table is based on readi ly 
avai lable information ( e . g . , intens i ve review of wor ld 
literature ) .  Note that the fronta l fire intensity component 
chart is s imi lar to the " hauling chart " used in the U .  S .  
( Andrews and Rotherme l 1 9 8 2 ) .  The chart concept could 
also be extended to the prediction of certain f ire impacts 
and ef fects ( Table 6 ) ; prepared by the second author ( M . E . A . ) 
in March 1 9 8 6  to sat i s f y  a local reque s t  ( McKinnon 1 9 8 7 ) .  

The general response to the 1 9 8 4  interim edition of 
the FBP System in Bri tish Columbia 1 1 , Alberta1 2  North
west Territories 1 3 , and Ontario1 4  has been overwhe lmingly 
positive . Exce l lent results with the system have been 
reported . Ver i f iable after-the-fact predi ctions have shown 
qui te acceptable agreement between observed versus predi cted 
va lue s  given the nature of the inputs ( e . g . , Lawson et 
a l e  1 9 8 5 ;  De Groot and Alexander 1 9 8 6 ; Stocks and Flannigan 
1 9 8 7 ; Hirsch 1 9 8 8b ;  Stocks 1 9 8 8 ) .  

l lE f f a , C . , Technical Forest Off i cer ( f ire weather ) ,  B . C .  
Forest Service , Fore st Protection Branch , Victoria , B . C . , 
persona l written communciation , 2 December 1 9 8 5 .  

l 2T . A .  Van Nes t , Fire Behavior Of f icer , Alberta Forest 
Servi ce , Forest Protection Branch , Edmonton , Alta . ,  persona l 
communication . 

l 3 R . A .  Lanovi l le , Fire Behavior Science Of f icer , GNWT 
Department of Renewable Resources , Territoria l  Forest Fire 
Centre , Fort Smith , N . W . T . , persona l communication . 

l 4 R . A .  White , Manager - Fire Environment Program , Ontario 
Ministry of Natural Resource s ,  Aviation and Fire Manage
ment Centre , Sault Ste . Marie , Ont . , pe rsona l communication .  
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Table 6 .  Guide to f i re impacts/ef fects on trees and under
story f lora a s sociated wi th the example of the 
propo sed fronta l f i re intensity rank chart ( see 
Fi g .  1 0 ) .  

Intensi ty 
Rank 

1 

2 

3 
4 
5 
6 

F rontal 
F ire 

Intensi ty 
( kW/m) 

< 10 

10-500 

500-2000 

2000-4000 

4000-8000 

> 8000 

S tem-Bark 
Char 

Heightl 
( m) 

<0 . 1  

0 . 1-1 . 0  

1 . 0-1 . 9  

1 . 9-2 . 5 

2 . 5-3 . 4  

>3 . 4  

Letha l  
Sco rch 
Height2 

( m) 

<0 . 7  

0 . 7-9 . 3 

Descript ion of 
Impact s  and D i r ect E ffects of F i re on 

Aboveground Vege tation 

None to minimal provided there is 

no per s i st ent ground fire ac tivi t y .  

(The subsurface impac t s  and effec t s  

o f  f i re a r e  largely dependent o n  

the ' Depth o f  Bur n '  and woody fuel 

c o nsump t i o n  whi c h  a r e  in t u r n  a 
func tion o f  the Bui ld up Ind ex ( BUI ) 

o r  D u f f  M o i s t u r e  C o d e  ( D MC ) , 
d epending on the fuel type . )  

F ires are so gentle that the over

s to ry canopy sus tains very l i t t le or 

no visible damag e .  However , advanced 

regeneration is generally k i l l  and 

a po rtion or all of the sur face com

ponent of lesser plan t s  ar e normall y  
c onsumed i n  the flaming front . 

F ires are vigorous enough to induce 

9 . 3-23 . 5  s t em bole scarr ing and / o r  tree mor

tali t y  in some forest stand s .  

F ir es suf f i c iently intense enough 

23 . 5-37 . 4  t o  cause complete tree mortal i t y  over 

relatively large areas . 

R e p r e s e n t s  a l e v e l  o f  f i r e  

37 . 4-5 9 . 3  behavior tha t very l i t tle o f  t he 

C anad i an forest could survive . 

S ame r emarks as for Intend ty Rank 

>59 . 3  5 -- s t and- replac ing crown f i r e .  

I Based on t he e s t imat ed flame height o f  a sur f ace f ire . 

2 B ased on Van Wagner ' s ( 1 9 7 3b )  height of crown scorch - f rontal f ire intens i ty r e la t i o n .  
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An example o f  the reliabi lity o f  the FBP System to 
provide rea listic estimates of f ire behavior is offered 
by hindsight analys i s  of the 1 9 8 5  Butte Fire whi ch occurred 
on the Sa lmon National Forest in central Idaho ( Mutch and 
Rotherme l 1 9 8 6 ) .  The fire ' s  behavior has been described 
by Rotherme l and Mutch 1 9 8 6 ) .  On Augus t  2 9th , the 
Butte Fire made a " run " of about 2 . 2 2 km between 1 4 3 0  and 
1 6 1 0  h MDT ( elapsed time : 1 0 0  min ) . Thi s corre sponds to 
a head fire ROS of 2 2 . 2  m/min or 1 . 3 3 km/h . Thi s wi ldf i re 
was deemed to be of the active/independent crown f ire 
variety . The prevai ling fuel type in the run area was 
mature lodgepole pine-suba lpine f i r  fore sts . E levations 
from the start to the termination of the run varied from 
2 1 4 6  m to 2 3 4 1  m MSL . Thi s  corresponds to a 9 %  ground 
s lope or a relative spread factor ( SF )  of 1 . 2 2 according 
to Van Wagner ( 1 9 7 7b ) . The 1 3 0 0  h MDT f ire weather 
observations as recorded at the Sku l l  Creek remote automatic 
weather station ( RAWS ) ,  located 14 km southwest of the 
f i re area ( elevation : 1 5 5 4  m MSL ) , were as fol lows ( the 
quoted wind speed is actua l ly the mean of the three 1 0 -min 
averages as recorded at 1 4 0 0 ,  1 5 0 0 , and 1 6 0 0  h MDT ) : 

Dry-bulb Temperature 
Relative Humidity 

1 0 -m Open Wind 
Days Since Rain ( > 0 . 6  mm ) 

- 2 5 . 6 ° C  
- 1 8 %  
- SE 1 7  km/h 
- 2 6  

The a s sociated FWI System components a t  the Sku l l  Creek 
RAWS , which were hi storica l ly calculated , were as fol lows : 

Fine Fuel Moi sture Code ( FFMC ) - 9 4 . 7  
Duf f Moi sture Code ( DMC ) - 1 7 3  

Drought Code ( DC )  - 7 4 4  

Initial Spread Index ( l S I ) - 1 9 . 6  
Bui ldup Index ( BUI ) - 2 1 9  

Fire Weather Index ( FWI ) - 6 0  

The predi cted head f ire ROS on leve l ground for FBP System 
Fue l  Type C-3 ( Mature Jack or Lodgepole Pine ) based on 
an l S I  = 1 9 . 6  would be 1 9 . 7 7 m/min or 1 . 1 9 km/h . The s lope 
ad j usted head ROS would be 2 4 . 1  m/min ( i .  e . , 1 9 . 7 7 x [ SF= ] 
1 . 2 2 )  or 1 . 4 5 km/h . Note that the fronta l f ire intensity 
rank would according to Figure 1 0 , equa l 6 .  

Other verified examples of reasonably accurate predi ct
ions of f ire spread in British Columbia are given by Lawson 
' ( 1 9 8 6 ) ,  inc luding a quite we ll-documented f i re which occurred 
near Cranbook , B . C .  in 1 9 8 5  that spread at 1 6 . 5  m/min1 5 . 
The predicted ROS f or FBP System Fue l Type C-7 ( Ponderosa 
Pine-Dougla s -fir ) was 1 4 . 5  m/min . 

l 5B . D .  Lawson , Head - Forest Fire Re search Unit , Canadian 
Forestry Sevice , Pac i f i c  Fore stry Centre , Victoria , B . C . , 
persona l written communicat ion , 1 6  October 1 9 8 6 .  
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In addition t o  the present ongoing work as sociated 
with the revi s ion of the ISI/ROS equations ( based on add
itiona l data since 1 9 8 4 ) and deve lopment of the fuel consump
tion and fronta l f ire intensity components ,  inc luding 
e st imates of f lame length ( e . g . , Ne lson and Adkins 1 9 8 6 ) ,  
the f o l lowing items are a lso being addre ssed for the f irst 
publi shed edition of the FBP System : 

( 1 ) A more rigorous , equation-based approach to the t ime 
of day and topographic ( s lope , aspect , and e levation ) 
ad justments to the FFMC , including variation with 
latitude , than the pre sent " o f f -the-she l f " procedure s .  

( 2 )  The addition of Fue l Type C - 8  ( Spruce Budworm-ki l led 
Ba lsam Fir ) based on the be st avai lable information 
( i . e . , Stocks 1 9 8 7a ) . The extraordinary fire ha zard 
as sociated with thi s fuel type warrants this " be s t  
gue s s " approach . In fact , interim guidelines are 
a lready in place ( see Anon . 1 9 8 4 ) .  Separate I S I /ROS 
re lationships are avai lable for spring ( prior to " green
up " and s ummer ( after " green-up " )  conditions . Work 
is continuing on the refinement/ve r i f i cation of Fue l  
Type C - 2  ( Borea l Spruce ) a t  the Big Fi sh Lake experi
menta l  burning pro j ect study area in north-centra l 
Alberta . 

( 3 )  The inclusion of a BUI ad jus tment to rate of s pread 
( see Van Wagner 1 9 7 3 a ) . A f ire ' s  ROS i s  mainly depend
ent on wind speed and fine fuel moi sture content as 
current ly exempli f ied by the I S I . However , it i s  
undoubted ly true that the spread rate of a n  established 
fire can also be inf luenced to a certain degree by 
the amount of ava i lable heavy fuel . 

( 4 )  Re-designing the criteria for determining the type 
of fire rather the present s imp l i s t i c  scheme ( i . e . , 
crown f ir e ?  no , ye s ,  N/A ) based on the I S I  or 
the s lope ad j usted ROS . Thi s  would involve the ca l
culating of threshold conditions for crown fire deve lop
ment ( Van Wagner 1 9 7 7a ;  Alexander 1 9 8 8 ) ,  inc luding 
the incorporation of the ef fects of foliar moi sture 
content on crowning potential ( some sort of lati tude
longitude/e levation s cheme i s  planned based on present ly 
avai lable information ) .  

( 5 )  Al lowance for the initial accelerat ion pattern f rom 
the time of ignition to equi l ibrium " steady-state " 
conditions ( Cheney 1 9 8 1 , 1 9 8 5 ) in the simple e l liptical 
f ire growth computations . Thi s should also make i t  
pos s i ble t o  determine the e lapsed time since ignition 
unti l if appropriate , crowning commence s . In the 
1 9 8 4  interim edition of the FBP System , a s implyf ing 
assumption was deemed appropr iate for the time be ing 
( Alexander and others 1 9 8 4 ) .  Consideration of backf ire 
spread has a lready been incorporated into the simple 
e l liptical f ire growth mode l ( Alexander 1 9 8 5b ) . 
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( 6 )  The abi l ity to calculate f rontal f ire intensity at 
the head , f lanks and rear of an e lliptical shaped 
f ire and at any point a long the perimeter ( Catchpole 
et a l e 1 9 8 2 ) .  Thi s  should make it pos s i ble to ca lcu
late the amount of perimeter above a certain " critica l "  
intens ity value ( s )  and in turn determine by simulation , 
for diff erent combinations of suppress ion re sources 
and various burning conditions , the e lapsed time since 
i gnition that initial attack would be succe ssful ( or 
f ai l  to ) at containing a potenti a l  f ire . 

I t ' s  present ly envi s ioned that the f i r s t  complete edition 
of the FBP System wi l l  be documented in two CFS Forestry 
Technical Reports -- i . e . , a " technical guide " whi ch wi l l  
include the scient i f i c  deta i l s  o n  equation derivation and 
a computer program and perhaps a " f ie ld reference " whi ch 
would be designed exc lusive ly for manua l computation of 
FBP System components .  

Canadian Forest Fire Occcurrence Prediction ( FOP ) System 

Deve lopment of the Canadian Forest Fire Occurrence 
Prediction ( FOP ) System shown in Figure 1 is current ly 
under cons ideration . The f ire occurrence prediction module 
to the CFFDRS i s  envi s ioned as a single , national system , 
consisting of both lightning and man-caused f ire components , 
rather than various regiona l versions . Several approaches 
to predicting the number of lightning and man-caused f i r e s , 
which rely in one way or another on the FWI System comp
onents , are being used on an operational and/or experimental 
bas i s  in Ontario , Quebec , and British Co lumbia . ( e . g . , Kourtz 
1 9 8 4 , 1 9 8 7 ; Martel l  1 9 8 6 ; Martell  and Bevi lacqua 1 9 8 7 ; 
Marte l l  et a l e 1 9 8 7 ) .  

Accessory Fuel Moisture System in the CFFDRS 

The ' Accessory Fue l Moi sture System ' ( name s t i l l  
tentative ) shown i n  Figure 1 i s  currently in various s tages 
of completion and like l y  to remain so for some time given 
the immense variety of fue l  s i tuations and f ire danger 
rating requirements in Canada . Thi s system is intended 
to inc lude : ( 1 )  f ue l -spe c i f i c  moi s ture codes not repre sented 
by the three s tandard fuel moi s ture codes in the FWI System 
( i .  e . , for shaded needle litter , loosely compact duf f of 
moderate depth and deep compact organi c  matter ) for such 

. fuels as cured gra s s , exposed ground lichen ( e . g . , Pech 
1 9 8 7 ) and roundwood s lash ( e . g . , Van Wagner 1 9 8 7 b ) , and 
( 2 )  corrections/ad justments for e levation , topography , 
lati tude , season ( e .  g . , green sur face fuel eff ect ) ,  time 
of day , ( Van Wagner 1 9 7 2 , 1 9 7 7 c ;  Alexander et a l e 1 9 8 4 ) ,  
etc . The primary role of the Acce s sory Fue l Moisture System 
in the CFFDRS i s  to supplement or support special 
appli cations/requirements of the other three ma j or systems . 
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Concluding Remarks 

There i s  a great tendency in f i re management to re ly 
qui te heavi ly on computeri z ed f ire behavior systems . 
However , Cheney ( 1 9 8 5 ) makes the fol lowing point s : 

The advent of computers a l lows acce s s  to large data 
ba ses of fue l  and terrain information and the rapid 
computation of complex equations . However , a mathe
matical description of how a f ire spreads is sti l l  
inadequate . Certain assumptions must be made and 
practi ca l  restrictions p laced on the mode l  and on the 
conf idence limit of the answer . 

The rea lity of f ire behavior predictions i s  that 
overest imates can be eas i ly read justed without serious 
consequences ( Cheney 1 9 8 1 ) ; under-estimates of f ire behavior 
can be disastrous both to the operations of the f i re manager 
and the credibility of the person making the prediction . 
A precise predi ction of f ire behavior for a spec i f i c  location 
requires precise f ire weather forecasts and knowledge of 
fuel types and topography . Van Wagner ( 1 9 7 1 ) points out 
some of the realities of f ire behavior prediction : 

The goa l of research on the behavior of forest f ires 
i s  presumably to be able to predict with reasonable 
a s s urance how a f i re wi ll behave in any stated 
weather and forest f ue l . Thi s  goa l does not , 
o f  course , have an absolute f orm s ince the predi ction 
of forest f ire behavior can never be an exact proce s s . 
Performance may some day approach a generally accept
able leve l of accuracy , but error due to the inf inite 
variety of weather , f ue l , and topography wi l l  a lways 
be present . 

The j ob to be done i s  to p lace the required useful 
information in the hands of people charged with con
tro l l i ng and using fire , in the shortest pos si ble 
t ime . To be useful , the information mus t  be we l l  or
gani zed and relatively uncomplicated - or , if  i t  is  
comp l icated , then the complexity should be buri ed out 
of s i ght , as  in prepared tables or computer programs . 

There i s  litt le doubt about the 
behavior predict ion . Van Wagner 
comment in thi s regard . 

" art and sci ence " of f i re 
( 1 9 8 5 ) made the f o l lowing 

If one 
havior 
put in 
how fast 
behavior 

could boi l  down the whole sci ence of f i re be 
to its practi ca l  essence , i t  might just be to 
the hands of the f ire boss a decent estimate 

his newly-reported f ire wi l l  advance . Fire 
predictions may not be inf initely valuable ; 
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but as long as the forest f ire people continue to 
want better ones , and there are researchers to work on 
them , i t  i s  safe to say that next year ' s  predictions 
wi l l  be better than last year ' s .  And because in a 
sub ject as complex as f ire science , pure scient i f i c  
logi c just doesn ' t  seem t o  be enough , the researcher 
had better be something of an artist as we ll as a 
scienti st . 

It ' s  probably safe to say that a fire manager or practicing 
f ire behavior o f f i cer must be something of a scientist 
as we l l  as an arti st . 

Although the key f actors determining f ire behavior 
have or are being incorporated into the CFFDRS , the f i re 
manager must at least be f ami liar with the system ' s  s tructure 
and technical deve lopment in order to properly apply it . 
The CFFDRS i s  not complete at thi s stage nor can one expect 
a perfect eva luation or predi ction . However , thi s  should 
not discourage the user from becoming fami liar with a l l  
the information the system has t o  offer . Further additions 
and improvements to the system wi l l  require not only contin
ued research and testing , but a lot of feedback from the 
f i e ld people making day-to -day f ire management decisions . 
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CLIMATIC CHANGE : A REVIEW OF CAUSESI 

by 

Jame s B .  Harrington 2 

Abstract3 

The earth ' s  climate is constantly changing . Climatic 
change i s  effected by many factors : the inf luence of 
continenta l dri f t , variations in solar intensity , volcanism , 
the impact of meteors and comets , change s in the earth ' s  
orbital parameters , ice accumulation and depletion , 
variations in oceanic circulations and chemistry , changes 
in terrestrial and aquatic life , and changes in atmospheric 
composition and circulation . Despite these inf luence s , 
many of them large , and despite changes in the sun ' s  radiant 
intensity over the past 4 . 5  bi l lion year s , the average 
temperature of the earth ' s  surface has remained remarkably 
constant , hovering near 1 5 ° C .  Thi s  implies the presence 
of strong negative feedbacks reacting to any ma j or 
environmental change . During the past century , man ' s  
inf luence on his environment has been increasing at an 
unprecedent rate . Under thi s inf luence , and parti cularly 
because of the ef fect of the so-called ' greenhouse gases ' ,  
the globa l mean temperature i s  expected to rise approximate ly 
2 . 5 ° by the middle of the 2 1 st century . There remains 
a degree of uncertainty in thi s prediction because of 
unresolved problems in estimating various positive and 
negative feedback mechani sms in air , earth , ocean , i ce , 
and vegetation interaction and in the unknown magnitude 
of volcanic activity . The f ines t  numerical models and 
the fastest computer s are , at present , inadequate to reso lve 
a l l  of the problems . However , the bes t  scient i f i c  evidence 
points to a return by the middle of the 2 1s t  century to 
a c limate simi lar to that of the c limati c  optimum 5 0 0 0 - 6 0 0 0  
years ago . The degree o f  confidence i n  the direction , 
speed , and magni tude o f  the impending c l imatic change i s  
suf f i cient that a f fected agencies should be active ly mapping 
strategies to respond most advantageou s ly to the expected 

l Summary of a presentation made at the Fourth Centra l Region 
Fire Weather Committee Scient i f i c  and Technical Seminar , 
Apr i l  2 ,  1 9 8 7 , Winnipeg , Manitoba . 

2Research Scienti s t , Petawawa Nationa l Forestry Insti tute , 
Canadian Forestry Servi ce , Cha lk River , Ontario , KOJ lJO . 

3Edi tor ' s  note : Due to the extensive nature of thi s paper 
only the abstract is presented in the se proceedings . How
ever the complete paper wa s recent ly publi shed in the Can
adian Journa l of Forest Re search 17 : 1 3 1 3 - 1 3 3 9 . 
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change s .  Thi s  i s  particularly true 
where climatic changes are expected 
lifetime of current plantings wi l l  
period of anticipated change . 

of  forestry in Canada 
to be large and the 

extend we ll into the 
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