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. FOREWORD 

This. is the third in our series of reprints of early forest 
fire research publications. Many of these have been out of print for 
years and thus not readily available to workers in forest fire control. 
The Institute has undertaken a program of reprinting these as part of 
a continuing service to disseminate fire research information. 

The original publication "The Application of Meteorology 
to. Forest Fire Protection" was Technical Communication No. 4 of the 
Imperial Forestry Bureau. Permission to reprint was kindly granted 
by Sir Thomas Scrivenor, Secretary, Connnonwealth Agricultural 
Bureaux. Farnham Royal, Bucks., England • 

. To the extensive list of references included in the 
original publication we have added a bibliography of Canadian forest 
fire research literature covering the period 1945 to 1967. This up
dates some of the earlier Canadian references. 

Biographic notes on the authors of "The Application of 
Meteorology to Forest Fire Protection" will be found in the forewords 
of Information Report FF-X-5 and FF-X-8, available from the Institute. 

D. E. Wit'Liams 
Direator 



I .  INTRODUCTION 

The sys tematic s tudy of the inf luence of weather upon forest f ires 
is o f  comparatively recent origin . Whi le fores try has inheri ted from 
European sources a considerable volume o f  l i terature on s i lvicu l ture , 
wood technology , fores t pathology and fores t  entomology , there i s  no 
comparable l iterature on the sub j ect of " fore s t  pyrology " ,  to use an 
expres s ive term coined by Gi sborne ( 1 9 3 9 )  o f  the Uni ted S tates Fores t  
S ervice , who has been one o f  the most pro l i f ic writers o n  this subject .  
Thi s  lack o f  interest i n  the subj ect o f  fores t f ires on the part of 
European fores ters i ndicates that losses from this cause do not loom as 
large in the national economies of the countr ies concerned as they do in 
North America and Aus tralia , to take two outstanding examples . There 
are several reasons for thi s , one being that in Europe normal rainfall 
during the summer season is comparatively more plentiful and frequent ,  
s o  that there are relatively fewer days o n  wh ich f ires can spread . 

In Europe , fores t  fires are not as a rule as damag ing as those 
which occur for example in Canada . In Rus s i a  the s i ze of the average 
fire in the period 1 9 3 1- 3 5  was 2 35 acres [ cf .  S erebrennikov and 
Matreninski ( 19 4 0 ) ]. In Finland the average in 1 9 2 0  was about 6 8  acres 
[cf .  S aari ( 19 2 3 ) J. In Great Britain the average is only 3 acres [ cf .  

Great Britain ( 19 37) ]. In Canada , the average f ire exceeds 4 00 acres in 
extent . As will be seen later , serious forest-fire losses in regions of 
normally ample summer rainfall are confined to abnormal years or periods 
when there i s  a rainfa l l  defic iency . In many regions on the North 
Amer ican continent the normal summer rainfall is insuff ic ient to prevent 
forest fires , and it is only in abnormal years that there are smal l  f ire 
loss e s . 

Other factors that tend to reduce fire losses in Europe are better 
fore s t  management and c loser uti l i zation of forest produc ts , resulting 
in less f l ammable debris being left in the woods to provide fuel for 
forest f ires , and the fire consciousness of the public aris ing from long 
recognition of the importance of forests to the nationa l life . 

I n  the Uni ted States the first national statistics on the 
occurrence of fore s t  f ire s were compi led in 1 8 8 0  as part of the tenth 
census [ c f . Palmer ( 1 9 1 7 ) J. Even as late as 1 9 0 2  there was apparently 
no real official recogni tion of the necess i ty for an " a l l-out " ef fort to 
combat forest fi res , s ince the fol lowing appears in a Forest Reserve 
Manua l issued in that year [ cf .  Ne l son ( 1 9 4 0»): 

" Wh i le the government is willing and anxious to prevent and f ight 
fore s t  f ires , and is wi l ling to go to considerable expense 
therefor , it i s  unreasonable to suppose that an unl imited amount of 
money i s  to be devoted to this effort . Experience has proven 
conclusively that in mos t  cases a reasonable effort is a l l  that i s  
j usti fied ,  and that a fire which cannot b e  contvol led by 2 0  to 4 0  
men wi l l  run away from 1 0 0  or more men ,  since heat and smoke in 
s uc h  cases make a direct f ight impossible . Unusual expenditures 
wi l l  not be tolera ted . They are unnecessary , wasteful and even 
mischievous . "  
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In Canada , fores t- fire statis tics on a national basis were not 
available be fore 19 1 8 ,  a lthough some of the older provinces gathered 
fire statistics much earlier . T he earliest known record in Canada of 
any governmental plan for forest- fire protection appears in a report of 
Aubrey White ( 1 8 8 6 )  to the Commis sioner of Crown Lands o f  Ontario . 
White called attention to the great des truction of the forest wealth o f  
the province by fore s t  fires and submitted f o r  consideration a plan to 
exercise government supervision over the public domain in order to 
prevent,  as far as pos sible , the s tarting of fires , and to control and 
extinguish fires before they a ssumed dangerous proportions .  He 
recommended the e stablishment of a fire ranger service at an estimated 
cos t of $5 , 0 0 0  per year and outlined the dutie s of the ranger s .  Nhat is 
of interest to this s tudy is White ' s  early recognition of the principal 
factors controlling fire behaviour . He says , " I  have not thought it 
rtec es sary to describe minutely the various modes of combatting bush 
fires as the necessary s teps depend largely upon the extent of the fire , 
the state of the weather and the nature and localities of the timber . "  

According to Gisborne ( 19 2 8 ,  1 9 4 2a )  it wa s not until 1 9 0 7  that the 
resu lts of s tudies of ' fores t fires began to appear in print with any 
frequency . In the United S tates , the creation of a large number o f  
nationa l forests from 1 9 0 4 - 0 7  and the assumption b y  government of 
responsibility for the preservation and protection o f  great areas o f  
fores t l and , focused the national attention upon the fire problem , which 
previously had been only a matter of local interes t .  These early 
studies dealt mainly with the causes o f  fires , the amount of damage ,  
methods o f  preventing fires from starting and the bes t  methods o f  
putting them out . 

The firs t  analysis o f  the ef fect of weather upon forest fires wa s 
made by E . A .  Beals ( 1 9 1 4 )  of the U . S . Weather Bureau . Beals recognized 
the pos sibility o f  using weather forecasts as a basis in preparing for 
periods o f  great fire danger . I t  was largely owing to his ef forts that 
the first fire-weather warning service was ins tituted in the Pacific 
North-Wes t  in 1 9 1 4 . 

The first quantitative experiments to determine why fires burn more 
fiercely at certain times , and what controls their behaviour , were begun 
in 1 9 1 5  by S . B .  Show ( 19 19 )  of the United States Fores t Service in 
California . From 1 9 1 9  onwards the literature becomes increasing ly 
p lentifu l .  

Mos t  of the early inves tigators tried to identify sing le weather 
factors , the mea surement of which would serve a s  an indicator of fire 
danger . Some observers , however , early recognized that the problem was 
not quite so simple and that much exhaus tive research had s till to be 
carried out . Among these may be mentioned H . R .  Weidman of the Pries t  
River Fores t  Experiment Station i n  Idaho , and J .  Patterson o f  the 
Canadian Meteoro logical S ervic e .  

In 19 2 3  Weidman wrote a s  fol lows: "Whil e  relative humidity i s  
important it i s  not the only factor which mus t b e  considered . The duf f  
mois ture content resulting from various amounts o f  rain: the rate o f  
drying a fter various amount s o f  rain : the effect o f  duration o f  
rainfall1 the effect o f  fores t canopy upon the amount o f  rain reaching 
the ground: the effect of temperature , re lative humidity and wind 
velocity upon the drying of duff: the moisture contents attained by 
various fuels under a l l  pos sible combinations of temperature and 
relative humidity ; thes e are factors to be s tudied . "  
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I n  19 2 5  Patterson s tated: hThere is another question that should be 
inves tigated in order to know more comp letely the conditions that govern 
the fire risk and that is the c ritical value of the moisture conten t ,  
the point where the material takes fire instantly wi thout fUrther 
drying , and also the rate at which the mois ture is g iven out or taken up 
as the humidi ty changes. Some subs tances follow the changes o f  humidity 
very close ly and as soon as the humidity has fallen below a certain 
va lue , the critical point is reached: others again , have a lag and i t  
may be a n  hour Or two before the sUbs tance h a s  dried suffic iently to 
reach the critical point. • • •  These are problems that should be 
studied for the different f ire zones , because the sUbs tances in each 
zone may behave dif ferently , and it is only when these facts are 
accurately known that the bes t  and most e f f icient use can be made of the 
weather service. " 

I n  the past twenty years most o f  the ques tions propounded above , 
and a great many more , have been stUdied. Thi s paper i s  an attempt to 
review the pri ncipal disc.overies made by a great mnny invest igators . 
Only those phases of the fir;e problem which are likely to be of interest 
to both foresters and meteo�ologists have been covered , and if some 
important contributions h�ve been overlooked , the writers tender their 
apologies to the authors. Nearly all o f  the l iterature avail able f or 
reference has been published in North America. The contribu tions by 
Wright and Bea ll are based on work begun in 19 2 9  at the Petawawa Forest 
Experiment S tation of the Dominion Forest S ervice at Chalk River , 
ontario , and in later years extended to Quebec , New Brunswick and the 
Prairie Provinces. 
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II. FACTORS AFFECTING FOREST FLAMMABILITY 

Fuel Moisture and Flammability 

The laws which govern the combustion of the fuels in a forest fire 
are essentially the same as those which apply in any ordinary fire [cf. 
Wright (1935»). There must be a sufficient quantity of fuel physically 
arranged in a manner conducive to combustion, the moisture content·of 
the critical fuel must be low enough to permit combustion, and there 
must be an ignition agent capable of supplying sufficient heat at a high 
enough temperature to ignite the fuel. In a given fuel type, moisture 
content is usually the variable which determines whether or not a fire 
will burn. The moisture content of the litter of dead material on the 
forest floor (which constitutes the critical fuel in most forest types) 
is in turn largely dependent upon weather factors. 

In 1915 Show (1919) found that in California forest litter composed 
of Pine needles, twigs, particles of bark, dead weeds and grass would 
not burn when its moisture content was above 8 per cent. His 
determination of moisture content appears to have been based on air-dry 
weight at normal temperature and relative humidity, a condition under 
which the samples would probably contain 8 per cent or more residual 
moisture so that the limit of flammability probably occurred at about 16 
per cent based on oven-dry weight. Show found that the fuels absorbed 
moisture from the air at night, beginning about 5s00 p.m., and began to 
lose it again about 6: 0 0  a.m. the following morning. The relative 
humidity reached its minimum about 3: 00 p.m. and its maximum about 4: 0 0  
a.m. This indicates an equilibrium time lag of about 2 hours, which 
agrees with the findings of later investigators. 

About 19 2 3, Gisborne ( 19 2 8 ) , at the Priest River Forest Experiment 
Station in Idaho, defined six zones of flammability for Western White 
Pine (Pinus monticola) duff based upon moisture content: 

Duff moisture content Ignition agent 
Flammability per cent effective 

Nil Over 2 5  None 
Very low 19- 2 5  Large slash fires 
Low 14-18 Camp fires 
Medium 11-13 
High 8 - 10 Dropped matches 
Extreme 0-7 

He found that finely-divided fuels came quickly into equilibrium with 
the prevailing relative humidity but that heavier branch wood and logs 
required weeks to dry thoroughly from a wet condition. 
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Sticke l  (1931) i n  the Adirondacks de fined zones of flammabi l i ty for 
e astern mixed wood forests based on mois ture content of fores t duff: 

Mois ture content 
surface duff Effective f ire 

Flammabil ity per cent brands 

Generally safe 30 or more None 
Very low 23 to 29 Camp fires 
Low 17 to 22 Matche s  
Medium 11 to 16 P ipe hee l s  
H-igh 6 to 10 Locomotive sparks 
Extreme Under 6 Cigarettes 

Wright (1932) def i ned f l ammabi lity zones for the Pine forests o f  
eastern Canada: 

Flammabi l i ty Mois ture content of top- layer duf f  per cent 

Mixed Red and Whi te P ine , 
and mixed Jack , Red and 

Whi te Pine Pure Red P ine 

Nil  24 and over 3 5  and over 
Low 1 9  to 23 24 to 34 
Moderate 1 5  t o  18 �7 to 23 
High 11 to 14 �l to 16 
Extreme 10 and under �O and under 

Red P ine = P inus res inosa; Whi te P ine = P. strobus ; Jack Pine = banksian� 
""" 

Whi le fuel moi sture content i s  general ly the bes t  indicator o f  how 
a f ir e  is likely to behave , i t  i s  important not to lose s ight of other 
factors that influence combustion. There must be a suffic ient quanti ty 
of fuel physical ly so arranged as to be conducive to combustion . I f  the 
fuel is scanty or discontinuous fire may not spread , regardless of the 
moi sture con�ent�. hardwood l i tter may become so compacted after leaf 
canopy development as greatly to retard the spread of fire ; at certain 
seasons , de.d grass or other seasonal vegetation may contain sufficient 
green s hoots to prevent the f ire spreading . These factors make i t  
necessary t o  s tudy each fue l type i ndependently in order t o  determine 
the variables wh ich control the f i re hazard . 
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Weather Factors 

Rainfall. 

Rainfall i s  the principal source of moisture in forest-f ire fue ls. 
As early as 1 9 2 0  Larsen and Delavan ( 19 2 2 )  of the Priest River ( Idaho) 
Forest Experiment Station made an analysis of the reports o f  over l 2tOOO 
f ires which had , during the previous decade , burned over 1 5  per cent o f  
the national forest area i n  I daho and Montana. They found that i n  
eastern Montana , where the annual preci pitation was 1 4 . 2 2 inchest f ire 
losses were only a smal l  fraction of those which occurred in Idaho where 
the annual precipitation was 3 0 . 31 inches. This anomaly was expla iried 
by the fact that Idaho had only 1 . 4 0 inches of rainfal l per month in 
July and Augus t ,  whi le eas tern Montana had nearly 3 . 0  inches in each of 
the se summer months. The analys i s  showed that 2 . 0  inches of rain per 
month was the minimum necessary to prevent the development of serious 
fires. It was also found that the amount o f  wi nter precipitation had 
l ittle , if any , ef fect upon fires in the fol lowing summer. In a l ater 
article Larsen ( 1 9 3 5 )  suggests that the normal length of the f ire season 
can be found by noting the length o f  the intercept o f  the 2 -inch 
prec ipitation l ine on a graph o f  normal rainfall by months. 

Gisborne ( 19 2 8 )  largely conf irmed Larsen ' s  findings , stating that 
as a general rule about 2 . 0  inche s of rain per month are necessary to 
keep down fire dange r ,  the amount varying with the duration of the 
rainfall and the drying conditions between storms. Rains of 0 . 6  inch or 
more , evenly distributed trhough 4 8  hours , are neces sary to saturate 
forest duff. Rains of 0 . 2  i nch or more in 24 hours are generally 
suff icient to end danger temporari ly. The effect s  of a downpour are 
o ften les s bene f icial than the e ffects of a smal le r  volume of rain wel l  
distributed over a longer period. 

Mitchell ( 19 26, 1 9 2 9 )  at the Lake States Forest Exper iment S tation 
analyzed the occurrence of f ires in re lation to rainfa l l , for ten-day 
periods , by seasons , and found that the amount of rainfall required to 
keep fires from spreadi ng was greatest in summer , somewhat less in the 
spring and leas t  in the autumn. In general ,  he found that 0 . 2  i'nch o f  
r a i n  would prevent f ires from spreading for a day or so. 

At, the Petawawa Forest Experiment Station it has been found that a 
minimum o f  2 . 0  inches o f  rainfal l per month,  evenly d istributed , i s  
neces s�ry to prevent f ires from spre ading in the P ine types. 

The amount of moi sture absorbed from a g iven rain depends upon the 
kind of fuel , its moi sture content before the rain , the nature of the 
s i te , the amount of rain,  and its duration (cf. Wright (19 3 2 ) ) .  The 
degree of forest canopy and the nature of the duff , which depend s upon 
the species as wel l  as the exposure , also affect the inf luence of a 
g iven amount of rain [ cf. Wright ( 19 3 5 ) } . More than 0 . 5 inch of rain 
are required to end the spring f ire ha zard in tolerant hardwood forests 
after the leaf carropy is 50 per cent deve loped , [ c f. Wright and Beal l  
( 19 4 0 ) J ,  and in mixed wood forests the hardwood leaves must be ful ly 

developed before 0 . 5  inch of rain wi l l  have this ef fect. Empirical 
curves have been prepared showing the wetting ef fect upon P ine duff o f  
rains of varying amount and duration [ c f. Hright ( 19 3 2 ) J .  
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Saari ( 19 2 3 )  in Finland found a coe fficient of correlation of 0 . 46 
to exist between the annua l number of fires and rainfa l l  during the 
summer months ( June-August) . An examination of Saari ' s  data revea ls 
that the normal summer rainfall is about 2 . 6  i nches per month and that 
large f ire losses were confined to the years when the summer rainfall 
averaged less than 2 . 0  inches per month . In Great Britain ( 19 3 7 ) , with 
a norma l ly high monthly rainfa l l , the number of fires varies inverse ly 
with the amount of rainfal l ,  the majority of f ires being confined to 
abnormal ly dry summers . In the forests of Northern Russia , where the 
normal rainfall in spring and early summer is less than 2 inches a 
month , only 9 , 00 0  hectares were affected by f ire in the abnormally wet 
year of 1 9 3 5 ,  compared wi th 5 2 0 , 00 0  hectares in the abnormal ly dry year 
of 1 9 3 2  [ c f .  Serebrennikov and Matreninski ( 1940 ) ] . Newfoundland has a 
normal· summer rainfall in excess o f  3 . 5  inches pe� month , but 
destruct ive fires developed there during per iods of abnormal drought in 
1 9 3 5  [ cf .  Shaw ( 1 9 3 6 ) 1 and again in 1 943 . The conclusion may therefore 
be drawn that regions having a normal summer rainfa l l  of l ess than 2 
inches per month may expect bad f ire seasons as a normal occurrenc e ,  
with relief only in a n  abnorma lly wet year . Other regions with norma l 
rainfall above 2 inches per month must be on guard against abnormal 
drought periods , when heavy damage may occur . 

I n  1 9 2 5  Munger prepared rainfall probabi l ity graphs by 1 0-day 
periods for western Oregon and Washing ton and his method of computing 
rain fa l l, probabi l i ty was fol lowed later in other reg ions . 

A reference to the amount o f  rain i ntercepted by forest canopy may 
be of interest . Horton ( 19 1 9 )  gives interception values for dif ferent 
tree species . The percentage of rainf a l l  reachi ng the ground is sma l l  
in the earl ier stages of a r a i n  and increases unt i l  the tree surfaces 
become saturated , after wh ich the loss is confined to evaporation from 
the tree sur faces . The average loss ranges from 7 0  per cent in very 
l ight showers to about 24 per cent in long heavy rains . Mitche l l  ( 19 2 9 )  
sets the average l oss a t  about 2 0  per cent but points out that the 
e f fect of this loss upon the f ire hazard is more than compensated by the 
s lower rate of drying under forest canopy . Bea l l  ( 19 34a ) found that the 
average loss in softwoods was about 40 per cent and in hardwoods about 
2 0  per cent . He a lso found that the presence or absence of fol iage on 
hardwood trees does not materi a l ly a f fect the percentage of rainfall 
reaching the ground , except possib ly in the case of very l ight rains . 

I n  forest rainfall studies i t  is sometimes necessary to measure 
rain on exposed ,  windy slopes. Hayes ( 1944 a )  points out that 
conventional rain-gauges may , under these cond itions , give highly 
erroneous results . lIe describes a more rel iable pit-type rain-gauge in 
whi ch the orifice is flush with the ground and cut to the same slope as 
the ground . 

Temperature . 

Air temperature has , of course , an important inf luence on the 
capacity of the air to hold moisture [cf . Wright ( 19 3 5 ) 1 .  For instance , 
one cubic foot of a i r  at a temperature o f  6 0oF . wi l l  hold 5 . 7 4 5  gra ins 
of water vapour at saturation ( 100 per cent relative humidity) , but at 
90oF . it wi l l  hold 1 4 . 7 0 0  grains .  I f  air at 6 0oF . and 50 per cent 
relative humidity ( 2 . 8 7 2  grains per cu . ft . )  is heated to 90oF . , the 
relative humidity wi l l  be reduced to 19 per cent ( 2 . 8 7 2/14 . 7 9 0 ) , a 
dangerou�ly low level in so far as forest f ires are concerned . 
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Furthermore, the rate o f  evaporat ion is roughly proportional to the 
depression of the wet bulb of a psychrome ter. At 60°F. and 5 0  per cent 
relative humidi ty the depression o f  the wet bulb is about .10 degrees. 
At 9 0°F . and 1 9  per cent relative humidity the depression is about 2 7  
degrees. The rate o f  transfer o f  moisture from wet fuels to air should 
therefore be nearly three t imes as rapid in the latter case as in the 
former . 

In spite o f  this, investigators have found rather poor correlation 
to exist between temperature and the occurrence of fires, a lthough it is 
admitted that fires are se ldom associ ated wi th temperatures be low 5 0°F. 
Larsen and Delavan ( 19 2 2, 1 9 2 5 )  found that the fire season began when 
the mean temperature rose above the 5 0°F . l ine and ended when it dropped 
below · that line in the autumn. Saari ( 19 2 3 )  found a coefficient o f  
correlation between mean summer temperature and number o f  f ires o f  0 . 3 1, 
and Stickel ( 19 3 1 )  a lso found a relatively low correlation. Mitche l l  
( 19 2 9 )  found that temperature had l i tt le e f fect upon fire hazard except 
in its influence upon relative humidity. Gisborne ( 19 2 8 )  defined z ones 
of temperature to which he attached d i fferent degrees of duff 
flammabi l ity but did not recommend their use except in conj unct ion with 
known duf f  moisture contents, rate of drying, and wind velocities. 

Temperature Flammabi l i ty 

5 5°F. or less General ly safe 
5 6°-70°F. S l ightly dangerous 
7 1°-8 5°F . Dangerous 
Over 8 5°F. Extreme ly dangerbus 

Gisborne ( 19 4 1 )  also shows that at ground-level under forest c anopy 
the temperature begins to drop ( and the relative humid i ty to risel a fter 
3: 0 0  p . m. so that by that time the peak o f  the day ' s  hazard is over, 
a lthough in the open the peak may persist for another two hours or 
longer . 

Relative Humidity. 

As previously explained, relative humid ity is the percentage o f  
moisture present in the air i n  comparison wi th the amount o f  moisture 
the air would hold if saturated at the prevai ling temperature . Relative 
humidity is also g iven by the ratio of maximum vapour pressure at dew
point temperature to maximum vapour pressure at prevail ing a ir 
temperature . 

About 19 1 9, Hof fman and Osborne ( 19 2 3a, b )  stressed the importance 
of measurements of relative humidity as an index of f ire behaviour. 
They stated that high fire hazard is a lways. a result of low relative 
humidity. Strong winds, steep slopes and intense heat from burning 
materials are important fac tors which naturally increase the rate o f  
spread after the material has reached a certain degree o f  f l ammabi l ity, 
but regardless of these factors, any f ire wi l l  soon d ie down to, and 
rema in in, the smouldering stage, or go out, if the relative humid�ty o f  
the air becomes high.l From stUdies at the Wind River (Washington ) 

lI t  was found later that this last claim was somewhat over
optimistic. 
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Forest Exper iment Station and from observations made at large fires , 
Hof fman and Osborne drew the fol lm'ling conc lusions as to f ire behaviour: 

Relative humidity Fire behaviour 
, per cent 

Above 6 0  No spread 
5 0- 6 0  Spread slm-11y in favourable 

material 
4 0- 50 Begi n  t o  pick up 
3 0 - 4 0  Gain headt-TaY and may spread 

rapidly 
Below 3 0  �1ay go beyond control 
Be low 2 5  Crown fires deve lop 

Show and Kotok ( 1 9 2 5 )  in C a l i fornia endeavoured to separate 
statistically the ef fects of wind velocity and re lative humidity upon 
fires . They concluded that each of the se factors had an important 
effect upon the s i z e  o f  fires and that rela tive humidity a lone could not 
be used as a n  index to f ire behaviour . They pointed out tha t the issue 
had been confused in the past because high wi nds are freTlently 
associated wi th low relative humidity . 

Saari ( 1 9 2 3 )  in F inland found the coe f f ic ient of corre lation 
between average summer relat ive humidity a nd number of f ires to be only 
0 . 3 6 ,  and later sticke l ( 1 9 3 1 )  and Jemison ( 19 3 5 )  found poor correlation 
between relative humidity and duff moisture content . 

G isborne ( 19 2 8 )  and Wright ( 19 3 2 )  produced curve s showing the 
equili brium moisture contents o f  a number of fuels under various 
condit ions of temperature and re lative humidity . Both shm'led thilt even 
1 0 0  per cent relative humidity t-Ti ll not induce more than about 4 0  per 
cent moisture content in the duff and tha t thi s i s  quickly lost when the 
relative humidity drops . Relative humidity is important in determin ing 
the ultimate dryness of fue ls , and high humidity may induce relief from 
hazard for short periods i f  it persi s ts [ c f .  Gisborne ( 1920) ] .  It i s  
necessary t o  know the kind o f  fue l ,  i t s  present moi s ture content , its 
exposure , the rate of evaporation , the tenperature and the t-Tind 
velocity , i n  order to interpret relative humid ity in terms of 
flammabi l i ty . Bearing these fact s in mind , Gisborne qives the fol lm-Ting 
general rule for using rela tive humid ity as a guide to flammability .  

Relative humidity FIClmmability 
per cent 

Over 7 0  Genera lly safe 
4 6- 7 0  S l ightly danqerouG 
2 6- 45 Dangerous 
2 5  and under Extreme ly dangerous 
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Simpson ( 19 3 0 )  showed a time l ag in equilibrium between relative 
humidity and tpe moisture content o f  certain fuels: 

Fuel Lag in hours 

Fern • •  . . . . · . · . · . · . 1 
Outside 1/8 in . o f  Doug las Fir "snags" 1-1/4 
Douglas Fir duff · . · . · . · . 1- 1/2 
Decayed wood . . · . · . · . · . 2-1/4 

Wright ( 1 9 3 2 ,  1 9 3 5 )  found a time l ag of about 2 hours for the common 
fine ly-divided fuels in which fires wi ll start . 

Vapour Pressure.  

Vapour pressure , un like relative humidity , is a measure of the 
absolute weight of aqueous vapour in the air , and is therefore less 
subj ect to rapid loca l variations due to temperature changes . 

Munns ( 19 2 1 )  in studying the relation beb-leen vapour pressure and 
forest fires that had occurred in California during the previous decade , 
found that fire occurrence varied inversely with vapour pressure . lie 
states that when the vapour pressure increased rapidly to 0 . 3 8 0  in . 
local thunderstorms occurred in the mountains , and when it rose above 
0 . 4 2 0  in . rain accompanied the storms . Dangerous dry lightning storms 
occurred with vapour pressures between 0 . 3 8 0  in . and 0 . 4 20 in . He was 
of the opinion that vapour-pressure records o ffered great possibilities 
for fire-weather forecasting . McCarthy ( 19 2 3 )  supported this view . 
S tickel ( 1 9 2 8 )  in Massachusetts found that vapour pressures below 0 . 300 
in . were generally dangerous . Gisborne ( 19 2 8 )  in Idaho , however , found 
little corre lation between vapour pressure and duff moisture content but 
admitted its value in predicting rain . 

Wind. 

The influence o f  wind on the fire problem has a lways been obvious , 
but quantitative measurements o f  its ef fects have been dif ficult to 
obtain 'because of other associated and obscuring factors frequently 
present . Wind accelerates the rate o f  drying by carrying away the l ayer 
of air in contact with the fuel before it tendG to become saturated [ cf .  
Nright ( 1 9 3 5») . Nhen a fire has started the wind fans the f l ames , 
drives the heat against adj acent fue ls ,  greatly increases the rate o f  
spread , and may produce uncontrol lable "crown" fires iri the forest 
canopy . Wind may transport burning embers and start "snot" fires ahead 
of the main fire , thus rendering fire control more dif ficul t .  Wind 
direction and velocity are o f  prime importance in planning fire control 
action,  and assist the forecaster to predict the degree of ha zard that 
may be anticipated . 

About 1 9 1 7  Show ( 19 1 9 )  attempted , by the use of experimental fires , 
to determine the e f fect of wind in increasing the rate of fire spread . 
He found that convection currents induced by the fire itse l f  complicated 
the issue and tended to increase the effect of wind ve locity . He 
expressed a general rule to the e f fect that "ra te of spread as governed 
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by wind velocity may be stated to vary as the square of the wind ' s  
velocity". I t  should be noted that rate o f  spread was measured in terms 
of per imeter increase. Wright ( 19 3 2 )  cites three instances which 
suggest that the rate of l ineal advance of l arge fires var ies as the 
square of the wind ' s  velocity. He also found that , on the average , fire 
advances three to four times a s  fast with the wind as against it. Some 
recent , and a s  yet unpubl ished, inves tigations by Wright are based on 
the reports of 1 9  large f i re s  in rapid-spread types at Prince Albert 
National Park ( Saskatchewan) and Riding �ountain National Park 
( Manitoba) .  S tudies made in conjunction with f ire-hazard weather 
s tations in operation in these p�rks since 1 9 3 9  supply further evidence 
that , on the average , the rate of l ineal advance of f ire with the wind 
varies wi th the square of the wind ' s ve locity. 

G isborne ( 19 2 7 a ) , in the study of a large f ire , found that rate of 
spread was influenced chiefly by wind direction and velocity , secondly 
by smal l  changes in relative humidity , and least by sma ll changes in 
temperature. Wal lace ( 1 9 3 6 )  states that in Australia wind shows l ittle 
correlation with current f ire hazard but ha s great signif icance when 
considered with rate of spread. Wind direct ion , owing to its close 
association with movements of the weather systeMs , provides some 
indication of future haz a rd. 

Bea l l  ( 1 9 3 4b )  gives comparable values for wind ve locity above the 
tree tops and at 4 feet a bove ground leve l in a Pine forest , and Fons 
( 19 40 )  in Cali fornia has determined the wind velocity at dif ferent 
heights above ground in grass l and , Ponderosa Pine forest , and brush. 
The wind velocity is greatly decre ased in the forest canopy and is not a 
constant percentage of the ve locity above the crowns. This is 
i llustrated by the following table for three dif ferent wind-veloci ty 
classe s  in Ponderos a  Pine � 

Height Wind ve locity at specif ied he ights above ground 
ft. Miles per hour 

1 4 2  5.8 10.7 15.9 
90 5.5 8.9 12.5 
69 2.8 3.9 -
4 0  1.1 1.4 1.7 
30 1.0 1. 3 1.6 
20 1.1 1.2 1.6 
10 1.2 1. 4 2.1 

5.5 1.3 1.7 2.2 
2.5 1.5 2.0 2.4 

From weather stations establi shed at f ive l evel s  on a l 56 -foot 
stee l  tower erected in Western White Pine fores t  Gisborne ( 1 9 4 1 )  
determined the distribution o f  the different weather values i n  a 
vertical cross-section o f  the forest at dif ferent t imes o f  the day and 
by months. A wind of 15 miles per hour at the 156-foot l evel produce s a 
velocity o f  only 1.5 miles per hour at 2 feet above the forest f loor. 

1 Even-aged stand with average he ight o f  70 ft. ,  average dens ity o f  
8 50 trees per acre , average d.b.h. of 7.5 in. , and average distance 
between canopy and ground of 10 ft. 



12 

The above f inding s  emphas i z e  the importance o f  knowing the level at 
which wind velocity i s  measured . I n  this review o f  the l iterature the 
writers have' been impressed wi th the wide variety of leve l s  at which 
anemometers are placed . At a l l  s tations operated by the Dominion Forest 
service , the standard leve l for wind measurements i s  15 feet above the 
tree crowns . 

An interesting s tudy has been made by Curry and Fons ( 19 3 8 )  of the 
rate of spread of 160 experimenta l fires in Ponderosa Pine needles wi th 
burning periods of up to 2 2  minutes . Wind ve locity was measured at 2-
1/2 feet above ground and seldom exceeded 3 . 5  mi les per hour , even when 
wind velocity in the open exceeded 30 miles per hour . Analys i s  o f  the 
data indicated that the influence of both mois ture content and wind 
velocity is linea r .  with low wind velocities the maximum rate o f  
increase of the fire perime te r ,  a s  contro l led by the mois ture content , 
was soon reached , but with higher wind velocities more time was required 
to reach a constant rate . The ef fect of slope on rate of spread was 
found to be curvi l i near . Empirical formulae were derived as a basi s  for 
es timating the rate of increase of perimeter per hour under varying 
conditions o f  wind velocity , fuel moisture and ground slope at any t ime 
interval up to 22 minutes . The f indings apply to a fire in Ponderosa 
Pine needles under canopy she ltered from the true wind velocity , and 
there i s  no assurance that the re la tion found would hold good for a fire 
fully es tabli shed and exposed to wind , a s  in an exposed s ite or where 
f ire h�s opened up the s tand . They no doubt represent what happens in 
the early stages of a f i re under the conditions of the experiMent . 

Insolation and Solar Radi ation . 

All inves tigators agree that exposure o f  fue l s  to the sun g r eatly 
hastens their rate o f  drying . The rate o f  evaporation is strongly 
influenced by the temperature o f  the evaporating medium . Unpublished 
studie s  by Wright indicate that the evaporation of a L ivingston whi te
bulb atmometer is highly correlated with solar radiation . Duf f  
temperatures as high as l 4 8°F .  have been observed i n  the open when the 
shade temperature was between 8 0°-90°F . The fue ls on clear-cut forest 
areas therefore dry out much more rapidly and reach a high degree of 
flammab i l i ty much earlier than do s imi lar fue ls under the shade o f  
forest canopy . North s lopes wh ich receive the sun ' s  rays a t  a more 
oblique angle dry out much more s lowly than those wi th a southerly 
exposure [ cf . McCarthy ( 19 2 7 ) ) .  

Gast and Stickel ( 19 2 9 )  measured the influence o f  solar radiation 
on duff moisture content .  Under direct sunlight the rate o f  evaporation 
i ncreased , and , because of the higher temperatures induced , a lower duf f  
mois ture equi l ibrium value may b e  reached than under shade . Radiation 
intensity is of course affected by the hour angle o f  the sun , its 
declination , the latitude , s lope of the ground , degree o f  cloudiness , 
and the dens i ty of forest canopy . The amount of insolation , the refore , 
determines the length of the fire day . Dea l l  ( l9 3 4 b )  found tha t  
seasonal variations i n  the accuracy o f  an uncorrected index o f  fire 
hazard , computed from the weather f actors , followed very close ly a curve 
of the poss ible hours of s un light . The sunshine curve was us ed as the 
basi s  for correcting these seasonal i naccuracies . 
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Evaporation. 

In hi s early studies in Cal iforni a ,  Show ( 19 1 9 )  recorded the daily 
rate o f  evaporation wi th a Weather Bureau evaporation pan , and concluded 
that evaporation was the chief factor in reducing the moisture content 
of forest litter after rain. Munns ( 19 2 1 )  concluded that since 
evaporation depends principally upon temperature , relative humidity and 
wind , it should represent the integration of the i r  combined effects in 
an easi ly measurable form. In order to measure this factor Dates ( 19 2 3 )  
devised an i nner cel l  wick evaporimeter which functioned we l l  in 
free z ing weather but presented some difficulty in maintaining 
cal ibration. Larsen and Delavan ( 19 2 2 )  used a Livingston porous cup 
atmometer and found that when evaporat ion from this ins trument exceeded 
2 5  cc. per day dangerous fire condit ions soon developed. They state 
that when evaporation from a f ree water surface exceeds f ive t imes the 
precipitat ion , dangerous conditions wi l l  fol low. 

Show and Kotok ( 1 9 2 5 )  discovered that the days wi th highe st 
evaporation rate do not a lways correspond to the days of greatest f i re 
hazard. Sticke l ( 1 9 3 1 )  felt that some o f  the dis appointing resu lts from 
evaporation records may have arisen from the use of unreliable 
instruments. He -·found that hourly measurements with a Livings ton 
atmometer showed the closest correlation wi th duf f  moisture content of 
any o f  the weather factors evaluated. 

Wright ( 19 3 2 ) , us i ng Livingston atmometers , found that evaporation , 
when corre lated with the mois ture content o f  Pine duf f  at the beginning 
o f  the day and the loss dur ing the day , provided a reliable index of the 
rate of drying after rain. Later it was discovered that the rate of 
evapo ration of mois ture from duf f  was most nearly proportional to 
evaporation from a free water surface , and a· s im�le pan type o f  
evaporimeter was developed [ cf. Wright ( 19 3 5 ) ]; this h a s  been improved 
and is now quite satis factory. An unpublished article on this 
instrument shows that the readings i n  cubic centime ters can be converted 
into L ivingston units ' of evaporation by the equation y = 2.37 + 0.4 2 7x , 
with a probable error o f  + 1.6 Livingston units. Readings from the 
instrument have been correlateo wi th data from a ground evaporation tank 
6 ft. x 6 ft. , the P iche evaporime ter , and with l ake evaporation. It i s  
used regularly a t  a l arge number o f  forest wea ther stations t o  furnish 
data for the dai ly computation of f ire hazard [cf. Wright and Dea l l  
( 19 40 )  J. 

Thunder Storms. 

Lightning is the only weather phenomenon which is the direct cause 
of forest fires. The proportion of f ires s tarted by l ightning varies 
greatly in di f ferent reg ions and i s  usua l ly highe st in mountainous 
areas. The dis tribution of l ightning f ire s in Canada is as follows: 

Proportion of forest f i res caused by l ightning ( average 1 9 3 3- 4 2 )  

Region 

�ova Scotia 
New Brunswick 
Quebec • •  

Dntario • •  

· . 

· . 

· . 

· . 

Per cent 

0 
12 

5 
4 

Region I per cent 

Manitoba · . 9 
Saskatchewan · . 6 
Alberta .. · . 4 
Dritish Columbia 3 5  
Al l Canada · . 1 8  
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The following concise explanation of the causes of thunderstorms i s  
quoted from W . R .  Stevens ( 19 3 4 )  o f  the U . S .  Neather Bureau: 

"The thunders torm is the result of vigorous vertical convection o f  
humid air under condi tions o f  air ins tabi lity which may b e  brought about 
by strong surface heatingr by over-running of one layer of air by 
another at cons iderably lower temperatureJ by under-running and upl ift 
o f  a saturated layer of air by a denser l ayerr and by forced a scent of 
humid air masses up mountain s lopes . 

"There are two main classes of thunderstorms; ( a )  the heat storm 
and ( b )  the cyclonic s torm ,  based upon the cause o f  the instabi lity 
producing them . 

"Conditions favourable to heat storms occur when the pressure i s  
nearly uni form and s l ightly be low normal over a ,,,ide are a .  When thi s  
.situation prevai l s  the winds a r e  l ight and the surface air becomes 
s trongly heated resulting in vigorous vertical convection currents and 
cumulo-nimbus clouds , provided the decrease of temperature with altitude 
( lapse rate ) exceeds the dry adiabatic rate of 1°C . per 1 00 metres , and 
sufficient water vapour is present to produce rain-drops in the rising 
air . Genes is 0; such storms i s  favoured by drafts up mountain s lopes . 
Such storms are l i ke ly to form a fter 2 or 3 days o f  unusual ly warm 
weather when the lower air has become so heated that convection extends 
to high altitudes . 

"Cy �onic thunders torms may occur in the south-east quadrant of a 
cyclone , in which case the high l apse rate necessary for rapid 
convection results from the d i f fe rent directions of the lower and upper 
air currents . The surface air in the south-east quadrant flows from 
warmer regions , whi le the currents aloft ,,,hich f lm,,· more nearly from the 
wes t  are often sufficiently colder to induce the convection necessary to 
produce thunderstorms . They also occur along the ' cold front ' of a 
cyclone . Warm tropical winds are a ssociated wi th the eastern portion o f  
a cyclone , wh i le cold polar winds preva i l  over the we stern portion . The 
boundary between the cold air and the warm air , usual ly we ll marked , i s  
known as the ' cold front ' .  The cold air advances in the form of a 
wedge , friction at the ground surface retarding the advance of the lowe r 
air whi le the upper air advances unimpeded . This results in a wedge of 
anld air , wi th its point some dis tance above the ground , overhanging the 
warm air be low .  So are produced conditions favourable to vertica l 
convection . "  

Plummer ( 19 1 2 )  has poi ntec out that trees with their spreading 
branches and root sys tems provide ideal conductors for the l ightning 
discharge from cloud to earth . Susceptibi l ity to lightning strike i s  
increased i f  a tree is tal ler or on higher ground than its neighbours , 
is isolated , deeply rooted , or i s  wet . The tree itse l f ,  or the humus at 
its base , or both , may ignite . T here are z ones o f  marked hazard from 
l ightning owing to soi l. variation , mineral deposits and a ltitUde . 
Palmer ( 19 1 7 )  presents data on the percentages of l ightning f ires in 
Cali fornia fores ts , and s tates that 0 . 2 5 inch of rainfall with a s torm 
wi l l  render the spread of f ire unl ikely . 

Show and Kotok ( 1 9 2 3 )  found that mos t  of the l ightning f ires in 
Californ ia were confined to June , July and August , and their seasonal 
dis tribution fol lowed closeiy the course o f  the mean temperature from 
month to month . The number of f ires set per s torm ranged from a few up 
to 3 5 0 ,  and wel l-def ined zone s  of l ightning-f ire occurrence we re 
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recogni z ed. L ightning fires are difficult to control because they may 
occur in groups , may not be discovered for some time ( dependinq on the 
amount of rain) and are o ften in areas difficult of access. 

From analys i s  o f  nearly 15 , 00 0  l ightning reports from 200 fores t
lookout s tations in the Northern Rocky Mountain reg10n o f  the United 
S tates , Gisborne ( 19 2 6 , 19 3 1 )  concluded that thunderstorms occurred in 
waves mainly in July and August. With fire-s tarting s torms rain las ted , 
on the average , from 8.7 minutes before to 30.8 ninutes after the 
l ightning stroke. With s torms from which no fires resulted the average 
rain lasted from 14.6 minutes before to 4 4.0 minutes after the 
l ightning. Certain years showed a higher percentage of l ightning bolts 
s triking the ground than others. S ixty per cent of the s torms were safe 
and 4 0'per cent started f i res. I n  the former category 7 6  per cent o f  
the f l ashes were conf ined t o  the clouds , but in fire-s tarting storms 
only 56 per cent of the f lashes were so confined. S ixty-two per cent o f  
a l l  s torms moved towards t h e  north and northeast. Referring to the fact 
that s everal different kinds of l ightning have been found to occur , 
Gisborne ( 19 4 2b)  suggests that the long-duration white f lash is the mos t  
dangerous type , whi le the extreme ly short red type is probably only 
rare ly a f ire s tarter. 

G.W. Alexander ( 1 9 2 7 )  of the U.S. Weather Bureau at Seattle 
classi fied lightning storms under four types according to the pressure 
distribution caus ing them. Such s torms are mos t  frequent in the zones 
of highest summer temperature with marked convectional activity and up
mountain winds. Given sui table pre ssure dis tribution , the s torms fol lO\'1 
the movement o f  high temperature from wes t to east at an interval of 12 
to 36 hours a fter temperature maxima. 

Morris ( 1 9 3 4a , b) reported that lightning causes an average of 7 50 
f ires a year in Wash ington and Oregon. Three storm regions are defined. 
"General" s torms caused an average of 3 5  fires per s torm day and a 
maximum of 2 1 5. "Local " s torms caused only one f ire per storm day. 
S ixty-s ix per cent of a l l  l ightning fires were caused by "genera l "  
s torms. Forty per cent of the flashes from these storms \'1ere fron c loud 
to cloud. Lightning s tarted fires i n  the fol lO\'ring fuel s  in order of 
i ncreas ing i ncidence: 

( 1 )  Needles and duf f on the ground 
( 2 ) Live trees 
( 3 ) Dead standing trees. 

There . was no di f ference between high and low al titudes in the number of 
ligntning fi res per acre when the s torm frequency \'1as the s ame and 
suitable fue l s  exis ted at the high a l titude. 

S tevens ( 1 9 3 4 )  analyzed the barometric and vapour pres sure 
condi tions associated wi th the thunders torms s tudied by r10rris , and 
sugges ted certain conclusions as an aid in forecast ing thunderst.orms in 
that region. 

From a s tudy of lightning fire s  in T1aine , Fobes ( 19 4 4 )  conc luded 
that in the Spruce-Fir-hardwood fore s ts of northern New Eng land 
lightning did not present a serious fire problem. 
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Influence o f  Alti tude on Weather Factors . 

In a s tudy o f  '-leather records from lookout s tations in Idaho , 
Larsen ( 1 9 2 2) found that maximuM temperature s were hi(]her by 1 0° to 
1 7°F . and minimum temperatures lower by about 4°F . at val ley stations 
than at higher mountain s tations . The average daily '-lind veloc ity a t  
mountain s tations was about three times that shm-tn at the valley 
s tations . There was little difference be t'-Ieen day and niqht '-lind 
velocities at the high s tations , but in the val ley the air was often 
s t i l l  at night . Relat ive humidity '-la s  10\'1er at night and hi'Jher during 
the day at mounta in stations than in the va lley . These facts explain 
why night fires burn better at hiqh than at low elevations . 

From observat ions made over a period o f  f ive year s , Haye s ( 19�l )  
recogni zed three altitudinal zone s '�ith different characteristic s: 

( 1) A low zone with the qreates t  da i ly teMperature ranqe . 
( 2) A therma l be lt lying between 700 and 1 , 7 0 0  feet above the 

valley f loor , wi th the hiqhe s t  night temperature , the smC' l lest 
temperature range , and the highe s t  mean teFlperature . 

( 3) A high zone wi th smal l  temperature ranqe and cooler than the 
thermal bel t .  

Invers ions of relative humidity and fue l mois ture content natura l ly 
arise from these nocturnal invers ions in termerature , and niqht fires 
burn more readi ly in the thermal be lt . 

In the mountainous reqions o f  Northern Idaho , Hayes ( 194 4 b )  found 
that single daily meas urements to determine avera'Je f ire behaviour in 
the area as a whole should be made at a val ley-bottom station at noon or 
at 5 p . m . , or at a 5 , 50 0-foot south-s lope station at 2 p . m .  

Other Factors That Hay Affect Forest Flammabi lity 

Chemical Compos ition of Fue l s . 

I t  has occurred to various inve s tigators that the changing fire 
behaviour of certai n fuels at d ifferent seasons might depend upon 
changes in oil or resin content . Wright ( 19 3 2 )  found that d ry needles 
o f  Red P ine had a s l iqhtly hiqher calorific value than those o f  Whi te 
Pine ,  but i t  i s  doubtful if this s l ight d i fference a lone accounted for 
the higher flammability of Red Pine duff . Richards ( 19�0 )  in Idaho 
col lected at 10-day interva ls s amples of certain sea sonal veqetation 
which had been found to burn More readily a t  some seasons than other s . 
These samples were analyzed as to Moisture content , ca lorific value , 
res ins and oils . Ilis conclusion was that Mois ture content was the 
dominant factor influencing fire behaviour , a lthouqh certa in plants 
showed greater tenaci ty than others in retaininq both their free and 
chemica lly-combined moi s ture . 

Sub-Litter Mois ture. 

Gisborne ( 19 2 8 )  found no indication that sub-l itter or soil 
mois ture affected the moi s ture content of surface duff to any 
appreciable extent .  Wright ( 19 3 5) found that even saturation of sandy 
soi l did not raise the moi sture content of the surface li tter More than 
one or two per cent . Both these investigators adMi tted , of course , tha t  
damp soil ,�as a great aid t o  fire supryression and re tarded qround f ires . 
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However , H ayes ( 19 4 1) , in his studie s  o f  the e ffect o f  a l titude on fire 
danger ,  found that soi l mois ture a ffected duff moi s ture content i n  a l l  
locations at night , but only o n  north s lopes and under forest canopy 
during the heat of the day . Expos ure to, sun and wind was found to be 
the mos t  important factor influencing the drying of duff . 

Contrary to popular belief , fuel s  under forest canopy do not become 
wet from dew (cf . Wright ( 19 3 5»). The temperature o f  the duff at niqht 
is pract ically always higher than that o f  the air immediate ly above i t ,  
and under such conditions there can be n o  condensation unless a fog is 
present . I n  open space s , where there i s  no forest canopy , dew formation 
does , of course , occur . 
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I I I . VIS IB I LITY RANGE 

Atmospheric conditions affecting vis ibi lity assume great importance 
to f ire protection authorities when they hamper the detection of forest 
fires . Poor visibi lity has been re spons ible for many f ires reaching 
costly proportions because they were not discovered by the forest 
lookouts soon enough to permit control action to be taken in their early 
s tages . This condition may arise from haze in the atmosphere induced by 
moisture conditions , by smoke particles from dis tant f ires , or by both . 
When thi s haze increases to such an extent that a forest lookout cannot 
di scern smoke columns from fires startinq in his norma l area of 
coverage , it becomes necessary to man additiona l lookout points or have 
ground or aeroplane patrol s  covering the area made invisible from the 
primary lookout . Dai ly records of visibi lity dis tances are therefore of 
the first importance to the f ire control officer . 

In Canada , visual range i s  usua l ly estimated by reference to known 
points . Middleton ( 1 9 4 1 )  of the Meteorological Service of Canada has 
outlined the general theory o f  vi s ibi l ity in meteorology . In the United 
States there has been con s iderable investigation of the s�eci f ic problem 
of smoke-column visibi lity and various haze-meters have been des igned to 
measure conditions of vis ibi l ity from lookout stations . 

The Byram haze-meter was developed at the Pacific North-West Forest 
Exper iment Station. [cf . I1cArdle ( 1 9 3 5 )  J .  From his studies Byram ( 1 9 3 6 )  
drew certai n  conclus ions . Smal l  smoke columns can be seen from farther 
when the observer is looking into a low sun than when he ha s the sun at 
his back . The oppos ite is the case in looking at tree s ,  houses and 
s imi lar obj ects . Smoke columns can be seen from farther on cloudy days 
than on clear days , the di f ference be ing much greater against l iqht 
backgrounds than against dark one s .  Opaque objects such a s  trees cannot 
be seen from as far on cloudy days as on clear days . The safe 
visibi l ity distance of a smoke column in shadow seen against a lpw sun 
is z ero . Smal l  changes in s i z e  of the smoke column do not cause 
appreciable changes in its vi s i bi lity distance . 

In tests with 2 0 0  experimental f ires in Ponderosa Pine needles , 
Buck ( 19 3 8 )  studied the factors inf luencing the l apse in time from the 
start of fire to its discovery . These were ( a) atmospheric obscur ity , 
( b )  the background against which the smoke i s  seen , ( c) the distance 
from the lookout to the f ire , ( d) the relative position of the sun with 
respect to the observer , ( e) the behaviour of the f ire and the amount o f  
smoke . A n  obj ect i s  visib le because of its contrast with the 
background , e ither in colour or brig htness . Smoke seen against the 
green background of the forest is a lways brighter than its backqround , 
but there is usua l ly l i ttle contrast in smoke seen against the sky . The 
average discovery time for f i res 7 m i les di stant ( with green background ) 
was 9 minutes . At 2 5  miles the time was 1 3 . 5  minutes .  The relation i s  
curv·i line a r .  \vhen the sun i s  behind the obs erver the discovery time i s  
longer . 

In a highly theoretical article , Bruce ( 19 4 1 ) ana lyzes the optical 
factors influencing smoke column vi s ibi lity . The analys i s  indicates that 
the maximum distance at which a smoke column i s  visible i s  inversely 
proportional to the amount o f  haze i n  the atmosphere . From an analys is 
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of over 4 50 tests with standard smoke candles, Bruce ( 19 4 4 )  produced 
diagrams showing lookout coverage under varying conditions of haziness, 
background, and angle between sun, observer and smoke. In the northern 
hemisphere, smoke visibility is poorest ov�r the quadrant N.N. to N.E. 
More intensive distribution of lookout points is required in country 
where light-coloured or mottled backgrounds predominate, than where the 
forest cover is uniformly dark. 
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IV. MEASUREMENT OF FOREST-FIRE DANGER 

Index of F lammabil ity 

It has been shown that the moisture content o f  the forest fuels 
l argely determine s how ' readily a fire wi l l  start. S ince it is not 
possible to measure dai ly the moisture content of a l l  the fue l s  in a 
forest area , it i s  necess ary to select some c r itical fue l , the moi sture 
content of wh ich can be eas i ly mea sured and used as an index of probable 
f ire b�haviour , or to devise some form of index based upon the weather 
factors to accomplish the same end. A variety of methods has been 
suggested to provide such an index. 

About 1 9 1 6 , E.H. F inlayson of the Dominion Forest Service ( Canada ) 
attached certain negative . values to rainfall and pos itive value s to 
temperature , sun shine , wind " and relative humid ity , and plotted from day 
to day a graph of the results as they departed from what was cons idered 
a neutra l or safe l ine [ c f. Wright ( 19 3 5 » ) .  The test of accuracy for 
the provi s ional values g iven to each weather factor was to be whether or 
not the curves returned to the neutra l l ine in per iods when there was no 
fire danger. The method was fol lm-ted for several years in Alberta but 
the work appears to have lapsed owing to change of personne l. 

Larsen and Delevan ( 19 2 2 )  suggested that standard samples o f  duf f  
from the forest f loor b e  weighed in different local ities s imultaneously,  
so that the relative f lammabi l ity o f  the forests in each locality cou ld 
be indicated. This method was fol lowed in later years by N ichols ( 19 2 8 -
3 1 )  i n  Quebec , who used wire trays contain ing the ful l  layer duff , which 
were inserted in the areas o f  forest f loor from which the s ections of 
duf f  had been removed. The method was tested for a number of years at 
Petawawa [ c f. Wright ( 19 3 2 » ) ,  but was abandoned for two reasons: ( a )  The 
ful l  layer duff with heavy humus content and high moisture capacity did 
not respond re l iably to changes in surface fuel f lammabi l ity ; ( b )  the 
con�ents of the trays were subject to rapid progres s ive decompos ition 
los se s which were di fficult to a s s e ss , and whic h  introduced serious 
errors. 

I n  1 9 2 3  the Priest River ( Idaho ) Forest Experiment Station 
introduced the duff hygrometer for mea suring the moisture content of 
forest duf f [ cf. Gisborne ( 19 2 8 ) , and lve idman ( 19 2 3 » ) .  This consi sted 
of a perforated metal tube conta ining a strip of rattan which expanded 
or contracted with change s in the moi sture content of the duf f  in which 
the tube was placed , and actuated a pointer on a dial graduated in 
moisture content. It attained wide u se for some years until it \-ta s 
super seded by the wood cylinder method developed at the s ame station 
[ cf. Gisborne ( 19 3 3 » ) .  

There have been many modifications o f  the wood cyl inder method 
introduced in various reg ions , but the pr inciple involved i s  to expose 
one or more prepared sticks , usua l ly about half an inch in diameter and 
of known oven-dry weight , in a standard manner. T he moi sture content o f  
the sticks can b e  determined a t  any t ime by we ighing them on a spec i a l  
s c a l e  graduated in moisture content [ cf. Byram ( 19 4 0b » ) .  I n  some 
regions sticks of different diameters are used to i ndicate the probable 
mo isture content of branch wood o f  comparable s ize [ cf. Gi sborne ( 19 3 6 ) , 
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and Wal lace ( 19 36 ) 1 .  In some cases square sticks are used , i n  others 
f l at s ticks o� s lats [cf . Jemison ( 19 4 2» ) , but usual ly they are in the 
form of cyl inders . Several varieties of wood are used in the 
manufacture of the sticks . !'-1atthews ( 19 3 5 ,  1 9 4 0 )  and f.1.orris ( 19 40 a )  
compared the behaviour o f  s ticks o f  various s hape s ,  s i zes and kinds o f  
wood , subjected to various methods o f  exposure ,  and found differences i n  
resul t s  wi th woods o f  diff.erent species o r  dens i ties . There was no 
important difference between round and square sticks of the same area 
cross -section , but flat s ticks showed important dif ferences in 
behaviour . The type of ground surface made l ittle difference when the 
sticks were exposed at a height of 9 to 15 i n . above i t .  

I t  i s  recogni zed that there i s  a progres sive loss of we ight i n  the 
s ticks ' from weathering during the summer . Thi s  \'1i l l  introduce an error 
in calculations unless a llowance is made for it , and scales have 
recently been devised which have an adjustment to make the neces sary 
correction [cf . Byram ( 19 4 0b» ) . Mois ture indicator s ticks in one form 
or ano ther are now used throughout the United States , in Aus tralia (cf . 
Wal lace ( 19 3 6 ) , and Wal lace and G loe ( 19 3 8 » )  and i n  Bri tish Columbia .  

S ickel ( 1 9 3 1 ,  19 3 4 )  in New York developed a l ignment charts to 
compute the degree of hazard from dai ly records o f  re lative humidity, 
air temperature and hours since last rain . The method makes no 
a llowance for the amount of rain . 

Thompson (.1 9 2 7 ) of the U . S .  Geographical Survey suggested the 
measurement of stream flow a s  an indicator of fire hazard . The f low o f  
both smal l  and large s treams was mea sured at the Petawawa Forest 
Experiment S tation for a number of years . The resu lts indicate tha t ,  
whi le the effect of rainfall i s  apparent ,  the variations in f low from 
day to day do not provide any practicable f ire hazard data . 

Loveridge ( 1 9 3 5 )  of the U . S .  Forest S ervice suggested the use of 
cumulative surpluse s or de ficiencies from the average of precipita tion 
over extended periods in gauging the probable degree of fire danger on a 
country-wide basi s ,  for admini strative purposes . Shank ( 19 3 5 )  
recommended the use o f  cumulative excesses and deficiencies o f  relative 
humidity to mea sure fire danger and compare costs of f ire suppre ssion i n  
different years and regions . 

The Dominion Fores t  Serv ice ( Canada) since 1 9 2 9  has experimented 
with the various mois ture indicator sticks described above , as we l l  as a 
wide variety of other hygroscopic materials , i ncluding chemical s , in an 
ef fort to discover an ideal fue l mo is ture i ndicator . Certain chemical s  
show promis ing results s ince they c a n  b e  readily standardiz ed and are 
not subject. to deterioration during the summer .  However ,  this Service 
sti l l  computes the dai ly i ndex of f ire hazard from certain weather 
factors by means of special ly prepared tables [cf . Wright and Beal l  
( 19 4 0» ) . The factors used are the amount and duration o f  rainfa l l ,  rate 
of evaporation , relative humidi ty ,  wind ve locity and time o f  the year , 
together wi th a correction for cumu lative drought .  The index obtained 
is not an index of f l ammabi l i ty only, as in the case of a direct measure 
of fuel moi s ture . It might more properly be described as a "burning 
index" s ince i t  takes into account the e f fect on fire behaviour of wind 
velocity , state of seasonal vegetation , and prolonged drought . The 
method has been in use for several years wi th good results throughout 
Quebec , New Brunswick and the western Canadian National Parks . It lends 
itse l f  readi ly to the trans lation of weather forecasts into terms of 
fire haz ard. 
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I n  recent years attention h a s  been directed i n  Europe to the 
measurement of fores t flammabi l ity . Angstrom ( 19 4 2 )  has developed in 
Sweden an index for this purpose , based on re lative humid ity and 
temperature . I t  is understood that a .  system of forest- fire hazard 
measurement has a lso been introduced in Rus s i a ,  but detai l s  o f  the 
method are not yet avai lable . The importance of meteorological factors 
i n  thi s  connection i s  we l l  recogni zed , and forest service s in Russ i a  are 
regularly supplied with report s on wea ther condi tions by the State 
meteorological stations [ c f .  Serebrennikov and Matreninski ( 19 4 0 ) ] .  

Rate of Spread of Fire and I t s  Resis tance to Control 

A knowledge of the probable rate of spread of f ire is essential to 
the forest officer for the e ffective planning o f  f ire control ,  strateg y ,  
and tactics . H e  must a l s o  know the probable rate a t  which f ire f ighters 
can build fire l ine . S ince both rate of spread and rate of f ire- l ine 
construction vary wi th the forest type and ground conditions , it i s  
neces sary t o  prepare a fuel-type map o f  the reg ion , o n  which the 
boundaries of the various fuel types are shown and cla s s i f ied as to 
average rate of spread and resis tance to control .  

Much work in this field , based on individual f ire reports ,  has been 
done in the United S tate s .  Fortunately , owing to the fores ight o f  Coert 
Du Bois in Cali fornia [cf . Abe l l  ( 19 4 0 » ) ,  as early as 1 9 1 4  the fire 
report form of the United States Forest Service was des igned to col lect 
the neces sary information on rate of spread , and many thousands of 
reports in a l l  f ire types and regions are thus avai lable for ana lys is . 
Abe l l  ( 1 9 4 0 )  presents the results o f  an analysis of 9 , 5 00 such reports . 
T he average rate o f  perimeter increase varied from 2 chains to 5 0  chains 
per hour , depending on the fuel type . Jemison and Keetch ( 19 4 2 )  
publ ished results o f  s imi lar s tudies on seven national fores t s  in the 
eastern United States . Fourteen fue l types were l i s ted and the average 
rate of perimeter increase and rate of f ire- line cons truction per man
hour shown for each . 

In 1 9 3 9  in Canada the Dominion Forest S ervice and certain provinces 
revised the i r  report forms so a s  to col lect data essential to f ire 
control planning . Useful information is a lready be ing obtained from 
these reports . 

Integrat ion of Fire Danger 

The "Forestry Terminology" of the Society of American Foresters 
( 19 4 4 )  def ines fire danger as: "�he resu l tant o f  both cons tant and 

vari ab le f actors which determines whether f ires wi l l  start, spread and 
do damage , and determines as wel l  the difficulty of control • •  

Constant factors are those whi ch are relative ly unchang ing , e . g . , normal 
risk of ignition , topography , a l l  fue ls , and exposure to prevai l ing 
wind . Variable factors are variable from day to day , season to season , 
and year to year , e . g . , a l l  weather e lements ,  fuel mois ture content , and 
variable risks of ign ition . "  

Brief ly ,  therefore , fire danger i s  the sum tota l o f  factors which 
determine whether fires wil l  start , spread and do damage . I t  wi l l  be 
noted that a measure or index of f lammabi l ity is only one of the factors 
to -be considered in es timating f ire danger . 
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Gisborne ( 19 3 6 )  developed a meter t o  integrate the e f fects on fire 
danger of f�el moisture, season of the year, relative humidity, wind 
velocity, visibility distance, lightning, and land-clearing . f ires into 
seven classes of fire danger, and he spec�fied the administrative steps 
recommended to be taken for each danger class. The success of 
Gisborne ' s  meter led to the development of similar f i re-danger rating 
methods in other regions. 

In California, a meter was devised to integrate ( a )  an ignition 
index of man-caused fires, ( b )  a lightning index, ( c )  a rate of spread 
index, and ( d )  an index of man-power requirements. The meter integrates 
these factors into seven classes of fire danger and specif ies the 
organization requirements for each class [cf. Curry, Gray and Funk 
( 19 4 0 ) ] .  

In the eastern united States, Jemison ( 19 4 2 )  describes a meter 
which integrates ( a )  season of the year, ( b) amount of last rain, ( c )  
number of days since last rain, ( d )  condition o f  vegetation, (e) fuel 
moisture content, and ( f) wind ve10city� into five classe s  of fire 
danger and shows organization plans for a sample forest for each class 
of fire danger. 

A comparison of the various types of forest-fire danger meters in 
use in the United States is made by Jemison ( 19 4 4 ) .  

Beall ( 19 3 9 )  prepared fire-danger tables for the timber limits of a 
private company in New Brunswick. He pointed out that the fire-hazard 
index [cf. Wright and Beall ( 19 4 0 » ) does not take into account such 
variable factors influencing fire-control as : the ppreva 1ence of fire
starting agencies, the values to be protected, the speed with which 
fires may be attacked, fire detection coverage, etc � ,  since these can 
only be known for a specific area. The fire danger tables were prepared 
with these factors in mind, due weight being given to each. The tables 
give sixteen units of fire danger, show the probability of fires in each 
unit, and the administrative changes necessary as the fire danger 
increases. 
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V .  t.mATHER FORECASTING 

It has been shown how intimately the various weather factors a ffect 
the problem of forest f ire protection and how steps have been taken to 
evaluate the ir influence . A true picture of the f ire situation at a 
g iven moment is o f  great value , but foreknowledge of how the picture is 
likely to appear in a few hours or days can be sti l l  more valuable , 
s ince it permits of intel ligent planning to meet the changing situation. 
It is her� that the meteorolog ist can render valuable aid with his 
science of weather forecasting . 

The need for speci a l i z ed weather forecasts wa s brought to the 
attention of the U . S .  Weather Bureau in 1 9 1 2  as a result of disastrous 
fires on the Paci fic Coast , which had been aggravated by desiccating 
east winds from the interior desert (cf . Calvert ( 19 2 5 ) , and P ierce 
( 19 3 8 ) ] . A fire-weather warning service was put into operation in 1 9 1 4 . 

Weather stations were establi shed in the forests in co-operation with 
the Forest Service , and foreca sters studied the topography to a s sist 
them in making loca l i zed forecasts o f  wind velocity and direction . In 
1 9 2 4  two meteorolog i sts were ass igned specia l ly to this work , and a few 
years later specia l  appropriations made poss i ble the extension of the 
s ervice to other regions . Faci lities were provided for local s hort
range forecasts at the scene of f ires by means of mobi le units equipped 
with radio and weather instruments [ cf .  Gray ( 19 2 9» ) . Fire-weather 
forecasts are now ava i l able over most of the United States . A centra l  
office in each reg ion sends out regular forecasts cover ing local 
conditions . 

I n  Canada , the f irst move towards speciali zed forecasting for f ire 
protection began about 1 9 2 5  when the Meteorological S ervice was a sked to 
provide forecasts of dangerous winds , temperatures ,  and relative 
humiditie s to certain fore st reg ions . S ince that time the Service has 
a lways been ready to co-operate with forest off icers in setting up 
weather stations and , upon request , to supply them with weather maps and 
dai ly telegraphic forecasts , usually for 2 4- 4 8  hours ahead , of wind , 
temperature , relative humidity , rai n ,  and thunderstorms . These 
forecasts , whi le perhaps not so extreme ly loca l i zed as those of the 
fire-weather warn ing service in the United States , have been of great 
value to forest officer s .  

T o  be o f  value , weather foreca sts must be for a long enough time 
ahead to enable the forest of f icer to arrange or amend his plans 
according ly . In the past , many forest protection units have been unable 
to rece1ve forecasts in time because of poor commun ication system s .  
With the extending use o f  radio thi s  h andicap wi l l  tend t o  disappear . 
For the benef it o f  off icers who were unable to rece ive official 
forecasts , Bea l l  ( 19 4 0 )  prepared a short treatise on amateur forecasting 
in tne forest . In cases where it was poss ible to obta in weather maps 
not more than one or two days o ld very good resu lts were obta ined with 
the se instructions . He also showed how to trans late \'Ieather forecasts 
into terms of fire haz ard , so that the forest officer could estiMate the 
probable degree of hazard to be expected . 



A guide to amateur weather and fire -hazard forecas ting 
Australi a  is g,iven by �'la llace and Gloe ( 19 3 8 ) . This method 
primar i ly on wind direction , s tudied in conj unction with 
ava i l able weather map s . 
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Mos t  forest officers hope that the day may come when meteorolog ists 
wil l  be able to predict the weather a long way ahead . Naturally it 
would be of great va lue to know with certainty that the fol lowing month 
or year wou ld be wet and no danger f rom f i re would arise . Much useful 
work could be planned and carried out in the safe periods . On the other 
hand , a know ledge that bad fire condi tions can be expected would enable 
the organization to make special plan s  to meet the emergency . 

Larsen and Delavan ( 1 9 2 2 )  endeavoured to determine i f  there were 
cycles in fire weathe r ,  but found that precipitat ion records a lone d id 
not ass i s t  them much s ince a great deal depends upon even s hort per iods 
of summer drought in what might o therwi se be a wet year . They did , 
however , f ind evidence o f  long-period f l uctuations i n  fire hazard . Gray 
( 19 3 4 )  of the U . S. Weather Bureau a l so found evidence of long-per iod 
sequences in weather and forest f i re s . For presenting his data he used a 
system o f  accumulated departures from the normal or average which is 
wel l  adapted for showing secular s equences or trends . On the bas i s  of 
his curves he sugges ted probable wea ther trends up to the year 2 0 5 0. 

, Wr ight ( 19 4 0 )  endeavoured to correlate the acreage burned ,·lith sunspot 
numbers . and showed the probable effect of the sunspot cycle in the next 
few years . Bumstead ( 1 9 4 3 )  found some tendency for l ightning f ire 
incidence to be correlated with the sunspot cycle . 

Unfortunately there are many pitfa l l s  for those who attempt to 
devise from past experiences a te lescope with which to peer i nto the 
future and ,  except for thei r  own amus ement , foresters \iQuld do we l l  to 
leave the development of long-range weather prediction to the 
meteorolog i s ts . Recent years have seen marked advances in the science 
of meteorology and no doubt the accuracy and time range of weather 
forecasts wi l l  increase . 

The obj ectives of me teorology in forest fire protection ' may be 
brie f ly summed up as fol lows: 

1 .  To provide l oca l i zed weather f orecas t s  to suit the need s o f  
particular fores t reg ions . This may involve cons iderable 
s tudy of local conditions , particularly in mountainous 
regions . 

2 .  Forecasts should be for 2 4  and 4 8  hours ahead and a s  much 
longer as pos sible , and should cover rainfa l l , \'1ind , 
temperature , relative humidity , thunderstorms and vis ibi lity . 

3 .  The study o f  the poss i bi lity o f  long- range forecasting should 
not be overlooked . 

4 .  The continued co-operation between foresters and 
meteorologi sts i s  e s sential to the development o f  improved 
forest fire protection . 
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VI . PRACTICAL APPLICATIONS FOR FOREST-FIRE RESEARCH IN 
CANADA 

Forest Weather Stations 

It has been shown that an i ndex of f ire behaviour , in some form or 
another , is an essential part of any sys tem for rating forest-fire 
danger . In many o f  the National Parks and other fore s t  areas o f  Canada , 
fire behaviour i s  determined by means o f  the Wright system o f  fire
hazard , mea surement [ c f .  Wright and Bea l l  ( 19 40 ) ] .  The forest weather 
s tations required for the app lication of this system normal ly inc lude a 
ra in-gauge , a Wright evaporimeter , a wet- and dry-bulb hygrometer housed 
in a ventilated shelte r ,  and an anemometer . The last- named instrument , 
a lthough very desirable for making wind observations , may be dispensed 
with if necessary , the wind veloci ty being e stimated vi sua l ly with the 
aid of a wind scale specia l ly prepared for forest use [ c f .  Wright and 
Bea l l  ( 19 4 0» ) . 

S ites for forest weather s tations must be s elected with care to 
avoid screening by tree s , bui lding s  and other objects . Over-exposure to 
the elements , a lthough less common ,  may be encountered on i solated hil l
tops . A network of weather s tations should be installed in such a 
manner that a record i s  obta ined o f  local variations in weather over the 
area concerned . The intens ity of coverage required varies greatly 
according to topography and other factors . Rainfal l ,  in particular,  is 
o ften subj ect to wide variation over short dis tances , espec ially in 
moun tainous country . Where a suff i ciently i ntensive deployment of 
complete weather stations i s  impracticabl e ,  rain-gauges a lone may be 
installed at certain poi nts , the reading s  being used to apply local 
corrections to the hazard i ndex computed at the nearest weather station. 

Mid-afternoon values of wind ve loci ty and relative humidity are 
obtained from readings made at about 2: 30 p . m .  and 4: 30 p . m . , local mean 
time . The rain-gauge is read at 8 a . m .  and 6 p . m .  and the evaporiMeter 
at 6 p . m .  onl y ,  at wh ich time the hazard index for the day is calculated 
by means of the fire-hazard tables [ c f .  Wright and Dea l l  ( 19 40» ) .  Since 
i t  is not usual ly feas i ble to work out the hazard index for each 
i ndividual fuel type in the reg ion , an index which i s  repre sentat ive of 
one of the faster-drying fuel type s i s  commonly used . For certain 
adminis trative units , " adminis tration" ha zard index tables have been 
prepared , based on an average o f  the various fuel types weighted 
according to their area . When factors other than f ire ha zard are a lso 
taken into account ,  an admini stration danger index can be applied [ c f . 
Beal l  ( 1 9 3 9 ) 1 .  

According to local arrangements , the hazard index may be calculated 
directly by the weather observe r ,  or the weather read ings may be 
telephoned to a central office at which the index for a l l  stations in 
the area i s  computed . Where fac i l i ties exist , a forecast o f  the next 
day ' s  hazard index is also mad e .  The weather observations are 
frequently taken by forest rangers or their fami l ies , or by lookouts or 
other members of the protection sta f f  where suitable sites exi s t .  
Valuable co-operation has a l s o  been obtained from farmers and other 
local res idents . 



2 7  

Fire Prevention Measures 

Forest-fire risk ( that i s , the prevalence of f ire-starting 
agencie s )  and f i re hazard together constitute two principal elements o f  
fores t- fire danger . Man-made s ources o f  fire can be controlled to some 
extent through pub l i c  co-operation and by the enforcement of suitable 
leg i s lation . A knowledge qf the ex isting f ire hazard thus enables the 
forest officer to exercise some compensating control over fire risk , so 
that per iods of maximum f i re danger may be reduced or even avoided . 

Public co-operation may be fostered by means o f  notice boards 
displayed at suitable points , showing the prevai l ing degree of fire 
haz ard . Press and radio bul letins and warning s  i ssued to woods 
operators and other workers in fore s t  lands , may a l so be employed to 
adva�ta�e .  In many parts o f  Canada , leg i s lation exists whereby 
perm1ss 10n to set camp- f ires to use certa in types of machinery , or to 
travel in fores ted areas may be curtai l ed o r  suspended , i f  the fire
hazard s ituation is sufficiently serious . 

Settlers ' l and- c leari ng fires constitute a ma j or source o f  risk in 
certain area s . Ideally , such f ires s hould be set dur ing periods in 
which the debr i s  to be c leared i s  dry enough to ensure a c lean burn , 
whi le the flammabi l ity of the surrounding forest i s  low . I t  i s  obvious 
that a rel iable index of fire behaviour in the fue l types concerned wi l l  
be o f  great assi s tance t o  the fores t officer responsible for i ssu ing 
settlers ' f i re permits , and for supervis ing the actual burning 
operations . 

Organ i z at ion o f  Fire-Protection Forces 

The f ire hazard ( or ,  preferably , f i re danger)  index may be used to 
great advantage in the a l loc ation of dut ies wi thin the forest protec tion 
service . Duri ng relatively safe periods , f ire-fighting equ ipment may be 
dismantled for repair and inspection 7 some lookouts and patrols may be 
released to obtain supplies or to c lear tra i ls and telephone l ines : work 
parties may be sent to the les s acce ssible parts of the area for such 
duties as road or bui lding construc tion , since the possibil ity of their 
being required on short notice for f ire-fighting operations i s  remote . 

As the index rises , additiona l lookouts and patrols may be 
ins tituted , and equipment and supplies brought to a state of read ine ss . 
Work crews may be concentrated in areas where they wi l l  be immediately 
available i f  f ire occurs .  In periods o f  severe danger , key personnel or 
entire crews may be kept on stand-by duty during non-working hours and 
on hol idays , and arrangements made to replace pos i tions vacated by f ire 
cal l s . 

The extra cost introduced by some o f  these precautionary measures 
should properly be regarded as a f ire- insurance inve stment . The prompt 
detection and suppress ion of a single f ire in its early stages may save , 
in merchantable timber va lues a lone , an amount much greater than the 
addit iona l cost of such precautions for a who le fire season . Moreover , 
payroll expenditures represent increased purchasing power to the 
community ins tead of the destruction of a capita l  asset.  

When a fire does occur , a knowledge o f  the preva i ling and pred icted 
ha zard is of much a s s i stance in decid ing how many men and what equipment 
to dispa tch with the suppression cre\� . The information wi l l  be of still 
greater value i f  a fuel-type map o f  the area i s  ava i lable , which, 
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together with the hazard index , s hows the probable rate o f  spread o f  the 
fire and its ,res i s tance to control . Other maps may be provided to show 
the travel -t ime required to reach the fire,  the location of roads , 
tra i ls , water routes and telephone l i ne s ;  the pos i tion o f  too l  caches or 
camps in the vicinity , and the c losest water supply for pump operation 
[ c f .  Beal l  ( 19 3 9 ) ] .  

At the fire - line itse lf ,  c ircumstances wi l l  arise i n  which a 
knowledge of prevai ling hazard and weather conditions , together with 
anticipated changes , wil l  be useful to the off icer directing f ire
f ighting operations . Deci sions as to whether an attempt should be made 
to hold a fire on an existing front or to adopt a new position , whether 
to use d irect attack or resort to back f ir ing , and other ques tions , may 
be largely guided by predicted change s in fuel flammab i l ity and in the 
s trength and direction of the wind . 

I n  concl usion i t  should be pointed out that f i re-control planning 
in Canada is s t i l l  in its infancy . Many practical applications of 
forest-fire research remain to be ful ly exploited . Among the poss ible 
developments of the future may be mentioned the use of fire-danger 
records and other fire statistics for assess ing fire-control effic iency 
in different years and in d i f fe rent reg ions , and the employment of f ire
danger rating s  as a basis for the evaluation o f  i nsurance risk s .  
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ADDENDUM 

Bib l iography of Canadian Forest Fire Research Literature on the 
Application of �1eteorology, to Forest Fire Control 

This selected bibliography up-dates the Canadian references c ited 
in the original publication . A complete bibliography of Departmental 
forest ' f ire research li terature i s  ava i lable as Information Report FF-X-
2 .  Regular supplements are avai lable on reques t from the Forest Fire 
Research Institute , Department of Fores try and Rural Development , 
Ottawa . 

Beall , H . W.  19 4 6 .  Fores t  fire danger tables (provis iona l ) . For .  Fire 
Res . Note No . 1 2  ( rep . 1 9 4 7 , 2 nd ed . rev .  1 9 4 8 ,  rep . 1 9 5 0 ) , Dom . 
For .  Serv . , Can . , Dept . of Hines & Res . 

-' 

1 9 4 6 .  Forest fires and f i re-hazard records in the Mid-t'lest 
National P arks . For . Chron . 2 2  ( 1 ) , ( 13 5 - 1 37 ) . 

J . C .  Mac leod and A .  Potvin . 19 4 9 .  Forest fire danger in 
midwestern C anada . (Adapted from For .  F ire Res . Note 1 2 ) . Dom . For . 
Serv . , Can . Dept . o f  Mines & Res . 

19 4 9 .  An outli ne o f  fores t f i re protection standards . For . Chron . 
2 5  ( 2 ) , ( 8 2- 1 06 ) . 

19 5 0 .  Forest f ires and the danger index in New Brunswick . For . 
Chro n .  2 6  ( 2 ) , ( 9 9 - 1 14 ) . 

1 96 7 .  Research in the measurement of fore s t  fire danger . ( Re�rint 
o f  a paper presented to the Fifth British Empire Conference held in 
Great Britain , 1 9 4 7 ) . Informat ion Rpt . FF-X- 8 ,  For . Br . , Can . 
Dept . of For .  & Rur . Dev . 

Canada . 19 4 6 .  Fire danger measurement and fire experience in New 
Brunswick , 1 9 3 9 - 1 94 6 .  Dom . For .  Ser . , Can . , Dept . of Mines & Res . 

1 9 4 8 .  Forest f ire control plan for P . F . E . S . ,  Chalk River , Ontario . 
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1 9 5 6  & 196 6 .  Tables de dang er de feu dans les forets du Quebe c , 
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Ministere du Nord canadien et des Ressources nationales . 

1 9 5 7 . Forest f ire danger table s ,  Newfoundland , 19 5 6 .  For . Br . , 
Can . , Dept . o f  Nor . Aff . & Nat . Res . 

1 9 5 7 . Forest f i re danger tables ,  NevI Brunswick , 1 9 5 6 . For .  Br . , 
Can . , Dept . of Nor . Aff . & Nat . Res . 
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