
� '" 
A RESUME OF CURRENT FIRE RESEARCH 

IN THE CANADIAN FORESTRY SERVICE 

by 

A .D .  Kiil and D. Quintilio 

Department Of The Environment 
Cenadian Forestry Serviee 
Northern Forest Research Centre 
5320 - 122nd Street 
Edmonton At..,... 
T6M )SS 

Paper presented at Bureau o f  Land Management 

Fall Fire Review and Seminar 

October 14-17 , 1975 

Anchorage, Alaska 



FOREWORD 

This report was originally presented at the Bureau of  Land 

Management , Alaska St ate Fire Seminar in Anchorage , Alaska, October 16, 

1975 .  Although the main purpose of the paper was to give an overview of 

the current fire research program of Canadian Forestry Service, we 

emphasized the fire behaviour and fire suppression methods programs con-

ducted at the Northern Forest Research Centre . To reflect the current 

situat ion we included some previously unpubl ished dat a  which will be 

covered more adequately in several reports to be published shortly . 

Similarly , the views and opinions expressed about the application of  

danger rat ing, fue1 appraisal and fire1ine construction dat a  are our 

own and do not necessarily reflect those of other fire researehers in 

the Canadian Forestry Service . 
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Edmonton AIt. ... a 
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A RESUME OF CURRENT FIRE RESEARCH ACTIVITIES 

IN THE CANADIAN FORESTRY SERVICE 

by 

A .D .  Kiil and D. Quint ilio 

INTRODUCTION 

The forest fire research program o f  the Canadian Forestry 

Service l (CFS ) involves about 25 researchers plus technical support staff 

and total funding approaching 1 . 5  million dollars annually . Fire research 

staff and funds are about equally divided between the Ottawa-based Forest 

Fire Research Inst itute (FFRI) and regional establishments at Victoria, 

B . C .  (Pacific Forest Research Centre) , Edmonton, Alberta (Northern Forest 

Research Centre) , Sault Ste . Marie, Ontario (Great Lakes Forest Research 

Centre) , Chalk River, Ontario (Petawawa Forest Experiment Station), and 

S t .  John ' s, Newfoundland (Newfoundland Forest Research Centre ) . 

The primary goal of the CFS fire research program is to provide, 

through research, development and application activities on fire manage-

ment problems , for the greatest reduction of forest fire losses and con-

trol cost s consistent with the realities of  economics  and ecology . Within 

this framework, the FFRI has the primary role of  developing and conducting 

a program of research and development which is Canada-wide in scopt:: and 

application, as well as providing expertise in aid of regioaal programs. 

The Canadian Forestry Service is an integral part of  the Environmental 
Management Service (EMS) of  the Department of the Environment (DOE). 
In addit ion to  the CFS, ENS includes the Canadian Wildlife Service (C"'S)� 
and the Inland Waters and Lands Directorates . 
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In general ,  the Inst itute places greater emphasis on work which has the 

potent ial for s ignificant longer-term payoffs , including computer appli

cations and electronics . Regional programs are basically miss ion-oriented 

with emphasis  on providing pract ical solutions to the "day-to-day" pro

blems facing the fire management agency . Longer-term investigat ions of  

a definit ive nature cont inue as an integral par t o f  the program, albeit 

on a relatively l imited scale .  

Identificat ion o f  research problems and the assignment o f  work 

priorities have been the responsibility o f  each establishment. A wide 

range of problems are being t ackled , according to needs expressed by 

fire management agencies , the probability of CFS being able to do the 

work and our own assessment of present and ant icipated future ne:,Ms. 

Development o f  meaningful l iaison and cooperat ive procedures with client 

agencies at  local, regional and national levels has received high priority . 

Advice on the CFS f ire research program is received from the Canadian 

Commit t ee on Forest Fire Control (CCFFC) , which serves as a forum for 

all provincial and federal f ire control agencies in Canada. At the 

regional level, several advisory committees and groups contribute to 

problem ident ificat ion and program balance . Internally, a CFS Fire 

Research Program Advisory Group (FRPAG) meets annually to review and to 

propose approaches for improving coordinat ion and integration of the 

ent ire program. 

While advisory commit tees and groups of various kinds serve 

an essent ial function , the cooperation and sometimes direct involvement 

of f ire researchers in opera tional programs has proven to be a key ele

ment in the development of some f ire-related work at the regional leveL 
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Testing and evaluat ion of airtanker /retardant drop effect iveness,  fire

line construct ion rates and detect ion stud ies are examples of research 

activit ies where cons iderable familiarity wi th operat ions is essent ial 

for problem solution. 

AN OVERVIEW OF THE CFS FIRE RESEARCH PROGRAM 

The CFS fire research program has four primary aims as follows : 

1 .  To develop methods for predicting occurrence o f  wildfires, 

and behavior of wild and prescribed f.ire. 

2. To improve existing and to develop new methods and techniques 

so as  to enable f ire management agencies to assess and 

opt imize effectiveness of fire suppression operations. 

3. To understand the natural role of fire and fire effects on 

the environment and to develop concepts and procedures 

whereby this informat ion can be integrated into fire manage

ment plans and operations . 

4 .  To monitor , develop and standardize new fire management 

concepts ,  systems , planning aids ,  informat ion sources and 

related mater ial so as to enable fire management agencies 

to maximize net social and economic benefits from fire 

management across Canada . 

The relative emphasis placed on each o f  these four major 

activit ies is  evid ent from a l isting and brief review of projects active 

dur ing the 1974-75 f iscal year (Kiil,  1975). 



Forest Fire Research Inst itute (FFRI ) 

S tatistics , Technical Information and Liaison 
Forest Meteorology 
Improvemertt of Forest F ire Control Systems 
Development and Applicat ion of Complex Fire 

Management Systems 
Forest Fire Detection 

4 

The collection, compilation and publishing of national forest 

fire statistics and r elated information has been a continuing function 

of the FFRI for many year s .  I n  addition, the Institute acts a s  a clearing 

house for technical information on fire control . Several meteorological 

studies have provided a better understand ing of the complex r elationships 

between weather and forest f ire .  The Proj ect entitled "Improvement of 

Forest Fire Control Systems" covers several studies concerned with fire 

weather forecasting, fir e  physics and chemistry , analysis of the use of 

aircraft , measurement of effectiveness of wat er and retardants ,  and test-

ing of pumps . 

The development and appl ication of complex management systems 

to forest fire management utilizes the computa tional capabil ities of 

computers and available exper tise of fire research and management per-

sonnel . A prototype f ire management centre has been demonstrated to 

officials of  federal and provincial fire management agencies . A thunder-

storm tracking instrument has been developed and field tested. Networks 

of  lightning sensors have been established in several areas to pred ict 

the occurrence of lightning-caused fires . 
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Petawawa Forest Experiment Station (PFES ) 

Forest Fire Behavior 
The Effects of Fire on the Forest Environment 

A maj or contribut ion to improved f ire conto1 in Canada is 

represented by the development of the new Canadian Forest Fire Danger 

Rating System. This System, originally developed as  a j oint proj ec t 

involving the FFRI, the PFRC and t o  a lesser extent , mos t  other regional 

establishments , is now in use throughout Canada , and refinements are being 

incorporated to increase its reliabili ty in different fuels . Fire effectB 

on tree growth, biomass , tree regenerat ion , vegetation diversity and 

succession are also being studied . 

Newfoundland Forest Research Centre (Nfld . PRC) 

Public Awareness 
Technical Services 

An ongoing study attempt s  to develop and schedule a newspaper. 

radio and television fire protection publicity campaign for the Newfound-

land Forest Protection Association. Another study provides for fire 

control technical services , includ ing development and demonstration of 

training programs . 

Marit imes Forest Research Centre (MFRC) 

Liaison and Development 
Forest Fire Research (contract )  

Forecast ing of  the Fire l-leather Index for the Atlant ic Provinces 

is an ongoing cooperat ive operational program involving the CFf,t the 

Atmospheric Environment Service (AES ) and the Fire Sci.ence Centre at the 
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University of  New Brunswick (UNB) . In recent years, the CFS has provided 

contract funds to the Fire Science Centre at UNB in support of fire 

research of direct interest to the MFRC. 

Great Lakes Forest Research Centre (GLFRC) 

Forest Fire Research 

Analysis of past fire and weather data has facilitated the 

establ ishment of correlations between indices of the Canadian Forest 

Fire Weather Index Tables (Anon., 1970) and fire behavior. A pt"€'scr Ibed 

burning program continues to provide empir ical data required f�r th,,> 

development of reliable fire behavior guides (Fire Behavior Indfces) in 

major Ontar io fuel types. A fuel classificat ion system has �€'nt devek;'H'i; 

and is being field-t ested. A study of wind pat terns associated with 

major fuel complexes in cont inuing . 

Northern Forest Research Centre (NFRC) 

Reduction of  losses by improved fire 
suppression methods 

Reduct ion of losses by improved fire 
danger forecast ing 

The fire suppression methods program at tempts to determine drop 

pat terns of var ious airtanker/retardant combinat ions , to provide accurate 
• 

f ireline construct ion rates, to assist fire control agencies in raising 

the performance level of detect ion systems. to dev�se operational models 

for use in aid o f  suppression and to provide guidelines for improvi�g 

suppression strategies and tactics . These and similar studies ar€. 

developed in clo se cooperation with user agenc ies and results are often 
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implemented when ava ilable . Work is continuing on  d evelopment o f  Fire 

Behavior Indices for major fuel types , appraisal of fuel,  d evelopment of 

guidel ines for prescribed bur ining , and assessment of f ire effec ts on 

the environment . 

Paci f ic Forest Research Centre  (PFRC) 

Improved use o f  prescribed f ire  in forestry 
Improved f ire danger assessment 
Improved pred iction o f  wildf ire  behavior 

A major area of work involves the develo�ment of prescribed 

burning guidel ines for hazard reduct ion and slte preparation fOe planting. 

F ield instrumentat ion and sampl ing techniques are being developed to 

obtain f ir e  behavior data from wildfires and operational prescriDeJ 1)1·i.:n�j .. 

The evaluat ion, interpretat ion and appl icat ion o f  the Canadian Forest Fire 

Danger Rat ing System c ontinue as impor tant work areas . 

Thus t he ent ire CFS f ire  research program consists o f  some 1 7  

Pro ject s ,  each wi th one or more  Studies. More detailed d i scussion of  

several s el ec t ed programs follows . 

OPERATIONAL ASSESSMENT OF THE 
CANADIAN FOREST FIRE DANGER RATING SYSTEM 

The Canadian Forest Fire W�ather Index Tables (CFFWIT) were 

f ir st published in 19 7 0 ,  with a revised 2nd edit ion to appear in t bte fo;. 

use during the 1 9 7 6  f ire s eason (Anon., 1970) . The Fire Weather I nd ex 

(FWI) represent s  t he r elat ive intens i t y  of a fire iF a stand ard r .. 1(:.1 

t ype,  and is derived from three primary f uel moisture COdBS and two 

intermedia te sub-ind ic es represent ing rat e of  spread and amount o f  
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available f uel. The system is dependent on solar noon readings of 

t emperature,  relat ive humidity, wind speed and prec ipitat ion amo unt.  The 

codes and ind ices thus provide a uniform scale for rating fire season 

s everity across Canada. 

The basic  b uilding bloc ks o f  the Canad ian system are the three 

moisture codes - the Fine Fuel Moistur e  Code ( FFMC , represent ing the 

l itter layer weighing abo ut 0 . 05 lb/sq ft or 0 . 24 kg/m2) ,  the Duff Moisture 

Code (DMC , d uf f  layer weighing about 1 lb/sq f t  o r  4.86 kg/m2) and the 

Drought Code (DC, c ompac t organic layer weighing a t  least 5 l bs/f t2 or 

25 kg/m2 ) when dry. The three moisture codes plus wind are l inked to 

produce t wo sub-ind ices , the Initial Spread Index (lSI)  and the Buildup 

Index (BUI) , representing rate o f  spread and total fuel availdble to th� 

spreading f ire. The F ire Weather Index (FWI) combines the lSI and the 

BUI and represents l ine-f ir e  intens ity in Btu sec ft or kcal/ sec-m o f  

f ire fron t .  

While t h e  System i s  based o n  act ual f uel moistur e  and f ire 

b ehavior data collec ted over t he past several d ecades , tt 1s 5ensitiv2 

to weather only and does not reflec t  the ef fec t  o f  fuel type on fire 

behavior .  In addi tion , f ire  bevavior i s  affected by s uch fac tors as 

la titutde ,  slope , aspect , el eva tion , condit ion of l esser vegetation 

(gr een vs . c ured) , t ype and posit ion of weather systems , t ime of year 

and the diurnal weather patt ern. In fact, the list  is almost endless 

and a definit ive system o f  f ire danger rating is no t l ikely to a ppear 

on  the horizon for some time. 
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A CFS Working Group is presently preparing a User ' s  Interpretive 

Manual to enable f ir e  management agenc ies to better und er s tand , interpret 

and use the Tables as a decision-making aid in various planning and 

operat ional act ivities. By presenting the best available informat ion on 

f ir e  danger a t  the national level, we hope to extend and r ef ine the f ire 

manager's ability t o  adap t and apply danger rat ing pr inc iples and prac

t ices for local and regional use. Manual topic s include Descr ip tion of 

Codes and Indices , Int erpretat ion of the S ix Components ,  Cdll.brat ion <:'10 

Assessment o f  Codes and Ind ices , Effec t s  of  Topography, and Fir e Behav-!.oy 

Ind ic ies for major slash and standing t imber fuel complexes . Some of 

these  guides are based on approximat ions and general izat ions, but we feel 

that the overrid ing purpose o f  the exercise is to recognize key rac. t�j}�& 

not presently incorporat ed into the Tables and to synthesize this informa

t ion in the form o f  immediately useable guides for regional and local 

applicat ions . 

I f  one accept s the premise that the current syst em sat is fies 

nat ional needs but i s  not suf f ic iently refined for effective use at the 

local l evel , then the mat er ial incorporat ed into the Manual should have 

a very salutory ef fect on the fire  manager ' s  ability t o  ext e nd the 

system ' s  appl icab ility a t  the level o f  a forest d istrict or region, 

While some fire management agenc ies ut ilize spec ific codes and indi�es 

t o  gu ide s it e-spec i fic operat ional activit ies such as  prescribed burning, 

the mos t  widespread applicat ion of the danger rating sys tem is in v?rious 

prevention, detec t ion and related pre-suppression planning ac t iviti�s. 

Development o f  absolute Fire Behavior Indices for maj or fuel types is 

cons ider ed to be a desirable goa l, but it is r ec ognized that full use of 
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this type o f  informat ion will be  cont ingent on  availabil ity o f  up-to-date 

fuel type maps ,  dens er weather stat ion networks , improved f ire weather 

forecasts and s imilar c onsi derat ions . The remainder o f  this sec tion will 

d escribe some r ec ent and ongoing work to ext end the appl icabil ity of  the 

System,  part icularly in the boreal forest region . 

Calibrat ion o f  Codes and Ind ices 

S ince the Fire Weather Index refer s  primari ly to a s tandard 

p ine fuel type and is useful as a general ind ex of f ire  danger acrcss 

Canada , cal ibrat ion o f  the FWI and component codes and indices if: lnt er,ded 

t o  extend t he Syst em's usefulness for pred ic t ing certa in aspect s  o f  fire  

b ehavior . Commonly ,  histor ical codes and ind ices are compared �JJth ! ;nc; 

frequenc y ,  f ire sprea d,  area burned , and suppression cost s . Knowledge 

o f  accumulat ive index frequencies and t heir correlat ion with aspec ts  of  

f ire  behavior allows the f ire  planner to establish danger classes to 

s erve as  a basis for pre-suppression and suppression ac tivities,  includ

ing prevention, regulat ion of pub l ic use,  logging restric t ions, and 

detect ion and d ispatch procedures . 

This approach to FWI cal ibrat ion has proven useful but req'.1irps 

eareful scrutiny and interpretation in relat ion to l ocal cond:Ltions ,inu 

changing fire management standar ds . For example ,  a ten-y ear perio d may 

b e  the minimum per iod o f  t ime required to r eflect expec ted variation in 

f ire climate ,  but f ire  c ontrol method s and t echn iques during that perini 

may well have changed to such an ext ent that they obscL:r e  the , ,:ii, 

weather-related trends and effec t s .  Nevertheles s ,  cal ibration is an 
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extremely important and useful exercise whereby the f ire  manager can 

gain c onsiderabl e  insight int o  fire b usiness within and between years ,  

seasons and administrat ive units . 

A basic calibration procedure involves the calculatio n  of 

acc umulat ive frequency d istributions for var ious codes and ind ices 

(Figure 1 ) . These c urves are useful to the f ire  manager in that they 

serve as a basis for establishment of descr iptive danger classes (low" 

moderat e ,  high , extreme , etc.) for var ious prevent ion and f ire manage

ment planning act ivit ies . Figure 2 depic ts s easonal trends of  f ire  

inc idence a nd key ind ices in Alberta dur ing the 5-year period 1965-69. 

As expec ted ,  average Build up Index values increase s t eadily f ron: spring 

t o  late s ummer , t hen decrease wi.th the approach o f  cooler weather and 

shor ter days. Based on  the 1965-69 data , there is a tendency for f ire  

inc id ence to decrease as t he season progresses , with a peak period of 

man-caus ed f ires in late spr ing and early s ummer , and a second peak of  

high lightning-f ire  inc idence .in mid-s ummer . In general ,  the f ire 

manager needs t o  c onsider the presence o f  var ious seasonal ignition 

sources and f uel differenc e s ,  and to adjust fire prevention, f ire  control 

and preparedness meas ures accordingly . 

The assoc iat ions between BUI and area bur ned, are shown in 

Figures 3 and 4. rt i s  int er est ing t o  not e  t hat f ire OC"2ur-:e,1C:iC' �· �:\:'o'"'. "3 

t o  a maximum at BUr 60 t o  80, then falls off. The 2pparent de::...rea,,:e in 

f ire  business at high Bur levels is  at t ribut ed to the relatively suall 

propor t ion o f  days with high BUr, increased prevent ion and preparedness 

mea s ures , and the possibility that l ightning-f ire inc id ence is 10weT 
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during long periods o f  settled weather . By contrast ,  area burned per 

day continues to  increase over the full  range of  BUI . Table 1 illustrates 

the separate effects of lSI and BUI on fire incidence and enables the 

fire planner to bet ter match the fire management organization to the 

problem.  Preparation of such fire readiness plans should be accompanied 

by additional analyses relative to season, fire cause, area burned, fire 

size at init ial attack and expected suppress ion expenditures . Table 2 

illustrates the value of isolating the effects of fire cause and sezson 

on area burued and suppression costs. 

The Alberta Forest Service (AFS) has a chronic spring fire 

problem that usually dominates th� fire statistics . For example during 

the per iod 1971-7 4 ,  78% o f  the Class E (>500 ac or 202 ha) occurred 

between May 1 and June 20 (Miyagawa , 1975) . Cured lesser vegetation, 

"blocking" high pressure systems and increased man-caused risk, all con

tribute to the seriousness o f  the spring fire period . To help the fire 

management agency cope more effec tively with this problem manning tables , 

based on the FWI , lightning r isk, and a crown foliar index (Stashko and 

McQueen, 1974)  were issued for the spring of  197 5 following a winter 

analysis by CFS and AFS . The tables provide for increasing manpower and 

equipment in s ix forest distr icts with increasing fire ha zard and risk. 

Tables 3-5 describe the manning table matrix and assoc iated expenditures 

(McQueen, 1975) . 

Additional manning up to Level l costs $17 1 , 000 for a five-day 

period in the six districts . However , the elimination of a single 

Class E fire should result in savings of $400, 000. Owing ,:0 JctJ ;,"i'tf, 
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TABLE 1 .  FIRE INCIDENCE BY INITIAL SPREAD INDEX (lSI) AND BUILDUP INDEX 
(BUI) CLASSES IN ALBERTA, 1 965-69 

lSI Classes 

0 . 0 -1 .0 
1 . 1-3 . 0  
3 .1 -8 . 0  
8 .1-1 6 . 0  

1 6 . 1 

Total 

0-25 

124 
4 2  
3 2  

8 
o 

206 

26-50 

5 6  
105 

86 
46 

7 

300 

5 1-75 

33 
35 
74  
33 
13 

188 

BUI CLASSES 

7 6- 1 00 101 + Total 

Lightning-Caused 

2 
4 

28 
9 
1 

44  

1 
o 
2 
6 
8 

1 7  

2 1 6  
1 86 
222 
1 02 

29 

7 55 

No . 
of Fires 

% 

28 . 6  
24.6 
29.1f 
13 .6 

3 .8 

100 .0 I 

No . 1 
of Daysl' 

% 

I i ! 
38 ' 
23 ! 

27 i 
9 ' 

3 

No . of fires (%) 1--_ 2_7_._3.:.-._3_9_._8....1-_2 _4_" 9
---: __ 

5

_

.

_

8

--!. __ 
2_._2--!-_1_O_0_. 0,_"- _______ l��_l 

0 .0- 1 . 0  
1 .1-3 .0 
3 .1 -8 .0 
8 .1-1 6 .0 

1 6 . 1  

Total 

No . of fires (%) 

0 . 0- 1. 0 
1 . 1-3 . 0  
3 . 1- 8 .0 
8 . 1- 1 6 . 0  

1 6 . 1 

Total 

No . of Fires (%) 

No . of Days (%)  

7 9  
80 

131  
88 
2 2  

400 

3 0 .6 

34 
7 3  

178 
146 
1 23 

554 

42 .5 

6 
34 
97 
37 
3 1  

205 

15 . 7  

Man-Caused 

o 0 
5 1 

3 0  9 
28 23 
23 27 

86  60 

6 . 7  4 .0 

1 1 9  
1 93 
445 
322 
226  

1 , 30 5  

1 00 . 0 

9.8 3 8  
1 4 .8 23 
3 4 .0 27 

� 

24 . 6  9 
1 7  ,3 3 1 

100.0 I I ! 100 I 
�-----'-----!..----l.....--....--L..- '---l 

All Combined � 
2 03 
1 2 2  
1 63 

96  
22 

606 

2 9 .4 

5 9  

90 
178 
2 64 
192  
130  

854 

4 1 . 5  

27  

3 9  
69  

1 7 1  
7 0  
44 

3 93 

19 .0 

9 

2 
9 

5 8  
3 7  
2 4  

130 

6 . 3  

3 

i 

1 
1 

11 
2 9  
35  

77 

3 . '7 

2 

335 
379 
66 7 
42.4 
2 55 

2,060 

�� I �� I 3 �� 
21 I 

) 
1 3 1 1 ! 

10 0 i 
i I 

1 0 0 .0 

_ ,�OO.O I, __ , __ L . .  J 



Season 

Spring 

Summer 

Fall 

All 

Seasons 
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TABLE 2 .  FIRE SIZE AT INITIAL ATTACK, FINAL FIRE PERIMETER 
AND SUPPRESSION COSTS PER FIRE IN ALBERTA, 1965-69 

Average Fire 
Size at Initial 

Fire Cause Act ion in Acres 

Lightning 1 

Man 126 

All l 18 

Lightning 28 

Man 8 

All 19 

Lightning 0 .3 

Man 7 

All 7 

Lightning 2 6  

Man 63 

All 50 

Average Final Fire 
Perimeter in Chains 

33 

272 

254 

35 

2 2  

29 

4 

28 

27 

35 

138 

100 

Average Suppression 
Costs/Fire in Dollars 

2 , 800 

7,030 

6 , 750 

4 ,880 

1,.:,.50 

.... , "/-' '. 
�) II j.-� " .. } 

770 

2 , 52 0  

2 , 450 

4 , 730 

4 , 150 

4 , 350 

------�-- � - '  - .. _. '- --. - -- ._- ..• --'> ... �" • .• - ---------.--,.---.� , , 



TABLE 3. MANNING AND EQUIPMENT LEVELS - SPRING 

FOLIAR BUILDUP FIRE WEATHER WEATHER 
INDEX INDEX FORECAST 

High and Climbing High or Lightning 
or Extreme Predicted 

Extreme 

High and Climbing High or No Lightning 
or Extreme Predicted 

Extreme 

Low, Moderate High or Lightning 
or Extreme Predict ed 

High and Fal ling 

Low, Moderate High or No Lightning 
or Extreme Predicted 

High and Fal ling 

Any Foliar Low or Any 
Buildup Index Moderate Forecast 

*Normal manning level used by Forests . 
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LEVEL OF 
PRE-SUPPRESSION 
READINESS 

I 

-

II 

... ______ �_�A ___ ,...., 

, I 11 
I 

*rrI 

*IIr 



Level I 

TABLE 4. EQUIPMENT AND MANPOWER REQUIREMENTS 
FOR IMPLEMENTING MANNING TABLES 

- suppression and minimum security crews as normally used by 
the Forest.  

- three 25 man fire crews . 
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- three helicopters (206B minimum capacity) complete with bucket and 
sling stationed with the crews . 

- one bomber group within 30 minutes flying time of the geographical 
centre of the problem hazard area . 

Level II 

- suppression and minimum security crews as normally used by 
the Forest . 

- one 2 5  man fire crew. 

- one helicopter (206B minimum capacity) complete with bucket and 
sling stationed with the crew. 

- one bomber group within one hour f lying time of the geographical 
centre of the problem hazard area . 

* Level III 

- suppression crews and minimum security crews as  normally used by 
the Forest . 



Level I 

TABLE 5. COSTS AND SAVINGS OF ADDITIONAL MANNING 

20 

It is possible for all six northern Forests to have high or 
extreme hazards and a lightning forecast during the spring period . 
This ·type of  condition could last for as  long as  5 days . 

Resource Cost/Day Cost/5 days 

3 Helicopters $ 2,700 $ 13,500· 

3 Crews $ 3,000 $ 15,000 

Total Per Forest $ 2 8 , 500 

Cost for 6 Forests $171,000 

Level II 

It is pos sible that all six Forests would be at this level 
for 10 days during the spring period . The difference between Manning 
Levels I and II is in the lightning prediction. The cost of additional 
men and equipment requirements for 10 days is as follows: 

Resource Cost/Day Cost/10 Daxs 

1 Helicopter $ 900 $ 9,000 

1 Crew $ 1,000 $ 10,000 

Cost Per Forest $ 19,000 

Cost for 6 Forests $114,000 

Level III 

This is the present manning level used by the Forests for the 
entire fire season . No additional saving or additional costs result 
from this manning level . 
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activity in spr ing of 1975 ,  there has been no opportunity to assess the 

merits of  the new tables . 

The above section outl ines some common approaches and procedures 

related to cal ibration of various codes and indices. 

Table 6 summarizes actual and potential applications of various 

codes and indices in support of f ire management planning and operational 

activities . 

Effect o f  Latitude on Fire Weather 

The forested reg ions in Canada lie between latitudes of 45° and 

65°; a north-south distance o f  about 1 , 000 mi or 1 , 609 km. Within these 

latitude extremes exist important cl imatic d ifferences which must be 

considered if the FWI is to be truly national in scope. The purpose of  

this section is to define the variation of insolation, temperature and 

relative humidity . 

Moisture regimes in forest fuels are signif icantly affected by 

solar rad iation (insolation) on a seasonal basis .  The total undepleted 

radiation depends on day length and solar altitude , while the net 

radiation at the earth's surface is a fUnction of the atmosphere and 

cloud cover . Assuming the same atmosphere and cloud cover on June 21, 

net solar radiation at 50° latitude and 67° latitude is about equal . On 

all other days of the year latitude 67° receives less radiation than 

latitude 50°. Table 7 attempts to adj ust the FFMC to compens2te for 

the seasonal radiation d ifferences at various latitudes. The !;;d.r.. PU:1> 

pose of the table is to recognize season and latitude as important 

determinants of fuel drying rates ; additional information will be 

incorporated into the "User ' s  Manual" . 



Yearly 

Seasonal 

Weekly 

Daily 

Hourly 

Fine Fuel Moisture 
Code (FFMC ) 

-frequency 
distribut ions 
useful in 
establishing 
guidelines for 
various 
applications , i . e. 
regulation of 
industrial use, 
forest closure 
prescribed 
burning 
f ire prevention 

.,-interpret s  weather 

. effect s  of past 
several days 

-useful in 
prescribed burning 

-diarnal changes in 
weather and fuel 
moisture 

-igniti.on predictor 

TABLE 6, APPLICATION OF CODES AND INDICES IN VARIOUS 
FIRE PLANNING AND OPERATIONAL ACTIVITIES 

Duff Moisture 
Code (DMC ) 

restablishment of 
guidelines for 
various planning 
act ivities , i,e" 
prescribed 
burning, fire
fighting 
preparedness  

f I 
1 I 
I 
\ 

-::lntegrates 
weather effects 
for past several 
weeks 

-reflects duf f 
removal by fire 

-indicates 
lightning fire 
probability 

Drought 
Code (DC ) 

-potential for 
integrating 
drought effects  
over several 
years 

-long-term drought 
effec t s  

-smouldering 
potential 

Init ial Spread 
Index (lSI) 

Buildup 
Index (BUI) 

-comparison between\ -COmparison of 
years trends and 

relationships 
between years 
and seasons 

-indicates head·
f ire spread 
potential 
including 
crowning 

-fuel consumption 
-mop-up difficulty 

! -lSI and BUI ,  in combinat ion should 
be useful indicators of  fire 
business , including f ire occurrence ,  
area burned, etc . 

Fire Weather 
Index (FWI) 

-facilitates  
comparison of  firf 
season severity 

-provides scale 
for rating 
critical f ire 
hazard periods 

-integrates many 
short , medium and 
long-term effects  
into one index 
number 

-daily dispatch 
decisions 

N 
N 



TABLE 7.  FINE FUEL MOISTURE CODE (FFMC) MODIFIERS FOR 
LATITUDE AND SEASON (based on und epleted sol ar 
radiation values) 

Month 
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Latitude April 15 May 15 June 15 July 15 Aug. 15 Sept.  15 Oct. 15 

45° -2 -1 0 -1 -2 -4 -7 

50° -3 -1 0 -1 -2 -4 -8 

55° -3 -1 0 -1 -1 -5 .3j 

60° -4 -2 0 -1 -3 -5 .'A 1 �f 

65° 

I 
-4 -2 0 -1 -3 -6 -10 

70° -5 -2 0 -1 -4 -7 -11 
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Atmospheric conditions and cloud inc idence are as important 

as s olar energy s ince the former can severely l imit the latter . Figure 5 

illustrates the range of average br ight sunshine hours that can be 

expect ed throughout Canada dur ing the fire season at  any given lat itude. 

Interi or Bri t ish C olumbia , the Prairie Provinces , Yukon Terri t ory and 

the Northwest Territ or ies have a greater number of poten tial "drying days'l 

than the remainder of Canada . 

While f orest f uels at  50° and 67° receive equal amounts of 

insolat ion on June 21st , the correspond ing daylength p eriods  are 16 and 

24 hour s ,  respect ively . Owing t o  the low angle of incidence !raversed 

by the sun l it tl e  radia t ion is received on the ground surface during 

these extra daylight hours at nor thern lat itudes . However diurnal 

temperature  and rela t ive humidity cycles are affec t ed,with the result 

that r elat ively s evere fire behavior cond i t ions sometimes prevail f or 

several days and nights . 

Comparison of d iurnal relative humidity cycles f or a ten-year 

period show tha t  maximum overnight humid ities are s ignificantly lO"YH!r 

in the N . W . T .  than at lower latitudes (Figure 6). As would be expected , 

maximum overnight temperatures are higher at northern la titudes , reflect

ing the absence of extended cool , moist nights c ommon in the south . 

Northern f ires are known t o  burn "round-the-clock" with high inter)", icy, 

presumably due t o  the c ombined effec t s  of lack of recovery of moistu! 2 

in fuels and prevalence o f  amb ient weather c ond it ions conduc ive to rapid 

f ire spread . 
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Fuel Evaluat ion 

The problem of fuel descript ion and c lassification has been 

with us for s ome time and will no doubt c ont inue to defy easy solution. 

Stud ies of biomas s  in different f orest stands have quant ified the amount ,  

size and dist ribution of organic matter on the f orest floor and in t ree 

crowns , but our ability to predict rate of spread and other fire  behavior 

charac teristics has generally not kept pace with fuel inventor ies . Part 

of the problem can be attributed to a lack of consensus as to what the 

f ire manager needs t o  carry out his seasonal and daily planning and 

operat ional ac t ivit ies . Even if he has reliable infoTms tion on f ir� 

behavior in a large number of fuel c omplexes ,  can he put all this knowledge 

t o  effect ive use unless c ommensurate improvements can be made :to t he 

wea ther s tat ion network, f ire weather f orecast ing , detect ion and suppres

sion a c t ivit ies , and the provision of real-t ime intelligence on the f ire 

s it uat ion generally? Thus , while we have the high-speed data processing 

capab ility of the electronic c omputer , that by it self  is  not a very 

c ompell ing reason for produc ing an abundanc e of outputs unless these 

are l ikely t o  c ontribute t o  a saving in f ire management c osts  and fire 

damages . In prac t ic e ,  the needs of most f ire management agenc ies app ear 

t o  b e  met by provis ion of f ire behavior inf ormation f or a handful .�t 

key fuel c omplexes . 

Several years ago, we l ooked at the area of fire behavior pre-

d ic tion and decided that a broad-scale fuel inventory would be a ba sic 

building block f or pred ic ting fire behavior. Four major Alber_a forest 

c over types - aspen,  black spruce , y]hite spruce and lodgepo:ie pine " wete 
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sampled and an attempt was made t o  develop equations for pred icting 

weight of the fuel c omplex from selected stand parameters such as height, 

density and basal area . The results  of this and\other fuel stud ies 

enables us to pred ic t  the weight of the slash fuel c omplex following 

harvesting, or of the aerial fuels in undisturbed f orest s .  These f indings 

and predic t ive proc edures can be ref ined but present-day operational 
, 

requirements are not suffi ciently pressing f or this to be  done . Figure 

7 shows crown fuel weight curves by dbh f or four c ommon Alberta species. 

The weight and depth of forest floor fuels:  litter (L),  fermentation (F) 

and humus (H) layers can be predicted from one or more s tand riescriptors 

such as basal area , stand height and stand age . With the aiu '..11: rh�:�, 

and other c orrelations , f orest stand descriptors can be used to q';"\nt if'/ 

key forest ( fuel) types which in t urn can be  useful in predict ing f ire  

behavior . This approach t o  fuel typing and mapping has s everal 1 imita-

t ions , but it appears t o  c orrespond reasonably well with p resent-day 

planning and operat ional requirements of f ire management agencies in 

Canada. Development and effec tive use of more s ophisticated fuel 

appra isal procedures d ictate improved weather data collect ion and weather 

forecast ing proc edures , an increased data-handl ing capab ility by the 

op era t ional agency,  and s ome indication that the f ire manager ' s  ability 

t o  predict changes in f ire behavior over short t ime spans and on small 

areas is of real pract ical importance in relat ion t o  suppression [!ct ivities, 

Fire Behavior Indices 

Much of the f ire behavior research of the 196 0's related to thE 

slash fuel c ompl ex ; hence ,  Canadian and American guidelines are av: ; i ;c,'",j e 
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for assessing slash-fuel hazard and f or c onduct ing burns in t erms o f  

the respect ive Nat ional Danger Rat ing Systems . In the Boreal Forest 

Region however , the maj or suppress ion problems are in natural fuels and 

an immed iat e requirement is Fire Behavior Indices (FBI) for the majo r  

forest ( fuel) t ypes. Therefore,  much o f  the current Canadian work on 

f ire behavior predict ion is concerned with the preparation of FBI's for 

standing t imber fuel types. It is the role of a FBI t o  account for as 

much of the fuel-related variat ion in f ire rate of spread, fuel con-

s ump t ion and f ire intens ity , as po ssible or pract icable and t o  express 

these values in abs olute unit s such as feet per minute ( metres/min)r, 

1bs / f t2 (kg/m2) or Btu/ sec / ft (kcal!sec-m) o f  f ire front. OYJ:Lng to the 

inf inite variety o f  f uel types , the bas ic approach has b eea tv cOl':..,lJ.t.e 

f ire behavior in a selected fuel type with one or more of the existing 

ind ices of the danger rat ing syst em. When the fuel in quest ion is not 

well represented by any fuel moistur e  code, a new moisture code might 

have to b e  designed. 

In recent years , a number o f  correlat ions have b een established 

b etween fuel types and various moisture codes and ind ices of the danger 

rat ing sys t em. For var ious slash fuel complexes , actual depth of burn 

in organic mat ter,  percentage o f  total slash fuel consumed and ab;o:·r;lute 

linear rat e of spread can be pred icted with cons iderable confidenc e 

( Quint ilio , 1 9 7 0; S t ocks , 1971 , Tables 8 and 9 ) . A Daily Prescribed 

Fire Pred ic tor is now availabl e and enables the f ire manager L; use the 

FFMC , the DMC and the DC to  pred ict ignition probability , rate of spread, 



Init ial Spread 
Index ( l S I) 

0 

1 

2 
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4 

5-6 
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9-1 0  

TABLE 8 .  PREDICTION OF HEADFIRE RATE OF SPREAD 
FROM INITIAL SPREAD INDEX ( lSI)  FOR 
LODGEPOLE PINE SLASH 

Rate o f  SEread Init ial Spread Rat e  o f  
ft /min m/min Index ( lSI)  ft /min 

0 0 11-12  51  

5 1 . 5  1 3-14 6 0  

9 2 . 7 1 5-1 6  6 8  

1 4  4 . 3  1 7-18 77  

18 5 . 5 19-2 0  86 
25 7 . 6  21-2 4  99 
33  1 0. 1  25- 28 IHJ 
42 12 . 8  29 + 11it 

3 0  

Spread 
m/min 

15 . 6  

18 .3 

20.7 
2 'L5 

'"it:.. £,. ... 2 
30.2 
35.4 
:]·5 j.1-

4<-- _� __ .... _ ,  

TABLE 9 • ASSOCIATION BETWEEN BUILDUP INDEX (BUI) 
AND DEPTH OF BURN AND SLASH REDUCTION 
FOR LODGEPOLE PINE SLASH 

Average d epth o f  burn Buildup S lash reduct ion 
in . cm Index (BU!) in % 

0-1 0  2 0  
0. 5 1 . 3 

11-1 9  25 

. 51 1 . 31 2 0-2 6  3 0  
to to 
. 7 5 1 .  91 27 -35 35  

.7 6 1 . 9 2 36- 43 4 0  
to to 

1 . 00 2 . 54 44-51 4 5  

1 . 01 2 . 55 52-59 5 0  
to to 

1. 5 0  3 . 81 6 0-67 55 

1 . 51 3 . 82 68- 83 6 0  
t o  t o  

1 .  7 5  4 . 44 7 6-8 3  6 5  

1 .  7 6  4 . 4 5 84-91 7 0  
to to -----.-,....�-

2 . 00 5 . 08 9 2-1 00 75 

2 . 01 +  5 . 09 +  1 01 +  7 6 +  
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difficulty of c ontrol and percent reduc t ion of duff depths and slash 

fuels (Muraro, 1975) . This s l ide-rule procedure can be used to either 

pred ict the behavior and impact of a prescribed burn under t oday's 

c ondit ions or t o  estimat e  the moisture codes required to achieve spec ific 

prescribed f ire obj ect ives . 

Several approaches , all of them empirical in nature , are being 

pursued t o  d ocument f ire behavior in the maj or stand ing timber fuel 

types of concern to fire management agenc ies in Canada. These include 

presc rib ed burns in selected stands , observat ion and measurement of 

going wild f ires and use of infra-red scanners to map f ire perimeters 

a t  specified t ime int ervals .  Van Wagner (1973) has prepared rough 

p redict i on equat ions of f ire  spread rates by fuel type (Tab10 IO). We 

have a ls o  synthes ized add i tional observat ions and measurements t o  pro

duce preliminary (rate of)spread rates f or black spruce by lSI c lasses . 

These are admittedly based on fragmentary evidence from various s ources , 

but even that is better than no est imat e  at a l l .  

Darwin Lake Fire Project - An example of the CFS approach to fire bek,vlcn. 

stud ies is given by the Darwin Lake Proj ect when, during the s ummer of 

1 974 , f ire researchers c onverged on the Canadian Shield in northeastern 

Alberta t o  observe and measure f ire behavior in the jack rine (P'irus 

banksiana Lamb . )  fuel complex. Nineteen researchers, fbn? AHprti'c ?,.':'. .. ' 

Service district personnel , two Atmospheric Environment Service meteorolo

gists,  and two squads of f ire f ight ers part icipated in the study, with 

t he assistance of Northwest Lands and Forest Service and P2rks Canada . 



Initial 
Spread 

Index 

TABLE 1 0. PREDICTED RATE OF SPREAD FOR S IX FUEL TYPES 

Grass 
(McArthur 

1962 ) 

Aspen 
( le afless) 

Red-white Red p ine 
pine stand planta

tion 

Jack pine 
stand 
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Black 
spruce 
(open , 

lowland)  

------------------------------- feet per minute -------------------------------

1 15 0. 5 0. 0 0. 0 0. 0 0.3 

2 24 1 . 5  0. 1 0. 1 0.1 0. 8 

3 3 0  2 . 5  0. 5 0. 8 0. 7 1 . 0 

4 37  3 . 5  1 .0 1 . 6  1.3 2,0 

5 4 3  4 . 5  1 . 3 2 . 6  2.0 5.0 

7 5 3  6 . 0 2 . 5  5 . 7 3 .7 9.0 

1 0  6 5  8 . 5  4 . 8 1 3 . 0 7 .0 1.56)0 

1 2  7 5  1 0. 0  6 . 7  19 . 0  1 0. 0  2 0. 0  

15  86  1 3 . 0 1 0. 0  3 1 . 0 1 5 . 0 

2 0  1 00 1 7 . 0 1 7 . 0 6 0. 0  25 . 0 

25 115 2 2 . 0 2 5 . 0 1 00. 0 4 0. 0  

3 0  1 35 

4 0  1 6 0 

5 0  1 8 0  

Shaded area: f igures reflect extrapo lat ion beyond actual fire behavior da1. 

Crowning thr eshold varies with s t and t ype but becomes highly probably and 
widespread in range of lSI from 1 5  to 3 0. Est imated crowning thresholds for 
black spruce are lSI 1 0-1 5 ; for j ack p ine,ISI 2 0-25 and for white spruc e ,  lSI 
30+. 

Rate o f  spread values for aspen ,  red pine plantat ions, jack pine and rlCd-whi f'.: 
p ine stands interpret ated from Van Wagner , 1973. 



33 

Area reconnaissance ,  plot layout , weather instrumentation and 

camp establishment was c ompleted in June via float plane and hel icopter. 

A VHF c ommunicat ion system provided for weather inf ormat ion and o perating 

messages. 

Thirteen plot s  were burned between July 24 and August  9 over 

a range of weather and fuel moisture c ondit ions. Fire vigor incr eased 

with increasing FWI ,  reaching full crown involvement at FWI 28 . Pos t

burn inventories were completed by mid-August  and all participants 

returned t o  their respec t ive headquarters shortly thereaf ter . To tal 

operational expendi tures were about $2 0, 000. A detailed summary of the 

c omp lete proj ect i s  available through the NFRC. 

C1adonia Fire Behavior Index - Cladonia , oft en in assoc iation with 

Labrador Tea and open-growing black spruce on permafrost  s oils , is a 

maj or surface fuel throughout the boreal and subarctic regions. It is 

also f ound on sandy soils suppor t ing stands of j ack pine. Owing to its 

prevalence in the Far North and its uniqueness in t erms o f  f ire behavior 

and impact ,  a spec ial C1adonia Fire Hazard Table - Alberta was prepared 

several years ago. The Cladonia Hazard Index is determined from noon 

readings of relative humid ity in p er cent and the amount of r.ain by 

t ime intervals of a day or less . A revised Clad onia Hazard index is 

being prepared f or inclusion in the User ' s  Manual (Van Wagner , Personal 

Communicat ion) . The main difference between it and the original Alberta 

Cladonia Tables relates to a modif ied FFMC us ing rainfall up to 0. 03 

inches only and the inclus ion of a wind effect absent f rom the first 

version. 
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The Cladonia Index gives relative rate of spread of  f ires in 

forest types where Cladonia is a maj or forest floor fuel . Absolute rate 

of  spread values are almo st completely non-existent in this important 

fuel type . Results o f  a prescribed burning study in this fuel type in 

northern Alberta suggest that incipient f ire spread can be  extremely 

rapid within about f ive days of  a saturating rainfall (Kiil , 197 5 ) . 

Within 15 minutes from a po int-ignit ion , the head f ire had r eached a 

point about 180 feet away and was rapidly assuming the charal::teris t i  cs 

of a crown-f ir e  with spo t t ing several chains ahead of the f ire front . 

Fire perimeter increased f rom a point-source at ignition to something 

in excess o f  500 feet 15 minutes later . Fuel consumption wa s about 

0 . 4  Ibs / sq f t  ( 2 . 02 kg/m2 ) ,  based on an average depth of burn cf 3 . 1  in 

(8 . 1  cm) and variable crowning . 

An exploratory study o f  Cladonia fuel mo isture content during 

three d is t inct d iurnal weather patterns revealed that moisture content 

of t he 2-3 in ( 5-8 cm) Cladonia fuel layer can range from about 20% 

to 110% within a s ingle 24-hour cycle ( Figure 8) . Of part icular int€ .',:';st  

is the rapid drying between 1 600 and 2200 hrs on  July 8-9 . 

Crown-Fire Spread - Ext ensive crown f ires in spring and early summer 

are a common phenomenon in many parts of Canada . Their occurrence is 

attributed to a number of  factors , including the prevalence of weathe ,:' 

pat t erns conduc ive to rapid f ire spread , cont inuity and amount of . : ured 

minor vegetation on the forest floor , the relatively rap id drying of d,�i:d 

fuels in well-aerated open boreal forest stands , carry-over moisture 

deficit from previous year , and the relatively low moisture content o f  
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conifer foliage during this period . Van Wagner ( 1 9 74 )  has developed a 

crown spread index based on foliage mois ture content variation during 

the spring foliage moisture content dip . Van Wagner ' s  Crown Spread Index 

( CS I )  is ob tained by mUl tip lying the Ini tial Spread Index by the Crown 

Spread Factor as de termined f rom foliar mois ture conten t  and the foliar 

weigh t  ratio . 

Fire behavior s tudies in j ack pine and red pine suggest 

that Ini t ial Spread Index o f  20 to 30 indicates the onset of  

crowning. Significant t orching o f  groups o f  black s pruce t rees 

can be expec ted a t  lSI of  10 to 15 . Thus the crowning threshold appears 

to lie in the range of Ini tial Spread Index from 10  to 30 , depending on 

the horizontal and vertical distribut ion of dead and live fueJ ccmf.'" e "m �. !; ,  

and wind speed within the stand . 

Th e seasonal pat tern o f  foliage mois ture content in conifer 

needles is well-documented and appears to be  dependent more on the internal 

metabolism o f  a t ree rather than on daily or seasonal weather patterns 

( Figures 9 and 10) . There is a p ronounced spri.ng d ip in foliar moisture , 

and! p art o f  this may be  due t o  a concurrent temporary increase in t ne dry 

weight per needle . Fo r mos t  northern conifers , the mois ture content of 

foliage covers a range of between 25 to 40% from s pring to late summer 

.o r winter ( Chros ciewic z , Personal Communication) . Minimum values o f  70% 

occur ; however , absolute mois ture content f luctuates from about 70 to 

1 30% , depending on year , age of foliage and species . Moisture c '_m t f u t  

differences between lodgepole pine and whi te spruce in Alberta approach 

20% during the early part o f  the growing season, with lodgepole pi.it.'! 
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having the highes t  values . S imi larly , differences in foliage mois ture 

content due to age of needles range from 15 to 20% . Since more than two

thirds o f  the needles on mos t  northern conifers exceed three years in 

age , the mois ture content of these older needles and bark near the s tem 

of the t ree could have an over-riding e f fect  on candling and subsequent 

crowning . 

Comparison o f  American and Canadian Sys tems 

At this point , perhaps a quick look at some of  the s imilari ties 

and differences between the Ameri can and Canadian danger rat ing systems 

will serve a use ful purpose .  Each sys tem recognizes three classes o f  

forest fuels o f  different drying rates . S imilarly , various ind�ce8 

reflect the linear rate of f ire spread , ava i lable fuel energy tor cpm

b us tion and finally , a measure of  l ine-f ire intensity . The FWI in the 

Canadian sys tem p rovides a means of comparing fire weather at different 

locations across Canada , whereas the Burning Index (HI )  in the American 

sys tem re lates to fire behavior  in nine different fuel types . The 

Canadian sys tem is founded on literal ly thousands of sets of �leather�  

fuel and fire behavior measurement s  in the field . 'whereas the Lme1.' .: , C L,l1 

sys tem is "purely analytical , being based on the physics of  mois ture 

exchange , heat trans fer , and o ther known aspects of the p roblem" (Deeming 

e t  aZ , 1 9 74) . Temp erature , relative humidity , wind speed , rain amount 

and month are the required weather data for the Canadian sys tem . The 

Ameri can sys tern op erates on temperature , relat ive humidi t�· , r"rin d 8 : ' ''' (": 0 . 

rain duration , daily maximum and minimum relative humidit:y , cloud cove r ,  
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herbaceous and woody vegetation condi t ion , slope , and fue l  mo del .  

Dif ferences between the two sets o f  fuel moisture s chemes are dep icted 

in Table 11 (Van Wagner , Pe rsonal Communication ) . 

An example o f  how key indices respond to rainfall is shown in 

Tab le 1 2 . Rainfall amounts have a rather s trong effect on the lSI and 

FWI whereas the S C  of  the American sys tem does not respond to rainfall 

durat ion . Also , the Energy Release Component (ERC) and the Burning 

Index of the American sys tem ( Fue l Model D) recover at a faster rate thAn 

do the Buildup Index and the Fire Weather Index ( Bur ) of  the Canadian 

sys tem. 

FIRE SUPPRESSION METHODS 

Fireline Cons truct ion Rates 

Handcrew and bulldozer p roduction rates are available for 

several U . S .  Fore s t  Service regions ( Steele , 1961) ; however , pub lished 

results are high ly variab le and not applicable under conditions f ound 

in the Boreal Fores t .  The Northern Forest  Research Centre thus i n stituted 

time and motion s tudies on going wildfires in 1 9 7 2  to provide lQcal rl1":'O 

duct ion figures for these two common suppression methods . 

The bulldozer is an efficient dirt moving machine , but its 

efficien cy decreases once it is transported to the fireline where foo t ing , 

servicing , and operating condi tions are less than ideal . Although th"" 

dozer is  a p roven fire control too l ,  unfavoul'able boreal foru3 t conditions 

and conce rn about environmental damage dictate that it not b(' ' 18 8-1 

indis criminately . 

In Alberta , dozers are teamed to ass ist each o ther through the 

inevi table muskeg areas encountered during f ire line construct ion . I t  is 
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TABLE 11. THE AMERICAN AND CANADIAN FUEL MOISTURE SCHEMES 

, 
Factor American Canadian 

I-hr TL I 10- hr TL 100-hr TL FFMC DMC DC 

Moisture content 
range in % 1-25 1-25 0-200 2-101 20-300 400 

Timelag days 
0 

at 7 0  F 0 0 2 . 0 0 . 7  12  52  
Rain effect?  No Yes Yes Yes Yes Yes 

Rain effect depends 
on amount - - - X X A 

duration - X X 
Rain capacity - - - 0 . 3  nun 1 5  mm 200 mat 

Fuel 2 2 f ",,2 
-litter , duff weight 0 . 25 kg/rrl 4 " 36 , 

- - - ��!. ) � ! <,j; 

-litter , duff depth surface < 1 9  nun < 100 nun 10  nun 8 0  nun 2,:,;u mID. 
- roundwood d iameter 6 nun 6 to  25  nun 26  to 7 6  nun - - -

ITL is t imelag .  Timelag in the Canadian system is measured in daily cycles , based on 
field data and fluctuations in weather data . The American system considers timelag 
as a property of the fuel and constant with changing weather conditions . 
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TABLE 12 .  RAINFALL EFFECT ON COMPONENTS OF 
AMERICAN AND CANADIAN SYSTEMS 

Ppt .  Canadian American 

lSI BUI FWI SC ERC BI 

0 1 1  42 2 1  3 4 8 

0 . 2  2 . 5  34 6 3 3 8 

0 7 38 15  3 8 1 0  

0 9 4 1  1 7  3 I I  1 2  

0 1 1  43 23  3 13  13 

-------,.- .-..,� 

0 1 1  42 2 1  3 4 8 

1 . 0" 1 . 5  2 1  2 3 1 � 

0 7 25 1 2  3 5 9 

0 9 27 1 5  3 9 1 1  

0 1 1  32  1 9  3 1 3  13 

0 3 15  14  

Canadian American (Model D� 
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not uncommon to find six machines of different models and sizes building 

line and helipads in a combined unit . Rates given in this paper reflect 

average production/dozer-hour based on the range of machines present in 

the team.  The mos t  common units observed were D-7 ' s  and wide-pad D-6 ' s .  

Data from this s tudy represent 561 hours of observation on 

wildfires and a total of about 100 miles of fire1ine construction . Pro-

duction rates ranged from 1 ch/dozer-hr to 40 ch/dozer-hr and 

averaged 14 . 3  ch/ dozer-hr for all situations . An approximation of  r ates 

for three resistance-to-construction categories is as fol lows : 

Extreme 1 ch/ dozer-hr 

High 4 chi dozer-hr 

Moderate 30 ch/dozer-hr 

Of the 5 61 working hours observed , 336 hrs (60%) were classified 

as production time while the remaining 40% was "down" time as a result 

of mechanical difficulty or complete loss of footing requiring a rescue 

pull . 

Within the sampling area (Alb erta , Northwest Territories an d 

Yukon Territory) , a continuous operat ion of textbook fire1ine construction 

by handcrews was rarely observed . The maj ority of our data is based on 

trained crews working under simulated fire conditions in district fuel 

types , and as such represent op timum production based on a 60-minute hour 

(Murphy , 19 75) : 

Cons t .  rate in ch/man-hr 

Fuel type res is tance-to-cons t!:..uc tio'!. 

Low Moderate High Ext�eme 

2 . 2 3  0 . 50 0 . 37 No data 
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Murphy measured hand crew rates as a function of stand component 

resistance , i . e . , overs tory , understory , debris , and organic layer (Table 

13) . Crews performed the operations independently and total time was 

used to compute a rate for the comp lete s tand . An index was subsequently 

produced from this data for operational prediction of  handcrew rates 

(Figure 11) . 

An index example is given below :  

S tand density - 31-70% 
Height Class - 31-45 ft 

Brush density - A 
Height Class - < 8 '  

Debris - 1-10 tons/acre 

Trenching depth - 4" 

FINAL INDEX 

Index Compol!en.!:. 

2 

1 

1 

8 

Reading from Figure 11 ,  an index o f  12 corresponds to a fireline 

cons truction rate o f  . 54 ch/man-hr . 

Ini tial Attack Simulation Model 

In addition to the basic collect ion of  fireline productivity 

rates , current computer technology and simulation modelling expertise 

was utilized to examine the performance of suppress ion techniques over 

a range of fire situations . A comparatively simple s tudy was de 1: 1 ):;, ',�d 

to simulate the capabilities of three initial attack mf: thods 11:' '?0 ' 

Whi tecour t Forest District of  Alberta and to  evaluate thei r. impac f. rc: i " .  

tive to ten years o f  actual fire data . A data base  was creat�d i:r Ju, 

( 1) weather and fire reports for the years 1961-1969 , ( 2 )  fireline 
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TABLE 1 3 .  FUEL RESISTANCE-TO-CONSTRUCTION (HANDTOOLS) 
INDEX TABLEl 

1 .  TREES 

STAND DENSITY 

- crown closure -

A 
up to 30% 

B 
3 1  - 7 0% 

C 
7 1  - 100% 

2 .  BRUSH 

DENSITY 

A 

B 

C 

3 .  SLASH &. BLOWDOWN 

QUANTITY - tons/ac 

1 - 10 1 
1 1  - 20 2 
2 1  - 4 0  4 
4 1  - 60 6 
6 1  - 80 7 
8 1  - 100 9 

*numbers in brackets estimated 

HEIGHT CLASS - feet (30 '  and under treat as brush) 

3 1  - 45 46 - 60 

(-) * 

2 ( 2 )  

5 5 

HEIGHT 8 '  & UNDER 

1 

2 

3 

6 1  - 80  8 1  over 

(-) (-) 

5 5 

'HEIGHT 9 - 'Yi 

( 3 )  

{ 4 powersa,,: 
5 axe 

4 .  TRENCHING 

DEPTH - inches 

up to 1 2 
2 4 
4 8 
6 14 
8 18 

10 22  
12  25  
14  28 
1 6  2 9  

Heavy roots ( 2B+) a.dd 

Rock resistance (S;:  

1 Index components are additive and the sum total represents an e s t inv:� t e  (1 :: 
resistance-to-fireline-construction for the particular s t and . 

l.dd 
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productivity rates for helitankers , airtankers , and handcrews and ( 3) 

resource and dispatch capabilities of the Whitecourt Forest . 

Implementation began with the assignment of a s tudy team 

consis ting of three Alberta Fores t Service headquarters personnel , two 

Alberta Forest Service field p ersonnel , two Canadian Forestry Service 

research personnel , and Prairie Agri-Management Consultants Ltd . The 

team collectively designed the approach , extracted and summarized raw 

data , and analyzed results during group working sess ions . 

Simulat ion modelling is of ten used to duplicate a "real \Jor ... .] "  

sys tem which is either too complex or unwieldly to feas ibly s tudy by 

the more traditional means . The performance of initial attack forces 

is one such case . Fire control s taff cannot afford to ove :r-mail�i" <' :� ' : � 

involved attack s trategies while fires potentially threaten resources 

within their dis tricts . The simulation technique is therefore a means 

o f  testing and refining resource performance without associated risk ; 

however ,  there are acknowledged constraints . Simulation exercises are 

both time consuming and expensive , particularly at the programming and 

validation s tage . There are inherently many opport unities to deviate 

from the real world and over-simp lify ;  hence , results mus t be considered 

in light of the philosophy and input of the particular model . 

Results of the s tudy are summarized in Table 14 . Haodcr,�'ws 

we re mos t  success ful in controlling fires and cos t less than al l o ther 

me thods , reflecting their ability to work through the night . The 204B 

helicop ter (w/235 gal . bucket)  dropping water from nearest  source . was 

more success ful than airtankers working from three bases wi th l O , 'cg t eed 

retardant as a result o f  short turn-around time . 



TABLE 14 . SUCCESS AND ASSOCIATED COST OF SEVEN SUPPRESSION METHODS USED 
FOR INITIAL ATTACK ON FIRES IN THE WHITECOURT DISTRICT , 1961-1969 

Success Expenditures 

Suppression Total /I /I of f ires /I o f  fires Fires contro1led/ Fires controlled/ 
Method of fires at tacked controlled Fire totals Fires attacked 

Handcrew1 485 447 287 59% 64% 

204B 2 485 362 2 1 3  44% 59% 

B-26 3 48 5  323 1 48 3 1 %  46% 

Thrush 
485 345 1 25 26% 36% 

Commanderli 

PBY5A 
485 354 Canso s 1 06 22% 30% 

2 06B 6 485 3 1 7 56 1 2% 1 8 %  

2 

3 

Th i r teen if-man c relN s available nigh t  and day . Ground transportation. used . 
One 206B w/ 2 35 I (:1p . gal . b ucke t dropp 1ng ,,,ater f rom neare s t  s ource to f ire . 

One B-26 u . 'opping :1 0nr--term re tardan t f rom one o f  three airtanker l.,"lses . 

Total 
Cost  

$ 2 , 7 35 , 8 7 3  

3 , 93 1 , 022 

4 , 385 , 630 

3 , 645 , 423 

4 , 008 , 94 1 

! 2 , 1 36 � 1 3 1  I 

Ii A group 0 :  4 Th,rI) :hes d l"Opping long- term re tardant from one o f thre �  airtal1){"�r bas es . 
5 '_> .1(;  PBY :;A Cans', " '1;)p 5"ng long- t0Ln; t(:� t "' rd8'lt f rom one o f  three airf'anker bac <' s > 
tJ C',, (;, 20(�.3 ,-, :� :�J;� . b ucket drO?l) ing w.:: �: er f r om neare s t  s our ce to fi;;e . 

Cost/Total Cost/lf of  
If of fires fires 

attacked 

$ 5 , 64 1 $ 6 , 1 2 1  

8 , 1 05 10 , 859 

9 , 043 1 3 , 57 8  

7 , 5 1 6  1 0 , 566 

8 , 266 1 1 , 325 

4 , 404 6 , 7 39 

Cost/Fit 
controll 

$ 9 , 533 

18 , 456 

29 , 63 3  

29 , 163 

3 7 , 820 

38 , 1 45 

+:'-...J 
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Total cos t for 485 fires was approximately equal for airtankers 

and the 204B helicop ter ,  but cons iderably less for handcrews . The 206B 

helicop ter w/90 gal bucket p erformed poorly as a resul t of its low 

capacity , s ince the equivalent of . 07" of  water to . 04" of  long term 

retardant resulted in an effective open drop length of 12 ' . 

The s imula tion exercise was beneficial for : (1)  consolidating 

field,  headquarters , and research opinions and facts , ( 2 )  sorting out 

agency data f iles and labelin� the useful and non-relevan t  materi31 , 

and ( 3) defining the areas which require additional data and research . 

Results are useful in other areas , however care must be taken 

to cons ider local variables . For examp le ,  turbo fuel is trucked to all 

helicopter dispatch points in the Whi tecourt Forest District and cos t  

and supply i s  reasonab le . In the North many fuel caches do not support 

helicopters for lengthy periods and price of fuel at the fire is con

s iderably inflated .  The performance and associated cos ts o f  the 204B 

in the Northwe s t  Territories or Alaska would no t be comparable to the 

Whitecourt Fores t .  

Airtanker/Retardant Evaluation 

The: origins of the currently heavy emphas is placed on suppress ion 

methods research at the Northern Forest Research Centre can be traced back 

to the mid-sixties . The initial effort in this work area was directed 

at drop pattern determinations for the Snow Commander ,  a small-c:apu.  '_ r y  

airtanker then in use in Alberta . Within a few years , s imilar aird\ , ;  

tes ts were carried out with o ther airtankers s.uch as the B-2 6 ,  the TBN , 

the PBY5A Canso , the DC-6B , the Bell 204B and 206B , and the Sikorsky S 58T 
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(Table 15) . A number of suppressants and retardants , including water ,  

Gelgard, Tenogum, Phos-Chek XA and 259 , and Fire-Trol 100 and 9 31 ,  have 

been evaluated under field conditions (Grigel ,  19 70) . This program has 

been well received and the results largely implemented by client agencies . 

The current program at the Northern Forest Research Centre 

involves testing of airdrop accuracy , field evaluation of airtanker/  

retardant effectiveness during actual fire-fighting s ituations , and 

s tatic tes ting (motionless)  of  selected airtankers to determine effect 

of  tank and gating systems on drop patterns . The s tatic tests utilize 

the procedures developed at the Northern Forest  Fire Laborato�l in 

Missoula , Montana , with the Honeywell simulation model be:! ng used to 

assess airtanker performance characteristics . 

A new retardan t ,  Phos-Check XB ( 11-55-0) is now marketed in 

Canada . Phos-Chek XB retails for about $lOO/ ton less than Phos-Chek XA 

and has better color separation against forest vegetation . However , it 

contains more impurities and requires re-circu1ation for longer periods 

of time following mixing.  Mixing trials are in progress . 

Similar work at the Forest  Fire Research Institute is concerned 

with airtanker productivity in fire suppression operations . The modelling 

aspects of that program have been discussed at a previous Alaska S tate 

Fall Fire Seminar ; this paper is concerned primarily with the fi-eJ 0-" 

oriented studies to test and evaluate the effectiveness of  water and 

various fire retardan ts .  Small-scale field tests have served t c  quantify 

the amount of water and retardant required to extinguish fires of known 

intensities burning in slash and needle fue1beds (Stechishen and Litt:L<O' .  



TABLE 1 5 .  SUMMARY OF AIRTANKER AND HELICOPTER DROP 
TESTS , NORTHERN FOREST RESEATCH CENTRE 

Drop S i te 

50  

Airtanker Retardant LodgepoTe-· ··Wflite- - WhTte Spruee-
Open Pine Sp ruce Aspen 

Snow Gelgard F ,  X X 
Commander H2 O ,  X X 

Phos-Chek XA X X 

Thrush Fire-Trol 100 X X X 
Commander Phos-Chek XA X X X 

B-26 Fire-Trol 100 X X 
Fire-Trol  931  X X 
Phos-Chek XA X 

T . B .M .  Phos-Chek XA X 

DC-6B Phos-Chek XA X 

PBY5A H2 O X X X 
Gelgard X X X 

Bell H4 0 X X 
206B Fl.re-Trol 931  X X 
(Sims Phos-Chek XA, X X 
Bucket)  259  X X 

Bell ��e-Trol 
X X 

204B 100 X X 
(Monsoon , Phos-Chek XA X X 
Griffiths 
Buckets) 

S ikorsky H2 O X 
S58T Phos-Chek XA X 
(Chadwick 259 X 
Bucke t )  



5 1  

19 71 ) . Results suggest  tha t 0 . 04 "  to 0 . 0 7" o f  water will be required to 

extinguish a f ire releas ing about 100 B tu/ s e c / f t  ( 83 kca1/sec-m) of energy 

at the f ire fron t ,  depending on fuel type and burning conditions . Current 

work is  aimed a t  clarifying effectiveness o f  various retardants , includ

ing cos t/effectivene ss cons iderat ions and impact of logis t ics . Related 

work at the Fores t Fire Re search Ins titute is concerned wi th the use of 

exp losives for f ireguard cons t ruct ion , tes t ing of  pump performan ce 

(Higgins , et al , 1 9 74 )  and use o f  foam in f ire suppression . 

The Canadian CL-215 Ai rtanker continues to be llsed in Quebec . 

During the pas t  two yea rs , a new probe sys tem has been field··tes;:.ed  ;-, '1:1 

i t  appears to have increased the aircraft ' s  handl ing s t,�!b il ity . The 

Forest Fire Research Ins titute has been involved in determining mi><..{ng 

and dropping charac teristi cs of Tenogum wa ter thickene r .  Tests have al so 

b een carried out to as sess the e f fect o f  the Fire-Trac sys tem on re tardan t 

distribut ion pat terns within airdrops from the CL-215 . 

FIRE ECOLOGY 

A current s tudy ,  ent itled "Ro le of  fire in the fore s t  and inter

mingled vegetation in the Prairie Provin ces , Rocky Mountains and the Far 

North" has the primary obj ect ive to undertake and complete a problem 

analys is relating to short- and long-term ecological influence o f  forest  

fire in managed and unmanaged areas . Part icular emphas i s  is b:,:;ing p ': a :_� ;" " 

on fire managemen t in Na t ional Parks . To date a review of per t inent 

l i terature and f ie ld reconnaissance of Wood Buffalo Nat ional Park in the 

Northwes t Terri tories , Ri ding Mountain National Park in Man itoba , and 

Jasper Nat ional Park in Alberta have been completed . A co oper<1, t iv,' S 
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Prince Albert National Park is aimed a t  using spring and fall burns to 

reduce the encroachment of aspen along the southern boundary so as t o  

main tain areas of open grassland . In the Athabasca River Val ley around 

Jasper townsite in Jasp er National Park , detailed fire his tory s tudies 

and fuel inventories are being carried out to c lari fy the role of fire 

in th e Park and to es tabl ish a bas is for fuel  and fire managemen t .  

In addi t ion to the above , the Canadian Forest ry and Wildlif� 

Services have sponsored several contractual s tudies concerning f t re in 

the b oreal fores t ,  including a p roblem analys is o f  fire in the wes t e rn 

s ubarct ic with particular reference to the Caribou Range , Northwes t 

Ter ri tories . Other s tudies by Rowe and several associates at til", [il.:�. \(Cl°

s i ty o f  S askat chewan relate to vegetat ion and fire in the wintering 

ground of the Beverly caribou herd . buried seed populations , and the 

rep roduc tive s trategies of prevalent boreal species . M . L . Heinse lman o f  

the Univers i ty o f  Minnesota has j us t  comp leted a prel iminary assessment 

under contract to Northern Fores t Research Centre of the his tory and 

natural role o f  fore s t  f ires in the lower Athabas ca Val l ey , Jasper 

National Park , Alberta , based partly on a detai led s t udy o f  f irf' his tory 

j u s t  b eing  completed by G . F .  Tande , Universi ty of Albert a .  

A mul ti-dis ciplinary s tudy i s  continuing on the site o f  the 

Vermil ion Pass Fire in Ban f f  and Koo tenay Nat ional Parks to elucidate 

pos t-fire conditions and changes in vegetation , soils and fauna . On� 

aspe c t  of thi s  s tudy deals with immediate post-fire revegeta t ion o f  ':he 

different microsi tes . 
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In April , 1 9 75 , the Northern Forest  Research Centre sponsored 

a meet ing on f ire ecology research in the No rth . Participants reported 

on the p resent s tatus of resear ch by the respective agenc ies such as Parks 

Canada , the Canadian Wildlife Service , the Canadian Forestry Service , 

Univers ities of  Saska tchewan and Alberta , Department o f  Indian and Northern ' 

Affairs , and R .M.  Hardy and Associates . The discussion was far-ranging 

but rather inconclus ive as to research needs and priori ties , al though 

s tudy o f  f ire effects on to tal resource sys tems - landforms , hydro logy , 

soils , vegetation and hab itat , permafros t  - appear to require top priority . 

Furthe rmore , approximate and p reliminary informat ion may prOV8 adequat0 

to sat isfy management appl i cat ions , al though too much management orienta

tion is to be avoided . Final ly , more at tention is needed to :o:o c ial , 

political and economic considerations because they ultima tely decide how 

l and will be  managed . 

During the pas t seve ral years , a number of  fire ecology related 

proj ects have been completed . Th ese inc lude f ire ha zard classifications 

for Prince Albert and Waterton Lakes National Parks , and pres cribed f i re 

e f fects in subalpine spruce-fir slash . "Forest fire effects on the 

Environment in Canada" was presented at a In ternat ional Un ion o f  Forest 

Research Organizations Divis ion 3 Sympos ium in Ottawa in late 1974 (Kiil , 197 5 ) . 

Progress o f  t ree regenerat ion , plant succession , and fuel

moisture re lated effe cts have been followed on prescribed burns in Manitoha , 

Saskat chewan and Alberta . Burning and seeding were successful  in regen

erating j ack pine in central On tario . In general , j ack pine frequency 

dis tribution and heights o f  dominan t t rees were s trongly affected by th,:;; 
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dep th of res idual humus , with humus depths o f  up to 1/2  in . ( 1 . 2 cm) 

s upporting op timum s to cking and growth ( Chrosc iewicz , 19 74) . In Mani toba , 

s tocking o f  bla ck spruce seedlings increased with burn in tens i ty , and 

various seedbed , regeneration and plqnt-success ion charac ter is ti cs ind i

cated beneficial e f fe cts of controlled burning ( Chrosciewicz ,  19 7 5 ) . The 

number o f  seedlings asso c ia ted with moderate and light burning , and a 

control amounted to 1 6 , 129 , 3 , 075  and 1 , 898/ acre ( 39 , 85 6 ,  7 , 598  and 4 , 690/ 

ha) . The ligh t  and moderate burns co rresponded to Fire Weather Index 

and Buildup Index of 15 and 21 , and 21 and 45 , respe c t ively . As sessment 

o f  fire e f fects on c learcut j ack pill e s ites in Saskat ci1ewan sugges t tha t 

s i te mois ture regime and depth o f  residual duf f  are key factors con tr oll ing 

st ocking.  

In eas tern Canada � p rescribed f ire in associat ion with shelter

wood cut ting is being evaluated in relation to survival of regeneration 

and perpetuat ion o f  red and wh ite pine . Another s tudy at  the Petawawa 

Fores t Experiment S tation is  concerned with f ire e f fects on the vegeta

tive p ro ductivi ty and nutrient capi tal in a red and whi te p ine s tand . 

Fire e f fects on plant success ion and divers ity are also being s tud ied in 

s eve ral o ther forest typ es . 

DEVELOPMENT OF FIRE CONTROL TECHNOLOGY 

Helicop ter Incendiary Launcher 

S ince 19 72 th e No rthern Fores t Re search Cen tre has studted the 

potential fo r remotely ign i t ing backf ires via a helico p ter incendia ry 

device (Lai t and Taylo r ,  1972) . A manually operated machine We S dvs igned 

and bui lt  at  Edmon ton and field tested in the Yukon and the North��cs t 
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Terri tories . The concept o f  aerial ignition looked promising an d i n  

19 74 , the Alberta Fore s t  Service equipment art isan , Roy Kruger , sta rted 

development o f  a helicopter moun ted incendiary machine to satisfy the 

following specifications . 

1 .  Incendiary ej ec tion rate , four units per se cond minimum . 

2 .  Incendiary ground contact dis tance no t less than s ixteen 

feet � . 88 me ters) at  45 mph ( 7 2 . 4 1  kph) . 

3 .  Mus t mee t  Minis try o f  Transport cer t i f i.cation standards . 

4 .  Convenient to mount in a 206B he lico p ter . 

The proto type uni t  was f ield tested success fully in the spring 

o f  19 75 and p roduct ion o f  operational un its is  pro ceeding . 

Electronic  Fire Marker 

Re loca t ing l ightning s trikes for in i t ia l  attack is diff icult 

i f  smoke is intermi ttent . Occas ionally these "smokes" are no t found 

unti l  severe burning conditions exis t and a maj or f ire develops . In 1 9 72 

the Alberta Fores t  Service reques ted the Northern Fores t Research Cen tre 

to develop an improved method to mark lightning "smokes" from the de tee ·· 

tion aircraft if necessary . A thorough literature review indicated that 

the visual s tandard of ro l led f lagging is commonly used but not recommended . 

Sophisticated audio and electronic equipment was t oo expe.ns iv2 , 1);": " - 1-'1 r:  

tes ts with various electron i c  devices the high frequency transmit te rs 

s imilar to those used for wi ldli fe tracking s i tuat ions showed promise . 

Proto type models were developed for ( 1 )  compac tness , ( 2 )  dH ,:, ald . l i t "· { <  

s ignal strength , and ( 4 )  low b ush at tenuation and a f inal model (Pon to 

and Lynch , 19 73) bui l t  with the following spe cificat ions : 
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Frequency 29 , 92 0  mH z  

Output power 100 mW , pulsed 

Pulse width 100-500 ms 

Pulse rep rate 40-300 per min 

Antenna type 33 inch s teel wh ip 

Battery type 9v DC 

Cloud Seeding 

Effective methods o f  suppressing large forest fires are almos t 

non-exis tent . Resul ts of  pas t  research in cloud seeding is �.· n:.her i rt con-

c lusive , but the potent ial of seeding cumulus c louds to induce them to 

rain on fores t f ires remains . A cooperative s tudy , involving the Forest 

Fire Res earch Ins t i tute , the Atmospheric Environmen t Service and the 

National Aeronaut i cal Es tablishment , was ini t iated in 1974 to ob tain 

more p re cise s tatist ics on the occurrence of  cumulus c louds during wi ld-

f ires and to de termine the effectiveness of seeding to trigger rain 

sooner or in greater amounts than would be the case without seeding 

( Isaa c ,  et at , 19 75) . I ce nuc leus concentrations , cloud dropl e t  distri-

butions and in-c loud and out-of- cloud turbulence parameters were measu red . 

Cloud observations were made around f ires in northwes tern 

On tario and Mani toba in 1 9 74 . The f indings from th is reconnais sance-

type effort were encouraging and the s tudy was con tinued in 1975 , with 

f ield work carried out from Yellowknife in the Northwest  Terri tories _ 

Thermal In frared Vidicons for De tection o f  "Sleepers" and in Forest 
Fire Mapping 

Several uni t s  have been tes ted during the pas t several years . 

At the Fores t  Fire Research Insti tute , performance o f  characteris tics of 
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the Phillips infra-red vid icon sys tem show p romise for  f i re mapp ing 

through dens e  smoke and may provide a s uitable al ternat ive to expens ive 

l ine s canners . 

For years the forests in Alberta have been the s ite of maj or 

win ter debris disposal burns as a result of bush road or power l ine 

r ight-of-way c learings or o ther exploration work , and a lmos t every spring , 

despite extens ive pre cautions and inspections , s omewhere enough hot coals 

s urvive ready to become act ive with the onset of hot weather , 

This y ear the mop-up crews were ass i s ted by an infra-red 

s canner leased j ointly from Sweden by the Northern Fores t Research Centre 

and the Alberta Forest Service . The AGA Thermovision 750 is a l ight

weight  han d-held camera uni t  and display uni t .  The latter contains a 

real t ime TV s creen and controls for temperature measurement and photo 

recording. The nitrogen cooled Indium Ant imonde sensor of the thermo

vision s cans the 2 . 0  to 5 . 6-micron spectral range wi th a thermal reso lu

t ion o f  0 . 2 ° C  and a spatial resolution o f  1 . 1  mil lirad ian ( 7 °  lens) and 

3 . 4  milliradian ( 20°  lens ) .  One charge of  nitrogen las ts approxima tely 

two hours . 

A hel icop ter appears to be the bes t  platform for airborne 

inspection . The s canner op erator ho lds the camera so that i t  points  at  

an angle of app roximately 45 ° forward and downward through the open c:Jor 

window . The p i lo t  " crabs" the helicopter enough off  cen tre from the 

target to bring it in to full view of the s canner and c ircles slowly to 

get a good look from all  directions . The viewing s creen can be and 

should be observed by the s canner op erator and a second pers on . This 

assures that no ho t�spot passes by unobserved while the operator observf s 

the target visually . 
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Some 13 fuel piles had been treated at the time of inspection . 

There was no indication that there should be any hot live coals , the 

crews had done a thorough j ob yet the scanner detected hot-spots in the 

remnants of nine treated piles . A check on the ground proved that all 

of them were capable of  providing that critical kindling spark under the 

right conditions . As it was , the weather began to change to light pre

cipitation and considerable cooling occurred so it was decided to mark 

the found hot-spots and keep them under "scanner surveillance" from the 

air . Twenty-four hours later the scanner registered five spots , with 

one persistent spot still hot after one week. It was then dug out and 

drowned , to eliminate the need for further inspections . 

A total of 45  subsequent missions produced similar resul t ;; ,  

including a 40-mile fire boundary inspection in Newfoundland , demon

strating the potential of the AGA for : 

1 .  detection o f  persistent hold-over fires associated with 

debris burning , 

2 .  expediting wildfire mop-up operations by utilizing crews 

only where hot-spots exist ,  

3 .  adding safety to summer prescribed burning operations . 

More complete report ing is underway on this system (Niederleitner , 

Forestry Report , Vol .  4 (4) , 1975 ) . 

Automated Fuel Type Mapping 

ERTS data are being used as a basis for developing a set of 

suitable computer programs that will produce fuel type maps for use by 

fire management agencies (Kourtz ,  Personal Communication) . A prelimInary 
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fuel type map on  a n  a cre bas is has been produced for  a 400  square mile 

tes t area in Quebec . The data analysis package appears capable of  

c las s i fying up to 10 vegetat ion types . Ongo ing work involves assessment 

o f  th e discrimination power within fuel categori es , i . e .  age of slash , 

degree o f  budworm kil l  and s tand dens ity .  ERTS pho tographs are also 

b eing used to map perimeters of  wildfire s ,  par t icularly in remo te areas . 

Fire Danger and Fire Weather Forecas ting 

A new Federal Departmen t of the Environment Pol i cy on Me teorologj cn l 

Servi ces for Forest Fire Con trol is now being implemented across ��nada . 

Th e Policy outlines th e cooperat ive respons ibl ity o f  the Canadian Forestry 

Service and the Atmospheric Environmen t Service relative to the provis ion 

of research and opera tional fire weather-re lated forecas t ing services 

to sat i s fy the needs of provinc ial and other fo rest  fire management agencies . 

The Canadian Fores try Service will  cont inue the development of  improved 

fores t f ire danger rating indices whereas the Atmosphe ric Environment 

Service will be  responsib le for meteorological data , weather forecas ting 

and weather ins truments and facil i t ies . Three level s of  commi t tees -

1) National S teering and 2) Development , and 3 )  Regional - have 

been or are being es tablished to guide the deve lopment ,  implementation 

and op erat ion of the program . The AES , the CFS and user agencies , L e , 

provinc ial and federal f ire management agencies , are represented on each 

Commi ttee . 

Me tric Convers ion 

The investigat ion and planning phases o f  the Nat iona l He t ri c  

Convers ion Program have been underway for several y ears . The ,eak peried 
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for imp lemen tation is expected to be 19 7 7- 7 8 ,  al though cons iderab le 

activi ty is taking place even today . In the forestry sec tor , a national 

working group has comp leted a "Me tric Pract ise Guide for Canadian 

Fores try Research" , giving a comprehens ive lis t o f  metric units to be 

used in s pecific dis ciplines including fire . Public weather forecas ts 

now give temperature and precipi tation in metric units , with wind speed 

to fo llow in 1976  or 19 7 7 .  Thus all danger rating calculations and f ire 

weather forecas ts will utilize metric units . Since it  is expec ted that 

Canada wil l complete the metric convers ion program by 1980 , a l l  f ire 

managemen t agencies in Canada associated with the Canadian Commi ttee on 

Fores t  Fire Control (CCFFC) have agreed that present legislation and 

s tatis tics will be conver ted to the met ric sys tem by January 1 ,  19 i9 . 

A Sub-commi ttee on Metric Convers ion within the CCFFC is active in 

ident i fy ing p rob lems and contributing to coordinat ion relative to metric 

convers ion in fire control . The Sub-commit tee is concentrating on the 

following four areas of concern : 

1 .  Power water delivery sys tems 

2 .  Re tardant loading systems in aircraft 

3 .  Fire behavior rating 

4 .  Ground f ire-fighting equipment .  

Forest Fire Research and Control Li terature 

The Fores t Fire Research Ins titu te file on publ ications , 

records and data , covering much of the forest  f ire resear ch unde rtaken 

in Canada s in ce 1909 , is in tended to serve as a referen ce centre fo r fire 

research informat ion . Bib l iography lis ts are mai led to interested 
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individuals and agencies o n  a n  annual basis . Included in the total 

In formation Cen tre package is "An Author Biblio graphy of CFS Publ ica

tions "  (Bruce , 19 73) covering fire research l iterature s ince the incep

tion of federal fire research in Canada . All of the reference material 

kep t at the Information Cen tre is available upon request .  Recent pub li

cations and reports not  yet acquired by the Information Centre at the 

Forest Fire Research Ins t itute in Ot tawa are usually available from the 

author or the appropriate regional research centre . 
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