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TKE EFFECT OF DEGREE OF SLOPE ON FUEL MOISTURE 

AND RELATED PARArnTERS 

Vari.ations of themacro-climateare induced by the exposure of 

individual  land surfaces within any c l imat ic  regime, The exposure of a 

land surface m a y  be described by the measurement of two angles, The 

hor izontal  angle, termed aspect ,  describes the downslope di rect ion of the 

surface;  the v e r t i c a l  angle, termed slope,  describes the inc l ina t ion  of 

the  surface,  I n  nearly a l l  cases, the  former exer ts  by f a r  the  g rea te r  

influence on the  macro-climate, 

Large differences of insola t ion,  temperature and humidity 

a t t r i bu t ab l e  t o  aspect have been measured i n  various pa r t s  of the world, 

I n  a r i d  areas the e f f ec t  of aspect i s  s t r i k ing ly  portrayed by the contras t  

i n  vegetation on north and south aspects,  Modifications of the macro- 

climate by aspect can be a t t r ibu ted  generally t o  a combination of duration 

and angle of exposure t o  insola t ion,  

The l e s s  pronounced e f f ec t  of slope on the macro-climate is 

a l so  l a rge ly  a function of the angle of exposure, Mechanical e f f ec t s  of 

increased a i r  and water movement on s teeper  slopes a r e  l e s s e r  causes of 

c l imat ic  modification, From the  view of f i r e  behaviour, both are important 

i n  a f fec t ing  the drying regime of f u e l s  and i n  wild f i r e  behaviour, 

A study was conducted t o  determine i f  the presumed e f fec t s  of 

slope on fuel  moisture m d  re la ted  parameters a re  s ign i f ican t  fac to rs  i n  

f i r e  behaviour prediction and i n  the locat ion of f i r e  weather recording 



and research s t a t i ons ,  

Location 

During the summer of 1961 f i e l d  work was conducted approximately 

1 2  miles northeast  of Kamloops near Paul Lake a t  a l a t i t u d e  of 50' 459 N 

a d  a longitude of 120' 12O W e  The study area was located a t  an a l t i t u d e  

of approximately 2200 f e e t  i n  the t r ans i t i on  zone between the  grassland 

and montane vegetational zones ( ~ i g ,  l ) ,  

Ground Cover 

A l l  of the s t a t i o n  s i t e s  were located on open range varying from 

very poor on the  s teeper  slopes t o  f a i r  on the more gent le  slopes, Species 

composition of the grasses is  predominantly cheat grass ,  Bromus spp,, and 

other  annual grasses and forbs with sca t te red  bunch grass, ligropyron sppo 

remnants, The s o i l s  of the  area  a re  gravelly loams of g l ac i a l  or igin ,  

The climate of the area  is  c l a s s i ca l l y  dry continental ,  tempera- 

t u r e  extremes being common throughout the  year,  Nean annual p rec ip i ta t ion  

at Kamloops i s  1 0 ~ 1 6  inches. Approximately 30 per  cent of the t o t a l  annual 

p rec ip i ta t ion  occurs during the months of June, July and August, as  local-  

ized thunderstorms, 

To t e s t  the hypothesis t ha t  degree of slope influences the r a t e  

0% dqying of f i ne  fo r e s t  fue l s ,  f i v e  slopes having a common aspect and 

e levat ion and a l eve l  a rea  were instrumented, A l l  s t a t i ons ,  including the 

l eve l  s t a t i on ,  were located a t  an elevation of about 2200 f e e t  m o s o l o  The 



slopes were generally of a southwesterly aspect having a t o t a l  va r i a t i on  

of 15 degrees, The stereogram i n  Fig, 1 shows the  locat ion of the s t a t i o n s  

which were located on slopes of 0 ,  14, 25, 38, 51 and 62 per cent ,  The 

numbers beside each c i r c l e  i n  Fig, 1 indicate  the  steepness i n  

per  cent of each of the slopes. A 1 1  fu tu re  reference t o  individual  s t a t i o n s  

i n  t h i s  repor t  w i l l  use t h e i r  per  cent steepness a s  designations, 

The p ro f i l e  drawings of the slopes shown i n  Fig, 2 a re  included 

t o  show the  loca l  topography of each s t a t i on ,  The aspect of each slope is 

shown t o  the r igh t  of the f igure ,  

I n s t m e n t a t i o n  and Measurements 

Daily measurements of the moisture content o f  half-inch f u e l  s t i c k s  

and match s p l i n t s  at ground leve l  and at 12 inches above ground, top layer  

s o i l  moisture, temperature and humidity at the four  foot  l eve l  and humidity 

at the 12 inch l eve l  were made at l e a s t  once a day a t  each of the  slope 

s t a t i ons ,  A s  S ta t ion  62 w a s  about three-quarters of a mile d i s t an t  from 

the  other  s t a t i ons ,  a r a i n  gauge was i n s t a l l e d  at  t h i s  s t a t i o n  as well as 

a t  the base s t a t i o n  ( see  Fig, l), Table I summarizes the  measurements and 

instrumentation a t  each s t a t i on ,  

Standard B, C, Forest Service Douglas f i r  f u e l  moisture ind ica tor  

s t i c k s  were used as a parameter of f ue l  moisture a t  the ground surface and 

a t  12 inches above ground, The s t i c k s  were supported by wire racks, the  

long ax i s  p a r a l l e l  t o  the contour and the  short  ax i s  p a r a l l e l  t o  the slope,  

Baskets of *-inch mesh, galvanized screen measuring 12 x 12 x 2 inches, 

l i ned  with 1/16-inch nylon screen were used as  containers f o r  400 grmis 

( O ~ D ,  weight) of match s p l i n t s  which were used as a parameter of f i n e  fue l  



fig. 1. Stereogram of study area showing station location. 

North is  towards the top of the page. 



Fig. 2. P r o f i l e s  of s lopes  on which s t a t i o n s  were loca ted .  The a spec t  of 
each s lope  i s  shown t o  the  r ig l l t  of each p r o f i l e .  



T B L E  I, Summary of S ta t ion  Measurements and Instrumentation, The Per  Cent 

Slope on Which the Sta t ion is  Located i s  Used t o  Designate t he  

Sta t ion,  

Measurement 
S ta t ion  

0 14 25 38 51 62 

Continuous 10f  wind ( 1  mile 
recording) 

Continuous sunshine duration 

Daily p rec ip i ta t ion  

Continuous 4~ r e l a t i ve  humidity 

Daily 40 r e l a t i v e  humidity 

Daily 12" r e l a t i v e  humidity 

Continuous 41 temperature 

Daily k t  temperature (dry bulb) 

Daily 1 temperature (dry  bulb) 

Daily 12" $" fue l  moisture 

Daily surface  *N f u e l  moisture 

Daily 1 2f1 f i n e  f u e l  moisture 

Daily surface f i n e  fuel  moisture 

Daily top 2" s o i l  moisture 

Anemovane 

Stokes Campbell recorder x  

Rain gauge x x 

Hygrograph and s h e l t e r  x  x 5 x  x x  

Psychron x x x x x x  

Psychron x x x x x x  

* x x x  Thermograph and s h e l t e r  x x - 
Psychron x x x x x x  

Psy chxon x x x x x x  

BoCoFoSo ind ica tor  s t i c k s  x x  x  x x x  

BoCIFoSo i n d i c a t o r s t i c k s x  x  x  x  x  x 

Matoh s p l i n t s ,  400 gr. 

Match s p l i n t s ,  400 gro  

Oven drying 

X X X X X X  

x x x x x x  

x x x x x x  

.K - Due t o  a shortage of instruments a hygrothermograph was not located at 

Sta t ion  25, 



moisture content, The baskets were supported i n  the same manner and at 

t he  same posi t ions  a s  were the s t i cks ,  The e f f ec t  of wind during weighing 

w a s  minimized by the construction of she l t e r s  a t  each s ta t ion ,  To eliminate 

poss ible  var ia t ions  i n  ground cover a 1-inch bed of pine needles was d i s t r i -  

buted under each fue l  sample, 

Top l e v e l  s o i l  moisture content was determined by removing a 

sample from the upper two inches f o r  a var iable  period following each r a in ,  

So i l  moisture sampling was discontinued when the  dai ly  l o s s  was l e s s  than 

two per cent  a t  the 0 S ta t ion ,  Samples were removed from a designated p lo t  

l a rge  enough t o  accommodate the seasonqs reading without encroaching on 

previous sarnple locations,  So i l  sample t i n s  were used f o r  t ranspor t ing 

and processing the s o i l  samples, So i l  samples were dr ied f o r  a twenty-four 

hour period a t  101 degrees Centigrade, A l l  weights were determined with a 

t r i p l e  beam balance, 

Temperature and humidity were recorded a t  a height of four f e e t ,  

normal t o  the  slope,  using hygrothermographs i n s t a l l e d  i n  single-louvre, 

fabr icated,  plywood she l te r s ,  A shortage of hygrothemographs prohibited 

the  use of this instrument a t  S ta t ion  25, Only noon, maximum and minimum 

temperatures a re  used i n  the m a l y s i s ,  Relative humidity a t  the four-foot 

l eve l  outs ide  the she l t e r  and at the  12-inch l eve l  was a l so  measured with 

a psychron at the time of the s t a t i o n  check, 'Phe pro jec t  plan s t a t e d  t h a t  

maximum and minimum thermometers would be placed at ground l eve l ;  however, 

the  instruments did not a r r i ve  i n  time f o r  t h e i r  use, 

The instrumentation a t  the  Zero S ta t ion  was similar t o  tha t  of the 

slope s t a t i o n s  with the addi t ional  measurement of wind d i rec t ion  and veloci ty  



a t  a height of t en  f e e t ,  duration of b r igh t  sun, and precipi ta t ion,  

Wind d i rec t ion  and speed was measured using the  ~/ieteorological  

Service Type B recording menovane, Duration of bright  sunlight  was re -  

corded by a Campbell Stokes sunshine recorder and prec ip i ta t ion  was 

measured using the  standard meteorological r a in  gauge, 

Measurements were made at each s t a t i on  a t  l e a s t  once a day 

commencing near the f i r s t  of July and ending near the f i r s t  of Septembero 

The time of the da i ly  s t a t i o n  check varied but most of the readings were 

made between 1400 and 1600 POSOT, Occasionally both morning and afternoon 

s t a t i o n  checks were made on the same day, Figure 3 shows the  mean time 

of the s t a t i o n  check as well as  t he  occurrence of sunny periods, To 

minimize the  time e r ro r ,  an e f f o r t  was made t o  a l t e rna t e  the order of s t a t i o n  

checks each d ~ ,  

Analysis of Data 

Because of the small di f ferences  a t t r i bu t ab l e  t o  slope measured 

during t h i s  study and the large  number of variables involved, i t  was f e l t  

t h a t  de t a i l ed  s t a t i s t i c a l  analys is  involving computer time w a s  not j u s t i f i ed ,  

Tables o r  graphs are  presented of the  following parameters by c l a s s  

of days as defined i n  the  following paragraph: 

(1) Minimum temperatures 

( 2) Noon temperatures 

(3) Maximum temperatures 

(4) Half-inch indicator  s t i c k s  at ground l eve l  a d  at 12" 

(5) Matoh s p l i n t s  a t  ground l eve l  and a t  12" 

( 6 )  S o i l  moisture 



Figure 3. -- Occurrence of sunny and clolldy pe r iods  between 0700 and 
1800 P a c i f i c  Standard Time from July 6th  t o  September lR th ,  
1962. The l i n e d  a r e a s  r ep re sen t  per iods  of c loud  cover. 
The dots  show t h e  mean t ime of t h e  d a i l y  s t a t i o n  check. 



Seasonal comparisons of the  ve r t i c a l  d i f f e r e n t i a l s  i n  r e l a t i v e  humidity and 

t he  morning and afternoon d i f f e r e n t i a l s  of f ue l  a d  s o i l  moisture were a l s o  

made , 

Two methods of c lass i fying the type of day were used, I n  the 

comparison of da i ly  s t a t i o n  temperature recorded by the hygrothermograph, 

three  c l a s se s  of days are  used dependent on the t o t a l  number of hours of 

b r igh t  sunshine, Class I days a r e  those on which were recorded m ~ x g  
- A d d i m  

9 hours of br ight  sunl ight ;  Class 11 days a re  those with 6-9 hours; and 

Class 111 days were days with l e s s  than 6 hours of recorded br ight  sunl ight ,  

Total da i l y  amounts of b r igh t  sunlight  a r e  p lo t ted  on Fig, 4, It shows 

t h a t  there  w a s  a d i s t i n c t  tendency f o r  the  days t o  f a l l  i n t o  the three 

se lec led  c lasses ,  

The days were grouped d i f f e r en t l y  when comparing fue l  and s o i l  

moisture, These data were grouped by hours of b r igh t  sunlight  p r i o r  t o  t he  

mean time of the afternoon s t a t i o n  check; data  gathered during morning checks 

were not used, I n  t h i s  c l a s s i f i c a t i on  days on which more than 6 hours of 

br ight  sunl ight  were measured p r io r  t o  the s t a t i o n  check were olassed as 

c lea r ;  days with l e s s  than 6 hours of sun were classed a s  cloudy, and 

those on which more than one-tenth inch of r a i n  f e l l  within 24 hours p r i o r  

t o  the  s t a t i o n  check o r  t o  a maximum of three  days immediately following 

r a in s  on which the f u e l  moisture content of the 12" ind ica tor  s t i c k s  a t  

the  base s t a t i o n  decreased by more than one per cent  moisture content ,  were 

c lassed as dpying days, Again, a d i s t i n c t  break i n  the d i s t r i bu t i on  of 

c l ea r  and cloudy days occurred a t  the 6 hour point ,  

For the eomparison of hygrothemog-raph da ta  recorded on the various 





s lopes ,  a t o t a l  of 54 days was used, 27 of which were Class Ig 13 were Class 

11 and 14 were Class 111 days, The period of measurement commenced on 

July  19 and ended on September 10, 

The data  a re  presented i n  three histograms shown on Figures 5 t o  

7. They show minimum, m a x i m u m  and noon da i ly  temperatures recorded a t  the  

Zero S t a t i on  and a t  four of the slope s t a t i ons  f o r  three c lasses  of days, 

Hygrothermograph da t awere i~o t  avai lable  f o r  S ta t ion  25. Relative humidities 

were not used because of poor instrument adjustment and reaction,  

1Jean Minimal Temperatures 

The minimum da i ly  temperatures shown on Fig, 5 e lear ly  indicate  

that an undesirable topographic drainage e f f e c t  was taking place, S ta t ions  

0 and 14 were located on a small r idge which bisected the  general topography 

( see  Fig, 11, It seems l i k e l y  t ha t  the  r idge impeded the cold a i r  drainage 

u n t i l  the  ravine t o  the nor th  of the  r idge was f i l l e d ,  at which time i t  over- 

flowed the  r idge engulfing Sta t ions  O, 14, and 25 and thence down the slope 

t o  the va l ley  bottom, This i s  re f lec ted  i n  the histogran by abnormally 

lower minimum temperatures a t  Sta t ions  0 and 14, The trend l i n e  of minimum 

temperature depression due t o  slope ind ica tes  t h a t  a mean depression of 

approximately 5.5 degrees Fo was caused by the entpapped cold airo 

The data  a l so  indicate  t h a t  a s  the  steepness of the slope increases ,  

minimum temperatures decrease, A d i f ference of 2 degrees i n  mean minimum 

temperatures w a s  measured between S ta t ion  38 and 6 2  on nights  preceding 

Class I days, I f  the trend l i ne  is extended to  the Zero S ta t ion  ( t o  circum- 

vent the  complication of the cold a i r  drainage) a di f ference of 4 degrees F o  



IIIIII I  I I I m  1 I I m  I Ira 
Class O f  Day 

Figure 6 (upper graph) -- Yean noon ternperntnres  from 5 s t a t i o n s  
a c c o r d i n g  t o  c l a s s  of day. Compiled from a t o t ~ l  of 

54 days as fol lows:  27 c l a s s  I ,  13 c l a s s  I T ,  and 1 4  
c l a s s  111 days.  

Figure 5 ( ~ o w e r  graph)  -- Iv7e~n mini m u m  d a i l y  t e m p a r n t n r e s  
from 5 s t a t i o n s  a c c o r d i n g  t o  o l - n s s  of da;r. Compiled 
from t h e  s R m e  days ilsed i n  f ipure 6 .  



may be assumed within the  scope of t h i s  study. The temperature d i f f e r e n t i a l  

between slopes on nights  preceding Class 11 and 111 days i s  nearly the same, 

although a s l i g h t  increase i n  d i f f e r e n t i a l  as  t he  slope increases i s  ind i -  

cated. One would expect the opposite t o  what is  shown by the histogram 

i l l u s t r a t i n g  the re la t ionsh ip  of minimum temperatures on nights  preceding 

t he  th ree  c lasses  of days, The assumption i s  made that  dayrtime cloudiness 

may be associated with cloudiness on the preceding night and ea r ly  morning 

period. I f  t h i s  is  cor rec t ,  Class I1 and 111 day minimum temperatures would 

be expeoted t o  be higher than Class I day minimum temperatures, Cloudy 

nights  a r e  generally considered t o  be warmer than c l e w  nights due to  the  

in te rcep t ion  and r e f l ec t i on  by the cloud cover of radia ted heat  from the 

e , v t h c s  surface during the night, However, the minimum temperatures re- 

corded during t h i s  study appear t o  contradic t  t h i s  because a temperature 

decrease was noted with an increasing degree of cloudiness during the same 
r ' c. , 

day, This contradicti5ri iS'Z6re evident on the two s teepest  slopes,  1 0 5  

degrees F, as compared t o  ,5 degrees F, on the  th ree  more gradual slopeso 

These differences are  both within the  instrument e r r o r  although the  constancy 

i n  d i rec t ion  of the di f ference substant ia tes  t h e i r  true existence. 

An attempt was made t o  explain the  differences in  terms of 2400 

t o  0600 hour winds, the period i n  which the  minimum temperature occurs, 

The mean t o t a l  wind passage i n  miles was computed f o r  the 6-hour period 

f o r  each c l a s s  of day, The computed means were 19, 28 and 22 miles of wind 

f o r  the  6-hour period f o r  Clsss I, 11~ and X I 1  days, respeetfvely,  These 

di f ferences  i n  wind do not appear t o  be l i k e l y  explanations fo r  the  temper- 

a tu re  var ia t ions  present,  



It seems probable t ha t  the  mean minimum temperature d i f f e r e n t i a l s  

a r e  due primarily t o  d i f  g ~ g g  i n  a i r  movement and c i rcu la t ion  r a the r  than k 1 

d i f f e r e n t i a l  cooling of the  slopes,  Although appreciable minimal temperature 

differences do e x i s t  between leve l  areas and slope areas,  locat ion of t he  

a r ea  and i t s  posi t ion r e l a t i v e  to  the  surrounding topography probably have 

a much g rea t e r  e f f ec t  than degree of slope on minimal night-time temperatures, 

!lean Noon Temperatures 

Fig, 6 shows histograms of the  mean noon temperatures on the three  

c lasses  of days f o r  the Zero S ta t ion  and four  slope s ta t ions ,  The histogram 

ind ica tes ,  with one exception, t ha t  a general temperature increase occurs 

a s  the degree of s lope increases on Class I and Class I1 days, Gn Class 111 

days a constant general trend is  not evident; a l l  f i v e  s t a t i ons  recorded 

mean temperatures within a .5 degree F, range i n  temperature excepl S ta t ion  

38 which recorded a temperature of almost a f u l l  degree higher than the o ther  

four. On Class I and I1 days, S ta t ion  62  shows a reversal  of the  general 

trend,  showing a temperature lower than 31 but s t i l l  higher than 28, This 

decline i n  temperature on the  s teepest  slope is  probably due t o  a combination 

of the slope having the  shor tes t  time of exposure t o  the morning sun and the  

l e a s t  favourable angle conducive t o  radiat ioned heating, According t o  work 

done by Kaempfest a t  nearly the same l a t i t u d e ,  southerly slopes of approximately 

60 per  cent  are  subject  t o  the g rea tes t  amount of inso la t ion  a t  noon during 

the  summer period, A t  the same time, westerly slopes of l e s s e r  inc l ina t ion  

a re  exposed t o  the g r ea t e r  amount of insola t ion,  Presumably then, southwest 

slopes should show l i t t l e  change i n  noon inso la t ion  with increasing steepness, 



However, a d i s t i nc t i on  must be made between the mount of 

inso la t ion  t o  which a slope i s  exposed at the time of measurement and the  

cumulative heat  bank t ha t  is  s tored by a body, i n  t h i s  case the ground, 

through a period of time, The temperature measured at noon showed the 

l e a s t  d i f ference of the three  da i l y  measures, A s  would be expected, the  

g r e a t e s t  difference of 1,1 degrees F, between a l l  s t a t i ons  occurred on 

Class I days, 

Mean Maximum Temperatures 

Mean maximum temperatures f o r  the previously discussed f i ve  

s t a t i ons  on the three c lasses  of days a r e  shown i n  Fig, 

These data  c lea r ly  indicate  a d i r ec t  pos i t ive  re la t ionsh ip  be- 

tween mean maximum temperature and steepness of slope on a l l  c lasses  of 

days with the exception of S ta t ion  14 on Class 11 and I11 days, On these 

days temperatures a t  S ta t ion  14 were s l i g h t l y  below Zero S ta t ion  tempera- 

t u r e s  but  well within the instrument e r r o r  margin, A s  would be expected, 

She maximum temperatures showed a g r ea t e r  var ia t ion  between s t a t i ons  than 

did the  noon temperatures and only s l i g h t l y  l e s s  d i f ference than t he  

projected minimal temperatures, A t o t a l  d i f ference of s l i g h t l y  l e s s  than 

4 degrees F, was measured f o r  Class I days, s l i g h t l y  l e s s  than 3 degrees FD 

f o r  Class I1 days and l e s s  than 2 degrees Fo f o r  Class I11 days, Assuming 

t ha t  an a i r  mass having a temperature of 86 degrees F, and a r e l a t i v e  

humidity of 25 per cent  measured at the Zero Sta t ion is  ly ing  over the study 

area ,  the  r e l a t i v e  humidity from dew point tables  a t  S ta t ion  6 2  where the  

temperature i s  90 degrees F, would be 21 per  cent, Since the difference 

i n  r e l a t i v e  humidity var ies  d i r ec t l y  a s  the difference i n  dew point  temperature, 



Class Of Day 

Pimire 7. -- T%nn maximum dn.ily tempern.tures :from 
5 9tatj.ons nccorcling t o  olnss of r1n.y. Corn- 
p i l e d  from s to ta l .  of 54 d ~ y s  R 8  E o ] . ~ o w R ~  
27 ~ 1 8 . ~ 8  I, 1.3 class TI, n.nd 14 c 1 . a . ~ ~  I T 1   day^. 



the di f ference i n  humidity caused by any modifying influence decreases 

d i r ec t l y  with the humidity of the a i r  mass, 

Differences i n  Fuel Moisture and S o i l  Moisture 

The mean moisture content of both the s t i c k s  and s p l i n t s  a t  

two l eve l s  and the upper two inches of s o i l  were computed according t o  

three types of day, For t h i s  comparison the  second method described i n  

the sec t ion  on "Analysis of Data" on Page 8 were used t o  c l a s s i fy  the d q s ,  

Data from 20 days were used f o r  c l ea r ,  8 f o r  cloudy, and 16 f o r  drying days 

i n  the  analysis ,  Generallyp the analysis  showed tha t  the differences i n  

moisture content were small and i n  most cases e r r a t i c ,  Although the  moisture 

contents were generally lowest on the  s teepest  slopes f o r  a l l  c lasses  of d a p ,  

the  di f ferences  between the  s i x  s t a t i ons  were only one t o  two per  cent, 

Table I1 shows the computed values  of f u e l  and s o i l  moisture at  

each of the  s ix  s t a t i ons  f o r  t h e e  types of days, 

Ver t ical  Humidity Di f fe ren t ia l s  

The v e r t i c a l  p r o f i l e  of r e l a t i v e  humidity was examined as an 

ind ica t ion  of afternoon drying d i f f e r e n t i a l s  on the s i x  slopes,  The d i f f e r -  

ences i n  afternoon r e l a t i v e  humidity measured with a psychron a t  the  four-foot 

and one-foot l eve l  were computed f o r  each dqy by subtract ing r e l a t i v e  humidity 

at the one-foot l eve l  from tha t  a t  the  four-foot l eve l ,  The cumulative 

t o t a l s  of these d i f f e r e n t i a l s  a re  p lo t ted  on the graph shown i n  Fig, 8, 

Curves f o r  S ta t ions  62, 14 and 0 are  shown f o r  the f u l l  season, while only 

the  l a s t  eleven days are  shown f o r  Sta t ions  51, 38 and 25, Amount and date of 

occurrence of r a i n f a l l  a re  a l so  shown, The d i f f e r e n t i a l  i n  drying at  each 



TABLE: 11, Moisture Content of f ie1 and S o i l  on S ix  Degrees of 

Slope by Three mpes  of D a y s  

Value 0 1 4  2 5 38 51 62 

Clear Days 

Sp l in t s  at Ground 76 M,Co 
" a t  12" II 

St icks  a t G r o u n d  $Maco 
If at 12" I I 

S o i l  

Cloudy Days 

S p l i n t s  at Ground $ ~4, C o  6,O 5-5  505 506 506 6,2 
" at 12" I+ 6,O 5 0 4  503  503  5,2 4,8 

S t i c k s  a t  Ground $ M,C, 5.9 5,2 507  5,2 4 0 3  5 0 2  " at 12"  tt 6,5  6 , l  6,8 6,6 509 603 

S o i l  

Drying Days 

Sp l i n t s  a t  Ground Mac. 
" at 121' 11 

S t i c k s  at Ground 
'' at  12"  

S o i l  



Figure 8. Cumulative differences in per cent relative humidity 
determined by subtracting the one foot R.H. from the 
four foot R.Ho Precipitation dates and amounts are 
shown along the lower edge of the Figure. 



s lope is  indicated by the number of negative jogs i n  the curves as well as 

the  end point  of each curve, Gaps i n  the  curve appear f o r  days on which 

only morning s t a t i o n  checks were made, A s  would be expected, inversions 

i n  humidity occur af'ter r a in s ,  The ne t  seasonal t o t a l  of differences f a l l  

i n  a pos i t ive  progression as the degree of slope increases with the  exception 

of S t a t i on  0 ,  which i s  near ly  the  same a s  the cumulative t o t a l  f o r  S t a t i on  51, 

This i s  probably due t o  the duration of exposure of the various slopes and 

t he  varying i n t ens i t y  of radia t ion,  The s teep slopes are exposed t o  d i r e c t  

rad ia t ion  f o r  the shor tes t  period but  at a g rea te r  in tens i ty ,  The increased 

r a t e  of inso la t ion  on the more gradual slopes i s  no% grea t  enough t o  compen- 

s a t e  f o r  the shor te r  duration of exposure, while the  l eve l  area has a constant 

Lower l eve l  of inso la t ion  f o r  the longest period, 

No explanation of the very great  difference of the 14 per  cent  

slope l i n e  is offered, From the hor izontal  angles of each slope: shown i n  

Fig, 1 i t  i s  seen t h a t  there was very l i t t l e  difference i n  aspect between 

the  s t a t i ons ,  It may be noted t ha t  S ta t ions  0, 14, and 25 were on the same 

ridge within 1.50 yards of each other,  

Morning and Afternoon Different ia ls  

On eleven days during the season both morning and afternoon s t a t i o n  

checks were made, From the data gathered a comparison was made of the mean 

d i f f e r e n t i a l  between morning and afternoon recordings at each s t a t i on ,  

Table I11 summarizes the resu l t s .  

In  nearly a l l  cases the g rea te r  d i f f e r e n t i a l s  occur on the s lopes ,  

and increase as the degree of slope increases,  Generally, afternoon readings 



TABLE 111, Eviorning and Afternoon Mean Di f fe ren t ia l s  i n  Per  Cent Fuel and 

So i l  Moisture Computed from Eleven D ~ s g  llata 

Pact o r  
S ta t ion  

o 14 25 3 8 5 1 62 

-$" St icks  a t  12" % 1,6 2,1 2,2 2,b 2,2 2,4 

$It St icks  a t  ground l eve l  $ 264 304  3.4 4O.5 4,8 308 

Sp l in t s  at 12" k 9,2 9,6 0,8 12,4 9,6 12,2 

Sp l in t s  a t  ground l eve l  $ 11,9 13,6 13,2 14,3 15,l 14,O 

S o i l  moisture % 1,l 2,6 2,O 2,3 2,2 2,O 

showed l i t t l e  difference between a l l  s t a t i ons ,  although s l i g h t l y  d r i e r  eon- 

d i t ions  were indicated on the s teeper  slopes, The morning reading at the  0 

Sta t ion  usual ly  indicated lower l eve l s  of f u e l  and s o i l  moisture than the 

slope s t a t i ons ,  This lower morning reading accounts f o r  the  abrupt jump 

between d i f f e r e n t i a l s  at the 0 S ta t ion  and at the slope s t a t i ons ,  The 

lower d i f f e r e n t i a l s  on the l eve l  are evidence t ha t  although maximum drying 

conditions on leve l  areas  a re  l e s s  severe than on slopes,  they generally 

have a higher daylight period average sever i ty ,  

Summary of Results 

Headings obtained from s i x  s t a t i ons  located on slopes varying from 

0 t o  6 2  per  cent on a generally southwest aspect have shown that8 

(a) Lower minimum temperatures can be expected as  the steepness of the 

slope increases,  An ac tua l  temperature decrease of 2 degrees F, was measured 



on t h r e e  slopes from 28 t o  6 2  per cent  while a difference of 4 degrees F, 

was extrapolated on f i v e  slopes from 0 t o  62 per  cent. Minimum temperatures 

on n igh t s  preceding cloudy days were found t o  be lower than on n igh ts  pre- 

ceding c l e a r  days, 

(b)  Noon temperatures are  higher on a l l  slopes up t o  approximately 51 per  

cent than on the  l eve l ,  Noon temperatures on the 6 2  per cent slope showed 

a s l i g h t  decrease due t o  the shor te r  period of exposure t o  d i r ec t  sun, 

Temperature d i f f e r en t i a l s  on cloudy days are  negl igible ,  

( 0 )  Maximum da i ly  temperatures increase with an increase i n  slope, Mean 

maximum temperature on the s teepest  slope was s l i g h t l y  l e s s  than 4 degrees 

F o  h igher  than on the l eve l  during sunny dayso Temperature increases of 

l e s s e r  amounts were measured on days of increasing cloudiness, 

(d )  The differences i n  fue l  moisture content on a l l  c lasses  of days by 

both parameters a t  the two leve l s  were generally e r r a t i c ,  Only th ree  

instances occurred where generally progressively lower f u e l  moistures were 

observed with an increase i n  slope: s p l i n t s  at ground leve l  on c l e a r  days, 

s p l i n t s  at 12 inches on cloudy days, and s p l i n t s  a t  ground leve l  on drying 

d ~ s ,  I n  three instances,  progressively lower f u e l  moistures a s  slope 

increases  a re  observed with the  exception of s reversal  i n  trend a t  the 

s teepes t  s t a t ion .  Maximum differences are  unimportant except f o r  the  d i f fe r -  

ences i n  s p l i n t  moisture eontent a t  ground l eve l  on drying days which w a s  

found t o  be almost t en  per  cent ,  

( e )  S o i l  moisture showed an inverse re la t ionship  with slope on c l e a r  days  

and a reversa l  a t  the s teepest  s t a t i on  on both cloudy and drying days, 

( f )  Norning and afternoon d i f f e r e n t i a l s  a t  a l l  s t a t i ons  showed l i t t l e  

d i f ference except from those of the l eve l  s t a t i o n  ind ica t ing  t h a t  extremes 



occur on a l l  slopes while elevated l eve l  areas remain comparatively moderate, 

Conclusion 

From the discussions and the summary of r e s u l t s  it  i s  apparent 

t h a t  d i f ferences  a t t r i bu t ab l e  t o  degree of slope are f o r  the most pa r t  un- 

important i n  view of the  e f f ec t s  of r e l a t i v e  humidity, temperature, and 

f u e l  moisture on f i r e  behavious, 

The influence of these differences when locat ing f i r e  weather 

research s t a t i ons  is dependent on the type of measurements t o  be taken 

and the  accuracy of the instruments involved, I f  temperatures a re  t o  be 

measured with thermometers which are read t o  the nearest  degree, only a 

minimum slope var ia t ion  should be to le ra ted ,  I f  hygrothermographs a r e  used, 

a slope var ia t ion  of p lus  or  minus 15 per  cent should not r e s u l t  i n  e r ro r s  

l a rge r  than the tolerance of the instrument, Extreme var ia t ions  i n  slope 

should be audited, 

Degree of s lope alone has l i t t l e  influence on e i t h e r  f ue l  moisture 

o r  the parameters of t h i s  measure se lected f o r  study. It seems l i k e l y  t ha t  

the loca t ion  of the slope i n  respect  t o  the surrounding area exer t s  a f a r  

g rea te r  influence, This i s  undoubtedly t rue  f o r  l eve l  areas and probably i s  

t rue  f o r  slopes, Areas below slopes appear t o  influence daytime var ia t ions;  

areas above slopes influence night-time var ia t ions ,  


