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Abstract 

This paper analysizes wind speed and direction distributions 
obtained at nine forestry stations and nine airports across Canada. 
The effect of d i fferences in the distributions on forest fire danger 
rating is discussed. The major finding is that forestry stations 
have a s ign i ficantly lower averaqe wind speed than airports and the 
di fference between the two decreases as wind speed increases. This 
dif ference caused a considerably greater percentaqe of days to fall 
in the extreme fire danqer class at the airports. The data did not 
permit the derivat ion of a function relating the wind speed ratio to 
the size of the clearing at the forestry station. 
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VARIABILITY I N  HIND SPE'CD HEASURmmNT 
AND ITS EFFECT ON FIRE DANGER RATIN(; 

INTRODUCTION 

Eve ry d ay thou s ands of meteorological observations are made 
across Canada and the United States for the purpose of calculating 
forest fire danger. The most common measurements are: wind speed , 
rain fa l l , temperature and re lative humidity. These observations are 
combined through the use of a fore s t  fire danger rating system to 
produce a numerical estimate of the local fire behaviour potential. 
The local fire danger is general ly transmitted to a central agency 
which combines the individual values to produce an area fire danger. 
The area fire danger forms the basis o f  many presuppression and 
prevention decisions such as : the intensity of air patrols , the 
number of lookouts to man , the si ze of the initial attack crew , the 
dispos ition of s tand-by forces , and occasion a l ly the closure o f  
certain areas t o  the pub lic. In general the degree of preparednes s  
o f  the fire control organization is highly dependent on the area fire 
danger. 

As an organization increases the intensity of its preparedness 
activities , expenditures rise rapidly. This is particularly true 
where expensive equipment , such as aircraft are involved. On the 
other hand, the cons equences of being insuf ficiently prepared, for the 
occurrence of a major fire can be dis astrous. Since the total budget 
for presuppression activities is normally fixed at the beginning of 
the fire season , i t  is imperative that funds be a l located in such a 
way as to minimize unneces s ary expenditures. Furthermore , since the 
allocation of funds is generally determined on the basis of fire 
danger over an extensive are a , it is also important that the area 
value accurate ly represents the average potential behaviour of a 
fire , should an outbreak occur. 

The accuracy of local values of fire danger is dependent on the 
validi ty of the fire danger rating sys tem '''hich is used. Howe,ver , 
even if comp lete ly re liab le local values are obtained , a nuru1er o f  
prob lems arise when they are combined t o  obtain a n  area value. One 
very important consideration is the uniformity of the meteorological 
measurements at a l l  the stations which ente r into the combination. 
For example , fire danger is dependent on wind speed. Therefore. if 
two stations measure dif fe rent wind speeds , they wi ll report 
dif ferent fire dangers. The question then arises as to whether the 
dif ference in wind speed measurement is due to an actual dif ference 
in velocity , or due to differences in anemometer exposure. 
Convers e ly , two dif ferent exposures can give identical readings when 
an actual wind speed di f fe rence exists. The occurrence of either of 
these two situations will cause one station to he in e rror relative 
to the other. Therefore an area fire danger computed by using the 
values obtained at the two s tations in the foregoing example would 



have an error in proportion to the dif ference b etween the two 
s tations 

The main purpose of this paper is to examine the maqnitude of 
the di f ferences in wind speed dis tributions between forestry s tations 
and ai rports , and discuss some of the causes for these dif ferences .  
The e f fect o f  wind speed d i f fe rences on the final fire danger rating 
i s  also discussed . Fina l ly , an attempt to relate these dif ferences 
to a s imp le measure of the dis tance to and height of surrounding 
obs tructions is presented . 

D ISCUSS ION 

The mos t  important factors a f fecting wind speed measurements can 
be classi fied in three general groups . All factors related to the 
topography of the general area surrounding the s i te are in the first 
group . The s econd group cons ists o f  f actors related to the s i te on 
whi ch the anemometer i s  exposed . The last group is related to the 
exposure of the anemometer within the s i te . Each wi l l  be di scussed 
separate ly . 

A .  Topography 

Only the briefest poss ible summary is presented here . More 
detai led discussions can be found in MacHattie (1968) and Geiger 
(19 6 5 ). In the absence of obs tructions , the nature of the topography 
surrounding the s i te on whi ch the anemometer is located greatly 
a f fects wind speed and direction . For example ; winds tend to be 
intens i fied and diverted in the vicinity o f  hi lls . wind also has a 
tendency to be channelled a long major val leys . In mountainous areas 
the e f fect of val ley and s lope winds h ave to be cons idered . Near 
oceans and large lakes , land and s ea breezes p lay an important role . 
It can be seen there fore that a great dea l  of care is needed in 
s electing a s ite to ensure that wind observations are representative 
of a general area rather than s imply measuring local phenomena . 

B .  site 

Genera l ly , meteorological instruments are located in an open 
area adjacent to an adminstrative office . This office may be a 
ranger s tation , a s awmi l l ,  an airport, a fire tower; in fact it may 
be any permanently manned s tructure involved in the adminstration or 
use of a fores ted are a .  For the majority of meteoroloqical 
observations such as temperature , rainfall and relative humidity , it 
i s  not dif ficult to find a c learing o f  sufficient s i ze so that the 
instruments ate relative ly unaf fected by adjacent obstructions . In 
the case of wind measurements , however ,  a reduction in wind speed due 
to obs tructions such as bui ldings and tree s , c an be felt as much as 
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twenty or more times the height of the obstruction on the downwind 
s ide , and five times the he ight of the obstruction on the up'.,ind s ide 
(Caborn 1953 , Stoecke ler 1 9 6 2 , and van Eimern 1 9 64 ) . The amount by 

which wind speed,is reduced and the distance to which the reduction 
is fe lt , is also influenced by the p ro f i le o f  the obstruction . A 
house with a s loping roof or a shelter belt would have a considerably 
different e f fect from an abrupt change in the reference leve l (for 
example 1 an opening in a solid stand o f  trees ) .  The reduction in 
wind speed in an open area adjacent to a solid stand o f  trees can be 
fe lt for a distance of about s even time s the height of the trees from 
the edge of the forest (Munn 1 9 6 6 , and Anon 1959 ) . 

Caborn (1953 ) exp lains the increased d istance o f  wind speed 
reduction for shelter belts in terms of their lifting action , whereby 
an upward momentum i s  induced in the wind by the windward s lope o f  
the she lterbelt . He states that the absence o f  l i fting action at the 
leeward edge of a forest canopy a llows the wind to drop to the ground 
more quickly . However ,  he also points out that a she lterbe lt which 
allows some of the wind to pass through at a reduced speed causes a 
sma l ler reduction in speed behind the be lt but that this e f fect 
extends over a considerab ly greater distance . More recently , van 
Eimern (19 64)  states that the main f actor a f fecting the distributions 
of wind speed on the leeward edge of a she lterbelt is its 
permeabi lity. If one considers a stand of trees as a very dense 
shelterbelt , it follows there fore that the reduction in wind speed on 
the lee edge of the stand would be great , but thi s  reduction would 
not extend as far as it would behind a she lterbelt of moderate 
dens ity . This is thought to be due to the fact that a great deal of 
turbulence is created at the leeward edge of a stand of trees which 
quickly trans fers the winds' momentum dm.,n",ard . The turbulence 
arises in large measure as a result of the pressure reduction which 
occurs behind the lee edge of the stand in accordance with Bernoulli s  
equation . The greater the dif ference bet,.,een "Tind speeds above and 
behind the stand , the greate r w i l l  be the pres sure di fference and 
therefore the turbulence will also be proporti onately greater .  I f  
some o f  the wind i s  al lowed to pass through (40 %  to 5 0 %  density 
appears to give the gre atest distance of reduction according to van 
Eimern (1964 ) , "'ho conducted a thorough literature revie,.,) , a more 
streamlined f low results and the air ,.,hi ch has been lifted i s  car;r:-ied 
to far greater distances . 

In predominately forested areas there are few sites availab le 
other than airports which are completely open for cons iderable 
distances in all directions. Hhile anemometers are generally exposed 
in the largest space available, no two open areas are identical. As 
the size of the clearing becomes smaller ,  wind speed in the clearing 
is reduced. Furthermore, clearings are rarely perfectly round so 
that the reduction in wind speed varie s as the ,.,ind direction 
changes .  In addition, buildings within the opening have an e ffect on 
wind speed measurements when they are near the anemomete r. 
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c. Location of the Anemometer 

As an economic measure , anemometers h ave often been mounted on a 
s ho rt (six to .twelve foot ) pole placed on the roof o f  a bui lding . 
This practice makes interpretation o f  the observations very 
dif f i cult . Some bf the problems a re: 

1 .  Observations are af fected by the s lope o f  the roof ( i f  
peaked ) when the winds b low towards the s loping face . 

2 .  Un less the anemometer i s  centered on the roo f ,  it wi l l  
be on the lee s ide o n  some days and o n  the windward 
s ide on others , with corresponding changes in wind s�eed 
measurements . 

3 .  A great deal of turbulence i s  generated by bui ldings 
which causes anemometer readings to be quite vari ab l e  
and unreliab le .  

4 .  The degree to whi ch the bui lding a ffects the anemometer 
is inf luenced by the height o f  the anemometer above the 
roof . 

In summary , any wind measurements taken from an anemometer 
mounted above the roof of a bui ld ing will be of dubi ous reliabi lity. 
This practice should b e  avoided i f  at all poss ible. 

The last factor to be cons idered is the height o f  the anemometer 
above ground . Wind ve locity i ncreases with increasing 'elevation 
above the zero reference level . The zero reference level may be the 
ground itse l f , the top of a cornfield , or the top of a forest canopy . 
Between the ground and the ze ro reference level wind patterns are 
extremely complex and d i f ficult to analyze .  Above th is l evel a 
widely used empirical re lationship for the increase of wind speed 
with height is given by Sel lers (1965) as: 

(1 ) 
U2. �2) a 

U1 Zl 

Where: U2 = wind speed at height 2 

Ul = wind speed at height 1 

Z
2 

= height above zero reference level of U2 

Zl = height above zero reference level of Ul 

a = stab i lity parameter 

Sel lers states that the re lationship f its observed wind profi les 
when a=O.14 for unstab le (afternoon) conditions , a=O.18 for neutral 
(early morning and evening) condi tions and a=O.33 for stab le (night) 
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conditions. Us ing these va lues the ratios o f  wind speed at various 
heights re lative to the speed at 100 ft. were computed and are 
presented in Table i. 

Table 1 .  Ratio of wind speed at several heights relative to the speed 
at 100 ft. under stab le, neutral, and unstable conditions. 

Height (ft. ) Stable Neutral Unstable 

100 1.000 1. 000 1.000 
80 .9 2 9  .961 .969 
60 .845 . 9 12 .9 3 1  
40 . 739  . 848 .880 
30 .672 . 805 . 845 
20 . 588 .748 . 79 8  
1 0  .468 .661 . 72 4  

5 .372 . 583 .657 

As can be seen, the rate of change i s  greatest under stable 
condi tions, and at lm-ler elevations. S ince meteorological 
observations for f i re danger rating purpose are general ly taken 
during the day, the values for neutral or unstable conditicns would 
normally apply. 

PROCEDURE 

A. Wind Speed Analysis 

Nine fores try s tations acros s Canada t..,ere chosen for analysis. 
The names and locations of the s tations are shown in Figure 1 .  All 
s t ations had been, and in SOMe cases are sti l l  being used for fores t 
fire research investigation. An ef fort was made to locate the 
anemometers in the larges t open areas avai lab le, consi s tent with the 
necessity for access ib i li ty. I t  was felt bv those persons involved 
that the sites chosen were as good as cou ld be found in the area.1! In 
addition, s ince the s tations were used for research rather than 
operational activi ties, it can be ass umed that the instruments used 
were of high quality and properly maintained. All anemometers were 
mounted on a po le or mas t which was at least ten or more feet higper 
than the trees surrounding the clearing. Between 2 and 28 summers of 
wind observations have been recorded and p laced on magnetic tape for 
each station. 

Airports, for which ten-year climatic summaries are published 
(Anon. 19 67) , were chosen as close as possible to the fores try 
s tations . The airport locations are also shm..,n in Figure 1. 
lihenever poss ib le, a i rports for "'hich diurnal averages are also 
pub l ished (Cudbird, 1 9 64) "'ere chosen. This is so that adjus tments 

21 WILLIAMS, D.E. - Pe rsonaZ Communiaation, Z9B8 
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could be made to the wind speed distributions, as will be discussed 
subsequently. 

Forestry station winds were divided into classes of 3 m.p.h. 
Calm winds and the 1-3 m.p.h. class, were grouped together. Since 
velocity measurements are rounded off to the nearest mile it was 
assumed-that all calm winds were from observations of 0 .5 m.p.h. or 
less. Therefore the range for the lowest class is 3.5 m.n.h. (0 to 
3.5 m.p.h.) rather than 3 m.p.h. (0.5 to 3.5 m.p.h.) . The percentage 
of observations falling into each class was determined. The 
percentage of observations at the mid-point of each class for a 1 
m.p.h. range was then determined by dividing by the class interval. 
This may also be considered the probability of obtaining an 
observation at the center point of the class (assuming a constant 
rate of change within a class) . Smooth curves j oining the center 
points are plotted in Figures 2 through 10 , and listed in Table 2. 
Mathematically, the equation for the above procedure is simply: 

(2) 

where: p. = probability of obtaining observations at center � 
point of class i 

ni = number of observations in a wind speed class 

N = total number of ohservations, and 

C = class interval. 

For airport �vinds I n \vas the total numher of hours (usinq 
monthly averages obtained over a 10 year period) during which the 
wind blew in a particular speed class during the months of Hay 
through October. N is the total nu�)er of hours of ohservation 
during the months of Hay through October. The data \vas ohtained fron: 
the Meteorological Branch, Department of Transport (Anon 1967 ) .  It 
should be pointed out that the wind speed classes are not uniform, for 
airport winds. The computed percentages are listed in Tabl e  3. 

The foregoing procedure results in normalized wind speed 
probability curves with an area under the curve of 1.0 for each 
airport and forestry station. It is not possible to compare ,the 
curves directly I however, due to differences in sar1Pl ing techniques 
used at the bvo tynes of stations. First, an adjustment must be made 
for differences in anemometer heights. Airport anemometer heights 
were obtained frOM the Climatic Summaries (Anon 1959) and are listed 
in Table 3. Approximate forestry station anemOMeter heights were 
obtained by internreting photographs of the weather sites, and are 
listed in Table 2. The ratios of uind speeJ� at t�e t\·!O heiqhts 
(U2!Ul) \'laS computed using equation (1) \'lhcre a=O. lR (neutral w 

conditions) . The actual adjustment was computed using: 
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TABIE NO. 2 

PROBABILITY OF OETAINING OBSEii.VATION AT C:;:;NTER POINT 

OF CLASS INTE�{VAL FOr, FO!L,STi{Y srrATIOHS (IN P�RCENT) * 

ST}-.TION CElS"",,.', POUlT OF INT.EriVAL (I-J:PH) 
ANENOIVlE'TER � 1·12 2' 8. 11. lY:. 11· 20. 2�. 26. HEIGHT 'FT l 

Rattlin£, Brook 11.54 10.60 6.89 1.77 0.61 33 2.5 

Fredericton 9.91 10.42 7.45 2.81 0.97 0.12 0.01 30 

Petawawa 12.68 10.02 5.61 2.06 0.86 0.25 0.08 0.06 65 2.2 

co vlhi teshell 8.63 11.73 8.09 2.53 0.74 0.10 0.07 60 2.2 

Bittern Creek 7.60 11.86 8.12 3.54 0.72 0.18 0.04 0.02 45 2.0 

Enr,aneskis 12.36 9.57 6.07 2.11 0.76 0.22 0.13 0.04 0.01 48 3.6 

vJhi tecourt 18.38 8.71 2.87 0.31 30 4.� 
Lake Cowichan 19.78 8.60 1.49 0.11 0.03 0.03 45 3.9 

100 - Mile Ho�se 20.89 7.02 1.64 0.25 0.03 35 2.0 

* �Hthin ± 0.5 lIPH of center point of class 



\0 

ThB� NO. 3 
Pt(Of-hBILITY OF' OBTAINING OBSErlVATION AT CE}:TER. POINT 

OF CLASS INTERVAL FOR AIRPORTS 

AIRPORT CEET£:1. POD;T 01" Il\I'ERVAL 1 MPH l 

Lli 2.2 10.0 1�.� 21·2 28.0 

Gander 1.71 3.91 5.90 5.34 1.97 0.56 

Fredericton 5.57 7.58 5.68 2.97 0.55 0.09 

Ottawa 2.99 8.36 6.99 2.90 0.52 0.08 

\·Jinnipeg 1.65 5.02 6.33 4.1+3 1.89 0.54 

Saskatoon 1.74 5.03 6.66 4.50 1.67 0.44 

Calgary 3.25 5.83 6.33 3.41 1.51 0.1+7 

Edmonto n 1.59 3.51+ 6.12 5.51 1.84 0.62 

Vancouver 5.88 9.30 6.02 1.62 0.30 0.07 

Prince George 9.57 6.78 4.60 2.17 0.40 0.10 

* Within ! 0.5 MPH of center of class 

** Average Velocity for one hour. 

( IN PErlCENT) * 

ANENOMETER. 
HEIGHT (FT) 

35.0 �·2 

0.14 0.02 61 

0.01 59 

0.01 64 

0.10 0.01 77 

0.05 57 

0.10 0.02 60 

0.16 0.02 60 

0.01 64 

0.01 54 

MAXIMUM 
VELOCITY ** 

(MPH) 

65 

43 

54 

54 

52 

56 

50 

55 

41 
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Fig. 2 Percentage distributions of wind speed and direction for RattZing 
Brook and Gander Airport. 
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Fig. J Percentage distributions of wind speed and direction for Fredericton 
and Fredericton Airport . 
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Pig. 4 Percentage distributions of �nd speed and direction for Petawawa 
and Ottawa Airport . 
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Percentage distributions of wind speed and direction for WhitesheZZ 
and Winnipeg Airport . 
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Fig. 6 Peraentage distributions of wind speed and direation for 
Bittern Creek and Saskatoon Airport . 
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Fig . 7 
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Fig. 8 Percentage distributions of wind speed and direction for Whitecourt 
and Edmonton Airport. 
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Fig. 9 Peraentage distributions of wind speed and direation for 
Lake Cowiahan and Vanaouvpr Airport. 
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Fig. 10 Pe�centage di8t�ibution8 of wind speed and di�ection fo� 
100 MiZe House and P�ince Geo�ge Ai�po�t. 
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( 3 )  

where: 
.
ah = adjus tment due t o  height d i f fe rence (m. p . h . ) 

ui = wind speed at center point ·of c lass i (m. p . h . )  

I t  is pos s ib le that the use of a = 0 . 18 for neutral conditions 
rather than a = 0 . 14 for unstab le conditions might result in an error 
in the foregoing procedure , s ince the latter would be more applicable 
on a hot , clear summer afternoon . The fact that the vast majority of 
forestrY s tation observations were taken during the day tends to 
argue in favor o f  the latter value . However ,  the airport winds to 
which the adjus tment was appl ied , were measured 24 hours per day . In 
addition there are many days during the summer on which average or 
even s table conditions prevai l .  Furthermore , the greatest di fference 
in adjus tment which results by the use o f  a = 0 . 14 is less than 2% of 
the wind speed , or less than 0 . 2 m. p . h .  at the average speed . As the 
amount of adjus tment decreases the magnitude of this possible error 
also decreases . Therefore , thi s poss ible e rror is considered 
sufficiently sma l l  s o  that i t  will have a neg l igible e ffect on the 
final values . 

The adjustment o f  a i rport winds was an arbitrary decision .  It 
could have been applied to the fores try s tations equally as we l l  by 
computing the adjus tment as a percentage o f  the value at the height 
of the fores try anemometer and changing the s ign . However ,  i t  should 
be pointed out that it is very l ikely that the equa tion used is more 
appl icable to an open airport s i tuation than an opening in a fores t 
canopy. This lends some s upport to making the adjustments to the 
ai rport winds . 

The second d i f ference i n  s ampl ing technique is the fact that the 
airport averages are· for 2 4  hours every day . The fores try station 
wind speeds were spot observations taken at various times during the 
day . Therefore the airport averages may be considered an unbiassed 
s ample of the total population of winds. On the othe r hand , the 
forest ry s tation s ample is biassed in favour of daytime winds , when 
the speeds tend to be hi ghe r. 

To adjus t  the probabi lity dis tributions for the dif ference in 
s ampl ing technique , a separate s amp le was taken from published 
diurnal averages (Cudb ird , 1964)  for the period 1953 to 1 9 6 2 .  For 
Ottawa Airport diurnal averages were computed from the Monthly 
Meteorological Summary (Anon. 1 9 6 3- 6 8 )  for the period 1 9 6 3  to 1 9 68. 
Diurnal averages for Federicton and S askatoon ai rports were not 
immediately ava i l ab le. The s ampling dif ferences for these two 
airports were therefore adjusted by the average adjus tment for a l l  
other ai rports . The amount o f  adjustment was computed as: 
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(4) 

12 
B = � 

t=1 

where: B = amount of bias due to s amp ling procedure (m. p . h . ) 

(5) 

where: 

= average wind speed for 2 hour time inte rva l t 
(m . p . h . ) ,  and 

P = probability of an observation fal ling within 
t time interval t 

N 

= number of observations at the forestry station 
in time interval t 

= total number of observations at the forestry station . 

The final adjustment is the sum of the adjustments for 
anemometer height and s amp ling differences . Generally the 
adjustments tended to be se lf-cancel linq that is all the 
adjustments for anemomete r height were zero or negative , whe reas a l l  
of the adjustments for s amp ling differences were positive . The final 
range of adjustments to airport winds at the mid point of the speed 
range was -0.7 m . p . h .  to +0.5 m . p . h .  1\ 1 1  of the percentage 
adjustments and the final values in m . p . h .  at the mid point of the 
speed ranges are listed in Table 4. 

The adjustment was applied by multiplyinq the net adjustment 
shown in Table 4 times the wind speed at the mid point of e ach speed 
clas s  as follows: 

(6 )  

where: A
i 

= final adjusted wind speed in class i 

an = net adjustment (%) 

(m. p . h. )  

The areas under the curves resulting from the above procedure 
are no longer equal to 1.0 because the amount of adjustment is not 
constant . The adjustment ranges from zero at a wind speed of zero to 
maximums of - 2 . 1  mph and + 1.8 mph at a wind speed of 35 mph for 
Gander and Calgary airports respective ly . The respective areas under 
these two curves are approximate ly .92  and 1.04. To make the airport 
and forestry station curves directly comparable, the airport curves 
were readjusted to an area of 1.0 by dividinq the percentage of 
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TABIE NO. 4: 

ADJUSTHENT FOR 

AIRPOR T -\JIlfD SPEiW DISTRI3UTIOlIS 
, 

AIRPORT ANANOMETER SA1{PLING N.i::T 
HEIGHT DISTRIBUTION ADJUSTMENT 
l!l (% ) <!l (k!!:li) * 

Gander -.11 +.05 -.06 -.73 

Ottawa .00 +.03 +.03 +.28 

\Hnnipeg -.04 +.07 +.03 +.36 

Calgary -.04- +.09 +.05 +. 51 

Edmonton -. 12 +.08 -.04 -.38 

Vancouver -.06 +.08 +.02 +. 15 

Prince George -.08 +.15 +.07 +. 48 

Average +. 08 

Fredericton -. 11 +.08 -.03 -.26 

Saskatoon -.04 +.08 +.04 +.47 

* 
At the weighted average wind speed 
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observations falling within each class by the new area. The adjusted 
percentages of observations in each class for the airports are 
plotted as a function of the adjusted wind speed at the Mid point of 
each class in Figures 2 through 10. Since both curves have an area 
of 1.0 they are n

'ow directly comparable. 

B. Effedt of Wind Speed Differences on Fire Danger 

Before expending a great deal of effort to standardize wind 
measurements at a number of sites, it would be worthwhile knowing the 
effect that the differences in measurements have on t97 final fire 
danger rating. The "Canadian Forest Fire Weather Index"- was used 
for comparitive purposes rather than one of the presently eMployed 
systems such as the British Columbia Coast Tables, (Hactavish, 1965) 
because it is felt that the new system shows a more realistic 
response to wind speed changes. A full discussion of the method of 
determining the index value would be far too involved for inclusion 
in this paper. Briefly, values which could be expected on a typical 
summer day were assigned to all functions other than wind. A fine 
fuel moisture content of 10%, and a nUMerical value for duff moisture 
equivalent to approximately 16 days without rain were chosen. Choice 
of the particular fuel moisture values was purely artificial. It is 
thought that any set of values would produce the same relative 
differences as will be discussed subsequently. 

Using these, the value of the index was computed for the wind 
speed at the mid point of each "rind speed class. Since 
interpretation of the nUMerical values of the new "Canadian' Forest 
Fire Weather Index" will not be possible until after it has been 
tested in the field, the values were converted to equivalent ratings 
on the presently widely employed 0 to 16 scale, such as is found in 
the B.C. Coast tables. The present scale had to be extended beyond 
16, however, as the new index incorporates a somet'That greater range 
of weather extremes. It should be mentioned that since the 
relationships in the two systeMS are not identical this conversion is 
semi-artificial in terms of absolute values. Since this study is 
only considering relative differences and the Magnitude of such 
differences, this difficulty is not thought to reduce the validity of 
the conslusion which are drawn. 

The computed index values obtained by using the above mentioned 
fuel moisture values, and the wind speeds at the center point of each 
wind speed class (listed across the top of Tables 2 and 3) were 
multiplied by the percentage of winds observed at the centre point of 
each speed class for each station (listed in the main body of Tables 
2 and 3) . Plotting the results and connecting the points with a 
smooth curve yields the normalized distributions of fire danger 
indices which would be expected if a large nUMber of days with the 
above mentioned fuel moisture conditions occurred. The distributions 
are plotted in Figures 11 throuqh 19. In addition, the average index 
value (weighted by the percentage of observations i n  each 'vind speed 
class) was computed. Finally, the area under each curve to the riqht 

1./ Recently developed by the Fopestpy Bpanch of the Dept. o f  
Fishepies and Fopestpy; t o  b e  published on a tpi al basis in 1969. 

22 



Fig . 11 - 16 Distribution of fire weather indices of Forestry Stations and nearby Airports . 
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of index value 13 was determined . This area is equivalent to the 
percentage of days which would fall in the extreme class under the 
given fuel moisture conditions . The average index values and the 
percent of days in the extreme class are listed i n  Table 5. 

Table 5 - Average Index Value and Percent of Days i n  Extreme Class 

Forestry station 

Station 

Rattling Brook 
Fredericton 
Petawawa 
Whiteshe11 
Bittern Creek 
Kananaskis 
Whitecourt 
Lake Cowichan 
100 Mile House 

Average 
Index 

12.0 
12.6 
12.4 
12.7 
12.9 
12.9 
11.4 
11. 5 

11.5 

% Days 
In Extreme 

Class 
14 
22 
17 
22 
28 
18 

5 

3 
3 

Airports 

Airport 

Gander 
Fredericton 
Ottawa 
�Vinnipeg 
Saskatoon 
Calgary 
Edmonton 
Pri ce George 
Vancouver 

Average 
Index 

14.7 
13.2 
13.6 
14.5 
14.3 
14.0 
14.9 
14.0 
12.8 

% Days 
In Extreme 

Class 
74 
46 
52 
72 
7 0  
62 
52 
35 
33 

C. Relationship Between Reducti on in l'1ind Speed and Effective 
DIH Ratio 

The distribution of wind speeds sho\,ln in Figures 2 through 10 
are the averages for all di rections. Since none of the forestry 
stations have symmetri cally uni form exnosures, the change i n  wi nd 
speed should vary for each directi on where the DIH (distance to an 
obstruction divided by it's hei ght) ratio varies. Therefore, the 
d istribution of wind directi ons at the forestry: stations was 
computed. They are listed in Table 6 and portrayed graphical l y  in 
Figures 2 through 10. With this distribution it is possible to 
determine the average effective DIH (ER) rati o for each forestry 
station . Effective DIH rati o i s  defined as: 

n 

[Pi (D/H) iJ (7) ER = L i=l 
where: ER = Effective Dill ratio 

(D/H) i 
= DIH ratio in di rection i ,  and 

(8) Pi ni =-
N-C 

where : Pi 
= probabi l ity that wi nds will blm., from di rection i 
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TABL E NO. 6 

STATION 

Rattling Brook 

Fredericton 

N Petawawa 
0'1 

Whiteshe11 

Bittern Creek 

Kananaskis 

White court 

L ake Cowichan 

100-Mile House 

* Unclassified (Calm) 

PE RC ENT OF OBSE RVATIONS BY DIR EC T ION 

(FORESTRY STATIONS) 

D I R E  C T I O N  

UC * N NE E SE 

5 13 13 4 4 

3 25 4 9 6 

7 30 11 6 5 

1 18 15 8 10 

1 20 6 11 7 

8 12 11 11 9 

8 21 7 11 10 

15 8 14 19 5 

41 16 6 4 6 

S SW w NW 

7 22 25 12 

10 11 24 14 

17 7 10 10 

9 13 17 13 

23 9 18 11 

6 7 22 19 

8 5 9 25 

9 12 21 3 

11 7 5 7 



TABL E NO. 7 

PERCENT OF OBSERVATIONS BY DIRECTION 

(AIRPORT S) 

AIRPORT D I R E  C T I O N  

UC* N NE E SE S SW W NW 

Gander 2.6 9 .0 4.2 6.8 9 .4 13.9 24.0 19.2 11.0 

Fredericton 11. 7 5 .0 7 .6 4.9 4.1 20.6 20.8 13.3 12.1 

Ottawa 3.3 8 .8 6.5 9 .6 5 .1 12.1 20.6 18.4 15.6 

N Winnipeg 1.4 15.0 10.6 5.5 11.3 20.2 9.6 11.6 14.9 " 

Saskatoon 2.4 10.5 11.3 8.6 13.2 13.8 11.9 14.0 14.2 

Calgary 5.6 15.8 5 .6 6.0 11. 7 14.3 9.6 13.6 17 .7 

Edmonton 3.6 8.8 6.7 9 .8 11.1 9.6 13.2 19.5 17 .8 

V ancouver 8.5 2.2 8 .2 25.8 14.5 7 .8 7 .7 16.0 9.2 

Prince George 8 .2 16.7 4.5 1.9 6.0 35.7 9.7 9.0 8 .2 

* Unclassified (Calm) 



ni 
= number of observations in d�rection i 

N = total number of observations 

C = number of calm observations 

Note that ER is not simply the average ratio for 
but rather an average which has been weighted by the 
wind directions. N-C is used in equation (8) because 
no corresponding direction� therefore the percentage 
must be subtracted from the total. 

the clearing, 
distribution of 
calm winds have 
of calm winds 

Sketch maps for each of the stations were drawn from 
photographs. The distance to obstructions and obstruction heights 
were estimated in eight directions from the photographs. The ER for 
each station was then computed using equation (7) . 

As an aid in determining whether or not there are any wind 
shifts at the forestry stations caused by obstructions or local 
topography, the distribution of directions at each of the airports 
was also determined. Data were obtained froM the Hourly Data Summary 
(Anon. 1967- 1968) published by the Department of Transnort for each 
airport. The distributions are listed in Table 7 and are plotted in 
Figures 2 through 10. 

Using the ratios for each speed class, the average wind ratio 
between the two stations was determined. Knowing the area under the 
curve for each range of forestry winds, the wind speed range on the 
airport wind curve which had the same area as the forestry wind curve 
was determined. Dy dividing the mid-point of each forestry station 
range by the mid-point of the airport ranqe, a ratio was deternined 
for each range of forestry station winds. These values are listed in 
Table 8. Finally, by multiplyinq the ratio in each range by the 
percentage of winds which fall in the range, an average wind speed 
ratio for the stations was obtained. These ratios are listed in 
Table 8. 

RESULTS 

A. \'lind Speed and Direction Analysis 

Visual examination of the wind speed curves in Figures 2 throu�h 
10 indicate that in all cases the forestry station wind sneed 
distributions peak at a considerably lower speed than the airports. 
Three of the forestry stations have a peak distribution at between 4 
and 5 m.p.h. All other forestry stations have the greatest percent of 
observations in the calm class. (0-3.5 m.n.h. ) In contrast, all 
airports but" Prince Georae have peak distributions at between 
approximately 5 and 12 m.p.h. The peak for Prince George is in the 
Calm Class. In addition to all forestry stations having a oeak in 
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the distribution at a lower wind speed (or both occuring in the calm 
class in the case of Prince George and 100 Mile House), the forestry 
stations all have a considerable higher percentage of winds in the 
lower speed classes. In other \'lords, the bulk of the observations at 
the forestry stations are at speeds lower than 10 m.p.h. In 
contrast, the majority of observations at the airports generally lie 
between 5 and 15-20 m.p.h. Finally, the range in wind speeds is 
considerably less at the forestry stations. The unper limit of wind 
speeds at the forestry stations ranges from 12 to 22 m.p.7 � ' while 
the upper limit at the airports range from 28 to 40+ m.n.h.� 

Visual examination of the distributions of wind directions 
indicates that there are shifts in direction at all forestry stations 
relative to the adjacent airport:s. The amount of shifting varies 
between stations. In the case of some stations, such as Rattling 
Brook, the shift would probably not be sufficient to greatly affect 
normal dc..y-to-day operations in ,.,hich wind directions "Tere required. 
On the other hand, the direction differences at Peta,.,awa indicate a 
fairly strong channelling in the north-south direction. In the case 
of 100-Mile House, either there is a blockage of wind from the south 
(which appears likely due to t:he very high percentage ( 41%) of calm 

winds), or strong channelling at Prince George airport. In both of 
the latter examples, and in many other stations in the study, 
anomalies such as these should be considered prior to using the wind 
direction observations. 

The ,dnd speed ratios (lelf/Ha) listed in Table 8 have a range of 
.26 to .66. Furthermore, at seven of the nine stations, the ratio 
increases with increasing wind speed throughout the entire range. 
For these stations the increases range from .05 to .20. With resnect 
to the other two stations, the ratio at Fredericton renains fairly 
uniform throughout the range, and the ratio at Dittern Creek 
increases up to the 7-9 mph class, and then remains fairly constant. 

The average ratio for all stations in each \.,ind sneed class was 
computed up to the 10-12 mph class. In addition, the average for 
four stations which had values up to the 16-18 mph class were also 
computed. These average ratios are listed in Table 7 and nlotted in 
Figure 20. In Figure 20, it can be seen that hoth averages increase 
as a linear function of wind speed. The slope of hoth lines is .i75. 
For comparison, values obtained by Dates (19l1)!/ working with a 
dense Hhite pine belt, are also plotted in Figure 20. For decidious 
shelter belts, and belts which are narrow and/or fairly permeable, 
the evidence is highly variable. It ranges from an increasing ra,tio 
with increasing wind speed (van Eimern, 1956, 1957) through little or 
no change (Loerch, 1959 and Woodruff, 1954) to a reduction in the 
ratio with increasing wind speed (Dates, 1911). 

As a result of this variability van Eimern (1964) concludes that 
the major effect of wind speed on the effectiveness of a shelterbelt 
is through its influence on the degree of permeability of the helt 
rather than an immediate effect on the percentage of reduction in 
wind speed. In other words a thin open belt acts more like a 

2/ 

£./ 

Wind speeds cQnsiderably highe r than these values have been 
observed in many instances. They form an insignificant 
percentage of the total distr ibution however. 
See Kitteredge (l948) 
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TABm NO. 8 

RATIO OF FOR.ESTRY S'l'ArnOl-: WINDS 

TO AIRPORT WINDS 

SThTIOH RANGE �FORESTRY STATIONl 

0-3 4-6 7-9 10-12 13-15 16-18 Wf/Wa 

Rattling Brook .33 . 38 . )+2 • '.J.4 .44 .37 

Fredericton * .66 .67 .66 .66 .68 .70 .66 

Petawawa * .45 .51 .58 .62 .64 . 65 .51 

'dhi te she 11 * .4-0 .42 .43 .44 .1�6 .'-\-9 .42 

Bittern Creek .�-5 .1�7 .49 .48 .48 .47 

Kananaskis * .39 .43 .)-\-6 .48 .51 .56 .43 

\'ihi te c our t .25 . 28 .29 .30 .26 

Lake Cowichan .36 .39 .41 .42 .37 

100-Mi1e House .37 .38 .41 .43 .38 

Average (all) .41 .!-\-3 .46 .'-\-7 

Average 
( 

*) .47 .51 .53 .55 .57 .60 
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Fig. 20 Ratio of wind speed in a forest opeining to open wind speed as 
a function of wind speed in the opening • 
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permeable one in a stronq \'Tind, and like a dense one in n lirrht wind. 

On the other hand a stand of trees would have to be considered 
as a dense belt reqardless of the open wind speed. It follo,,",s 
therefore from the discussion of the difference in wind speed 
reduction between a stand of trees and a shelter belt that as wind 
speed increases, the pressure difference between the top edge and 
l�wer portions of the lee side of a stand will be greater. 
Therefore

'
, the turbulence will also increase, and the momentuM of the 

upper ''''ind will be transferred to the ground more quickly. 

The above discussion is supported by the data used in the 
present study and by that of Bates ( 1 9 1 1) . It is therefore concluded 
that the reduction in wind speed at the lee edge of a dense stand is 
partially influenced by the absolute value of the wind speed. As 
wind speed increases the percent reduction becomes less, or in other 
words the ratio of the wind speed at the forestry station relative to 
that at the airport becomes greater. The total extent of the 
influence does not appear to exceed 25 percent of the percentage of 
the reduction. It should be pointed out hmlever that since this 
study is a comparison of wind speed distributions rather than 
simultaneous pairs of observations, the above conclusion should be 
considered tentative pending a more thorough investigation. 

B. Effect of Nind Speed Differences on Fire Danger 

It is readily apparent from a visual examination of the curves 
in Figures 1 1  through 19 that the distribution of fire 'dangers 
obtained at the forestry stations are all significantly different 
from those obtained at the corresponding airports. In fact there are 
only two 'cases (Bittern Creek and 100-Mile House) where the pair of 
curves are of a somewhat similar shape. Curves for the forestry 
stations all have a relatively narrow range of indices (from a 
minimum of 4 index units to a maximum of 7 . 5 units) . The 
distrib

1
utions all have a very pronounced peak at an index value of 

10. 4,L with the exception of Bittern Creek, where it is about one 
and a half units to the right. On the other hand curves for the 
airports have a much broader range of indices (from a minimum of 10 
units to a maximum of 15 units) , and generally have a more gradual 
trail- off in the upper end of the range. While the peak of the 
distributions is also fairly pronounced for the airport curves, it is 
at 1 0. 4 in only one case (IOO-Mile House) . In all other cases it 
ranges from a minimum of 2 to a maximum of 4 units to the righ� of 
10. 4. 

The relative contrasts discussed above are more important than 
the actual values mentioned. If other values of fuel moisture had 
been chosen, the fire danger at zero wind speed would have shifted to 
the right or left of 10. 4, depending on whether the fuel moisture was 
respectively 'lower or higher that the values used. The curves vvould 
have shifted a corresponding amount. For higher moisture contents, 
the ranges would be reduced because the effects of both wind speed 

y 
, 

10. 4 is the index vaZue at a wind speed of Zero m. p. h. for the 
given fueZ moisture aonditions. 
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and fuel moisture are exponenti al. Since the areas under the curves 
are equal to 1 . 0, the percentage of observation of each index number 
would i ncrease proportionally to the reduction i n  range . It should 
be pointed out hqwever that the percentage change would be the same 
for both curves and that the relative diffe rences between them would 
be unaffected . Si milarly for lower, moisture contents, the ranges 
would be i ncrease, the percent of observation at the various i ndex 
values would decrease, but the relative differences would not be 
affected . 

The level of presuppression activities normally i ncreases i n  
discrete steps a s  fire danger rises from one class t o  another (for 
examp le ;  from moderate to high) . For this reason a difference i n  
i ndex value i s  normally considered significant only i f  the blO values 
concerned lie within different fire danger classes. Therefore, for 
the purpose of this paper any difference in fi re d anger due to wind 
speeds which does not cause the two i ndex values to fall within 
different classes, will not be considered sufficient to warrant the 
additional complication of ad j ustment of wind speed measurements . 

As d iscussed previously, relative differences i n  i ndex class are 
more important than actual values. This i s  important because the 
class · boundaries for the new system will probably not be the same as 
for present systems. The p resent system has a total range of 16 
units, with four classes, each with a width of 4 units. Since the 
new system i ncorporates greater extremes of weather the total 
equivalent range is approximate ly 2 8  units. If four classes are 
defined i n  the new system, the average class ,.,idth "rill be seven 
uni ts. Note that this is the average class 'vidth - it is e nti rely 
possible that the actual class widths wi ll not be uniform . Since the 
maximum range of i ndex units for the forestry stati ons is 7 . 5  units, 
it is pos·sible that the maj ority of the i ndicies wi ll lie entirely 
within a single class, i f  certain values of fuel moisture were 
chosen. This is further supported by the fact that the range o.f 
i ndex values would be less at higher moisture contents. The ai rport 
distributions, on the other hand, with ranges of from 10 to 1 5  units 
will almost certainly have to fall ",i thin at least 2 classes, 
regardless of the class boundari es, or the fuel moisture values 
chosen. Therefore, although speci fic va lues are compared in the 
following discussi on, i t  should be remembered that the relative 
differences would be the same, regardless of what class boundaries of 
fuel moisture values are compared. 

Looking at the average i ndex values presented in Table 8 ,  ,and 
using the present lower boundary of 1 3  for the extreme class, it can 
be seen that all of the forestry stati ons lie in the high class, 
whereas all but one. of the airports are i n  the extreme · class (before 
the values are rounded off to the nearest ,.,hole number) . It can also 
be seen hmvever that the di fference bet'veen the averages is quite 
small (from 0 . 6 to 3 . 5  units) , and if the lower boundary of the 
extreme class· were shifted one or tvm units i n  either di recti on, most 
of the average values would then fall \<1i thin the same class. 
Therefore , the class withi n which the average va lues li e is hi ghly 
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dependant on the specific location qf the lower boundary for the 
extreme class . This might e asily lead to the argument that the 
difference in final index values does not appear to be significant . 
A more det ailed �xamination of the distributions , however ,  positive ly 
demonstrates the significance of the difference . 

Due to the greater range of index values for airports , a l l  of 
the airports have a considerably higher �ercentage

l
qf observations in 

the extreme c lass than the forestry stations . -i From the values 
presented in Table 5, it can be seen that the airports have from 2 to 
10 times as many days in the extreme class as the forestry stationS , 
despite the fact that both stations are theoretically attempting to 
measure the same fire danger .  

The difference in expenditures fbr the same preparedness plan 
applied to both s tations would therefore be from 2 to 10 times the 
difference between daily presuppression expenditures in the extreme 
c lass and the high class times the nUmber of days on which the 
particular fuel moisture conditions occurred . 

Furthermore , looking at the forestry stations only , it c an be 
seen that Bittern Creek has nearly 10 times as many days in the 
extreme class a s  Lake Cowichan or 100 Mile House. Similar ly , 
examination of the airport data shows that Gander and Winnipeg have 
more. than twice as many day s  in the extreme clas s  than Prince George 
or Vancouver. Therefore not only is there a considerable difference 
between forestry stations and airports ; there is also a considerable 
difference between individua l stations within the two types . 

Therefore , based on the magnitude of the difference of fire 
danger indices between forestry stations and airports , it is 
concluded that it wil l  be neces sary to standardize wind speed 
measurements at a l l  stations which wil l  be used to record 
meteorological observations for fire danger rating purposes . Without 
standard measurements the potential errors in the index value wi l l  
s·erious ly impair th� reliability of the system . 

C .  Rel ationship Between Wind Speed Reduction and Effective DIH 
Ratio . 

An attempt to relate the wind speed ratio to the ER proved to be 
unsuccessful . Theory sugge sts that as ER increases the ratio should 
also increas e .  The data were highly scattered , and exhibited no 
significant tendency to either increase or decrease . An attempt 'was 
made to adjust the ER for proximity to obstacles on the downwind side 
of the anemometer ,  based on observations made by Naege li (1953 ) .  
There appears to be s light improvement but the scatter remains too 
great to enab le any conc lusions to be dratYn from the data . 

In retrospect , it is not surprising that such difficulties 
should occur . On ly two of the many factors mentioned in the 
discus sion were considered in the present study. In addition , the re 

1/ 
, 

T he pe r ce nt o f  o b8 e rva t io n8 in t he e x treme c l a 8 8 e 8  i8 g iv e n by 
t he area u nde r t he re s pe c t iv e  cur v e 8  to the r ig ht o f  i n dex 
v a l u e ,  l 3 .  

3 4  



are a number of additional possible sources of error related to the 
method by which the study was carried out, which are listed below : 

1 .  As the , D/II ratio becomes small (2 or less) the relati onshi p 
between the hei ght of the anemometer and the height of the 
obstruction undoubtly becomes important. Por example ; when 
the anemometer is adj acent to an obstruction, the effective 
anemometer height may be the height above the obstruction , 
rather than the height above the ground . 

2 .  The distance between the airports and forestry stations was 
as great as 1 00 mi les in certain cases . It is probable 
that some changes i n  velocity and direction occurred over 
such a great distance. 

3 . The airports themselves have a considerable difference in 
wind speed distributi ons . Although they generally have good 
exposures, a prelimin,� i nvestigati on of airports within 
an area 300 x 400 mi les-u shmved that neighboring a i rports 
can have variati ons in velocity distributions of 10 to 20 
percent, and i n  some cases even more . 

4'. Experimental error i n  the form of : 

a) Incorrect measurements of one of the following taken 
from the photographs : 

1 .  Anemomter height 

2 .  Height of obstructions 

3 .  Di stance to obstructions 

4 .  Orientation of the obstructions Hith respect to the 
anemometer. 

b )  Changes i n  anemometer locati ons , or the l ocation of 
adj acent obstruction during the peri od when measurements 
were being taken are known to have occured at certain 
airports and forestry stati ons . 

c) Changes in i nstrumentation are knmvn to have taken 
place during the period of observation at certai n  
airports and forestry stations. 

d) The i nclusion of wind observations from other than 
the forestry station in the data . One station \-las 
rej ected for this reason . The possibility remains 
that during peri ods \vhen the anemometer was 
i noperati ve , this might h ave occurred elsewhere. 

!I Wind analys is of Mar it ime Stat ions be ing conducted by the Forest 
Fire Research Inst itute . 
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CONCLUSIONS 

From the previous d i s cussion it can be seen that there are a 
great number of f actors which affect wind speed measurements at 
forestry stations .  The influence of these factors c auses 
considerab le d i f ferences in wind speeds and directions observed at 
forestry stat ions and airports . The di fference in wind speed 
distributions , in turn , cause a cons iderable d i f ference in the 
distribution of danger i ndices , whi ch would be calculated at various 
stations . The diffe rences are of sufficient magnitude to necess itate 
a procedure for the standardi zation o f  wind measurements taken for 
the purpose of forest fire danger rating. 

Due to the conclus ions mentioned above , the initial version of 
the new index has been designed for a forestry station whi ch has a 
maximum absolute wind speed of 2 5  m .p . h .  I t  i s  thought that this 
value wi l l  apply to

' 
a large number of forestry stati ons . Further 

research is currently in progress to dete rmine a siMp le yet reliable 
method of standardi zing wind speed measurements at stations which 
have a' total r ange which i s  e ither greate r or less than 25 m. p . h .  by 
a sign i f icant amount . A brief discussion of possible alternate 
approaches would be in order at this time . 

' The results of the analysis presented in thi s  paper suggest that 
it wi l l  be very difficult to determine a general theory for the 
behaviour of wind in the vicinity of an irregular forest opening , 
especial ly i f  buildings are located within the opening . The results 
further suggest that such a general theory would be very complex . 
Indeed , a theoretical approach may not be practical in that 
application of s uch a comp lex procedure on a operational bas i s  would 
be very d ifficu lt .  

Perh aps a more appropriate method would be to continue locatinq 
anemometers wherever practical considerations warrant . Then , after a 
year or blO of data have been accumu lated , the forestry station might 
be compared with a nearby airport , and a seperate wind speed r�tio 
determined for each d i rect ion . This would , in e f fect ,  be a method of 
" calibrating" each station individually. For day-to-day operations 
this s imple " calibration" procedure would , in a l l  probabi lity , prove 
to be far more convenient than a theoretical approach . Once it is 
complete , one would only have to check an observation again�t a 
s imple tab le to determine the adjusted value . The " calibration " 
approach was undertaken concurrently with the present study . The 
results indicate that it may be promising . It is discussed in detai l 
in a separate paper . 
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SUMMARY 

This paper presents a comparis on of wind speed and direction 
dis tributions as measured at forestry s tati ons and airports across 
Canada .  _ 'fhe dis tributi on of wi nd s peeds and directions were 
determined for each s tation and airport . Both curves were normali zed 
to an area of 1 . 0 .  The airport curVes \'1ere then adj us ted for 
differences in anemometer height and s ampli ng procedure. Us ing the 
area under the curve for each range of forestry wi nd s peeds , the 
ranges of airport wind speeds ''1hich had the same area were 
determined . The rati o between the two was then computed . The 
average fores try s tation to airport wi nd speed ratio varied between 
. 2 6 and . 6 6 .  The ratio i ncreas ed as wind s peed i ncreased i n  s even of 
the nine s tations cons idered . There was a s ignificant s hift i n  wind 
direction at s everal of the fores try s tati ons relative to the 
airports . The effect of differences i n  wi nd s peed dis tribut ions on 
fire danger was i nves tigated . I t  was s hown that the differences are 
sufficient to place the i ndex at an airport in the extreme class on 
from 2 to 10 ti mes as many occas ions as at the forestry s tation. 
Further , it was shown that there ,,,ould be a s igni ficant relative 

.difference bet\'1een the two types of s i tes regardles s of the 
particular class boundaries or fuel mois ture values chosen . I t  was 
concluded that s ome procedure for standard i z i ng \'1ind s peed 
measurements will have to be developed to compensate for the 
cons iderable differences which occur bebleen various types of 
exposures . Presently , the system i s  desi gned for an exposure wi th a 
maximu m  wind s peed range of 25 m . p. h . , i n  the hope that this will 
applicable to a large maj ori ty of s tations . 

With respect to expos ures which have a s igni fi cantly greater or 
smaller range than 2 5  m . p . h . , i t  was not pos s i bl e  to correlate the 
wind s peed ratios with the effecti ve D/H ratio. This is probably due 
to the fact that s everal factors vlhich affe ct ,'lind speed were not 
included in the pres ent s tudy. It is concluded there fore that a 
theoretical relati onship whi ch cons ide rs all of the factors i nvolved 
would be of dubious practi cal value be caus e o f  the d i f ficulty of 
application to an operational sys tem , due to its complexi ty.. A 
s imple calibration procedure for each s tation appears to have greater 
meri t .  
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