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The s e m r i t y  of a f i r e  season i s  strongly dependent on the  per iodic i ty  

and amount of precipi ta t ion occurring during the  summer months, I n  f o r e s t s  of 

the  north temperate region the  proportion of f u e l  avai lable  f o r  combustion i s  

la rge ly  dependent on the  cumulative drying of the  large s ize ,  slow drying f u e l  

components, It i s  not surpr is ing t h a t  a parameter of the  moisture content of 

these  f u e l s  i s  an i n t e g r a l  component of a l l  F i re  Danger Ratings Systems designed 

f o r  t h i s  zone, 

A s  a r e s u l t  of the decision t o  revise  the Canadian F i re  Danger Rating 

Qystem a number of parameters of the  moisture content of the slow drying f u e l  

components were proposed, The Petawawa Park I11 developed by Van Wagner a t  

Petawawa and the  B e  C ,  Mark I1 developed by Turner, together with members of t he  

B, C ,  Regional F i re  &search Section, were two such indexes discussed a t  the  

Calgary meeting i n  Nay 1967, A s  a r e su l t  of f i e l d  t e s t i ng  and f u r t h e r  work both 

indexes have been changed, the  B, C, P ~ r k  I1 only so f a r  a s  computation techniques, 

However, the  Petawawa has undergone suf f ic ien t  changes t o  j u s t i f y  the  new nomer of 

Petawawa Hark I V ,  

The B, G o  Mark I1 index was designed t o  parameter the  moisture r e g h e  i n  

organic layers  having moisture holding proper t ies  s imi la r  t o  the  s m p l e s  displayed, 

These organic Layers a r e  common t o  a l l  areas  of the  Coast, Subalpine, Columbia 

and Boreal Forest regions of B r i t i sh  Columbia, I n  the  Plontane Forest Region they 

occur on a l l  but the  extremely dry lodgepole pine and ponderosa pine s i t e s ,  

These organic layers  a r e  generally composed of an in tegrated moss and 

l i t t e r  layer overlying a dense fermentation and humus layer  of ten consist ing 

la rge ly  of ro t t en  wood and nearly always containins a f a i r  proportion of l iv ing  

roots ,  The depth of these organic layers  var ies ,  being generally deeper on wet o r  

p o o r b  drained s i t e s  and more shallow on d r i e r  s i t e s ,  The charac te r i s t i cs  of t he  

samples a r e  included i n  Table I, 



Table I, Charas ter is t ies  of organic smp3_es0 

Smiple 1% .* Depth Area Vol, o 
2 

Lbs . Inches ~t 2 ~t .3 

+ A i r  dried only -- b o n t h s  i n  h b o r a t o ~  where average cond-ftions a r e  70' F 
and 30,g Re£%, 

If we presuppose the  index i s  a s a t i s f a c t o q  r e f l ec t i on  of -the general  

d~sping trend of t h e  organic l ayers  described and i f  s i d i a r f t g  of surface appearance 

fs any c r i t e r i a  of t h e  general  moia%ure re tent ion c h a r a ~ t a r i s t i c s ,  then i t  i s  

l i k e l y  the  d, C ,  & ~ r k  11 Index would be applicable t o  $ha reminder  09" t h e  Canadian 

Boreal. aegisn, Applicabi l i ty  t o  the  m e t e r  areas  of t h e  Great k k e s  and. Aeadfan 

Regeons also seems appropriate,  The proportion of Canadian Land a rea  where t he  

B, C, Eark I1 Index i s  thoz42kt to be applicable rs shorn i n  Figure I ,  

As a ~esult of %he dEseussPons coneernin5 t h e  two Indexes a t  t he  Cakary 

m5r;rirag :n l * ~ y  1967 2-k as decided t o  u t i l i z e  a l l  ~cass ible  o~por%unidfes  of 

sumwring the Indexes during t h e  1967 f i r e  season, I n  accord d % h  %his  &cision,  

all ~ e a d i l y  avai lable  data from f i e l d  s tudies  and wild f i r e  ac t ion  was analyzed 

and re-ia%ed to the  t w o  Drought Indexes i n  question, The data accmulated w a s  from 

four main sources, 

!a> wild .  f i r e  act ion in Br i t i sh  Cokmbfa during t h e  B9hViire  season 



(2 )  deskructive sampling f o r  o r ~ a n i c  l ayer  r ~ o i  s tu re  content 

(3) f i r e  inpact  s tud ies  from B, C, 608 and B, C, 606 

( 4 )  observation and experience 

The four th  source must be recognized because, regardless of the  r e s u l t s  of these 

a scuas fons  t h i s  f ac to r  i s  most important from the user ' s  point of view, 

Wild F i re  Action 

If the  drought index i s  accepted a s  being a good r e l a t i ve  index of f i r e  

season sever i ty  then the  general  f i r e  load should be re f lec ted  i n  the drought 

index, The Pet- Hark I V  Index and the  3 ,  C, Hark II Index was plot ted f o r  four  

s t a t i ons  i n  the  Nelson and Kamloops Forest D i s t r i c t ,  

Figure 2 shows the  Petamwa E.*hrk I V  Index and the B e  C, Xark I1 Index 

with the  date and amount of r a i n  f o r  the  1967 f i r e  season, On t h i s  f igure  there  

a r e  two a reas  of s ignif icances:  the  first i s  the  s t r i k ing  s fnu la r i ty  of the  two 

indexes a t  the lower values and t he  very s M l a r  drying r a t e s  when the  B, 6, 

 lark I1 Index i s  on the  standard drying r a t e o  The second i s  t h e  pronomced 

difference i n  length of period af'fecled by r a i n f a l l  at the  higher drought index 

nmbers, Gsnsider the  Lhree ra ins  of July 7, I 9  and August 4, the  bracketed 

nmtbers f o l l o d n ~  t h e  e f f ec t i ve  period i s  the  mean da l l y  moisture l o s s  i n  inches, 

Effect ive  Period ( ~ a y s )  
Date of kain homt B, 6 ,  KO 11 Pet ,  M PV 

July 7 

July 19 



Figure 3 which shows the  drought indexes f o r  Cranbrook reveals the 

sane cha rac t e r i s t i c s  a s  Figure 2, The e s sen t i a l l y  s imilar  react ion a t  the  lower 

l eve l s  and a s imilar  r a t e  of drying during the  standard r a t e  a r e  a ~ p a r e n t ,  

Again, even more s t r i k ing  i n  t h i s  case, i s  the  difference caused by the  .13 inches 

of r a in  on August 7, The implications of t h e  e f f ec t  of t h i s  small arriount of r a i n  

a r e  of even grea te r  significance because the  seasonal peak i s  displaced by three  

weeks, the  Petawawa Index never recovering from t h i s  r a in  even a f t e r  the  23 days 

shown, The e f f ec t  of the  r a i n f a l l  of .07 on July 19 i s  a l s o  qu i te  d i f f e r en t  but 

does not have the  psychological impact of displacing the  period of r e l a t i ve  

seve rf t y  , 

FIGURE b ,  DROUGHT IRDEXES AND F I B  ACTIOH -- CHASE 1967 
- - - - 

Figure 4 shows the  s imi la r i ty  of standard drying r a t e s  indicated i n  

t he  previous two f igures ,  From t h i s  f igure  t he  e f fec t ive  periods f o r  the  ra in  

occurring on the same day a s  those a t  Shuswap Fa l l s  a r e  compared below; a s  i n  

Figure 2 the  bracketed f i gu re s  a r e  the  da i ly  moisture l o s s  i n  inches, 

Effective Period (Days ) 
Date of Rain Amount B, 6 ,  PiPi, 11 P e t  ,, M I V  

J U ~ Y  7 a 15 2 (.075) l-4 ( i f  continued) ,015 

July 19 0 53 10 (0053) 18  ( i f  continued) .029 

Aug, 4-6 .I8 + .08 3 (@086) l-4 .098 

On t h i s  f igure  iiamZoops Forest D i s t r i c t  f i r e  act ion i n  terms of t o t a l  

manpower i s  shown on a logarithmic scale,  Periods of varyin5 degrees of a c t i v i t y  

which coincide with high periods of both indexes a r e  obvious, The manpower peaks 

coinciding with the r a in s  mentioned previously a r e  i n  par t  a t  l e a s t  t o  t he  

l ightning f i r e s  associated wLth the  ra ins ,  The level ing off i n  the  l a t t e r  par t  



of August ind ica tes  the  f i r e  load sa turat ion point ra ther  than a decreasing 

sever i ty  . 

F1GUIi;E; 5, DFUUGHT IlVDEX AND FIR3 ACTIOON -- CRESTON 1967 

The comparison of Drought Indexes and f i r e  act ion i n  t h e  Nelson Forest 

D i s t r i c t  during 1967 reveals many of the  same charar , ter is t ics  as t h e  f i r e  act ion 

comparison f o r  Chase. Again t he  s i m i l a r i t i e s  a t  the  lower index l eve l s  and the  

sinular drying r a t e s  a r e  apparent, The inconsistencies i n  f i r e  ac t ion  a r e  dye 

t o  t he  same causes as those mentioned f o r  Chase, Note the  di f ference i n  t h e  

Petawawa Index value calculated a t  Creston and Cranbrook -- the  di f ference being 

caused by the  .13 inches s f  ra in  on August 7, 

F I G m  6, REGRESSION OF DROUGHT INDEXF,S AND BURBED ACREAGE -- CRESTON 

The regression of the weekly burned acreage i n  the Nelson D i s t r i c t  

and the highest drought index f o r  the  week calculated a t  Creston is shown i n  

Figure 6, The equations f o r  the  l i n e s  a r e  Y -- l , O 5  C .OX5 and Y = loll -1- .O2X 

f o r  the  B, C, &lark I1 and Petawawa Mark IV Indexes respectively,  The respective 

corre la t ion coef f ic ien t s  are .8O and .78, The s in&lar i ty  of these  correlaLion 

coef f ic ien t s  a r e  understandable when the s imi la r i ty  of the  indexes from Figure 5 

is recal led,  I n  Figure 7 the  regression of burned aereage i n  the KamPoops 

D i s t r i c t  and the Drought Indexes calculated a t  Chase, B, C ,  a re  shown, 

FIGURE: 7, WGmSSIOh OF DROUGHT INDEES AND BURNED ACWAGE -- CHASE 

I n  t h i s  f igure  there  i s  a s ign i f ican t  difference i n  the  cor re la t ion  

coef f ic ien t s  of t he  two Endexes; f o r  the Be C, Nark P I  it i s  .77 and f o r  t h e  

Petawawa IYiark IV it i s  .h l ,  This difference i s  meaningful when the difference 



- 6 - 

i n  the  Orowht indexes shown i n  Figure 4 i s  considered, The f igures  beside each 

point i n  both f igures  a re  t h e  chronoloqfcai order of the  weeks commencing i n  

Jue .  The l a rge r  acreages burned i n  the  f a s t  few weeks ver i fy  t he  reason of f i r e  

load sa tu ra t ion  f o r  t he  level ing off of man power on Figures 4 and 5 f o r  the  l a t t e r  

pa r t  of August, 

Destructive Samples of Organic Layers 

Project  B, C, 608, ttDeveloprrtent of a Burning Index and Guidelines f o r  

Prescribed Burning i n  Spruce Balsam Logging Slashft  offered an opportunity t o  t e s t  

the  a b i l i t y  of the  two drought indexes t o  indicate  the moisture content of the  

organic layer ,  On t h i s  a rea  located a t  an e levat ion of about 2800 f e e t  near the 

south end of bacleod, t he  organic layers  a r e  t yp i ca l  of those displayed with the  

exception of having a l e s s  luxuriant  growth of moss and were generally more shallow, 

TWO samples a r e  described below. 

Sample Wt, Depth Area ~ b s  . /~ t .  2 

O , D ,  G r ,  Inches ~t 2 

Sample nwiber % a ~ d  2 included 27 and 144 grams of roots,  respectively,  

These roots were large  and e a s i  l y  removed; an unknown proportion of smaller roots  

remined,  

Frorn each of the  46 p lo t s  shown on Figure 8 three  composite smiiples of 

t he  upper organic l ayer  and three  composite samples of the lower organic l ayer  

were taken p r io r  t o  each burn, 

- -  - -  - 

F S G m  I f ,  F i P  OF STUDY A R E A 9  P"iAGT;E;OD LAKE, B,  6 ,  608 - 1967 
- -- 

The Piacleod Lake p lo t s  were burned f porn June 19th through t o  August 24, 



The B, C, Piark P I  Drought Indes  and the  Petawawa F'iark I V  f o r  the  season, inc luding 

t h i s  period, i s  shown i n  Figure 9 ,  

FIGURE 9, COKPARISON OF DROUGHT INDEXES -- PIIACUOD MU3 1967 

The regress ion  of t h e  des t ruc t ive  sanlples of t h e  unper and f u l l  organic 

l a y e r  rrioisture contents  and the  two drought indexes a r e  shown i n  Figure 10, 

FIGURE 10, mGRESSZON OF BZAM TOP ORGAEIC AND FULL ORGANIC &iOISTURE COtqmNT 
WITH B, 6,  HARK I1 AND PETAFJAWA IgiRK I V  DROUGHT 1MDEXE;S. 

These values 'plot ted on the  a u x i l i a r y  f i g u r e s  

A and B show t h e  v a r i a t i o n  i n  moisture content  due t o  loca l ion ,  Although these  

f i g u r e s  show t h e  genera l  drying t r end  they a l s o  show t h e  wide v a r i a t i o n  i n  

moisture content  due t o  f a c t o r s  o the r  than weather, 

The incons i s t enc ies  i n  moisture content  due t o  locat ion  a r e  even more 

s t r i k i n g  when f i g u r e  11 i s  examined, The r e l a t i o n  shown i n  Figure 11 i s  from 

FIGUm ll, FUU ORGANIC: W,C',, E A N  OF FOUR SAmLES FROM S2UGTED LOCATIOBS 

t h e  mean of four  samples of t h e  f u l l  organic l a g e r  under a seed block adjacent  

t o  the  study a r e a ,  Shortage of he lp  prevented t h i s  type of sampling f o r  t h e  

n1aJor par t  0% the  sudImer a s  was intended and " c h e  samples shown were comerrced on 

a d a i l y  b a s i s  from A u ~ u s t  19  and continued t o  September 2 ,  The sample a t  t h e  

lower r i g h t  of 157 percent was taken on Septerrrber ll a f t e r  a t o t a l  of 1,28 inches 

0% r a i n  had f a l l e n  s ince  September 9, The point  on September 2 a t  79 percent  

&LOG, had sus ta ined a r a i n f a l l  of .24 inches of r a i n  s ince  the  previous d a y ' s  W,C, 

of 37,1 percent.  The equations f o r  these  Pines a r e  Y i- 188,4 - .75x and 

Y - 124,O - 2&6X f o r  t h e  B, 6.  and Petak-awa Indexes respect ive ly ,  t h e i r  c o r r e l a t i o n  



coef f ic ien t s  a re  -095 and - e43  respectively,  The moisture content of the  upper 

mineral s o i l  on September 11 was 13 percent, r e l a t i v e l y  dry f o r  these f i ne  

textured s o i l s ,  This r e l a t i ve ly  low s o i l  moisture content ind ica tes  t ha t  the  

l ,28  inches of r a i n f a l l  t h a t  occurred since September 1 had hot penetrated the 

e n t i r e  organic layer ,  This again i l l u s t r a t e s  the strong s t r a t i f i c a t i o n  of 

moisture i n  organic l ayers  s imilar  t o  those displayed, 

F i r e  Impact Studies 

The last means of com~aring the  two Drought Indexes i s  perhaps the  most 

meaningful, t h i s  i s  the  comparison of the Drought Indexes through analysis  of 

t he  amount of organic mate r ia l  removed by prescribed f i r e s ,  An index t ha t  can 

confidently be applied t o  t h i s  purpose becomes an invaluable t o o l  fbr se lec t ing  

necessary weather regimes t o  accomplish a predeternined treatment, Such an index 

can a l s o  be applied t o  determine damage po ten t ia l  of wlild f i r e s  t o  wildland 

values o ther  than timber, A meaningful index t h a t  can be re la ted  t o  f i r e  impact 

is a necessary p r io r i t y  before re la t ing  the  f i r e  cha rac t e r i s t i c  of i n t ens i t y  t o  

t he  f i r e  danger ra t ing  system, Figure 12 shows the  regression of organic layer  

deplelion i n  percent and the  B ,  C. hark I1 Brou3ht Index, Note t h e  strong 

corre la t ion coeff ic ient  of ,80 using the  Hacleod b k e  data,  To t e s t  t h i s  nrediction 

capabi l i ty ,  depletion data  from the s i x  burns on Piabel Wse were a l s o  plot ted;  

%wi%h this data t h e  cor re la t ion  coeff ic ient  i s  strengthened t o  .95, 3nly the B, C, 

1"Iark I lrzdex and Turner's s o i l  moisture index sho-wed  egressions t h a t  even 

approached the Plark II, f n  t h i s  regression, percent depletion r a the r  than 

absolute deple t ion was used t o  avoid the comlj l i~at ions  of a t r a n s i t i o n  i n  organic 

l ayer  dept5s. 

FIGURE; 12, ItEGmSSION OF PERCENT BEPLE;TION OF ORGANIC LAYER Am B ,  C ,  YARK XI INDEX 



Various other  indexes including t he  Petawawa Hark I1 and &lark I V ,  U,S, 

nat ional  buildup, and the  Canadian 25 day system a r e  on the  s u b s i d i a ~ g  scattergrams, 

Regressions f o r  these systems were not calculated because,the bimodal d i s t r i bu t i on  

of the  sample population, 

To conclude t h i s  comparison, I can only add my own personal observations 

during t he  Piacleod Lake project ,  There i s  no doubt t h a t  conditions were much 

d r i e r  a t  the  end of August than on July  19 where the  Petawawa Index shows t h e  

most extreme condition, Surface water was s t i l l  present on July 19 which continued 

t o  decrease up t o  the  time of the  September ra ins ,  A small creek which had t o  be 

forded during t h e  ea r ly  par t  of t h e  season ceased showing surface water on about 

July 10, Surface water showed f o r  one day on July  20 never t o  reappear i n  1967 

not even a f t e r  t he  ea r ly  September ra ins ,  Traversing the  area  with vehicles was 

s t i l l  extre~nely d i f f i c u l t  i n  rSd-July and it was not u n t i l  mid-August t h a t  ease 

of vehicular t r a f f i c  was achieved, The r a t e  of drying of surface drainage from 

puddles coincided roughly with recuperation of t h e  Elark 11, The increasing 

sever i ty  of the  s i t ua t i on  was amply ver i f i ed  by the  increasing f i r e  i n t ens i t y  on 

the  t e s t  p lo t s ,  

These observations a r e  verif ied,  i n  pr inciple  a t  l e a s t ,  by the fee i ings  

of t he  Prince serge Protection Personnel who had no doubt of the  g rea te r  

sever i ty  during the  l a t e  August period over t h a t  which exis ted i n  July, 

The evidence offered i n  t h i s  paper shows the  B, C, Eark 11 Index t o  be 

a more r e a l i s t i c  paraaeter  of moisture content i n  organic layers  l a r  t o  those 

displayed than t he  Petawawa hark I V ,  The Petawawa Pkrk I V  Index i s  probably more 

applicable t o  the r e l a t i ve ly  uncoapacted organic layers  i n  the  d r i e r  areas  of the 

Great Lakes Forest region, however, the  r e l a t i ve  scarceness of these  organfe 

l ayers  precludes t he  use of t he  Petawawa &lark I V  Index a s  a component of the  

revised f i r e  danger ra t ing system, 


