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LOOKING FOR SMOKES FROM AIWLANES 

By- W W i l l l a m  G. Morris 

With +,he recent use of airplane pa t ro l  t o  discover f i r e s  it has be- 
come important t o  review what is known about the v i s i b i l i t y  of smoke and 
t o  study any new theories or  appl.ications of p ~ e s e n t  knowledge t h a t  a re  
suggested, Airplane pa t ro l  is expensive on an hourly b a s i s ,  The time 
airailable f o r  the observer $0 see a smoke before he has passed too far 
beyond it is  short ,  For these two reasons he and the p i l o t  should know 
how t o  f l y  so tha t  any smoke i n  a cer ta in  place w i l l  be i n  the most favor- 
able position t o  be seen by them 

A small number of t e s t s  and demonstrations of the difference in visi-. 
b i l i t y  of a small smoke viewed a t  d i f fe ren t  angles from the sun and 
against d i f fe ren t  backgrounds were made on the Chelan National Forest i n  
1945, Smoke candles o r  t e s t  smoke bombs t h a t  produce a smoke similar t o  
tha t  from 200 square f e e t  of burning fo re s t  duff were used so tha t  the 
smoke f o r  d i f fe ren t  t e s t s  would be the same. 

In  one group of t e s t s  the smoke was kept going continuously on the 
a i rpor t  f i e l d  while an o'bserver i n  plane l e f t  the a i rpo r t  and climbed 
gradually t o  an elevation of 14 000 f ee t ,  a t  the same time f lying i~ a 
gradually expanding c i r c l e  around the smoke u n t i l  he was 5 miles from it 
a t  an elevation of 4,000 f e e t -  He noted the change i n  v i s i b i l i t y  of the 
smoke viewed from di f fe ren t  locations, a few exam.ples of which follow: 

Clearly visible a t  all anglesb 

Diff icul t  t o  see when sun i s  directly. behind 

5 1 5,000- 6,000 Not distinguishable when sun i s  within the 

I L0,000 1.4 000 
I 

I quarter c i r c l e  a t  observer's back but vis ible  
I 1 when sun i s  i n  other par t s  of the circle .  
I I 

Barely seen when sun s l igh t ly  behind obser-- 
ves Sa t i s fac tor i ly  v is ib le  when looking 
toward the sun a t  an angle of 450 from its 

I rays S t i l l  more v is ib le  when looking more 
I d i rec t ly  toward the sun: 

I 



These angles a r e  horizontal  angles from the sun. Owing t o  the a l -  
t i t ude  of the sun i n  the sky and t h e  eIerrai,i,on of the plane, the angle 
between the sun and the observer's l i n e  of s ight  t o  the f i r e  was ac tua l ly  
greater than these when he faced the sun and i e s s  when it was a t  h i s  back. 

The atmosphere near the ground was moderately hazy st the time of 
the  t e s t s .  The 'background f o r  the  smoke was gray gravel and sparse 
yellow grass. 

In  another group of t e s t s  single smoke candles were lit a t  di f ferent  3 A 

times here and there i n  a cer ta in  forested valley 16 miles long and 5 
miles wide, A p i l o t  and observer flew about 3,000 f e e t  above watching *- 
f o r  the smokes but not knowing where they might appear. Each smoke las ted  
f o r  about 4 minutes. Out of 14 smokes s e t  i n  a 2-hour period 7 were seen 
by the men i n  the plane. One was i n  dense, t a l l  timber, 2 were i n  mod- 
e ra te ly  dense timber, 1 was i n  a patch of saplings, and 3 were on gray 
rock-covered ground. ALI became more eas i ly  seen when the plane ci rc led 
so tha t  the observer faced the sun. 

Those missed were s e t  i n  similar places except t h a t  two were on. the  
shady s ides  of small openings. Smoke i n  a shadow i s  d i f f i c u l t  t o  see. 
Three of the  smokes missed were s e t  jus t  outside of the planned t e s t  area  
a t  the  beginning of the t e s t  period. They probably would have been seen 
i f  the men i n  the plane had been looking f o r  smokes when they flew ovep 
t h a t  point, 

The a'bove t e s t s  demonstrate ps i i~c ip les  of smoke v i s i b i l i t y  from look- 
out s ta t ions  t h a t  have keen previously found and described i n  detailed 
reports by H, D, Bmce, C .  C .  Buck and W. L. Fons, G. M. Byram, R. E. 
McArdle, and G. D. Shallenberger and E. N. L i t t l e .  Sons of these princi-  
ples  t h a t  should be remembered i n  planning the use of airplanes for  de- 
tecting f i r e s  are a s  fallows: 

Wite'smoke-in-ful1-sWLlght i s  eas ie r  t o  see when looking toward the sun 
I 

than when looking away from it, Smoke is  harder t o  see against  a Light . 
colored background than against  a dark one. The v i s i b i l i t y  of a smoke 
against a l i g h t  background decreases rapidly a s  the  sun moves from an ob- 
s e rve rgs  side t o  a point d i r ec t ly  behind h i s  back. These pr inciples  of 
smoke v i s i b i l i t y  are contrary t o  those of landscape v i s i b i l i t y .  

If o smoke is  i n  the shadow of a ridge o r  of t a l l  t r ee s  it i s  harder t o  
see looking toward the sun than away from it, jus t  the opposite of the 
r u l e  f o r  smoke i n  sunlight. Such shado~vs a re  common i n  ear ly  morning and . + 

l a t e  afternoon. They make smokes harder t o  see than when i n  full sunlight. 

On an overcast day the poslt ion of the  sun has no e f f ec t  on smoke visi- 
' b i l i t y , '  It' can be seen equally well i n  a l l  directions.  It can be seen 

be t t e r  than on c lear  days, especially when looking away f romthe  sun 
toward l i g h t  backgrounds. 

Large changes i n  smoke diameter make it v is ib le  a t  greater  distances. If 
it &a' 'just' be' 'siien 11 miles against  a dark background and the diameter 
becomes four times a s  large,  it can then be seen 16 miles. . 
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THE SPACING I N  PLANTATIOtiS 

By Thornton T, h'k;mger 

The spacing of Douglas fir t r e e s  i n  p lanta t ions  has a marked e f z  
' 

f e c t  on t h e i r  diam?csrs, heights,  szze of branches, and r a t e  of lim'b 
shedding and on the  amount of underbrush, according t o  a s e r i e s  of 
t e s t s  that bas been under way f o r  26 seasons on the  Wind River Experi 
mental Forest.  Here. in 1925+ an a rea  of some 15  ac res  was planted to 
Douglas f i r  2 year ulds employing s i x  var ia t ions  of spacing, namely, 
4 x 4 f oo t ,  5 x 5, 6 x 6 ,  8 x 8 ,  10 x 10 and 12 x 12. The planta t ions  
were maintained a t  these spacings 

The several  plots began t o  r e f l e c t  the  r e s u l t s  of the  spacing qu i t e  
e a r l y -  Recentlyz tzf-her 26 growing seasons, they were measured and ex 
spined srxticaLly og means of sample p lo t s  within each plantat ion.  

q? 

'There has been some mortal i ty,  b u t  not a s  y e t  from overcrowding; 
the re  i s  also considerable snow and I ce  breakage, but  it could no t  'be 
d e f i n i t e l y  co r~s l a+ , ed  w5.th the  spacing between tzees  

1 'The s t a t l s t z e s  of n u m w r  of t r e e s ,  dzameter, height ,  and 1.r-olume a r e  
summarized f o r  each spac.>ing as f 07 l c  ws a1 1 ~ a l u e s  being on a h o r ~  
zonta l  acre  basis;  

NOTE: The f i gu re s  i n  parenthesss a r e  f o r  2 p l o t  which i s  on more aver- - 
age s o i l  than were the  other p lo t s  i n  the  8 x 8 spacing. 

It is  i n t e r e s t i ng  t h a t  there  is  a f a i r l y  regular  progression i n  t he  
average diameter and average height of a l l  t r e e s ,  a s  well  a s  i n  the  
height  of the  dominant (and codomin~at)  t r e e s  with increase in spacing. 
Exceptions are the  8 x 8 f oo t  spacing t h a t  has now been found t o  f n l l  
pa r t l y  on zn a rea  of i n f e r i o r  so i l , ,  m d  the 4 x 4 foo t  s l an t a t i on  tha t  
seems t o  have a b e t t e r  s i t e  (at, least, on the  sample plots '  than the  
5 x 5 foo t  p l m t a t i o n .  The f a c t  that spacing seems t o  a f f e c t  t o t a l  
height  of the  dominant and codominat t r e e s  suggests t h a t  height  may no t  
be an i n f a l l i b l e  index of s i t e  qual i ty ,  a t  l e a s t  i n  young and variously 
stocked stands. 

3 
- 



The average crown width, limb size, and height to bottom of T,li.qe 
crown were in 1945 as follows: 

Average /  rum limo 

The following tentative conclusions regarding the first 26 years of 
stand history may be drawn from this experiment: 

Height to bottom 
of live crown 

Saacinrr 
Feet - 

(1) The average diameter increases with wid& of spacing and in 
the 1.2 x 12 foot plot is about twice that on the 4 x 4 plot .  

(2) The wider the spacing the taller the average height of all 
trees, 

i3) The heights of dominant trees are more nearly alike for all 
spacings than are the average heights of all trees. 

( 4 )  The closer the spacing the greater the basal  area and cubic 
volume . 

( 5 )  There is a progressive ilicrease in crown width from close 
to wide spacing. 

for 4'' diameter class - Feet 
width / diameter 

16) The diameter of the limbs at breast height is progressively 
greater the wider the spacing. 

- Feet 

( 7 )  The growth of bracken, annuals, and shrubs is much greater 
on the wide spacing, 

This study merely furnishes the facts for this site IV land regard- 
ing the effects of close versus wide, spaced planting, It then becomes a 
problem for the planter to balance costs and returns. The wider the spac- ., 
ing the lower the initirl cost and the quicker material o f  usable size 
will be available; on the other hand the greater will be the need for 
pruning and the longer will be the time until the flash fire hazard from -, - 
rank herbage is reduced. Since regardless of the spacing of plantations 
pruning will be necessary to produce quality materjal in short rotations, 
perhaps it may be as well to save planting cost by spacing say 10 x 10 
feet, provided high survival is assured, with the expectation of pruning 
early most of the trees to a height of at least 18 feet. Of course; such 
wide spacing would not be advisable where a quick cover is essential. 
The relative advantages of close versus wide specing will also vary with 

Inches 

site and with the prospective markets for small mcterial that might re 
sult from thinningn. 
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SPRUCE-IIEMLOCK PLOTS GROW 1'7,523 BOARD FEET 
PEE' ACRE) IN' 11 Y U S *  - 
BY Thornton T. Munger 

A 94- year-old  spmce hemlock forest  on the  Coast Range of Oregon 
ac tua l l y  made a n e t  growth of 17,523 'board f e e t  i n  the  l a s t  11 seasons, 
according t o  measurements 01: the  Pec i f i c  Northwest Forest  Experiment 
Stat ion.  I n  the  e a r l y  summer of 293.4 a number of permanent smp1.e p l o t s  
were established on t he  Cascade Bead Experimental Forest  (between Otis 
and Neskowin, Oregon) t o  ge t  a continuous growth record of a t n i c a l  well- 
stocked stand,  Every t r e e  was numbered, tagged, i t s  diameter taken with 
s t e e l  tape, and the  heights  measured of about 40 t r e e s  per acre ,  

In 194.0 the  tsees were remeasured and the  r e s u l t s  were astonishing. 
Again t h i s  pas t  fall I remeasured them with the  good help of f i v e  men 
from the  Civi l ian  Fublic Service camp. The r e s u l t s  bear out the  theo- 
r e t i c a l  predict ion.  This f o r e s t ,  now 94 years old,  has been making on 
the average a n e t  annuill growth per acre of 247 cubic f e e t  o r  1,454 
board f e e t  'Scribner m l e  i n  t,rees 1 2  inches and over t o  an %inch  top) .  

A sunnary of the s x a t i s t i c s  of these 11 p lo t s  i s  shown i n  t abu la r  
form. Some p lo t s  were i n  almost pure hemlock, some were mostly of spruce, 
and o thers  an even mixture of both species.  The p l o t s  were placed where 
t he  f o r e s t  was f u l l y  stocked but  not abnormally dense. They are repre  
sen ta t ive  of the  be t t e r  port ion of several  thousand ac res  of t h i s  age 
class i n  th i s  l o c a l i t y ,  This f o r e s t  s t a r t ed  i n  the  ashes of the  g rea t  
Westucca burn of the  l a t e  18408s o r  e a r l y  1 8 5 0 ' ~ ~  and has s ince  been 
spared any recurr ing f i r e .  Most of the  old  Nestucca burn has  bee^ burned 

0 

and reburned , 

It i s  noted t h a t  one plot, (number 5, which i s  mostly spruce) has the  
prjdlgiout; present  volume of 168 299 'board f e e t ,  Scribner r u l e ,  per ac re ,  
Thiu is gross s c a l e ,  of course, with no allowance fo r .  de fec t  o r  break- 
age This means an average annu21 growth f o r  t h i s  p l o t  during its 94 
ysars of 1,790 board f s e t ,  

Many t r e e s  hare died from overcrowding, windfall,  e t c ,  i n  t he  &st 
few decades which a r e  not included i n  these y ie ld  f igures .  One plot 
(number 9 )  has had such heavy m~r t~a ' l i t y  t h a t  it has made very little n e t  
growth i r r  t he  7 1  years, and so pu l l s  down t h e  average. If it were pos- 
s ib l e  t o  u t i l i z e  by thinnings the t r e e s  t h a t  d i e ,  the  t o t a l  y i e ld s  would 

9 

be increased by t h a t  much over the present  n e t  stand. Moreover, t h i s  
f o r e s t  i s  s t i l l  growing rapidly alcl apparently has no t  reached the  rml- 

- 

mination of i t s  mean annual grovith i n  saw t,imber volume, but  has j u s t  
passed the peak of i t s  growth r a t e  i n  the  cubic volume of the  e n t i r e  
stems, 

\mile it nay be i d l e  t o  speculate on "what might have beenv o r  
"what might be," it i s  in te res t ing  t o  compare t h i s  a rea  with the  
Tillamook burn, The climate and the s o i l s  a r e  similar. Both a reas  a r e  

- - 
* Reprinted from 'The Tinberman" of Merch 1946, p a  48. 



admirably and eminently adapted t o  timber growing. In  the  last 13  years 
250,000 ac res  of t h o  Tj.1 lamook burns has produced no net, growth of t r e e s .  
It w i l l  no t  produce rmch of mything i n  the  next 50 o r  100 yeers unless  

. something d r a s t i c  i n  hazard reduction, protection,  and re fores ta t ion  is 
done, '(I 

On the  o ther  hand t h i s  Cascade Head Experimental Forest  has been 
producing saw timber a t  the  r a t e  of 1,454 board f e e t  a n ~ u a l l y  f o r  the  
last century and under proper management can continue t o  do so ad 
i n f i n i t m .  I f  t he  Ti l lmook burn a reawere  safeguarded from f i r e ,  re- 
planted, and given proper management, there  i s  no reason why it should I -  

not, produce almost as we7.1 a s  t h i s  Cascade Head area .  The western por- 
t i o n  in very similar and would grow spruce and hemlock; the  eas tern  p a r t  
would have t o  be mostly Douglas-fir  and t h a t  does not  y i e ld  as heavily 
as spruce and hemlock, 

I 

To assume t h a t  oll the  Tillamook area  became f u l l y  stocked and grew 
like the  Cascade Head a rea  would give astronomic f igures  t h a t  would be 
too  rosey f o r  r e a l i t y .  But suppose t h a t  Tillamookts 250,000 ac res  of now 
thrice-burned wasteland grew timber only hal f  a s  f a s t  as these  Cascade 
Head p l o t s  that would give 181.~50,000 board feet.  of saw timber. Or 
expyess t h i s  growth which Portland and n~r t~hwes t e rn  Oregon i n d w s t r ~  1,s 
now los ing i n  terms of cubic f e e t  o r  cords and it amounts t o  341,667 
cords per year. That is  enough t o  keep several  sawmills and pulp mills 
busy, and give employment t o  thousands of people. 

So these sample p lo t s ,  i n  a f o r e s t  t h a t  was well stocked b y  Nature 
and has had freedom from f i r e s  and hurricanes, t e l l  by t h e i r  periodie 
remeasixrement the  noimal l i f e  h i s t o ry  of such a stand. They prorie what? 
t h e  volume re tu rns  from timber growing may be. They a l s o  proclaim %hp 
enormous losses  when prf'odvct,i~re acres  a r e  i d l e .  

4 

E x m ~ l e s  of Actual Growth of a 94-year-old Spruce-hemlock Stand 
Cascade Head Experimental Fo re s t ,  Oregon 

(Data on horizontal ac re  bas is)  

-----;T, 
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A PROCEDU'RE FOR RATING THE P O T ~ ~ T I ~ I L  FIRE DANGER 
OF BAZARDOUS &AS 

By Harold A .  h p r a e g e r  

To help  i n  deciding whether a f o r e s t  a rea  of dangerous f u e l s  can 
be adequately protected,  a procedure has been developed f o r  r a t i n g  the  
po t en t i a l  f i r e  danger. Forest  f i r e s  a r e  usual ly  e a s i e r  and cheaper t o  
control  i f  the  logging s lash  has been burned; but  it may not  always be 
necessary t o  go t o  the  e q e n s e  and r i s k  of burning i f  t he  f i r e  danger 
i s  no t  too g rea t ,  

Each area should be ra ted  t o  determine the  danger, The t e rn  " f i r e  
denger,'' as used here, includes four  main fac to rs .  These areg (1) Fuel 
type o r  hazard, (2) r i s k  o r  pos s ib i l i t y  of a f i r e  being s ta r t ed ,  
( 3 )  s i z e  of area,  ( 4 )  ease of protect.ion and control  f a c i l i t i e s .  These 
fac to rs  can be given number values det,ermi.ned from, s tud ies  and observa- 
tions * 

The f u e l  type can be ggieen a value according t o  the  r a t e  of spread 
and d i f f i c u l t y  of zontrol.  Slash i s  no problem i f  the re  i s  nothing t o  
s t a r t  a f i r e ,  Control the  risk and the f i r e  danger is  small ,  U n f o W ~ -  
natelw the  r i s k  -amnot be reduced t o  zero because of l ightning and 1 

t respassers .  The Increase i n  r i s k  ;cused b y  roads, r a i l roads ,  ranchers, 
r ec rea t ion i s t s ,  logging operations, and hgh tn ing  can be ra ted  numer- 
i c a l l y  f o r  my combmation of the  precedjng causative agencies,  

The s i z e  of the  area  t o  be protected i s  a l so  of primary importance, 
A small area of heavy s lash  (:an be more e a s i l y  protected and with l e s s  
chcnce of g rea t  damage than a l a rge  body of s l ash  under the  sane condi-- 
t ions .  The l a rge r  the  a rea  exposed t o  ca re less  people the  g rea te r  the  
number of f irebrands t h a t  will oe dropped i n  it., Likewise,-the r i s k  of 
a -.'ire being st ,arted by l ightning i s  four  times g rea te r  on a t r ac t  of 
1,000 ac res  than on 250 ac res  i f  o ther  conditions a r e  t he  same, 

The ease of protect ing the  a rea  i s  a l so  t o  be considered. An area  
wit,hin one-quarter  mile of the  f i r e  s t a t i o n  can be more ea s i l y  protected 
than a s imi la r  a rea  20 miles away3 Travel time t o  the  area ,  previousl.y 
constructed f i r e  l i n e s  and water hol.es, 2nd vahether o r  not  it can be 
watched by a lookou,t a f f e c t  the  prot,ection of any a r e a ,  

Numerical sca les  f o r  r a t i ng  the d i f f e r en t  th ings  a f fec t ing  the  
danger have been made and a method of  combining the  r a t i ngs  i n t o  one num- 
ber has been developed. In  r a t i ng  the  danger on a c e r t e i n  s l ash  a rea  
the  s teps  would be a s  follows: ( 3 )  Estimate the  r a t e  a t  which a f i r e  
would spread and the  difficul-ty of control l ing it, With t h i s  est imate 
i n  mind determine the  c l a s s  i n t o  which it f a l l s  according t o  the  cl .assi-  
f i cn t ion  scheme t h a t  has been used in Oregon and Washington f o r  a nwnber 
of years ,  From the  table '  provided f o r  the  purpase determine the  nu- 
merical r a t i ng  of the  pa r t i cu l a r  fue l  c lass .  (2) Estimate the  time 
required f o r  a small crew of f i r e  f i g h t e r s  t o  reach t he  area. Using a 



t a b l e  provided determine the  numerical, r a t i ng  of t h i s  t r a v e l  time. (3 )  If 
the  a rea  i s  v i s i b l e  t o  a lookout give the  area  the  numerical r a t i n g  pro- 
vided f o r  t h i s  advantage, (4) If the  area  has well  located f i rebreaks ,  
roads, and water supply points ,  give it a numerical r a t i ng  according t o  a 
s ca l e  provided f o r  the  purpose. '51 Combine these  four r a t i ngs  a s  di- 
rected.  (6) Determine i f  public roads, r a i l roads ,  a c t i ve  logging 
operations, land c lea re r s ,  incend ia r i s t s ,  etc .  a r e  located near the  area.  
With t h i s  information and a sca le  provided f o r  the  purpose d e t e p i n e  t he  
numerical r a t i n g  of t he  chance t h a t  a f i r e  may start on the  area. In  the  
f i n a l  s t e p  a t ab l e  is  used which i s  based on the  assumption t h a t  the  s i z e  
of t r a c t  t h a t  can be adequately protected i s  only h a l f - a s  g rea t  i f  the  
chance t h a t  a f i r e  will s t a r t  is  doubled. It l ikewise shows t h a t  the  
allowable a rea  i s  only ha l f  a s  g r ea t  if the  value obtained i n  s t ep  5 i s  
doubled (7) Using the  values obtained i n  s t eps  5 and 6 determine from 
t h i s  t ab l e  the  number of ac res  t h a t  can be adequately protected. If the  
t r a c t  being ra ted  i s  l a r g e r  than the  allowable acreage,-something should 
be done e i t h e r  t o  reduce the  f u e l  hazard, reduce the  r i sk ,  o r  improve the  
protect ion f a c i l i t i e s  enough t o  make the  acreage of the  t r a c t  f a l l  within 
the allowable amount. It should 'be noted here that, burning a s lash  mas 
no t  reduce the  f u e l  hazard su f f i c i en t l y  t o  put the acreage of the  tract ,  
i n  the  acceptable c l a s s  of hazard. 

The numerical values ond s teps  described above f o r  a typ ica l  80 ac res  
of Douglas-fir s l ash  might be as follows: (I) High r a t e  of spread and 
high res i s t ance  t o  control  r a t i ng  100, 2 $:ravel time one hal f  hour - 
r a t i n g  "1 ; , 3 )  area  v i s i b l e  t o  a lookout r a t i ng  3 ; ( 4 )  one dependable 
f i rebreak through the  a rea  r a t i ng  1.2 ; (53 combined r a t i ng  90; (6) a 
public road and land c l ea r e r s  within the  aTea - - r a t i ng  r i s k  of '10 i n  
i cluding l ightning r i s k j  (7) f i n a l  t ab l e  gives 70 acres  f o r  a combined 
r a t i n g  of 90 and a r i s k  of 70 t h a t  a f i r e  w i l l  s t a r t ,  Since the  a rea  
being ra ted  i s  80 acres  it has a po ten t ia l  danger too high f o r  adequate 
protect ion,  

Several t ab l e s  have been made f o r  use i n  the  final s tep ,  The choice 
of. the  proper t ab l e  t o  be used throughout a given protect ion d i s t r i c t ,  has 
been l e f t  t o  the  d i sc re t ion  of the  administrator  responsible f o r  the  pro- 
tection policy. The cl imat ic  fac to rs ,  peak load of f i r e s ,  amount of 
hazardous area  already protected, and availab.ble manpower are a71 items 
t h a t  rmst be considered i n  determining the  proper t a b l e  t o  use. 

.* 

By the use of t h i s  system a person should ge t  more consis tent  r e s u l t s  
i n  determining the  potential .  danger of different ,  t ~ a c t s  Likewise d i f -  

.-- fereni: men will probebly g e t  more near ly  the  sane r e s u l t s  when using t h i s  
system. The r a t i ng  t.ables have no t  yet, been t.est.ed su f f i c i en t~ lv  t o  war- 
rant t h e i r  r e lease  f o r  general  use. 
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 CENT GROWTH FBCORDS OF DOUGLAS-FIR STANDS 

By Thornton T, Munger . 
The 64 growth p l o t s  i n  the  Douglas-fir region which have been un- 

der observation by the  &pzriment S ta t ion  f o r  a considerable time a r e  
continuing t o  y i e l d  more and more .iraluable da ta  on growth r a t e s  and t h e  
life cycle of young f o r e s t s ,  Some of the f indings  on p l o t s  reexamined 
i n  the  last year o r  two a r e  given below a s  examples of how our knowl- 
edge of Douglas-f ir  growth nay be pieced together and extended: 

1. Sixty-year- old Stand on M6 Hood ~ a t i o n a i  'Forest - site 111 

In  l5 years  t h e  average dominant and codominant t r e e  grew i n  diam- 
e ter  from 11,6 t o  14,0 inches and i n  height  from 83 t o  102 f e e t .  The 
nex cubic oo3.ume m t h i s  period increased 2,342 cubic f e e t  besides which 
t h e r e  was a morta l i ty  of 1,034 cubic: feet,. A comparison of the  s t a t i s -  
tics of t h i s  s tand i n  1430 and 19&jr a s  shown by the  average of these  
p lo t s  an a horizontal  ac re  basis, i s  a s  follows: 

2 ,  One-hundred - three  -year-oidl Forest i n  Wind River valley 

Five p l o t s  d i s t r i b u t e d  through t h i s  stand, of which th ree  have been 
under observation since 191 4, i l l u s t r a t e  t h i s  f o r e s t '  s l r a r i ab i l i ty  ic 
s i t e  and growth, The following da t r  f o r  these "norma31yf1 stocked p l o t s  
are from the 194.5 remeasurement;; 

1. 

The'rslortality has been spo t ty  both between p l o t s  and from pentad 
t o  pentad and t h i s  z f f e c t s  n e t  per iodic  growth, In  some pentads the re  
has been a n e t  l o s s  i n  volume, The Scribner board f o o t  l o s s e s  a r e  
equivalent  t o  about 4.8 percent of the  n e t  growth, This shows how much 
l a r g e r  the  r e a l i z a b l e  y i e l d s  might be i f  the t r e e s  l o s t  by  suppression, 
wind, and i n s e c t s  could 'be salvaged i n  t h i m i n g s  p r i o r  t o  the  harves t  
c u t * .  - 



3. A Planta t ion Made Near Hebo on the  Coast Range i n  1912 

Four p lo t s  were es tabl ished between 1928 and 1934 on low s i t e  
land, three  i n  an 8 x 8 foo t  p lanta t ion and one i n  a d i r e c t  seeded area. 
The planted p lo t s  show considerable con t ras t  with na tu r a l  s tands on a 
Like site,  The t r e e s  a r e  fewer i n  number, more segularly spaced, t h e i r  
average diameter is grea te r ,  and there is l e s s  mortal i ty.  The largest,  
t r e e s  a r e  now 15  inches i n  diameter and 75 f e e t  t a l l ,  The seed spotted 
p l o t  behaves more l i k e  a heavily stooked nn tura l  stand with th icke t s  of 
s l i m  t r e e s ,  which, it 2s s ign i f i can t ,  suffered severely from snowbreak- 
age recent ly .  The da ta  f o r  these p lo t s  (as of 1944) when 34 years from 
seed a r e  br iefed below: 

11 - planted 

4. A 90- ear-old Stand Under Obsernat,idn Sin&& 193-0  
% ,  . 

The f i r s t  permanent growth p lo ts  t o  be es tabl ished i n  t he  Northwest 
were l a i d  out  i n  l 9 J O  i n  a 54-yea~-oId  f o r e s t  on the Will.amette drainage. 
Their e igh t  per iodic  measurements t r a ce  the  life h i s t o w  of this stand 
from the  time it was considered wholly unmerchantable t o  i t s  present  
a t t r a c t i v e  opportunity f o r  a logging show, The diameter of the  average 
t r e e  is about, 6$ inchss greater  t.har, 76 seasons ago; the  heights of - b e  
dominant; and r;adominm% tree8 increased fvbv -120 t o  963 f e e t .  These 
t yp i ca l  s i t e  I1 p lo t s  have followed nem cl osely  t h e  '!normal.'' y ie lds  
given i n  the  standard y i e ld  t ab l e s  (U .S.D , A .  Tech. Bul. 201) ; Their da ta  
on a horizontab ac re  bas is  when f i r s t ,  and las t  measured a.re as fo1bws:: 

By the  Scribner rule the peak of the  mean anrfual growth does not  
appear t o  have been reached unless it be on p3at. 3, It, now rates 863, 
857, and 904 board feet, per  acre per year on the -three p lo t s ;  such 
y i e ld s  should be an encouragement t o  any f o r e s t  owner o r  manager of 
s imi la r  t yp i ca l  Cascade f o o t h i l l  timber2and. 
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WINDFALL IN RBLATION TO CXTTIflG 
- 

By Thornton T, Munger 

Wind is rt potent fac tor  in fo re s t  destruction--probably a s  great  
as f i r e  i n  some fo re s t  regions, Spectacular damage is done by hurr i -  
canes, tornadoes, and great  blows l i k e  the Olympic Peninsula storm of 
=Tirnuary 1921.. Such infrequent winds may mow down every t r ee  in t h e i r  
pcths regardless of species or  re la t ionship t o  openings o r  topography. 
Of perhaps greater moment t o  the fores te r ,  though l e s s  spectacblar, i s  
the wind throw and windbreakage t h a t  occurs every year here and there 
whenever there i s  a high, bu't, not extraordinary, wind. Much of t h i s  
l o s s  from wind is  associated with man's disturbance of the fo re s t  - 
exposing a body of timber by clear  cut t ing around it, by p a r t i a l  cut t ing 
of a stand, by cut t ing r igh t s  of way f o r  Poads through a fores t ,  By 
these means wind throw i s  often accelerated, An understanding o-f wfnd- 
fall in re la t ion  t o  cut,ting mzy lead the way t o  fores ta l l ing  some of 
these losses.  It w i l ?  a l so  help i n  providing f o r  the salvage of mate- 
r i a l  t h a t  may be windfallen, 

* 

As a s t a r t  i n  learning something def in i te  about the  re la t ion  of cut- 
t i ng  t o  windfall, some counts have been made on and i n  the  vicin5ty of 
the  Cascade Head Experimental Forest, a l oca l i t y  of frequent high winds 
off the ocean, 

Wind-Losses i n  Relation t o  ~ o a d  ?learing,  A br ie f  study, reported 
i n  Forest Research Notes No, 31 of November 1940, indicated tha t  along 
selected roads on t h i s  experiment21 fo re s t  the windfall was four times 
a s  heavy on the s t r i p  within 100 f e e t  of the roadside a s  on the s t r i p  
100 t o  200 f e e t  from the road, Following the storms of the  winter of 
1945- 46, of which the gale of December 4, 1945 was most ,notable, a count 
of the f resh windfalls (both uprooted and broken o f f )  was made on both 
sides of fdur miles of the R ~ r ; e  Lodge and ~ummit roads, making a sep- 
arate count of those within I.00 feet, of the road clearing and those from 
100 io 200 f e e t  from the road, These roads ran i n  a general east-west 
di rect ion near the top of a ridge, mostly on i ts  north slope, and the 
high winds were from the south or  southwest, The right-of-way clearing 
wa8 quite narrow, the  m i n i n u a m  distance between t r e e s  being about 30 f e e t ,  

I, The f o r e s t  traversed wes 90- year old spruce and hemlock 110-165 f e e t  t a l l .  

Along t h i s  four miles of road on the 400 foo t  s t r i p  (200 f e e t  on 
each s ide)  there were 86 windfalls recorded, Their re la t ionship t o  the  
distance from the road, the  side of the ridge, and whether t o  leeward 
o r  windward of the  road is shown i n  the following tzble:  

Number of windfalls Per Acre 



This survey indicates  t h a t  the  windfall the  pal% winter m s  5.8 
times a s  heavy within 100 feet, of even t h i s  narrow road than 100 t o  200 
f e e t  distant--a very s ign i f ican t  observation. It a l so  appears t h a t  there  
a r e  very close t o  the  same number of t r e e s  on the  windward s ide  of the  
road a s  on the  l e e  s ide  regardless of the  slope. In f a c t  there a r e  48 
t r e e s  t h a t  f e l l  toward the  road a s  against  36 t h a t  f e l l  away from the  
road opening. The t r e e s  along the  portion of the road north of the  r idge 
were s t i l l  exposed t o  and suffered considerzbly from the prevail ing 
southerly winds. 

'* 
The lesson teught by these surveys i s  t h a t  t o  avoid windfall lossgtdl 

r i g h t  of way clearing through t a l l ,  dense timber should be of minimw 
width consistent  with other considerations. 7 

Wind Losses i n .  Relation t o  Clear Cutting. tkt Sahan River Migb 
way between ~randflon&+# Oregon and the  coast  a fo r e s t  corridor of 200-"- 
t o  300-$ear-old timber has been l e f t ,  f o r  a distance of about 5 miles t o  
preserve some of the  or ig inc l  a t t m c t i ~ e n e s n  oi' t h i s  road- This f o r e s t  
s t r i p  i s  from 200 t o  $00 fee% in width on each s ide  of the  S b $ e  high 
and i s  bordered by c lear-  cut ,  logged-off land. It, suffered s cns ide rabv  
from the high winds of December 1945. To determine hovi f a r  in &om th@ 
cut t ing edge the  wind throu extended c. count was made of all ;fro& wind- , 

fells on two miles of cut t ing edge, one south of the timber @%~%p (wind- 
ward s ide)  m d  one mile on the  north o r  l e e  side,  keeping s e p ~ a l e  the  
windfalls on the  f i r s t  LOO-foot zone and the  second 100-foot zone from 
the  cut,ting edge. There viere 62 windfa3ls (of a s i z e  t o  be included i n  
this study) on the 46 acres  involved. The r e su l t s  i n  terms of windfalls 
per acre a r e  a s  follows: 

Location 
Distance from cu t t ing  edge 

F i r s t  100 -feet SeC~rid ioo f e e t '  

South edge (windward s ide)  2,5 
North edge (leevrzd " ) L, 7 

This shows 35 t i n e s  as much windfall close t o  the cut t ing edge a s  
100 t o  200 f e e t  f ron it. Contrary t o  expectation, the  losses  on the  l e e  
s ide  of the s t r i p  a r e  not very much l e s s  than on the windward side,  a s  
was likewise the experience along the  Casccd.de Head roads. 

a 
% 

In conclusion it may be s te ted  with conviction t h a t  dense Douglas- 
fir, spruce, or  hemlock timber exposed t o  high winds next t o  m y  c lear  & 

cu t  area,  whether it be a 30-foot r i g h t  of way o r  a la rge  Logging 
compartment, is  rendered l i a b l e  t o  n%nd throw, Both the  windward and 
the  l e e  edges suffer ,  the  former somewhat more, The 100-foot cone 
nearest  the  cut t ing opening is several  times more subject  t o  wind throw 
than the  next 100-foot zone, but as the  outer zone is  thinned out the  
dest ruct ive  effectiveness of the wind may extend f a r the r  i n t o  the  timber. 
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THINNING SAPLING STANDS OF P O ~ ~ ~ O S A  I'INE . .  . 

Ponderosa pine is a t r e e  t h a t  regenerates i n  very dense, even aged 
thickets ,  t h a t  stagnate badly. To break t h i s  stagnation of growth 
some form of thinning would seem necessary t o  ge t  maximum production, 
bring, and even before, the  CCC days some experimental thinning was 

I* done on several nat ional  fo r e s t s  i n  dense sapling and small pole stands, 
and thinned p lo t s  and check plots were measured f o r  comparison, 

Tentative conclusions t h a t  may be drawn from the  few yearsB ob- 
servations are: 
9 

(1 1 Thinning decidedly stimulated diameter growth, In one 
case the  average diameter of the  100 l a rges t  t r ee s  per 
acre increased from 6-13 inches i n  the  year 1934 to 
7/73 inches i n  1945 on the  thinned p lo t s  and from 6.20 
t o  only 7.35 inches on the  check p lo t s -  

(2) The e f f ec t s  of thinning are not f e l t  much f o r  several 
years. 

( 3 )  The tenaci ty  of l i f e  of ponderosa pine saplings even i n  
dense stands i s  extraordinary, In a s e t  of 5 p lo t s  a t  
h.ingle Falls in a 57-year old stand only 9 tagged 
t r ee s  died i n  the  last  6 years on the  two check p lo t s ,  
and on ly  1. on -the three thinned p lo t s  t h a t  had about 
500 t o  near ly  800 t r ee s  per acre,  

(4) In one instance there  was an outbreak of Ips  'bark 
beetles, coming from the slash,  and considerable mor- 
t a l i t y  of saplings, but the  epidemic subsided a f t e r  a 
year ,  

A few f igures  taken from the reports  on three  of these experiments 
i l l u s t r a t e  the e f f e c t  of the  thinning: 

., (A)  Malheur National Forest. Thinned p lo t  and check established 
i n  1930 ii &!+ year-old  ponderosa pine, Cubic foot  growth f o r  comparable 
numbers of tagged t r e e s  are:  

F i r s t  PO years Next 5 years 

Thinned p lo t  37,8 cu. ft. 51 9 cu. f t ,  
Check '' 14.5 t~ 11.3 

(B) Prinple Falls Experimental Forest, Three thinned and two check 
p lo ts  established i n  1934 i n  46-year-old s tuld .  Tlie average diameter of 
the  t r e e s  increased 1-13 inches i n  11 years on the  thinned p lo t s  and on 
the  check p lo t s  only 0 55 inches, nnd the  average height increased 6,5 
feet on the  thinned as against  6,2 on the  check p lo t s  i n  the  same period. 



( C )  Fremont National Forest. Five plots in a sapling ponderosa pine 
stand, established in 1927, three of which were thinned and two left as 
checks. A comparison of their growth for the period 1937 to 194.5 is as 
follows : 

-C * 

2 check 
3 

t, 

OR nost of these experimental plots the thinning was done by hand 
methods aver the whole plot to leave only the desired number of trees; 
this is too expensive a method for extensive application. There is more 
promise of the economic practicability of crop tree pruning 'by which 
only a certzin number, perhaps 80 or 100, promising trees are released 
by thinning and perhaps also pruned. There is also the possibility that 
these stagnating thickets of saplings could be cheaply and successf~ly 
thinned by machines which cut lanes and left strips of untouched-trees. 
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FOG DRIP RND RAIN INTERCEPTION I N  COASTAL FQRESTS 

By Leo A. Isaac 

Twenty--seven rain gailges on the  Zascade Head Experimental Forest  
have shown s t r i k i n g l y  the  effect  of t r e e  canopies on in tercept ing r a i n  
and also on c rea t ing  fog drip -or  '!horizontal p rec ip i t a t ionu  a s  fog d r i p  
'has sometimes been ca l l ed ,  These gzuges, which were under o'bserrratfon 
from 19.38 t o  1941, were i n s t e l l ed  Lo measure the  p rec ip i t a t ion  a t  vari- 
ous points  m d  under rrarious conditions i n  t h i s  rugged piece of t e r r a i n  
i n  t he  Oregon coas ta l  "fog b e l t , !  The gauges were placed i n  s e t s  of two 
o r  three ,  with one s e t  i n  the open and one under t he  f o r e s t  canopy at, 
f i v e  d i f f e r en t  s t a t i o n s  i n  the valley and on the  r idge,  c lose  %o the  
ocean and back from the  ocean f r o m ,  

Notable d i f ferences  In the  annual p rec ip i t a t ion  were revealed by 
t h e  gauges i n  the  open where the re  was no influence from the  f o r e s ~  
canopyz the  s t a t i o n  on the ocean f r o n t  and almost a t  ocean level  having 
the l e a s t  r a i n f a l l  and the  $t,a%ion on top of the  1,000- foot  ridge-, 5 
miles inland 'having the  maximum,, as indicated i n  the  f i r s t  colump of 
the  t ab l e  below 

Effect of 'Tree Crovms on the  Amount of Water Reaching the  Gauges , 
The e f f e c t  of t r e e  crowns was twofold on the  catch i n  the  gauges below, 
Light r a i n s  often d id  l i t t l e  more than wet the  fo l i age  and- the  moisture 
evaporated without falling t o  the ground; a little may have run down 
the  trunks and so  reached +$he ground but not  the  gauges. In foggy 
weather the process was reversed pa r t i cu l a r l y  on the  cloud ridden r idge 
c lose  t o  the  ocean, Here fog was col-leczed and condensed by the  t r e e  
crowns and dripped t o  the  ground m appreciable quan t i t i e s ,  when %her 3 

was no moisture caught by ra in  gauges i n  the  open This twofold e f f ec t  
is  I l lus t lmated by the record of four s t a t i ons  f o r  19.4.0 and 1943 shown 
i n  the following table :  

Annual p rec ip i t a t ion  
i&hes 

In open Uider &fiber  

Headquarters - ~ra l l ey ,  5 miles from ocem 77,6 53 .O 
Ridge top to t h e  north, 5 " tl tl '82.3 73*8 

8~ IP  :t 'r ?t :' - - 2 :" 78,6 99 -7 I... 
Ocean f r o n t  a t  mouth of Salmon River 65.9 53 al 

Note t h a t  t he  r a i n f a l l  under tree crowns a t  the  headquarters was 
one t h i r d  l e s s  than i n  the  open, Qn t h e  ridge t o  t he  nor th  a t  an qua1  
distance inland t he  var ia t ion was no t  so g rea t ,  But on t he  ridge 3 miles 
c lose r  t o  t he  ocean conditions were reversed and the  p r ec ip i t a t i o f~  a 
g u a r t e ~ .  g rea te r  under the  timber than in the open. The effect, of fog 
d r l p  i s  b e t t e r  i l l u s t r a t e d  by a record of 18 selected weeks during 19+0 
and 1941 when fog hung on the  r idge tops; these weeks showed 40 percentl 
less p rec ip i t a t ion  under the  timber a t  t he  headquarters s t a t i on  and 44 
percent more under the  timber than i n  the  open a t  the  r idge s t a t i o n  
c lose r  t o  the  coast .  Moisture picked up by t r e e  crowns and deposited i n  
the  form of "fog d r i pu  on fog swept slopes and summits was responsible 
f o r  the  increase. 



A se r i e s  of 24 weeks during 1939, 1940, and 1941 was selected t o  il- 
l u s t r a t e  c r o w  interception during periods when there was very l i t t l e  fog. 
These a r e  show i n  the  following tab le  f o r  the  headquarters s ta t ion ,  the  
r idge s ta t ion  5 miles inland, and the  ridge s t a t i on  2 miles inland: 

The above record indicates pronounced crown interception of precipi- 
tati.om at both inland s ta t ions  during every one of the 24 periods. But 
a t  the  r idge s ta t ion  close t o  the  coast the precipi ta t ion measured i n  the  
open exceeded t h a t  under. the  timber du:uring only f i ve  of the 24 peyiodss 

I Headquarters ( Ridge s ta t ion  ' 1  Ridge s ta t ion '  

9/25 - 9/30 809 I 
1111 - 11/6 .52 a46 1 
111 ( 2 4 h r s . )  .32 1 .75 .49 
1/8 - 1/15 " 1 1.37 1 1.15 1 7.49 -94 1 
1/22 - 1/29 " 1 2.04 / 1.17 1 1.79 1.13 1 
6/1 - 6/7 " 1 ,211 -05 1 -51  
9/3 - 9/9 .08 .42 .29 .11 1 .08 
11 /8 -11 /11  :: / -70 1.01 49 

b 

A szrut;iny .JL" %?~e  mcmthly records also reveals a pronounced increase 
in precipization during t h e  summer months on timbered ridges close t o  t h e  
coast  when compared with s ta t ions  farther inland. For example, during 
28 days in the s m e r  o f  1940 on the r idge  s t a t i on  near the  coast  .03 
inches-of  rain fell in  the open and r a in fa l l ,  including fog dr ip ,  to t s led  
1-26  inches under the  timber. During t h i s  serne period no r a i n f a l l  a-i; a l l  
wzs recorded a t  the  headquarters s t a t i on  2 few miles away. 

1/31 - 2/7 1941 943 
2 / ~  2/14 lT I 2.21 I 3 2  

11ar.izontal precipi ta t ion,  o r  fog drip,  t h a t  moistens the 
g ~ m $  during the s m e r  months i s  s ign i f ican t  becmse it occurs during 
the  lire danger season and the  growing season. By helping t o  keep the  
surface damp it lessens  the  inflanmabili ty within the  fores t ;  i t s  
moisture a l so  helps the  lesser p l m t s  and tender t r e e  seedlings t o  keep 
green during the  otherwise dry summer months. 

2/21 - 2/28 " 1 1.56 1 1.08 1 1.59 

' i 
.85 ( 1.62 1 1.47 

4/1 - 4/7 1 2 , 3 1  1 1.23 12.31 3 . 3 8  1 I .  

*95 
j.13 

842 
.87 1 




