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This number of Fores t  Research Motes i s  primarily f o r  the  f o r e s t  
f i r e  p ro tec t ion i s t .  It comsists of a nurnber of  very shor t  a r t i c l e s ,  each 
of which gives the  essence of the results of a study made recen t ly  by this 
Fores t  Experiment Stat ion.  These so-called f i r e  studies which are repre- 
sented herein by br ie f  f r a g m n t s  are a l l  p a r t  of an organized research 
program, having as i t s  object ive  the bcttorment of f o r e s t  fire prevention, 
detaction,  end control.  

It i s  my fee l ing  t h a t  even the condensed r e s u l t s  of these  studies, 
some of which a r e  s t i l l  incomplete, have p o s s i b i l i t i e s  f o r  very p r ac t i c a l  
appl ica t ion by those responsible f o r  f o r e s t  protection organizations by 
adding t o  t h e i r  knowledge of the  basic f ac t s ,  by showhg up the wcak spots  
i n  present  f i r e  protection pra.ctices, md by suggesting improved technics. 

Temporary a s s i s t a n t s  furnished through the  CVJA and ECW programs 
have contributed l a rge ly  i n  bringing -these studies t o  the point  where these 
resul t s  a r e  forthcoming. 

The following shor t  paragraphs are but f l ashes  concentrated from 
voluminous pad dctziled dntz; fu r the r  par t ic i l lars  on any of  these top ics  
ccn be furnished t o  any who wish them by writ ing the  Forest Ecperinent Sta- 
t i on  (424 U. S. Court  House, Portland, Oregon). -- T. T. M. 



& Instrumental Measurements h e  Nccessnryl 

b For sever21 years f o r e s t  protection agencies have f e l t  the  need 
f o r  more r e l i ab l e  infozmation from more l o c a l i t i e s  on more of the physical 
fac tors  wbich influence f i r e  danger. Far too frequently important deci- 

I sions have t o  be based on incomplete information about the  f i r e  danger. 
m a t  i s  the r e l a t i ve  i~-~midi ty? How hard i s  the wind blowing? Ih?len did 
it ro in  l a s t  end horn m ~ c h  rain f e l l ?  Hox dry are the fuels?  These are 
some of tnc things a rzngcr o r  supervisor vmts t o  knom when he has t o ,  
decide vhe%her or not t o  send more men t o  a fire, hold a road crew near 
a telephone, or close an area t o  travel.  

On m q  national. f o re s t s  these f i r e  danger conditions vary widely 
within a single qanger d i s t r i c t .  Old grorith tiriber may be relativeljr  safe, 
whereas, a t  the  same time cutovers and old burns may bo extremely inflam- 
mable. Areas at high elevations m a y  be more or l o s s  hzzardous thar. those 
a t  low elevations. Moreover, s i ~ c e  information on these conditions must 
come chief ly  from the short  term men who vary v ~ s t l y  i n  experience, educo- 
t ion and intell igence,  it i s  cbsolutely essential t h a t  measurenents of the  
physical fac tors  of f i r e  dmger replace estimates and guesses whenever 
possible. 

F i re  Danger Stations Established 

Instruments are ovclilahle for  meisuring some of the  f i r e  danger 
factors--such as temperature, wind velocity,  nnd r e l a t i ve  humidity--but 
none for  estimating v i s i b i l i t y  conditions a t  lookout stations.  However, 
exis t ing instruments were too expensive t o  permit equipping more than a 
very few stations.  A complete s e t  of inexpensive instruments was netded. 
To meet t h i s  need the oquipmcnt described here wcs designed 'and made at the  
experiment gtation. A complete i n s t a l l a t i on  of t h i s  equipment in the f i e l d  
i s  known as a " f i r e  da2ger s ta t ionff .  In 1934, 125 s ta t ions  were established. 

These f i r e  danger s ta t ions  a r e  more thcn a col lect ion i f  inst ru-  
ments fop taking measurements. The s ta t ions  are  established t o  meet an 
administrative need f o r  correct  current information on a l l  f i r e  dmger fat- 
t o r s  ES they may exist a t  my hour. They arc fo r  immediate use and prin- 
c ipal ly  concerned with present conditions. Records are kept and should 
prove t o  bc increasingly valilable with ench passing ye- but it i s  not a 
pr incipal  purpose of  tne s ta t ions  t o  accumulate records. Rether t h e i r  
greates t  service i s  i n  supplying .the day by day demands of the f i r e  control 
organization fo r  correct  localized informntion on current f i r e  danger factors. 
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Description of F i re  Danger Stction Equipment--illustrated on page 4 

Instrument shel ter  -- Ihde i n  sectlional units and shipped unassenbled. 
Door can bc locked. Double roof of cedcr. Strong enough t o  be l e f t  ex- 
posed on lookout point;? all winter. Fuel inflammability indicLq.tor scales 
are rnotulted inside slielter. Fan psychrometer a l so  mounted inside. Addi- 
t i ona l  space provided for  Qgrothermograph i f  t h i s  instrument i s  available. 

Rain gnuge -- Outer container made of gnlvmized iron; inner container 
mode of sot?mlcss bross tubing. Rainfal l  magnified 10  timcs. Measuring 
s t i ck  mcde of red gum, pla inly marked with waterproof ink. 

F a  Psycku.ometer -- A friction-driven fan c i rcu la tes  a i r  across sta- 
t i ~ n e r ~ ~ h e r n o m e t c r s .  The probabili ty of accurr,tc readings i s  increased 
grea t ly  b ~ c z u s e  the operator can constcntly match the  wet bulb thermometer 
a ~ d  obtain the  loviest rcading, because thcrmoneter bulbs do not  touch ob- 
server's hmdn, be-ause 'angle of s igh t  t o  thermometer i s  constant. 
Frequent observations nre more likely t o  be taken because me?-swements are 
easy t o  make. Breakage of thcrmoneters i s  reduced t o  n minimum. 

l b e l  i n f l ~ m a b i l i t y  indicator -- Specir1:Ly prepared sections of 
wood known as "hazard indicator sticksrt are exposd i n  the open on v.*e 
~Uppol?ts. Fuel inflamnnbility is indicated i n  terms of the m0istWe content 
of these s t i cks  of wood. Moisture content i s  obtained by weighing the s t i cks  
on special  scales  marked in moisture porccntagea. 

Wind velocity gauge -- Half cylinders of aluminum mounted on pivot 
t h a t  revolves fast or ::loviiy according t o  the spcod of the wind. lin elec- 
t r i c a l  contact on a genred wheel s31mds a buzzer when the  cylinders have 
turned a cer ta in  number of times. V?i.nd. velocity i s  measured by counting 
the number of  buzzes f o r  2 minutes and re fe r r ing  t b i s  count t o  a table sent  
with the instrument. The gauge mill measure accurately -wind movement as 

. - 

l i g h t  as lz$ miles per hour. 
mind vane -- An accurately balanced instrument with streamlined vane 

t o  give imnediatc response t o  changes ir i  wind direction.  Le t te rs  indicating 
the 4 c'wdinal direct ions  mzke it ezsy t o  observe wind direction.  - 

Cost of equipment - Novr thn-t, the experh~en+,al and designing stcgc: 
i s  passed, the Ekperirnent Station i s  not  i n  the manufncturing business and 
does no t  lxve instrumcnts t o  sell; howev3r, soxe rough e s t in r t e s  as t o  the  
cost  of the instrumcnts should bc of general i n s tmes t .  hlaterizls for  all 
the instruments cost  very l i t t l e .  The big i5em is labor. Those chiefly 
responsible f o r  designing and malufacturing the prcsent l o t  of insb?ments 
estimate t h e t  the instruinents could be made i n  quant i t ies  a t  a pr ice  of about 
$25 for the en t i r e  se t  c x c l u s i v ~ ~  of the instrument shel ter  and haze meter, 
which would prob~b ly  cost  sonetking l e s s  than $10 each. O f  t h i s  $25 the 
r a i n  gauge accountsfor ebout $1, a;ld the  vjind gouge and fan psychrometer 
f o r  less Y m  $10 each. 



[NET; INSTRLrPAmTS FOR ?ilE3SURING FIRE DANGEXt 1 

Tlie Haze Meter--a device t o  a s s i s t  lookou-!!~ i n  rating v i s i b i l i t y  - 

This instrument, which hns been named t h e  "Byram hzze meteru as a 
t r i b u t e  t o  i t s  inventor,  i s  based on t h e  discovery t h a t  a smoke column i s  
j u s t  v i s i b l e  t o  lookouts with good eyesight, agains t  a background npprox- 
i m ~ t e l y  60 percent  as b r igh t  c s  the  sky a t  t h e  horizon. It provides a 
mechanical means f o r  f inding the  background tha t  i s  60 percent  a s  b r i g h t  
es t h e  horizon. 

The instrument i s  roughly ItLV-shaped, cbout n ine  inches long, 12 
inches squzre along t h c  shank of t h e  "L", m d  12x3 inches a t  the  f o o t  of 
the  rlLfl. "Ihe smrll end has n s ight ing hole; the  f o o t  of t h e  IILn i s  pointed 
i n  the  d i rec t ion  f o r  which a me:rsurement i s  desired. Looking through the 
instrument, tne observer sees a smclll  colored bnr supcrixposcd on the  f ie ld  
of v is ion.  By m e a s  of neutr::l f i l te rs  the  brrighbess of t h i s  bar h r ~ s  
beon adjus ted  so that it correspond:; t o  63 perccnt o f  t h e  brightness of 
the sky a t  the  horizon. 

Thc observer d i r e c t s  this bar a t  3. point  a f clv degrees abovo the 
horizon. Then by slowly turning a mirror in the  upper p m t  sf the ins t ru -  
ment he br ings  up, oppo-ite the bar, t h e  rc f l~c t i01 .1  of f i r s t  one r idge  
and then :mother. T i h e l l  a r idge 2pproxi.acitel;. 60 p~rccent  as br ight  - 3  the  
s@ at the horizon i s  rcflectod the  bar d i s n p p e : ~ ~ .  The instrument i s  so 
arranged t n c t  17:hen any r idge  difi 'ering f'rm the  horizon bnr brightness i s  
reflected the  bar becomes darker o r  b r igh te r  than the r e f l c c t i a n .  h'ncn the  
bar disappcz-rs, the  obscrvcr :late:: which ridge appe-rs opposite it. Ye 
then deternincs ,  35th the a i d  of z map, if necessary, how far  it i s  from 
h i s  s t a t i o n  t o  t h a t  ridge. The d i s t cnce  i n  n i l c s  i s  the " v i s i b i l i t y  dis-  
tcacen,  o r  the  n a x i m  distilnce c t  ~ h i c h  he can expect t o  d e t e c t  a smoke- 
cohrin of standard s i z e  i n  t h c t  d i r e c t i ~ n  a t  t h a t  p r r t i c u l a r  time. 



I-~WTS FOR MEASURING FIRE DANGER ] 

IIazard Indicator Sticks for  Rating Fuel InflammabiLity 

The hazard indicator s t i cks  used at, the f i r e  dcvlger s ta t ions  are 
mnde from Rlivel l  untreated wood; each one i s  so prepared th2-t i t s  moisture 
content be determined a t  my time simply by weighing it. They a re  ex- 
posed t o  the weather on wire supports a few inches above the ground i n  
3;yl;ypicel fo re s t  fue l  types such a s  Virgin timber, f resh  slash, old burns, 
a d  cut-ovePs, and are weighed once or more each day t o  dotcrmioe moisture 
content. Their moisture content i s  used 2s En index of the inflammability 
of the  foros t  fliels. This i s  sound pract ice  because the inflammability of 
the common fo re s t  f i r e  fue l s  i s  dependent upon the amount of  i,vater t h a t  
they contain. The drier  the fuel ,  the ~nore dangerous the condition. 

AS the r e s u l t  of extensive experiments using d i f f e r en t  species of 
and several methods of preparction, rnecns have been devised a t  the  ex- 

perimcnt s ta t ion  whereby it i s  pr,recticable t o  se lec t  and prepare s t i cks  t h a t  
v ~ i l l  a l l  respond i n  prac t ica l ly  the same degree t o  cl~anges i n  atmospheric 
moisture. For instance, i f  a l l  the s t i cks  prepared t h i s  year aerc  exposed 
s ide by s ide thcy ~ ~ o u l d  a l l  have the same aois ture  content and all show u n ~  
iform response t o  atmospheric moisture changes. Also the nevi s t i cks  t h a t  
W S ~  be prepared each season car, $c selected so t h a t  they w i l l  respond in 
the same 2nd t o  the same extent as those prepcLrcd i n  previous y e a s .  
This uniforxity of  response makes each s t i ck  a standard measure. 

The s t icks  are put out j.n s e t s  of tu;o. A Douglls f i r  s t i ck  2 by 2 
inches square by about 14 inches long nakes up one member of the s e t  and 
three ponderosa pine sapviood s.ticks 1/2 Qy 1/22. inch squrrre and about 18 
inches long joined together with dowels vsith spaces between the pieces i s  
the other member of the  s e t ,  The de-terminatior: of a sat isfactory combina- 
t ion  of the  kind of woo3 and the s ize  t o  be used was made by tes t ing  several  
hundred pieces of various species of wood made up i n  sizes from 1/4 inch t o  
4 inches i n  cross section, 

The 2 by 2-inch Douglas fir  s t icks  are slow i n  t he i r  reactions and 
so are  depended upon t o  reveal the a.nrulctivc drying out of the heavier 
fo re s t  firs fue l s  such a s  lixbmood a d  thc  surface lsycr  of logs and snags 
a s  the f i r e  season progresses from beginning t o  end. Today's drying i s  added 
t o  yesterday's cnd the e f fec t  of r a in  o r  fog or ca s t  wind on fuels  i s  in- 
dicated by these s t i cks  because they a r c  exposed t o  the  same conditions a s  
the  fuels  and because thcy r eac t  i n  prcc t ica l ly  the  same manner. The smaller 
and more absorptive pondorosn pine sapwood s t i cks  take on or 1 ~ s ~  water rap- 
idly and 2rc therefore indicators  of the moisture ckngcs  taking place from 
hour t o  hour i n  t,he l igh te r ,  f inely divided fue l s  such ns dead bracken fern, 
o r  needles and twigs, 

Hazard indicator s t i cks  do not take the place of r e l a t i v e  humidity 
measurements. They 2re a d i s t i n c t  source of information on f u e l  infkurma- 
b i l i t y  and f i r e  danger conditions. 'The psychrometer md wgrograph w i l l  con- 
%inue t o  hc?.ve important use because they give prompt measurement of the moi.3- 
ture condition of the  a i r ;  but they do not  measure the e f f ec t  of the  sequences 
and co~bina t ions  of  a l l  the wea.i;her factors  t h c t  deternline the relat ive in- 
fhmmability of f o r e s t  fuels.  The peculiar f i e l d  of the s t icks  i s  t o  furnish 
a standard, comparable measure of the resu l tan t  i n f l m n b i l i t y  of  f o r e s t  fue ls  
a f t e r  thcy have bcen affected by a l l  the weather factors.  



How bimy Fires Do Lookouts Di~cover?  

Analyses j u s t  completed ahow t h ~ t  loolcouts make f i r s t  discoveries 
of about hal f  (47%) of all f i r e s  occurring i n  the  national. f o r e s t s  of 
Fashington a d  Oregon. Considering t he  very s m a l l  amount of area d i r c c t l y  
v i s i b l e  t o  the  usual run of lookouts, t h i s  i s  a r a the r  good record f o r  
lookout detection.  

For the  8-year period, 1923-1930, lookouts cast of the  Casczdes 
detected 47% of the  c l a s s  A f i r e s ,  67% of the  c l a s s  B f i r e s ,  and 64% of 
the  c l a s s  C fires, averaging 53% f o r  all classes  of f i r e s .  I n  the 9-year 
period, 1923-1931, the  \Vest Side lookouts accounted f o r  3(r% of the  c l a s s  
A f i r e s ,  54% of tho c l a s s  B f i r e s ,  49% of the  c l a s s  C f i r e s ,  and averaged 
40% f o r  all classes  of f i r e s .  The East  Side lookouts thus were somewhat 
more effective t fun  those west of the  Cascades, 

Lookouts have m~do  f i rs t  discover ies  on 62% of a l l  l ightning f i r e s  
but have de tec ted  only 28% of a l l  ma-caused fires. The f i r e  r epo r t s  show 
t h a t  lookouts ge t  only 17% of the c l a s s  A m-ccused f i r e s  whereas tl~ey 
mcks f irst  discovery of 58% of the c l a s s  A l igh tn ing  f i r e s .  Lookouts 
probably never have a clnnce t o  detect  many c l a s s  A mn-ccused f i r e s  because 
these  unquestionxbly are seen and extinguished by t r ave l e r s  before they are  
l z rgc  enough t o  be v i s i b l e  to the lookouts. 

How Far Ai~~ay Do Lookouts Discover Fi res?  

The f i r e  r e p o r t s  f o r  the  5-7enr period preceding 1933 indicate  t h a t  
81% of all f i r e s  e a s t  of the  Cascades were less than 15 miles from the  
lookouts who made f i rs t  discovery, 92% were within 20 miles, and only 1 
f i r e  i n  every 50 discovered by &st Side lookouts ;vas more than 25 miles 
from the  lookout. For Side lookouts, 92% of  t h e i r  first discoveries 
were within 15 miles, 98% were within 20 miles, 2nd onl;r/'@ were more 
than 25 miles away. 

The avcrnge di scovcry distzrlce f o r  f i r e s  discovered within 15  miles 
of t he  lookouts i s  7.3 r i l e s  fo r  E a s t  Side fo r e s t s  and 6.7 miles f o r  West 
Side fo r e s t s .  The average discovery d i s t r ncc  fo r  a l l  f i r e s  disco-~ercd by 
lookouts i s  9.8 miles east  of the Crtac;~.des an6 '7.7 miles on the  West Side. 

These f igures  support the ansurilptions mzde i n  detect ion p l m ~ i n g  
t h a t  the  primary lookout system should not, except i n  ce r ta in  instcnces,  
c m n t  on f i r e  detection beyond 15  x i l e s ,  and fo r  peak load and mid-senson 
periods, the rodius  of  detect ion probably should no t  exceed 8 miles. 



~ G E  DETECTION STUDIES ] 

How Large Jze F i r e s  When Loolrout,o, First D i  scovsr Them? 

An cmrilysis of about 5,000 f i r e s  d i scwered  by lookouts i n  the 5- 
year period 1928-1932 ind ica te  the fo l los ing  proportion of fires of V~Z- 

ious  s i z e s  o t  the t i n e  of diccovery: 
Lcss than 50 sq. f t .  24% 
51 t o  500 sq. f t .  14% 
501 t o  4,999 sq. f t .  21% 
1/8 t o  1/4 acre 12% 
1/4 t o  1 ccre 22% 
Larger than 1 acre  

It i s  s ign i f i can t  that ncarly 40% of a l l  f i rcr ;   isco covered by lookouts were 
seen before they had exceedod 500 square fee t  (tibout 24 by 24 fee t ) ,  and 
71% of the  f i r e s  discovered by lookouts were l e s s  than 1/4-acre i n  s ize 
ahcn discovered, 

The East Side lookouts ?"pp:~.rently pick up 2 s l i gh t ly  g rea te r  pro- 
por t ion o f  small f i r e s  them do the lookouts of the  Cascndes, but 
the  di f ference  i n  t h i s  respect i s  sm~I1. Size on discovery admittedly 
i s  a guess but it i s  cvident from thc records that  attempts geners l ly  are 
made t o  h~ rnon ixe  the  estfmnt,es made by the lookouts with :?:hat the f i re-  
man tzchaily f i n d s   he^? he reache:; the fire. 

How Long Do Fires $urn Bcforc 5oo!routs See Thca.? 

From a hctsty look a t  the realfits of the  s tud ies  on time-frequency 
of f i r e  o r ig in  end those on the  tj-me-frequency of f i r e  discovery by look- 
outs  it might appccr t h a t  because there arc about the  s m e  proportion of 
f i r e s  discovered ir, tlie morning as stcart iii  the  xorning, about the sane 
pcrcentagc!~ f o r  o r i g i n  and discovury i n  the  afternoons fllyld about the  same 
f o r  o r ig in  and discovery a t  night ,  the  detect ion of f i r c s  i s  r a the r  prompt. 
This, however, i s  kn~wn t o  be untrue. 

The average discovery time f o r  5709 f i r c s  discovered by 1 0 0 k o ~ t s  
i s  16.9 hours f o r  man-caused fires, 34.6 hours f o r  l ightning f i res  o r  29.2 
hours f o r  311 ccuscs of  f i r c s .  Even i f  the fires f o r  which discovery time 
w-s unreasoncbly Long (72.0 hours vm,s taken ns an arbi t rary limit) are elim- 
inated,  the mcragc detection time f o r  lookoutc i s  7.9 hours f o r  mm-caused 
f i r e s ,  11.8 hours f o r  l ightning f i r e s  o r  10.5 hours f o r  all causes of fires. 



I FIRE l?ETECTION STUDIES I 
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Do Lookouts Discover Fires Pihen Looking Toward the sW? 

Because it i s  d i f f i c u l t  t o  search fo r  f i r e s  when facing the intense 
glare  of the  sun it i s  commonly assumed tha t  lookouts pick up f e w  f i r e s  i n  
the quadrant facing t h o  sun. Experimental work with a r t i f i c i a l l y  produced 
smoke coLumns strongly indicated tha t  small smokc colunns can be wen as 
far  hen the lookout faces  thc sun as when he has tkre sun a t  h i s  beck. 
But it i s  11~vd on tile eyes t o  look toViard thc  sun ~ n d  f o r  this reason it 
was thought t h a t  lookouts octunlly do n o t  discover as m a n y  fircs tot'mrd 
t h e  sm as ;r~my from it. Vb%at docs the experience record shear? 

h $nalysis of a l l  f i r e s  discovcrod by n e a ~ l y  500 lookouts i n  the 
5-year period 1928-1932 shows that,  as  E. g r ~ u p ,  lookouts consistently have 
discovered more f i rcs  when looking t o i ~ ~ r d  the sun than i n  a7~ other quad- 
rant.  Thcrever the sun hsppened t o  be, there also v m c  discovcrd  the 
grea tes t  number of f i r e s .  F 0 1 l ~ ~ ; i n g  tho sun zxilun6, nearly half of the 
f i r c s  regularly and consistently were discovercd i n  a 60-dogee seflent 
f rc ing  the sun; t h e  r e s t  of the  f i r e s  were discovered i n  the remining five- 
s ix th  of  the 360 degree c i rc le .  

The f i r e s  discovered i n  the quadrant facing the sun were, according 
t o  the records, s l i gh t ly  smaller on disco~ieqr than those discovered i n  
other quacirmtc. Moreover, the distance of  discovery was slight*;. g e z t e r  
when fires vrzre i n  the qundrirnt fncing thc sun. And most of the f i r e s  do- 
tccted a t  nore t h  15 miles from the  lookouts were discovered when the 
lookout faced thz  sun. 

Since tho ane2ysi.s proves t h c t  lookouf s c m  and do detect  :rs many 
or  more f i r e s  i n  the d i r e c t i o n  of the sun c ~ s  in other direction,  it 
appoars t h a t  smoke must be ~omev~1ic'c.t more vivisiblc in t h a t  dircc.tion. An 
eqlcnat ' ion of vhy t h i s  should be t rue is founl  5.n cell kno~m principles 
of physics. Smcke is more visible when looking t o v ~ x d  the sun beckuse it 
i s  illuninirted by the l i g h t  pns;;ing through it nnd thoreforc appears to 
bc brighter xnd i n  grentzr contrast  n i t h  the b.?ckground tha11 vrhen smoke i s  
illuminated by ref lected light as it is i l l  a11 direct ions  t h a t  zre not to- 
ji~l~$r(.l the sun. 

Although it i s  demonstrated thzt, lookouts see f i res  most readi ly  
v&en looking to11c;rd the sun, never-Lhelcss, locking t o ~ n r d  the sun is fatigu- 
ing t o  tho eyes nnd c9uses more eye s t r c i n  t h m  looking i n  any other direc- 
t ion.  To reduce eyestrain lockouts have heen furnished special  goggles 
developed by the experiment st .ztion. Bjt using i;hc goggles they a r e  able 
to see as s e l l  in. the <?fternoon;; cs i n  the norninga fhcn t h e i r  eyes ore 
fresh, 



FIRE DETECTION Lp--.--- 

A-t; What Tirne af D a y  Do Fires S ta r t?  

Some of the  s ign i f ican t  results of an analysis of 11,081 fires oc- 
curring i n  recent years 03 the national fo re s t s  of Washington and Oregon 
care as f o l l o ~ ~ s :  

(1) The chief differences between time of or igin  f o r  mon-caused 
f i r e s  and time of origin f o r  lightning f i r e s  i s  t h a t  over 30% of the nan- 
caused f i r e s  s t a r t  i n  the forenoon, whereas only about 7% of the l ightning 
f i r e s  s t a r t  during those hours. For the night  hours, 6 p.m. t o  6 Sam. ,  
the  s i tuat ion i s  almost exactly reversed with over 30% of the l ightning 
f i r e s  but only 15% of the  man-cruscd f i r e s  originating then. The pep& of 
l i g h t n i n g  f i r e  occurrence i s  i n  late afternoon cad early evening, from about 
3 t o  8 p.m., but the  peak load f o r  ran-caused f i r e s  cornea irl tiie l a t e  fore- 
noon and car ly  afternoon. There i s  very l i t t l e  difference betmeen East 
Side and West Side forcs t s  i n  rcspect t o  these itcms. 

(2) Most man-caused f i r c s ,  3s r i  group, and nost l ightning f i r e s  
s t a r t  in the period from noon t o  6 p.m. About 55% of d.1. f i res  are re- 
ported t o  have s ta r ted  i n  the  afternoon hours. Agein, there i s  pract ical ly  
no difference between Fast  Side and West Side forcsts .  

(3) There appears t o  be no par t icular  difference between the t ine 
of o r ig in  of small f i res  (classcs A and B) and that f ~ r - . t h e  la rger  f i res  
( c l a s s  C ) ;  however, f i r e s  that s t z r t  in the morning a r e  somewhhnt mare 
likely t o  develop into class C fires (over 10 acres) than are f i r e s  start- 
ing a t  any other time although the tendency i n  t h a t  di rect ion i s  not very 
strong. The analysis shows thz-t 13% of a l l  f i r e s  s t a r t i ng  i n  the forenoon 
develop in to  c lass  C f i ras,  10% of the afternoon f i r e s  reach t h a t  s ize  and 
7% of  the night f ires become c h s s  C f i r e s .  

(4) .Ct*:rtcin v ~ c r ,  of m n - c ~ ~ ~ s c d  f i r e s  have peculi i ir i t ies a l l  t h e i r  
ovm a s  concerns time of origin. Campersf f i r e s  for  example, exhibit  three 
ra ther  def in i te  peaks: one around breakfast t i ~ e  (6 t o  9 a.m.), another 
a t  lunch time (noon t o  1 p.n.), and n t h i r d  peak zbout supper time (after 
6 p.m.). Over hzlf  of the  f i res  a t t r ibu ted  t o  canpers s t a r t  i n  these three 
periods. 



( FIRE DETECTION STUDIES I 

A t  What Time, of Day DO Lookouts, Discover t h e  Most Fires? 

A study of about 6,000 f i r e s  discovered by Forest Service lookouts 
i n  the  period 1924 t o  1932 indica.tcs that:  

(1) The "peak loads" for  f i r e  discovery by lookouts come i n  the  
afternoon hours. About 56% of a l l  fires discovered by lookouts are first 
seen during t h i s  period whereas only one-fourth of a l l  f i r e s  discovered 
by lookouts are seen i n  the for~noon.  About 17% a re  discovered a t  night, 
chief ly  between 6 md 10 p.m. T h i s  record i s  essent ia l ly  the  same for  
Lookouts, a s  a group, both e a s t  and west of the  Cascades. 

(2) The sa fe s t  hours f o r  lookouts t o  be awar from t h e i r  s ta t ions  
appears t o  be c f to r  8 p.m.; the  next best time t o  be absent i s  early morn- 
ing,  before 8 a.m. It woufd seem ~dvisable f o r  lookouts t o  be e s p e c i a y  
a l e r t  botmcen 11 a.m. and 7 p.m., 2s the experience record shows that 
nearly three-fourths of a l l  the f i r e s  seen by lookouts arc discovered dm- 
ing those hours, 

(3) Althcugh only 7% of a l l  l ightning f i res  or igihate  i n  the fore- 
noon, about one-f curth of those l ightning f i r e s  discovered by lookouts are 
detected i n  the  6 a.m. t o  noon period. From other studies it appears that 
the  fires discovered i n  t h i s  period a re  those originating the previous day. 
The morning a f t e r  a l ightning storm i s  the time f o r  lookouts t o  be espec- 
i a l l y  watchful. 

(4) The number of f i r e s  discovered i n  each hour period grnduelly 
builds up t o  a peiik i n  the aftcrnoon and then f a l l s  off gradually. The 
peak of maximum f i r e  discovery for  f i r e s  which ge t  t o  be c lass  C size 
comes about 2 hours earl ier  than the peak for  A 'and B f i res .  T h i s  holds 
t rue  f o r  both man-caused an6 Lightning f i r e s  and fo r  both East Side and 
West Side conditions. 





??hat Materials Are First Ignited? 

Lightning f i r e s  -- When a l ightning storm i s  expected, the  f i r e  pro- 
tect ion organization can be t t e r  estimate the danger t h a t  l ightning f i r e s  
w i l l  be set i f  it i s  h o r n  what rmter ia ls  arc nost  l i k e l y  t o  be igni ted by 
lightning s t r ikes .  If,  fo r  example, most l ightning f i r e s  st?-rt i n  needles 
and duff, and i f  the  duff mere too wet t o  burn on the day the storn was ex- 
pected, there probably would be l i t t l e  danger of f i r e s .  If, on the other 
hand, the duff were very llry there  mould be plenty of danger t o  prepare for. 

Over the  region as n whole, 42% of the l ightning fircs have s ta r ted  
i n  the  necdlcs and duff. This means t ha t  nearly half  of the  l ightning fire 
danger depends on the i n f l m a b i l i t y  of tho needles and duff. When the 
duff i s  soaking ne t  the  l ightning f i r e  danger probably i s  l e s s  than half 
of the danger vihich ex is t s  when thc duff i s  dry. 

The most outstanding difference between the West Side and East Side 
f o r e s t s  i n  the  matcrial  f i r s t  igni ted by lightning s t r i kes  is i n  regard t o  
snags. On the West Side f o r e s t s  25% of the l ightning f i r e s  s t a r t  i n  snags 
in contras t  t o  only 1@ on the East Side. Green t r e e s  are  the first nater- 
i a l  ignited i n  about 2% of the f i r e s  on both s ides  of the Cascades. Grass 
i s  of l i t t l e  inportnncc ns a kindling materiel f o r  l ightning f i r e s  on the 
mest Side but it is inportcn: on certz"in Eost Side forests .  

Kindlinp Fuels i n  man-caused f i r e s  -- Reports on 4,000 man-caused 
f i r c s  v;hich occurred on the nat ional  fo re s t s  of Oregon and Washington from 
1925 t o  1930 show t h a t  41% of all man-caused f i r e s  start i n  the needles 
and duff. Twenty-four percent stort i n  the  grass. In general, these two 
a c l s  f ~ n m  the bulk of the man-caused f i r e  hazard. Rotten wood, brush, 
logs, t rees ,  snags, and s lash  are of much l e s s  importance, since each i s  
the s t c r t i ng  point fo r  only 10% or l e s s  of the f i r e s .  

The r e l a t i v e  hazard of foree t  materiels var ies  f o r  d i f fe ren t  types 
of man-caused f i r c s .  Thc fires of smokers rind cnnpors, which make up about 
70% o f  nll ;~an-caused f i r e s ,  are started mostly iri needles or  d d f ,  and sec- 
ondly i n  grass. Incendiary f i r e s ,  which conpose 15% of the nan-caused f i r e s  
on nat ional  f o r e s t s  west of tho Casc~des,  are s t a r t ed  mostly i n  brush, and 
secondly i n  duff and g m s s .  East of the  Cascndes, where c a p e r  f i r e s  form 
only 2% of the man-caused f i r e s ,  they arc s ta r ted  mostly i n  the  grass. 
Sixty-five percent of the ra i l road  f i r c s  are kindled i n  the grass, tmd only 
10% o r  l e s s  are s t a r t ed  i n  each of the  other fo re s t  materials. Sixty-three 
percent of the  lumbering f i r e s ,  as would be expected, are f irst  igni ted i n  
slnshings and only 12% s t a r t  in each of the other pr incipal  fuels. 

The r e l a t i ve  f i r e  hazard of each type of fue l  depends t o  a cer ta in  
extent  on the r e l a t i v e  amount of t h a t  fuel i n  comparison with other fuels.  
Thus, i f  ro t ten  wood const i tutes  only 10% of the t o t a l  quantity of fo re s t  
fue ls  md i s  n s t a r t i ng  point for  a large number of fires, it is  r e l a t i ve ly  
more dangerous than more generally dis t r ibuted f i e l s  with the same number 
of f i r c s .  These nnalyscs, i f  interpreted,  however, should be of 
value i n  fire control planning. 



Lightning F i re  .Altitude Zones 

Since 1-ightning i s  the cause of half  of the  fo re s t  f i r e s  i n  the 
national fo re s t s  of Washington and Oregon it i s  important t o  know where 
they occur. It i s  often said tha t  a l t i t ude  i s  an important fcctor  i.2 

determining t h e i r  distr ibutior!  . This r.ssm.ption k s  been t es ted  by tcbu- 
l a t i n g  by fo re s t s  al.1 the l ightning f i r c s  which s ta r ted  i n  each 2,000- 
f o o t  a l t i t ude  zone from 1025 to 1930 inclusive. 

On tho VVeiest Sidr fo re s t s  as a whole, 51% of the l ightning f i r e s  
hzve s tmtod  ::t n l t i t u r l e s  bc.tv:een 4,000 2nd 6,000 fee t ,  34% mere bctv:een 
2,000 md 4,000 fee t ,  95 s t a r t ed  below 2,000 f ee t ,  m d  only 6% originated 
2t a l t i t udes  abovc 6,000 fcct .  

Fast Side forcs t s  show higher general a l t i t udes  for  l ightning fires 
than the West Side forests ,  bccwsc the lmd rises from a platecu ~ ik ich  i n  
most places i s  more than 2,000 f e e t  abovs scn level. Here 61% of the l igh t -  
ning f i r e s  occurred het~:een 4,000 and 6,000 feet.  Only 22% star-bed betvreen 
2,000 ,and 4,000 fee t ,  and only 2% started b c l o ~ ~  2,000 f e e t  nlt i tude.  

This a l t i t ud ina l  c l i s t r i b ~ ~ t i o n  of l ightning f i r e s  compared 'with man- 
caused f i r e s  demonstrates the  d i f fc ren t  character is t ics  of the t x v ~  types. 
Only 12% of the  Rest Side man-czuecd f i r c s  s ta r ted  a t  a l t i t udes  between 
4,000 and 6,000 fee t  as comprred mith 51% of the l ightning f i res .  Below 
2,000 fee t  was the zone of most nm-caused fires, but of 1cc2s-L Lightning 
fircs; 57% of the man-c~uscd c"nd only 9% of the l ightning f i r e s  occurred 
there. The Wcs-t Side forests  t h s  have had rmst of t h e i r  man-caused f i r e  
problen a t  a l t i t udes  bclon 4,000 fee t  and r o s t  uf."uhofr l ightning f i r e  
problem above this level .  Althaugh the genc rd  love1 of the E n s t  Side 
fo re s t s  i s  higher than.on the IYeriest Side, there c lso man-caused f i res  aver- 
age lov~cr i n  elevation t h m  Lightning f i r c s .  

This u g h e r  alt i$udinal occurrence of l ightning f i r e s  does not mean 
t h z t  they nre  restr icted t o  high a l t i tudes .  Intensive analyses on cer ta in  
nat ional  fores t s  cor:ipletely covered by topographic maps show t h a t  the  number 
of l ightning f i r o s  per  Gcre a t  low a l t i t udes  equals the number a t  high a l t i -  
tudcs when both areas a rc  affected by the same n u d e r  of Lightning storms. 
hlcn-caused f i r e s ,  on t he  other h,md, are r e s t r i c t ed  more or l e s s  t o  low- 
a l t i t u d e  zones because these arc usually the most accessible. 

Other studies hcve shown t h ~ . t  Lhe b d k  of the l ightning f i r e s  are 
s e t  by n few storms eech season, tilerefore, p l m s  f o r  plncement of lookouts 
and f'iremsn should recognize that on most days the danger i s  from man- 
caused f i r c s  and theso are g e ~ e r c l l y  a t  low d t i tudes .  The recorde indi- 
cate t hc t  it r.ioi;lZ fic?~~eraLly be unnecess'ary t o  ~,lakr! personnel s h i f t s  for  
" loca ln  l ightning storms, because t h i s  Q p e  of storm s e t s  prrr.cctically no 
fires. But, u n t i l  depcndr~ble localized warnings of l ightning storms are 
available, it i s  suggested t h r t  the wises t  course i s  t o  concentrate detec- 
t ion  and suppression forces a t  higher a l t i t u d ~ s  whenever any l ightning 
storms are expected. 



Logging as a Ccuse of Forest  Fires 

It i s  generally recognized t h a t  pract ical ly  a l l  logging operations 
tend t o  increase both the fire hazmd and the f i r e  danger. F i r s t  of all. 
because logging converts the green f o r e s t  which i s  a r e l a t i ve ly  safe type 
i n t o  s lash  and cut-over land vrhich m e  highly inflamtmble types and sec- 
ond, because the presence o f  large numbers of mcn m d  tho operation of 
machinery Ln the highly i ? f ~ ~ m 8 b l e  debris  incident t o  logging are in thern- 
selves potent causes of fire;; start ing.  The very real  danger of los ing 
valuable property such a s  equipment and logs by f i r e  has forced loggers 
t o  take cer ta in  precautions i n  t he i r  own s e l f  in terust .  S t a t u t o ~ j  rcgula- 
t ions  a l so  require them t o  t a k e  steps t o  prevent fires from s tc r t ing  ond 
t o  be prepared t o  pronptly stop such fires as do s t a r t .  However, i n  sp i t e  
of a l l  tho precautions taken i n  self i n t e r e s t  .?ad the  s ta tutory regulation, 
logging f i r e s  have caused enormous loss  of property. 

In  order t o  demonstrate the r o l e  played Qy logging and logging fires 
i n  the  losses  caused by fo re s t  f i res  i n  the last  decade an analysis has 
been made of the s t a t e  fo re s t e r ' s  individual reports  of all. f i r e s  occurring 
on private lands i n  f i f t een  counties i n  the Douglas fir region i n  Oregon 
for  the period 1921 t o  19232 i.nclusive. This conparison of the destructive- 
ness of lagging f i r e s  versus a l l  other f i res  i s  presented i n  the accompany- 
ing tables. A study of these tables  w i l l  reveal. that although logging i s  
credited with causing but 11% of the t o t a l  number of f i r e s  i n  the  period 
studied, logging as a cause i s  responsible f o r  26% of the t o t a l  area burned, 
23% of the l o s s  of merchantable timber, 49% of the l o s s  of logs and logging 
equipment, 3'7% o f  the t o t a l  damage and 35% of the t o t a l  f i r e  f ight ing cost. 

It  should be noted t h s t  these figures do not  include 1933, hence 
the Tillanook f i r e ,  which was a logging f i r e  ~ n d  did more dmage than all 
the f i res  put together i n  the period studied, i s  not i.ncluded. 



LOGGING AS A C L S E  OF FOREST F IRES (CONTINUED) 

A4EA BU?NED, DA t iASE  AND F I R E  F I  2HTING C O S T S  FOR -.-" ---.- 
LOGGING FIRES VS. ALL OTHEK F I R E S  --. 

PRIVATE LAND I N  THE nOUGLAS F I R  REGION OF OREGON (CLATSOP, COLUMBIA, WASHINGTON, TILLAMOOK, MULT- 

NOMAH, YAMHI L L t  CLACKAMAS; LINCOLN, POLK, MARi ON; BENTON, L I  NN, LANE, nOUGLASI AND COOS COUNTIES) 

FOR THE PERlOn 1921 T O  1932 INCLUSIVE. 
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