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ABSTRACT 

Fire behavior was studied in upland jack pine IfiUY§ 
h�nksi�!l2 Lamb . )  stands in northeastern lI.lberta :juring the 
s ummer of 1 97Q. Fire re searchers f rom ac ross Canada teamed 
up to establ ish experimen:tal plot s ,  sample ve get ation and 
fuels, and monitor prescri bed b urns throughout a range of 
weather condit ions. E x t ensive rains preceded the b u rning 
per iod , fol lowe d  by the gradual development of a warm , 
stable air mass . This al lowed a ser ies of s e ven burns 
progessing from low hazard to extreme hazard· as defined by 
the Canadian Fire Weather I n dex Tabl e s .  A relationship of 
fire spread i n  jack pine was established and is expressed in 
the form RS=a (ISI) b 

• 

On a etudie Ie com portemE)nt d u  feu en pe u plemen t s  d e  
Pin gris If!!l� h��si2!l2 Lamb . )  sur les haut es terres d u  
nord de l'Alberta a u  co urs d e  l'kte 1 97Q. Des chercheurs 
specialises dans l'etude des fe u x ,  venus de partout au 
Canada, ont uni leurs efforts pour etablir des placettes 
experiment ales , des echanti llons d e  vegetation et d e  
combustibles, e t  p o u r  . s u rveiller d e s  brulages di riges a 
travers tout un event ai l d e  con d i t ions at mospherigues. Des 
pl uies con s i derab l e s  on t pr ecede la periode de briilage , 
suivies d u  developpement . gra duel d'une ma sse stable d' air 
chaud, ce qui a per mi s  un e ·ser ie de sept briilages, 
progress ant d'un bas i nd i ce de danger de feu a un i ndice 
extreme tels que def inis d a ns les Tables de l'indice 
canadien foret-met eo. Urie correlation de la propagation d u  
feu fut etablie re lati vemen+ a u  Pin gris et e11e s'exprime 
par la formule RS = a ( I S I ) b . 

1 Formerly Fire Research coordinator, Northern 
Research Centre . 
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I NTRODUCTION 

Fire behavior s t ud y  i n  natural coniferous stands i s  a 

continu.ing goal of the C a na dia n Forestry Service (CFS) 

national fire progra�. In Jan uary of 197q fire res earch ers 

at the Great Lakes Forest Research Cen�re proposed a major 

cooperat i ve fire b eha vior study in northern Ontario. This 

study and t h e  support commitment from CFS Hea dquarters 

(Ottawa) were tran sferred to Alberta followi ng Ontario's 

decision t hat it could not host a 197q operation. The 

Alberta Forest S ervice (APS) a n d  the Norther n Forest 

Research C entre ( N FRC) a p proved t h e  alternate Darwin Lak e  

s ite in lIarch 197q and a pro posal to study surface a nd crown 

fires i n  the upland j ac k  pine (£inY§ gan�2i�na Lam b . )  fuel 

type an d r elate fire spread to t he Ca na dian F ire Weather 

Index (Anon .  1976; Van W agn er 197Q). rnteragency agreements 

and plot establishment were com pleted in June , and burn ing 

commenced in July. C FS p ersonnel from f ive locations across 

canada united at Darwin L a k e  w i th t he A F S ,  Nort h we st Land s  

a n d  Forest Service ( N�LFS), Parks Canada, a n d  the 

A t mo·spheric Environment S ervice ( AES) . 

Generally the ·study w as designed to .document f ire 

behavior re sponse to n a tural variation in weather and fuels 

within a g iven area, a n d  specifically to d e termine at what 

Fire Weather Index (FlII) levels crown ing occurs i n  natural 

jack pine stands. The original idea w a s  to observe beh avior 

of a fire or fires that would be perlnHted to s prea d  

unimpeded to a natural end i n  a r emote area . A s ite for such 
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an operation was not foun d .  The alternative chosen was to 

s tudy fires contained w ithin the boundaries of plot s that 

represented a cr,oss-section of the fuels in an area . Fuels 

a n d  vegetation within the plot s were measured, and burning 

was don e  a t  various levels of f ir e  weather seve ri t y  as 

indicated by on-site determinatidn of the FWI. 

Rate of fire spr'ead, tendency of the fire to crown , and 

fire intertsi ty lrate of energy release) 

behav ior phe nomena studie d .  

TH E R E S EA RCH SITE 

were the m a i n  

T h e  s ite e hosen for the study l ie s  o n  the north side of 

the western a rm of Darw�n L a ke, a 5 k� l3 mile) �long shallow 

body of water a bout 15 km ('7 miles) north of Ft� chi pewyan , 

Alberta lFig . 1) . The area is on t he cana dian Sh ield some 25 

km ( 1 6  miles) from its western edge. Gently rolling terrain 

separates granitic ooutcro p s .  St udy units were selecte1 on 

the higher ground', exclusive of rock ou+ crops, where , t h e  

soil consists o,f about a 3 0  c m  (12 in . )  layer of coarse, 

grayish san,d a,t the surface above 1 5  em l6 i n . )  
." .;" , 

of m e di um -

sized gravel, all ' ungerlain by somewhat, fine r ,  yellowish 

sand up to sever,al me tres , ge ep .  The surface l a yer (A 

horizon) is thin. a nd a slight ly le,ached Ae horizon 

indicates wea k  podzolization . The coarse mineral soil and 

thin organic layer contribute to an ext remely per�eable 

substrate. consequen tly, the s i te is drough ty, as indicated 

b y  rate of tree growth and sparsity of other vegetation . 
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Figure 1. Geographic location of the Darwin .Lake study, area 



,'Jack pine of various ages, sizes , and stand densities 

occupies the st.udy site .  Paset , fir es appea r to ha ve, been 

mainly responsible fqr the variat io,n" although .-,,:- some 

particu1.arly open stand,s 'm�; res ult from unusually dry 

site,s .  '(See., 'Appendix I'cfor a mOTe com plete descri ption o f  

vegetation aM histor y. ) Allpen tfQ£ylu§ iI.�!!!1!lQa�§ Michx. ) 

occ:urs, occasionally , m ainly neat: r ock outcrops and in mois .... 

areas. In f requent sprout c:lumps o f  white bi rch m�t!!l!! 

£!!llI.if2I;!! Marsh.) in the vicinity o f  r ock outcrops an d t:he 

lake margin never reach tree size. Black spruce ( Picea -----

maris!!.!! ( M ill. ) B .  s. P.) i s  the sole tree sp ecies in the 

muskegs tha,t border the p,ine upla n d s .  

(L.) spreng .) and dry-ground cranberry (!a££i n!!!!!!. Yiii§:: 

idlli t.)' a r e  t he m ost· conspicuous groun d  cover . "caribou 

moss" and "B!:itish soldier" lichens (Cla!!Q!!i� spp.) occu r  

frequently, with the former"sometimes consisting o f  mats o f  

consider a ble l;ize (Fi9;2')�' Hei-bs and erect lo w shrubs are 

sparse and genera lly i\lcon$'picuous . Tall shrubs IJkewisE' are 

mostly inconsequ entUll; only g reen alder (�l!!.!!§ £I.!§E!! 

( A it . )  Pursh. ) i s  sometimes dense a n d  tall enough t o  i mpede 

foot travel. 

study ,uni.ts rangi.ng in siz e  from 1 to 3 ha ( 2.5 7. 5 

acres ) were est a bl i sh�d as show n  in Fig. 3 .  The m ain 

criteria for deline a t i n g  a unit were: ( 1 )  dry en ough site to 

burn throughout most o f  the probable FWI r ang e , ( 2 )  

essentially continu o u s  surface fuels , (3) homogeneous 



Figure 2. General view of interspersed lichen and dwarf 

shrub ground cover on Unit 1 (top) with a close-up 

illustrating a concentration of bearberry (bottom). 
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surface fuel a n d  tree cover, and ('I) managea ble size for 

measurement of fuel and observat i on of fire behavi o r .  The 

boundar ies of units 1 - 1  fol lowed rather closely either 

mapped type changes or o pe n in g s  w it h i n  a t ype that were too 

narrow to m a p .  Unit q was bisected by a roughly east-west 

fireline and burned as t wo uni ts . Unit 8 ,  w ith its variable 

cover, was not intended to be part of the stud y  but 

ul timately was used for s ome informal experimentat i on . 

METHOOS 

Preburn M ea s urements 

A grid of 2D m ( 6 6  ft . )  squares was laid out on units 1 

to 1 .  The l i ne bisecting uni t  q roughly bisected the grid 

al so, so that mea surements for the entire plot were 

considered to represent both the south a n d  the no rth hal f 

( '1A a nd '1B) . Woody fuels larg:er than 1 0  c m  ('I i n . ,  were 

m easured by the l i ne intercept m ethod a long the full l ength 

of each grid l ine (Van wa gner 1 96 8) . S maller woody fuels 

were t allied by dia meter classes on the last me�re (3.3 ft ) 

of each line (BrOwn 191 1 ) . 

Oepth of the fores t floor ( duff) was measured along the 

grid lines a t  2 0  m ( 6 6  ft., int ervals. A metal pin marked at 

the d uff surface was set in the ground at each mea surement 

point for use in de termining d epth of burn . In addit ion, 

five ra ndomly s elected sampl es were removed from each unit 

to determi ne w eight . The samples, mea suring 9 2 9  c m2 ( 1  ft2) , 

were weighe d a n d  oven-dried at a l a t er date . 
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The diameters of count trees selec·ted by a 1 0'-factor 

wedge p ri s m  wer.e measured at every second intersection of 

the gri d ,  and a stand table was developed. Density and mean 

maximum hei ght were estimated for shrubs, and tree 

reproduction was coun te d  on a 1 -m -wide ( 3 . 3  f t. )  transect 

centered on the last 3 m �9 . 9  ft) of each gr id line; herb s ,  

i ncluding lichens and mosses, �ere counted on the last 1 m 

( 3 . 3  ft) of this transect . species were listed i n  d e scending 

ord er of apparent i m portance . In addit ion , frequency an d 

cover (percentage) of shrubs and herbs and cover of bar e 

litter were determined on a number of randomly located , . 2  x 

. 5- m  ( . 6 6  x 1 . 6<1 f t) plots on each unit. Frequency was 

calculat ed for species occur ring on both sizes of plots, and 

prominence value ( Douglas an d Ballard 1 9 7 1 )  for those on the 

smaller plots. The gene ral charac terist ics of vegetation are 

described in Appendix I; features that proved to affect f ir e  

behavior are noted a t  appropriate pOints i n  the text. 

Ten living j ac k  pines 7 . 1 - 1 5 . 7  c m  (2 . 8- 6 . 2  in . )  dbh 

an d 8 . 0  - 12 . <1  m ( 2 6 . 0-<10 . 8  ft) tall were felled , and their 

c row'ns were separated into six fuel categories: l i v i n g  

material S . 6<1 c m  ( . 2 5  i n . )  ( includ ing needles), . 65 - 1 . 2 7  cm 

( . 26- . 5  in.), and 1 . 2 8- 2 . 5 <1  cm ( . 5 1 - 1  i n . )  in di ameter; dead 

fuels in the t wo smallest s ize classes;  a nd cone s .  The crown 

components wer e  weighed separately in the field with a 

hanging balance . Samples of each fuel category were taken 

for moisture content det ermination and calculation of 

oven dry we ights. R e gression equation s  of ovendry weight on 
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dbh were calculated and applied t,o stand tablesf,or the 

burning units T,O calculat e  weight of aerial fuel. 

Post burn fleasurem,ents 

Th'e gri,ds of l in e  transects for fuel 

inv,entory were r e r un .  and duff samples 

and vegetation 

were ob": aine d  

immediately after u n its were burne d  (except o n  units 1 and 

3). Woody fuels �3 c m  (1.2 i n ., were tallied for 'the full 

lengths of t h e  transect line . Estimates of sc,orch he ight, 

mortality on each unit . extent of fire-scar ri ng on trees, 

and regrowth of lower vegetati,on were made later in the 

year . 

- W eather 

A base weather station on h igh gr,ound at t h e  north edge 

o f  camp contained a, standard rai n  gauge. rec,ording rain 

gauge, maximum/minimum therm,omete rs, hygr,o+hermograph at 1 .4 

m (4.5 ft ., and one at ground level (both i n  S te venson 

screens), psychrometer for checki n g  the hygrothermographs, 

record ing anemome ter at 1 0  m ( 3 3  ft), recording a n emometer 

at 1 . 4 m (4.5 ft), an d two sets of 1 . 27 em ( . 5  i n .) fuel 

moisture in dicator stick s .  T wo addit ional standard rain 

gauges were located i n  the ex perimental area. Weather 

observations were made at 0 8 001, 1300, and 1 8 0 0  ho fuel 

moisture sticks were weighed daily at 1 20 0  h and 1 6 0 0  h, an d 

1 Mountain Daylight T i m e  



1 0  

on one occasion hourly during the full 2'1�h period . The 

1300- h readings of p recipitation, tem pe rature , relat ive 

humidit y ,  and wind were used. t o  calculate the F WI. Table 1 

lists w eather and FWI components for each actual and 

attem pte d  burn . The proj ect meteorologist used all rel.evant· 

m easurements to develop descriptions of the current synoptic 

s ituation l A ppendix II) and prepare forecasts. He also 

monitor e d ,  by radio, w eather reports �n d  forecasts for For t 

S m ith , N .  W .  T .  ; Fort C h ipewyan, Alberta; Uranium Ci ty , 

S askatchewan; a nd Wood Buffalo Na tional Park several times a 

day and d iscus s ed t hese with t h e  meteorologist a t  NWLFS Fire 

C entre in Fort Sm ith . 

On July 1 6  the F W I  w as 0 a t  F t .  Chipewya n .  T he three 

cumulative drying i n di cators, Duff Moisture Code (DMC) , 

Drought Code lOC), and Buildup Index lBlYI) stood a t  8 . , 1 '1 0 ,  

a n d  1 !'i ,  res pectively . T hese were used a s  starting values for 

the Darwin Lake Project. More than 2 5  mm l1 in. , of rain in 

5 d a ys brought DMC a n d  B lY I  to their lowest points on July 

2 0 ,  while F W I  f ailed to reach 0 only because of h igh w i n d  

s peed. A l l  t h ree v alues r each ed mod erate peaks Jul y  2'1- 2 5 ,  

t h en declin ed because o f  rain a nd cool weather July 2 6- 2 8 ,  

FIH reachi n g  0 aga i n .  Thereafter , FWI climbed s teadily to a 

high of 2 8  on A ugust 5 ,  f el l  back to 5 on August 8 because 

of r a i n ,  a n d  rose again to 1 2  the next'�ay before cool , wet. 

weather terminated t he project. D·MC and BlYI increased 'rather 

. steadily fro ft July 2 7  to August 9. F igure 1.1 sum marizes the 

progress ion of FW I components. 



Table 1. Weather and F WI cOllponen ts at time of actual and at tempted burns of Darlfin 
Lake experimental units 

I I I ,-- I , I I I . -, 
1 IUnit 1 Unit 2 IUnit IUnit t Unit I Unit 5 IUnit. ,Unit ,UI\it 1 
t I 1 1 I 3 I 4A 1 413 I I 6 I '1 I 8 1 
I , . '. , 5 t -+--- , , , , I 1 

Date 7.311 131/7 21,8 124/7 1 3/8 1 4/8 1 6/8 7/8 1 5/8 1 6/8 1 9/8 , 
1 , 1 1 1 1 I 1 , 

Weat her at 1300 h': , I 1 1 I 1 , 1 I 
Temperature °c 26.5 I 19.5 - 27 24.5 '29 1 31 1 23 22 t3 O. 5 1 23 I 22 I 
Relative humidity % 48 66 3<.1 liS 40 1 26 I 46 56 1 33 1 lib I 57 1 

.Wind speed k m/h 11 19 2 18 13 , 1<1 , 13 3 , 13 , 13 I n I 
Wind direct i on SW E S SW S 1 S , Sli E 1 'S 1 :$ !I 1 511 , 

Fuel stick m . c.%'- 13.2 10.8 9.ul 9.4, 9.2 10.01 9.2 1 9 . 21 12.21 
, 1 1 1 1 

F WI components: I 1 I 1 1 

F FMC 88 811 90 89 9 1  1 92 I 92 90 I 93 97- I 811 1 

DMC 13 7.2 30 16 34 39 , 47 48 I 44 47 1 <19 1 
, BUn 7.1 33 43 7.5 50 52 1 61 .65 1 61 61 1 63 1 

, lSI 5 5 5 9 9 11 I 11 5 1 12 11 I II ! 
. 1 FWI 8 10 13 111 7.1 24 1 �6 16 I 28 26 I 12 , 

1 , 1 1 , 
1 Time o f  fire 1 1 I 1 1 

, Start 1530 1 500 1 1335 1530 11150 11100 I _3 1 13110 11330 1352 11340 1 
. , En d 1730 1153021 I 1700+ - -

1 1 
- '" 111105 ,. 

12000 1 
, 1 1 I 1 1 1 I 1 
I 

-

-
--

-
--.. -

-
.&.---'- '

-
--'-- . - . ,,�4 "" ___ . J 

1 Formerly A djusted Duff Moist u re COde lA DMC) 

2 Terminated because fire did not spread 

3 A borted beca use of wildfire report 

'" Terminated by shower 
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Except for sO.me strong gusts incident to sho·wers. win d.s 

were re�atively l ig h t  during t he project.  espec.ially durin g 

the driest w eather. Con sequently. Initial S pread Index (lSI) 

remaine d rather low .• re,aching 9 on July 211 with a win d  of 18 

km/h (1 1 m ph) and only 12 on August 5 with a wind 'o f 13 x'llIlh 

t8 m ph) . T,hus the variat ion in Fin w a s  mainly a. functi on o f  

fuel moisture re�at.ion s .  

Expert'mental Burn ing Procedur·e 

The project leader curr e ntly in residence (either the 

first or s econd author of th is report ) scheduled units for 

burning w ith the a dv ic e  and concurrence of th-e other 

scientists present. The limit ing criterion was weather; 
.' 

other important criteria were safety of the campI likelihood 

o f  f ire s prea d  to o t her units. and expected fire behavior in 

the fuels of still�unburned units . Th-e general progression 

was outward fro m  cam p  and t o  win dward . Burning was done 

mainly between 1330 h a n d  1730 h. The f ire crew built a f ire 

line with hand tools a round e a ch unit before burnin g, an d a 

sprinkler s ystem (Quintilio et al. 1 971) was used on the 

leeward s id e  of the unit s .  Fires were ignited by han d-

carried dr ip torches. 

Immediately before ignition samples from surface 

litter. d ea d  w oody fuels <. 6 4  cm ( . 25 in. ) and .65-1.27 c m  

(.2 6- . 5  i n . )  i n  diameter. cladonia (caribou moss) an d 

bearberry. and from bark flakes .. hanging lichens . and green 

needles on the tre e s  were obt a in ed for moisture conten t 



deter minations. The met eorologi st m oved a hygr othermograph 

to an a djacent un it and took pe�iodic wind read i ngs with a 

han d-he ld anemometer. The pro j ect lea der noted the startin g 

a n d  approxi mat e  ending t imes o f  each burn. sc ientists 

observed flame heights and fla m e- front de pths, timed f ire 

runs, t ook photographs, a n d  made m iscellaneous note s on f ire 

b eha v ior. Gridpoints located fO;, fuel inventory were used to 

record fire sprea d .  Two observers followed the f la m e  front 

on respecti v e  sides of each plot, timing the advance between 

grid point s .  Thes e  record ings were then averaged for t.he 

total plot . 

Seven units were b,ur.ned from .. July 23 t o  Aug.ust 6 ,  with 

tlA and tlB cons idered as separate u n i t s .withi'n the same fuel 

and veget a t i on comp l ex. An early att e m pt to b urn unit 2 on 

July 3 1  was ter m inated after abou>t 30 minu+es because t he 

fire obviously was not going t o  spread far beyond the 

igni t io n  line . ,  The s cheduled A ugust 6 burn of u n it 5 was 

a borted beca use of a wilafl£e:report just before ignit ion 

t i m e .  Next d a y  a sho w er terminated the second:a t t empt with ' 

too 'li t t le of the unit b urned for the results to b e  

analyze d .  Two spots a n d  line of fire were l it the afternoon 

o f  A ugust 9 on unit 8 a n d  their progress was followed unt i l  

even in g .  The intent was t o  learn a little about the behavior 

of point ignitions, simulating light ning s trikes, and of a 

f ire runni ng i nto a muske g .  (See A ppend ix IIT f o r  an 
, 

operational descript ion of each fire) . 



RESULTS 

Fuel Loading 
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Dead w oody fuels -- fallen trees, branches, twigs -­

aggregated from 6 to 38 t/ha (2.7-17 tons/acre) (rable 2). 

Three o f  the four old-growth units (2,6,7) had distinctly 

heavier loading of both fallen wood and duff (?ig.5, Top). 

The quantity of fuel and �he generally better developed 

lesser vegetation suggested that the 19�" fire, and perhaps 

the 19(}6 fire, had burned lightly if at all- in these units. 

(See Appendix I for fire history.) The fourth old-growth 

unit (1) o-bviously had burned in 19"", and it had relatively 

light fuel loading (Fig. 5, Bottom). Material >10 em (LI in.) 

i n  diameter contributed 60-70% of total wood load.ing on the 

old -growth Ilnits but only 33-"0% on the three younger units 

(3. LI, 5). Of material :510 em (II in.) i n  diameter, the 3 to 

10 cm class made up 61-73% on all units except number 5; 

this unit apparently had not burned in the 19'1'1 fire, so 

sustained no mortality in the 30 yr since. 

- rorest rloQ!: 

Duff averaged 1.5-1.8 em thick on units 1-5, 2.6 em on 

unit 6, and 2.11 cm on unit 7 (Table 2). Weights were 19.9� 

21.1 t/ha (S. 9-9.5 ton/acre) on the sampled old-growth units 

(2. 6, 7) and 1 3.3-15.0 tlha (5.9-6.7 tons/acre) on the 

sampled younger units (II, 5). The relation between mean 

weight and mean thickness of ·duff for the units va s not 

consistent; thickness on units 2 and 'I were notably lower 
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than would be ex pect ed for the correspondi n g  weights. 

However, m ea n  w eight of i ndi vidual samples, regard less of 

unit, d id bear a de finite, 'curvilinear r�lation to 

thickness. 

We ights of crown
, 

comlon ents c9rre.la ted highly w ith dbh, 

a n d  the relations coul,d b.e e xpressed by regress ions simi lar 

to those developed for jack pin e  in Ontario (Walker a n d  

Stocks 1 9 7 5) .  Tot al ,crown weight (Table 3) ranged from 8 . 7 

to 1 3 . 6  t/ha (3.9- 6' . 1 tons/acre) , w ith no a pparent r�lation 

to sta n d  age . More than 60% of this was Ilia terial :s0.6'Q em 

( . 2 5 in.) i n , diam,eter ( i nclll'di n g  foliage ) , the main siz e, 

class that burns i n  crown fires. A bout one-fourth of' the 

f in e  materia l was dea d .  Less 'than 2 0 %  of crown weight was in 

material larger than 1 . 2 7  cm (.5 in . )  in d i a meter. Man y  

trees, espec.ial1y i n  the youn,ger a ge c lass (units 3 ,  Q, 5) 

had persistent deaa branches to within a metre o£the 

ground, often bearing a cons i dera b l e  ,growth of frtitieose 

l ichens. Beard lichens draped trunks and branche's; th'eir 

we ight was no,t determined but m ight be e x pe c ted to 

a p proxi mate 'the . 3' t/ha (�M ton/acre) found for; 60..,yt-old 
, ' 

lodgepole p i ne in British Columbia (Muraro 1 9 7 1 )  on units 3-

5 and to be som ,ewhat greater on units l� 2 ,  6, a n d  7f, but 



Table 2. Dead s urface fuels on the Darwin 1.ake !Jnits before burning 

- --

Weight of woody fuel. by di ameter class (cm) Duffl 
- . 

Unit 0.-.2 .21-.5 • 51-1.0. 1.1-3 .3.1-10. All :510. >10. Total lIeightz Depth 
----. ----

t/ha3 cm 

1 .23 .79 .23 .2l1 2.37 3.86 6.90. 10..76 • 1.8 

2 .33 .96 .28 .73 3.76 6.0.6 13.70. 19.76 21. 1 1.8 

3 • 31 .52 .19 1.37 6.59 8.98 6.0.0. 1L1.98 1.6 

lIa .36 1. 10. .37 1.111 2.76 5. 73 <1.50. 10..23 15.0. 1.5 

lib .37 0.88 .32 0.96 5.98 8.51 5.53 1l1.011 15.0. 1.5 

5 .25' 1. 11 .52 1.89 .39 LI.16 2.11 6.2.7 13.3 1.8 

6 .20 1.80. .8L1 2.82 . 10.73 16.39 21.Ll7 37.86 21 • 1 2.6 

7 .22 1.53 .LILI 1.38 8.1IL1 12.0.1 15.28 27.29 19.9 2.LI 

------.,... ------ ------

1 Includes; s'ome living mosses, lichens, arid creeping vascular p lants. 
� Net weight of org.anic fraction. 
3 1 metric t/ha '" .45 short ton/acre. 



Figure 5. Hoody surface fuel on Unit 6 (top) and Unit 1 (bottom). 
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Table 3. Crowl\ weights on Darwin Lak.e units before burning 

-- �-��---------
. We·ights by diameter elasse·s (em) 

.... -

Unit 0-.6'1 Total 
.65-1.27 >1.27 

Dead Living HI 
--.-............... ----------�-------

t/ha 

1 1.57 5.68 7.25 1.85 1.90 11.00 

2 1.86 6.95 8.81 2.32 2.117 13.60 

3 2.21 6.77 8.98 1.89 1.66 12.53 

'I 1.98 6.3'1 8.32 1.87 1.62 1 1 .  81 

5 1.65 4.71 6.42 1.29 1.08 8.79 

6 1.1111 5.113 6.87 1.81 1.92 10.60 

7 1.70 6.'1'1 8.1 'I 2.69 2.30 13.13 
- -�- - ,. ----------
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perhaps not s o  heavy as the . 8  t/ha ( . 3 6  ton/acre) found for 

80- to 13 0 - y r-old Douglas-fir ( Edwards et ale 1 9 6 0 ) . 

Fire Spread 

Observe d  spread ra.tes averaged 0 . 6·'6.1 m/min (2-20 

ft/mint, on t.he seven documen .ted uni t s .  The early fires 

exh,ib�ted .slow, s teady, surface s(Jread tha·t was quite 

sen.sitive to ground vegetation (Fig . 6 ) , and was generally 

cO,nt inuous, on bare .litte r  b ut, interrupte.dto some degree by 

mats, of , ,bearberry, etc . The later, more , vigorous fires 

spread fast er and more err atically, with more depen dellce on 

the , q.uantity and continuity o f  woody surface·' fuel 

(Figs . 7, 8 ) .  A l l  f ires were sensitive t o  short-t erm 

fluctuations of w i n d  s p ee d and directi9n. 

Rate of spread was correlated Significantly at the 5 %  

level with 1 3 00-h F FMC (r= .�q ) an d ISI (r= .ll ) measured at 

the base s tation ( F i g .  9 )  and at the 1 %  level with loadin g 

of woody fuel $3 cm i n  diameter (r=. 8 8 ) . However, because of 

the s equence o f  b urning1, there was also a highly 

significant correlation (1 % level) between FFMC and fin e-

fue.1 loading (r=. 97) • . The number of observation·", - - i. e., 

uni,ts b�rned was too small to support mult iple re gre SSiOn 

analysis t.hat cou l d  define th.e ,separate e·ffects offuel 

mo:!,s�ure and loaping .  

1 plqts, .with the. highest fuel load ings were burned at the 
-jl:i.ghest F FMC 

-
and ISI values . 
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The lSI measure d at base caMp was a less sEin sit he 

index to fire spread than the FFMC. The reason wa s that 

1300"'h winds peed varied little during the tests -- 11-18 

km/h (6.8�1t�2 fuph) on six of the se�en burning days -- aild 

lSI waSi therefore, almost wholly 11 retIEiction of F!"'itC. In 

ail eHod to eXaMine more Dlinuti'ily tlie nHati on of s/>'reaa ta 

concurrent 1St, tlie latter liaS recalculated for the! siti'is 

and times of tire f ires by using stand iliild at 1.'1 ill (if;S Hi 

adjusted to 10 fu (3303 it) (Table 1/). Rate af spread was 

correlated at the 1:11 level with the rEicomputEid lSI (t-"'.93j. 
, 

the improveMent i,iI correlation: is atHi buted to 

approXimation of the 10 m (33.3 tt) wind at the fite sitE!. 

The relationship of rate of spr ead and adjusted lsi ca:n be 

expressed by the equation: 

RIS :: 0.0'15<1 (lSI) 1.78 l1I/min (Fig. 10) 

,This is similar in form to findi ngs far jack pine and 

several ather fuel type s elsewhere in canada (Vail wagner 

1913 J • 

Fuel Consumption 

with two ' Eixceptions, the fires consulfied 4j"'51� of Hie 

woody fuels aild 36-16% of the duff by weight and :28"'6d of 

the duff by. ae,pth (Table 5). On unH 1 post fire Iite!asureme!nts' 

in the 1.1""3 em t .11'" 1.2 in., cat egory shOWed a: :25% incre'ase 

in wood loading; this wculd appear to result from etrots in 

intercept tallies Oil this �ety ligliUy loadl:!d unit, aHliduglt 
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Figure 6 .  Low vigor surface fire on Unit 3. 



Figure 7. Vigorous surface fire on Unit 4A 

involving aerial bark flakes and 

epidendric lichens 
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Figure 8 .  Full crown involvement on Unit 6 .  

�'. 
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Figure 9. Relation of Observed Rate of Spread to lSI 
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Table 4. Adjusted winds • .  in.dices, andfir,e behavior for seven units 

Stand 
'Unit w in d 

at 1.4m# 

1 

2 

3 

4a 

6 

7 

2 . 4 

3.2 

3.2 

Adjusted" 
stand 

wind .. 'Wf 

h/h 

6.3 

8.5 

8.'S 

16.9 

B.:5 

1 .� '" WI X 1lc /11,: . . in w.hich 
1.4-JR wihd·at the fire., 
camp,. 

r,S1.,2 
adj 

" 

6 

8 

1 

'9 

15 

9 

"f is 
and We 

FW'I, Rate of Fu·e.13 
adj sp.read consumed .• 

--
m/min t/ha 

'1 .0.61 

1·4 .0.91 23.9 

13 1 • .01 

11 2 • .02 15.,43 

21 3.35 18. 'Sf> 

33 6.�O 39.2· 

23 �.9B 200.2 
------------

a·djusteo 10-,m wi nd at the 
and W.c are to-m and 1.4-m 

2 Cail.c!l.la�edfr,om FF1!IC a": tJ,(}Q h and adjllst·e·ostand 1Iind 
" 3 Co.mlli1lled 11·000 and d'Ufffxom Ta:illJle 'I . 

.. !n.cLud,es :O-.64 cJII. crown weight frOlll Table '5 16 • .8 7 t/hal 
,. B.a-sed on ,neat of ,co:mbu:s":io'n 1840'0 ,;]/g,. 

Fir,e5 
in": ens it y. 

KW/m 

·61.0 

95.0 

191).0 

74M} 

123.0 

fixe .• wf is 
v.ind at 



Tabl e 5 • • Dead surface fuels consumed b y  fi l?es on Da.r win La ke uni t.s 

. � 

We ight of Woody Fuel by diame:ter class (cm) Du f fl 
, ------------- ----

Depth o f  
Unit 0-. 2  . 21-. 5 . 51-1. 0 1 •. 1-3 3. 1-10 A l l  S10 >10 Total Weight .burn 

------------------------

t/ha2 cm 
percen t of pref ire (second line) 

1 • 16 • � 1  . 13 (.30) 3 • 9U '. 1. 94 1. 35 3.29 .5 
70 5 2  57 125 �O 5 0  20 31 28 

2 . 29 .88 . 2 3  . �7 2 . 09 3. 96 5. 62 9 . 5 8  1 'I. 3 . ,9 
88 92 82 6'1 56 65 u1 '18 68 50 

3 �30 • �'I . 07 . 26 u. 19 5 . 26 2. 83 8 . 09 . 8  
98 8 5 37 19 6<1 59 �7 5'1 5Q 

uA . 36 1. 10 . 31 . 57 0 2. 3'1 2. 89 5 . 23 10. 2 (1. 8) 3 
100 100 8'1 5 0  0 '11 6� 51 611 120 

uB .37 . 88 . 2 6  . 27 3.;32 5 . 10 3. 26 8.36 10;2 {1. 8 ) 3 
100 .100 81 28 5 6  60 59 60 68 120 

6 - - - - 5. 664 1. 71 7. 37 8 •. 85. 16 .• 22 .16.1 1. 6 
100 16 45 U1 '13 76 62 

1 - - - - 3. 574 '1. 96 8. 53 � . 52 13. 05 7. 2 1.5 
100 59 71 30 u8 36 62 

-------"-------------- �-----------------------

I Includes some l iv ing mosses , lichens , an� creeping va scular p lan�s . 
2 . 1 t/ha '" • � 5  short ton/acre. 
3 Values i n  parent h e ses are increa ses over prefi re weights and depths {see text ) .  
4 Material S3 c m  not ta l l ied after burning; loss es timated to b e  100%. 

N ex> 



some addition of surface fuel did occur through burning down 

of dead standing trees. On Onit " (/\ a nd B) !1I�a§ul"'ed de pth 

of purn elt.ceeded initial. depth of forest flQor, prlilsumably 

because of actual variation in forest fl oor thickness f rom 

point to point. Percentage reduction in weight should 

I"'ougbly represent dep th of burn. It is safe to Si!.y that at 

least two-thil"'ds of IIoo(\y material S3 cm ill (\ia!llet<:lr burn<:ld 

When Fill was above the "tow" range � i.IiI., Qn all units 

el(cept 1 •. Pel"'oen tages for li!.rger material vari.e(\ 

unsystElmatica1ly wit h  si-.:e class and FliI. 

Weight 

the 

relatiOIl 

regression 

to 

(Figul"'e 11) . The relationship fat all (\ead surfaoe fuel 

consullled was weaker because of relativelY light dUff 

loadiIlgS and the presellce of thick \:lea I'berry mats that may 

have affected depth of burn. 

QISCOSSION 

The stable, drying air mas,s that develQPeg and 

persisted from Augus.t 1to Augll,st 6 a110lled fou.!", !:lura:> \'If 

\li9h vigor, culminating IIith a . CI;Qlln fire on onit 6. 

CQmpal;ing Darwin Lake results I(ith silIlU.i!.I'" Ilurns i;I. t the 

£'etaWCl,IIa Forest Experim<:lntal Station (Van liCl,gllet 1 �n). it 

can he hypothes;i.-.:ed that fires in upland jCl,Qk p:i.ne behave 

g.imilarily across the ri!.nge of the s pecies. Thl;! i:egreSE;:i.On'il 

of :t:ate of 'ilprea(\ on lSI a.re ve:t:y 'ilimila:t:, empha'ilJl!;lag the 
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re levance of the weather parameters integrated b y  the lSI. 

On-site observations and examination of a series o f  

35 m m  slides 

descripti ons 

provided several 

of surface to 

interesting fire behavior 

crown inte raction . Crown 

involvement ranged from a silent flash in the beard U.chen s 

to a solid flame front of grea ter intensity than the surface 

fire . Flame height on units 1 and 3 averaged less than . 5  m 

yet the lichens carried flame into the tree crown for very 

brief p eriods. �iirk flakes on Units IIA and liB weJ.'e bQrning 

the length �t the trees and out into the branches , but e ve n  

an inte nse c,pre o f  f ire surrounding the tree trunk f9r its 

. full length was not enough to torch out the a verage tree. 

Full crowning developed only when the surface fire was 

intenf;e and continuous enough to preheat the lower n ee4le 

foliage and brij,nchwood over a larg e  area, a conditio!} Which 

occurred only on Unit 6. Flame heights of the initial 

surface fire on Un i t  6 were well i nto the ca nopy layer, 

result ing in si multaneous ignit ion of b<!.rk flakeS and 

n eedles . Although the fire f ront leaned siigMly dOlfnllind, 

the ' crown fire ' did not move independently of the surface 

fire. 

St<!.nd density ang hej.ght 9:1' aerj.al fuels see!1led to 

affect crown involvement signi fica nt ly during moderate G!.nd 

high ha2;ard burns. Plots IIA and liB weJ!e Clf mixed denf;HY, 
and he ight and fire behavior diffe rences were noted at the 

fuel t y p e  boundaries. The west side of the plots was tiellser, 

and ladder fuels ext ended to within a met re of the ground. 
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Fire sprea'd: was slower and more unifor'm in this area, with 

very Httle torching, presumably a result of higher mois'ture 

coiltents from shade effect. On the more bpen east side b f 

the' plots 'spread was faster arid the surface fire m ore 

"intensei" 'which promoted t6rcliing' even though l�dder' fuels 

. were higher and less concentrated :hor1zontally. In the 

. extreme haiard; on Unit 6, c;rowhing occurred throughout the 

plot regardless of density and crown' height va
'
riations . 

Tihe experimental' fires spread . at rates that were 

correlated significantly with elements of the canadian FWI. 

B eca'use wind speed was low arid varied little' from one 

burning day to another, FFMC . was the best base-station 

predictor of spread. The lSI recalculated to the sites and 

times of fires yielded a slightly stronger correlation than 

did lSI in camp at 1300 h. The relatj.onship of r.ate Of 

spread to lSI resembled that found in other studies, Rut th.e 

da ta were too limited to support safe numerical prediction.� 

The same shortage of data prevented separating the effects 

of fuel moisture and fuel loading, which were confqunded by 

the sequence of burning. Of the two factors, moistu):e "., " 

appeared to have m uch the stronger influence on rate of 

spread. 

Bette): understanding of the phenomenon of cr.owning 

emerged from the project, as a result of the. steaq.y 

progression of fire vigor up to the crowning threshold •. Fi):e 

followed bear d lichens in to the tree crowns at all value� of 
-'j;)".-

FWI and its separate elements, and bark flakes became 



33 

effective ladder f ue l  at about FFIIC '9 0 .  However, crown 

materials thems elves foliage, twigs, branches -- were not 

ignited consist ent l y  b y  e ven hotly flaming bark all along 

trunks and major branche s .  A relatively h igh-intensity 

surface fire .  at FIII 2 8 .  was t he t r iggering mechanism for 

the general CrGIwn fire on unit 6 . •  Significant variation in 

wind. which was not involved' at Darwin Lake , would 

co mplicate the pred ict ion p r oblem . 

Jack pine n ee dles ha d t h.e same moisture con ten t, and 

the a mount o f  d ea d  c rown material was essent iall y t he sam e 

on all units . Thus. crowning at Darwin Lake was s t rict ly a 

function of de'ad surface fuel quantity and geometr y ,  

moisture conten t ,  a nd t o  a lesser extent . wind . 

'l'he f oregoing study confirmed the fact t hat the 

beha'�or of fire in natural fuels is an exceedingly compl e x  

process t ha t  i s  i nf luenced b y  many critica l factors, s ingl y 

and collectively. Contin uing observat ion s  ove r the f ull 

range , of p rescribed b urns and wildfires are necessary to 

determine fire behavior p rediction criteria a nd g uidelines 

for use in f ire managemen t. 
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dmportant a ssociat ions d uring this unique projec t .  

Much o f  t h e  credit for the working rela tion shi p between 
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·AF·S .Protecti on Branch contri buted much to the ea'tlY planning 
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A P P EN DIX I -- General Ve<getation Descript ion 

Past fores t fires in the nearly pure j aclt pine 

forest on upland in the s t uj}y aJ::ea were largely res ponsible 

for t he mos aic of s t an ds having different comb ina tions of 

a ge, height , and density . Tbe oldes t trees occur as 

s ca t t ered indiViduals in the mo-re open s tands (Al  P ,  A2P) . 

The t wo old es t found were 1 9 8  and 2 0 0  y r  old, suggesting a 

fire around 17 7 0. Enough fire s cars were aged to definitely 

iden t i fy fires in t he early 1 820 ' s, 1 8<13 ,  1 86 5, 1 88 7, 1 9 06, 

and 1 9 '1'1 .  Tbe 1 843 fire apparentl l( gave rise t o  the B 2 P  

stan ds in s tu dy units 1 .  2, 6,  and 7; and the B 1 P  and e 1 P  

s t ands containing uni t s  3 - 5  apparen t ly originated a f ter the 

1 906 fire. The 1 9 44 fire was widespread in the region ; on 

the s tudy area it burned with low intenSity , scar ring many 

t rees but Itil ling few even in the young st ands resul ting 

from t be 1906 fire. A higber-l.n tensi ty phase of this same 

fire m ay have produced the ex tensive young (BOP) s tands 

north of the s t  udy area. 

£:2�2i s t !!!!& -- B urning units occupied essent ially t wo 

situations in the fores t mosaic : ( 1 )  s tands t y ped B 1 P  an d 

e l P, 60+ yr ol d ,  averaging 2 1 8 9  t rees/ha (886 /ac re) w i t h  

mean dbh 9 . 9  em ( 3 . 9  in . ) ; and (2)  s tands typed B 2 P ,  1 25+ y r  

old, with 6 55 t r ees/ha (26 5/acre) and mean dbh 1 7 . 9 e m  { 7 . 0  

in . ,  (Table 6 ) . Mean basal area did not differ appreciabl y 

bet ween t he t wo general types 1 6 . 5  vS' . 1 6 . 2  mZ/ba (7 1 . 9 

vs . 7 0 . 6  f t 2 /acre) . Variations in s t oe lt ing and mean dbh 

reflect the inclusion o f  occas ional small openings and dense 



3 8  

clumps o f  s mal ler-than-average trees . The measu rement grids 

of units 1 -7 occupied the more uniform portions of the 

stands . hence ' t.ended t o ' , have g eea'ter densities t'han the 

entire mapped s tands-- well over 5 0 %  for all of the B 1 P and 

C 1  P, and � 0 -50" 'fur t he B 2 P .  Heights' :of' dominants were close 

to. 1 2  m (�O ftl in the B 1 P  and C1V :�ypes and arourid 19 m ( 6 2  

f+: 1 in the B 2 P  type. Standi'llg dead t rees were 'few and 

scattered, as were the s mall living a'spen and birch. '/lore 

conifer reproduction ( virtually all jack pinel occurred in 

the older stands ( � � a/ha vs . 2 1 8/ha ; c 1 7 8/acre vs. 8 7/acrel , 

more hardwood (all aspen . and white birchl i n  the younger 

( 1 � 56/ha vs . 3 0 0/ha; 58 2/acre v s .  1 20/acre) . 

Twelve1 shrub s pecies occurred on the burning 

units, and five of these were ericaceou s .  only ericads had 

fre quencies , greater than � O %  on any unit, and one or the 

other o f  two prostrate species was most frequent, and 

estimated to be most important, on every unit : dry-ground 

cranberry on units � - 7 ,  and bearber ry on units 1 - 3 ( and 

second in importance on units � - 7 ) . These two s pecies were 

usually closely associated and together provided average 

cover of 2 7 %. No other shr u b  s pecies averaged as much as 1 %  

cover on any unit . A s  expected, more �hrub species occ urred 

on the larger plots, and m ean height increased with the 

1 As pen reproduc +:ion was considered a component o f  the shrub 
layer. 
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Table 6 .  forest stand on tM Dar\lin Lake expet'iuntal un its 

--. ----

Jack pill e Other species. 
-- . - -

� 
-- ..,......,... 

Living Delid Blisal area 
-_ . 

Unit Trees /lean Trees /lElaJi 'rt'ees /lean 
/ha cibh /ha dbh /ha dbh 

, ':�-l., ,'.: ���""",, �-.. ---

NO . 0 111 N�h em No. 0111 m " / M 

1 16 <I 1 5 . 9 3 <1  1 7 . 6  0 � 1 5 . 0 9 

2 1 3 1 1 8 . 1 6 0  1 0 . 2  0 1 8 . 6 6  

3 2 . <1 1 1  1 0 . 0  0 .. 0 '" 1 8. 7 5  

<I 1 , 81 1  1 0 . 1  0 � 8 5/0 '1 . 3/"" 1 6 . 6 2  

5 2 , 2 7 2  8 d !  0 • 53/# 8 8 . 7/7 . <1  1 <1 . 0 5 

6 5 3 2  18 . 4  <I 20. 0 7/65 <1 . 8 /<1 . 0  1 <I. 0 3  

7 59 <I 1 9 . 2  0 • 0 1 6 . 9 8  
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�2§ - - Thirteen herbaceous s pecies (counting �liQ!l! as a 

s ingle species) plus va rious un identi fied representatives of 

the genus �r� and the Q£!!.!!!i!!�l!� were present on t h e  

experimental units.� , The n'umher of species on ' any one :unit 

Maian-the'mum canadense. and Gramineae occ u rred on all units; ----------- --------- ---------

�Q£aul� !i!H!!!l and fliola s p p'. on all but one; a n d  �Qr!!!!� 

£l!!!adensi§ on all but two. T·hce other s pecies were sporadic . 

Cover by all species .. combin'e d averaged only about 2",  and 

m ean he ights only 2 .� <t"'8 . 2  cm (.9<1-3. 23 in . ) .  Lichens, mai n l y  

�!�!!j& a n d  ilictorij! spp. , were the most conspicuous 

quasi-herbac eous . ground cover, - with frequency averaging 7 9 %  

a n d  cover 1 3 % . Mosses had nearly a s  high frequency (6 7 %) b u t  

covered m u c h  less area t 2 %) �  L i t t e r  was exposed, withou t 

coverin g  vegetation , on - 2 7-5 9 % - of t h e  area (average 11 7 %) .  



A PPENDIX II -- Synop t ic Iieather 

IDS!!: 1.2 !l!!U 11. A col d low mo-ving t hrough northeastern 

B ritish Columbia had an associated surface and upper a i r  

trough moving through northern A1b€rta. This system b rought 

extensive r ain to the Darwin L ak€ area , a n d  t he FIr! dropped 

to O .  

llu1y 18 to lQ. The cold trough was actually dumbbe11ing 

aroun d the cold core of f the Queen C harlotte I slands. This 

cold core drift ed inland over B ritish Columbia. On July 1 8  

and 19 a moist, unstable flow aloft on the east side o f  the 

cold core br ought a fternoon showers and thundershowers ' t o  

the Da rwin L ake <!, rea. Finally the cold trough h ad moved f a t  

enough inland t o  set o f f  a vigorous sur face low that moved 

through Darwin Lake on the evening o f  the 19 th. Thi s system 

produced a line of thun derheads which had heavy rain and 

hail associated, and was ' reponsib1e for giving t he study 

area a thorough s oaking. 

!lYlY 11 iQ l�· During most o f  this period a w eak high 

pres s ure r i dge a t  the 5 0 0  mb level drifted across northern 

A l berta , '<i n d  a sur face low developed in the Northwest 

Ter ritories around G r eat Bear La ke. T h e  resulting 

south westerly sur face flow over Darwin Lake was quite 

unst able an d gave gusty surface winds. The lake was very 

choppy during this period, 

occasions had di fficulty 

a n d  aircraft 

lan di n g  and 

on one or 

taking 

two 

off.  

cumuloni mbus and Towering cumulus were evident during the 

a fternoons. The FIiI rose rapidl y ;  burns were executed on 



J ul y  2 3  and 2.� This was the windiest period of the erit�re 

projec;t;,' mainly on a,cco unt of the unstable air m as s  an d the 

so uth w,este,rJ;y, g:ra'dient'. ' 

llYtl' 42 to JQ. The cold front and associated showers that 

m,oved through ' the' Da rw,in Lake area late on the 2 q th· an d 

early 2,st h brought an iend to any hopes for further bUrns for 

a few days ., T,he hug,e, raiin area in t he lower Mac'kenzie (Fig. 

5) lI1o!Ted' so ubheast,'warn' " b ut ,missed the Darwin L ake atea .  

However, " nort h east'ern 'Alberta was i n  a cool lIloist , 

north west,erly flo w,. , Th,e t ro ublesome feat ure aloft wa s a c ool 

trough persis ti ng over Great, S lave Lake. This t r o ugh f iniil l y  

s lipped south o f  the Darwin L ak e  area by J uly 30 . 

�J!il: J1 12 !!!9:J!§1 � .  A 5 0 0  m b  ridge m oved into the area eas t 

o f  G reat S lave Lake as the cool trough s lipped s o uthward 

into A l berta. This brought about drying at upper levels and 

also the est ablis hment of a flat-s u r face high press ure area. 

Altho ugh s kies were , m ainl y cl ear thr oughout m uch o f  this 

period, the l ight easterly c irc ulation was not cond ucive to 

warming the lower atmosphere. 

Augg� J 12 2' A warm , flat ,  high press ure ridge aloft 

d uring this period was accompanied by s ubsidence, res ulting 

in a fairly s t able air m ass . W it h  a flat s urface l ow in the 

upper Mackenzie Valley ,  a warm so utherly fl ow de vel oped over 

the D ar w in L ake area. O w ing to the stability of the air 

m as s ,  however, wi nds rem ained q u ite light. The F W! rem ained 

extreme and t he highest val ue, 2 8 ,  was recorded on A ug ust 5 .  

!ygy§1 I 12 lQ. The ridge aloft that gave the warm dry 

weath er early i n  the month gradually moved e as t ward as a 
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vigorous low aloft moved inland from the Pacifi c .  This 

spawned surface systems that moved northeas t ward th rough the 

upper Mackenzie Valley and north western Alberta. Al tho ugh 

t h e  main s hower area re mained well w est of the Dar win Lake 

a rea,. .the air m ass b ecame much more unstable as cool e r  air 

moved in around the upper lo w .  Inc reasing convective 

ac;tivity, cul m inating with the afternoon th undersho wer o f  

Augus t  7 ( which put out. the unit 5 fire i n  progress) , m ar k e d  

the end o f  the proj ect. The sur f.ac e trough moved b y  on 

Augus t  8 and was followed by a cool north westerl y flow w h ich 

persisted until t h e  middle o f  the mont h .  
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A P PE N D I X  III - Detai ls of In div idual Fires 

Unit 1 -- "The fire spread readily across litter and �!H1Q!l!'i! 
0,n1y w he;n , pushed, b y  small g usts. Spread b eca me slower w i th 

the passage 0,£ time beca use average wind speed in t he st and 

decreased ,fr:om '1 . 8  km/h (3 mph) to less than 3. 2 km/h ( 2  

mph) . Rates ob,serv.ed for 2 .0  and 50 min a +  t wo ' point's' 

avera ged . 6  m/min ( 2  ft/min) • The extensive mat s  of 

bearberry and <lry-ground cranberry proved to b e  effecti v e '  

f ire barr iers, s.e ldom bei n g  penetrat ed more than a f e w  

centimetres ; consequently, the fire covered only 60 % of the' 

u.n it., . Flal\les excee,$1ed a f ew cen timetres in height only in 

the . occasion(j.l sma l l  co ncen t rat ions of wood y fuels and i n  

the lpwest, l ichen-covered, dead branches o f  few young 

trees. The fa l le n  t r unks of several l ong- dead trees 

sl\loldered overnight ' a nd i n  the end were al most total l y  

consumed. At least one st an ding d ead tree burned down 

oyernight !, 

JIUit � -,- The firs+_ attempt to b u rn this u nit showed tha·t 

the strongest w in d  d uring the stud y  blowing u pslope from the 

east could -not cause , fire to sprea,d in the face of high f'uel 

moisture co.ntent and humidit y. The second {suceessfu:l ) 

attempt ii,lso started. to. us e t he slope a long the east edge ; 

h u t  a v,er_y , . l ight , on-shore breez,e shifted to stead y  

southwesterly, a n d  ignition was shifted to the western 

boundary of the unit. Fire s pread was slow b u t  rather 

st'ead,Y , averaging a bout . 9  m/min (3. O ft/min) over a u O - m i n  

period. F,laj1les were g.,nerally :5.60 em ( 2  ft) high . A few 
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trees torched, a nd one spot fire occurred wit h in the unit . 

S ome of the denser pa tches o f  bearberry did no� b urn, b ut 

the fire covered 8'H, o f  the unit a nd scorched the surface 

vegetat ion o n  a nother 5 % .  In t h e  a b sence o f  a fir e line , the 

northeast corner of the fire burned into a small M usk.eg 

bordering the lake a nd produced an active flame front in 

L a bra dor tea (I,edu.!!! !li:2�n!j!!ldi£.!!l!!) that moved a b o ut 6 m ( 2 0  

it ) b efore subsiding . 

!In!!: 1 Getting t he h ea dfire started across this unit 

proved unexpectedly diff icult because of a c om bination o f  

mino r f ue l  discontinuities and var iable wind. H igh stand 

dens it y and minor t opographic feat ures appeared to ha ve a 

disprop ortionate ef fec t on w in d  direction a nd velocity . 

Ho wever. t he fire ul timat ely b u rned over virt ually 1 0 0 %  o f  

the surface, 72% o f  w hich was bare litter a nd cla donia. 

Spre a d  was slow ; t he averag.e rate was 1 mlmin (3 . 3  ft/min) 

at six point s  observed for '5�27 min eac h. Flam es generally 

were 5 . 6 m (2 ft) high, but brief flare- ups occ urred in 

occasional patches of fine dea d fue ls, low b r ush, a nd small 

pines. So me very sho rt- range spotting occurred j ust ahead o f  

the fire front. Fir e · not uncommonly ran to the tOps of pines 

in t he abundant , epi d",ndric beard l ichens a n d  b a rk flak es ,  

b ut almost never involved other a erial fuels. B urning w a s  

shallow ; t he fire merely p assed over the surface of a 

s quirrel cache t h at would be expected t o  smolder for days 

under dr:ier: c onditio ns. 

!lnit !!.! A gent.le , steady, sout herly w i n d  dictated 

ignitio n across the so uth boundary of � he unit , with the 
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f ire advancing par a l lel to t h e  long a x i s  of t. he me a s u r em e n t  

grid . S om e  varia t ion i n  w i n d  speed and d irect i o n  was noted 

outside the unit.  b u t  s o utherly f low at an aver age of 3 . 2  

km/h (2 . 0  m p h )  was m ea sured 1 . 5  m ( 5  ft)  above grou n d  over a 

2 - h  period . Fire s p rea d was correspond ingly s t ea d y .  

averaging 2 . 0  m/min ( 6 . 5 ft/m i n )  ( Fig . 8 ) . Spread t ended to 

be s lowest toward t h e  western edge b ecause of h igh sta n d  

dens i t y .  Fire fre que n t l y  burned i n to t h e  c r o w n s .  us i n g  

epidendric lichens and bar k  fla k e s  a s  la dder f ue l s .  

Occasionally enough h e a t  was generated t o  t orch out the 

green foliage . S hort- ran ge spotting occu rred around 

hotspot s .  Essentially t he entire s u r face area b urned over. 

Fire b eha vior was so c on sis tent that b urning w a s  t ermina t e d  

i n  ord e r  t o  proVi de an a ddit ional observa tion i n  the same 

fuels but w i t h  differen t  wea ther . 

gull 1� - - A 1 <1% drop in relative humidity (to 2 6 % )  w a s  t h e  

main change f r o m  t h e  conditio"ns t h a t  h a d  a f fected unit <l A .  

W i n d  s peed at 1 . 5  m ( 5  ft)  increased sl ightly d u ring the 

latter part of t he f ire ; however. the 2 k m/h mean wind speed 

was s im ilar t o  unit <l A .  R ate of fire spread incr eased to a 

mean of 3 . 3 5  m/mi n  ( 1 1 . 0 ft/m i n ) . w i t h  a range of . <1- 6 . 7 

m/min ( 1 . 3- 2 1 . 8  ft/min) . Increased f ire intensity was 

a pparent from tal ler f lames an d faster spread i m m ediately 

u pon i gnit ion . with open condi t ions contributing to 

i ncreas ed f ire v i gor. Tor ching of c ro wn s  was common . and 

mass torching occu r red when the f ire reached a slight 

depression c ontaining m ore woo d y  s u r face fuel t h a n  usual for 

the unit as a w hole . Every case of t orchin, res ult ed in 



abundant s �o tf i res , which considerably increased spread rate 

over t hat attai ned through cont inuous spread in surface 

fuel. 

��it � Th e f i r s t  attempt to b urn was aborted moments 

before i gnition beca use of a report ed wild f ire that might 

require attac k  by t h e  pr oject f ire crew.  o n  t he second 

attempt , one day later, t he east e d ge was i gnited i n  spi te 

o f  a threatening t hunde rshower, a n d  t he fire began t o  spread 

evenly. However, t he s hower arr i v ed less t han half an hour 

later, humidity quickly rose to 9 0 %  ( fr o m  <1 0%) , t e m perat ure 

fell to 1 7 0 C ,  and 1 . 8 mm of rain fell. A s  a res ult , half of 

t he unit d i d  n o t  burn a t  all , and t he fire was s potty on the 

remainder, m is s i ng 30% entirely and merely scorc hing another 

20%.  No rate-of-spread estimates were obtained. 

!!�it 2. - - Weat her was e ssent ially a con+ inuation of t h a t  in 

e ffect for unit <l B ;  t e m perat ure was 1 ° F  lower and relative 

humidit y 7 %  higher (3 3 % ) . � e fore ignitio n  virtual calm 

prevail ed at t he 1 . 5-m ( 5- f t) level on t he unit , i ncreasing 

to 6 . <1 . k m/h ( <I  mph) d ur i n g  t he fire . D e s pite the rel a t i ve 

scarci� y of low ,  

2 0- m- tall ( 6 6 - f t. ) 

dead branches draped wit h liche ns on t he 

trees,  a crown f ire developed almost 

immediately.  

ft)  higher 

F la mes 

t h an t h e  

were a bout 3 0  m ( 9 8  f t )  high , 1 0  1ft { 3 3  

t rees. R a pid development o f  t.he 

crown fire prevented r e liable es t i ma t i on of fire s pread 

except for the plot as a whole . H owe ver, by qui t e  

conservative estimate, t he f i r e  m o v e d  1 6 0 m (52 5 f t )  across 

t he unit in a bout 2 6  min,  giving a n  a verage rate of s pread 

of 6 . 1  m/min ( 2 0  f t/min) . S pread wa s essentially a f unct ion 



" 

o f  hea v ier fuel loading - - t he heaviest on any unit for all 

fuel categor ies (Table 2 ) . S urface wind acceler ated as fire 

intensity increased b ut appeared to b e  mainly in-d r aft . W i n d  

o f  8 - 1 6  km/h (5- 1 0  m p h )  at t ree-top level m a y  h ave 

enco ura ged crow n i n g .  only a few rocky and/or moist spots on 

t h e  ground surface f ailed to burn -- less t han 2 % .  Spotting 

and hig h f ir e  inten sity res ult ed in a sma l l ,  quickly 

controlled escape a l ong part o f  t he n o rt h  unit b oundary . 

Yn!t I -- P a s sa ge o f  a weak cold fron t  signalled t h e  arri va l 

o f  a coole r  ai r mass and was accom panied by light showers 

that m is s e d  t h e  s t u d y  area to t h e  nort h .  Midday t e m pe rat ure 

d ropped to 2 3 °C f rom the preced ing d a y ,  and relat i v e  

h u midit y rose 1 3 %  ( t o  q 6 %) . Howeve r ,  fuelst ick moi sture 

content did not cha nge , and only 1 - a nd 2� point drops 

occurr e d  in F FMC and FWI, respect ively. Wind shi f t ed t o  

s l ightly west o f  south (2 00° ) and w a s  steady a t  1 2 . 8 - 1 6 . 0  

km/h ( 8 - 1 0  mph)  from th e surface to 1 0 0 0  m ( 3 3 00 f t ) . A t  t h e  

unit , 1 . 5 m ( 5  f t )  w i n d  averaged 3 . 5  km/h (2 . 2  mph) . 

I gnition began at t h e  south corner a n d  proceeded both wa ys. 

S pread was brisk a long the southwest side where exposure to 

wind was g reatest . L i m i t e d  crowning occurred in t h e  

north west quarter o f  t he unit, but elsewhere stead y s u rf a c e  

f i r e  prevai l e d .  M ea n  r a t e  o f  spread was 1 . 98 m/min ( 6 . 5 

ft/min) • The fire b urned over 8 5% of the surface and 

scorched a n ot h er 5 1 .  Extensive ground cover (2 1%) by 

bearberry and d ry - ground cranberry noticeably red uced fire 

spread r a t e  a nd coverage. N um ero us s mall spot fires 

developed just o u t s i d e  the windward side of t h e  u nit , and 
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t he ollly l <lng- range spot of t he s t � q y ,  1 40 m ( 459 f t )  

di?tant . The h e,lic<lpter� with".b�c�et Cl sl'igned to t h e  proj ect 

fCl!';iJ.it a, t ed c<ln trol of the s pot f ire . 

l!,�i §, One l in e  of f ir e  wa? set to ?ee i f  it would run 

agros s a ?ma,ll muskeg. In a dqitio ll , t wo spo t ig niti on s were 

?t9died through the aft ernoon b �rl! ing Pe r iod ( 1 3 0 0 � 1 9 0 0  h )  

Qn !,Ugust 8 .  The s ho w er y , w eather t ha t  pre ven ted a 

satiSfagt9rY bUrn o f  unit 5 had rClised fuel mois t ur e  an d  

,lQVered elements o f  FW ! t o  a bl'!ut t h e  leve ls that h a d  

PreVaUed, d q r ing t h e  f i I:s t  s �c:lces?ful b �I'{\S (Tabie 'I ) . T h e 

,line fire ( N 9 ,  9, for con ven ience) s Prea d  at an average rate 

Of 1 , 9 m/min ( 5 . 4 ft/min) , w i t h  a ra nge l'!f . 6- 3 . 1 m/min 

( l . � - l Q . �  ft/min) . A s  on unit 3 ,  t he fire rCln perha Ps 1 0  m 

(33 ft ) into the m Uske g but did not gI'oSS it CO�Pl e te l y  a n d  

d i d  not b urn deep i nto the organi c iayer, �potfire No. 1 0 , 

on dry u pland , a ttained a fina l size l'!f about 1 . 3  ha ( 3 . 3 

acres) a t  1 9 0 0 ,  with an a ver ag e ra te 

cardinal directions of 1 2 . 6  mlh 

o f  s pread a long t h e  

(<1 1 ft/h) . S a m  ple ra tes 

mea?ured b et ween 1 3 50 and 1 6 1 0  alQng the more acti ve Ilort h 

alld east vect Qrs ave ra ged • <I m/m.in ( 1 .  II ft/min ) , with a 

rallge o f  . 2- . 9  m/min ( . 5� 2 . 9  ft/m i n} . The out Une w as f&irl y 

rCilgulaI: i n a somewhat o.vate ell ip.se.  Spo.t fire Ill'!. 1 1  was se t 

ill a ,lo we:!' . mQist er , mo re S heltered ?ituat.ion. where t h e  

? mCll l,  den?e jack pine h a d  a hea vier und e rst ory . The 

res ult ing s h a p e  wa? q uite irregular. with a maximum 

d imensiQll a t  1900 o f  sl ightly legs than 3 0  m ( 1 6Q ft) , a n d  

all a,r ea Of perha ps . 1  h a  ( . 2 5  acrel . Ilate of spE' ead for a �),­

It pe r iQd wa,s 3. 11 I\l/'h ( 1 1 . 2  f t/h ). . 


