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t ut	 I,	 ,„	 l ‘ ; 0 a b hie	 In our	 forest ry	 edur,:t !eh	 w hi ch •'nr,
!	 ,!!	 !	 it ,-	 e	 ,'.;!),I0(`I	 of	 fcr- c	f Ire	 p in yo n',	 I en	 arid

	

Vri n111 , i1 "1	 l e t	 r	 hav f i	 ^ omo c/
1 ?i(1	 of	 111 ! 	I hro e	 Ptint l ei l of f nrier

'	 hui	 ' '	 : i('l	 o.1h l es ! , 11 s ' s r:" Ien from	 fr.)re:,t	 f !rot;	 has	 boon	 r.in1	 rP(1.
I::	 :t..irr	 Icr,,	 and	 °aver !ally with	 the	 t e chnical f i e -yf r ir ,	 th-nry at! ! he	 Pr'ILC I ice	 of protectinr, the forest,	 from

di	 fi!	 I 1( ,1 :	 f r",7H	 firroi n;:ly to 	 tvirdIntstratIve mat ter, 	 It0, Vert. or' '	0,/	 ,,orf „ p i	
I Hurl 'ii' tromhen.	 The orderly	 exec. th Ion of a( Ion

nil	 prole!!! Ir ft,	 ied	 forest	 fires	 rucaessfIll.

	

Thr, ,,,,mer„,y;	 rami rt 0 a11,-01 r;	 of thr, !d o lt! of f o rest	 f ire protect ten cannot 	 he ado-r ror r , r rod r	 r r	 tdrrr	 or t tr!orr	 rrf t.fr!ri	 I	 Thlir	 Is merely	 an attempt	 te brIrg	 to-Jo ! ner	 Iwo!	 se ver-.	 ! I	 fro I lmlnarY dliteut	 of the f undamental prin r ip!es of forest,
f re luevort len	 O'olIt ri 1	 t ool,	 In a 1 Im I red way, tir heir app lication.	 With this Phasef 'NI	 ! t r o t/0 -11( s !	 In	 it	 retied	 of	 /arid	 evoli o t , nettle	 of the traterlol c ent a Irtednote !! ! ell!	 H nitu ly	 t' f `	 0!CH.C't 0 .	 To	 frevo nt	 the	 pu bileatIon	 from	 bec.orl r.	nbricopf	 to,.-;

the l oo tte-leaf hinditot has presented a means of keeping the contents reasenobly

	

wl !Flout	 011	 expertdJt,iirp.	 Individual cha p ters will	 he	 revlso,i! 0 rt , it' s !	 tho!	 t	 ,•,,,!! eat	 wIl I !IIsle T urco-mat ion	 on	 new	 develonmoriiii
• It ior	 ,	 rriat merit- riven lo 	 several subjects.	 - Chapt e rs I

Ti	 hove 	 rev	 :rod	 I rr	 hi !Jule	 00111 oral Information.

	

Arkrrow 1 edcTriorrr	 li p t r io	 rr. r r	 tore orrprxrerrt I err	 for	 improvement	 extender!	 by I !lose	 Ntio!,.-,	 I	 !I;;I•1	
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Chapter	 I

IN I RODiR,T ION

	

• tH. 0n0 r n!	 "6'
.,•

	

91!.	 ! ,1:9 91- (6! . 9. 6 ;	 H oy 6 "!rr.699,. 0 a'!1-!:!
"• , t;	 !:	 .1:	 V!!0;:a!	 !! it•	 'fat	 I	 f ‘ i !	 •!!

	

;•	 r!•	 The ! ' o h t ,rel	 tif rop! !:/	 ,.•

!'	 '‘	 !/er.ri:1,-, or ;hi?, 
-	 !t;	 t''ttt	 t n tut tntt Nho in	 or fcro ai.rv.

'	 tte: t n t	 !	 tdat-t1

	

that the	 'reveal Ion and	 c ontrol Of	 firn n to	 a bu.t.1. 0	re ttntye-
- 	 ,!ry,	 rpi7Irdins of whether the property Is managed for eemmereial 	 tit'qP r pre-

	

'	 ,	 ;	 '!(''1,	 at	 'I	 or	 re rro:t1 i, o ral. Nrposen.	 This statement Indicates tJnt
N'tn	 n e 796,;Wy1P51	 fOrf,iI Mad will, sooner or later,	 he confronted a!	 i tte	 itrOb-

":t	 r'	 rel.	 The	 int p !A t peni'e with which he approaches the problem will determine 	 t he de-
nr	 !Ito forester on whom direct res p onsibility rests with regard to forest fire prevention

	

'	 t •	 - 1 / ttu • aew	 tltr,	 N et t	 if fuNtro l I lu g	forest	 fires as	 being good	 forestry braotlee.
lorir rect1gr t l ied the (f9Pi16.6	 I t.	 does and	 their administrative practice	 Iron:del,;	 -1"to	 r

	

tt	 t	 •.!1!i	 o a t pt,	 ro	 t	 r	 re rrevont	 II nd	 control has been praeticed	 In some	 of	 teP	 otettrh;	 . !	 oe	 twtto hh 	at 'r'' mete	 or leds	 effect Ively for an years.	 Pntil	 the wentern	 totional

	

,fro,tt Iv'' 66 r66:1 Piro control	 won	 Imotd ir o solble,	 r tnoo o thtt
'	 !''	 '	 ;.:	!',	 v"	 e'"?. I!:	 :;!:et I ! .	 A 1 thoemh	 the	 :;eu ft; has no	 foc cralea	 , 00	 oo , f:t.! On6-	 .;	 .,•ttwe/ th !no	 Lan e	riww,	 hav e Inflaenced	 the compos! tl on	 of t he	 r,-' p i •

deLw! y ,	 !al tattern,	 the task	 ' , I'	 'tg. the
u't t't 7	 r I	 V:!r/	 "'	 r 	 felt [t i-In.	 P wn t. ghout t'J1P	 trotted	 States,	 however,	 to "'iii f o rs, • t re-, • n•	 tte.t . I s it simi tartly	 of	 broad objectives and certain principles 	 can be applied In achieving t i ore'	 !	 IP	 o r	 the	 Inc';	 Ion	 of	 the	 forest region.

	

.	 tot e• : t ot	 t•t, trent	 56	 7 I- viwt.ton or ferest	 fires	 to	 art 	 of	 tt	 'oatea.	 In	 -he; t-	 tt o ut	 iire	 rail;	 responsible	 for more	 than 90 percent of the	 forest fire s,	 ervieusly

	

dtt	 or	 p revent I an	 Is	 one	 of	 public relations.	 In the western forest regions,	 lightning ' 	 a

	

hot	 t he	 flu or haoan	 relatiess	 of Iii exists.	 If there were	 lo fires,	 the	 re e d	 for
hal	 foto!	 hnacorw if ff 	 from	 the fore--'t nar t to t ne t.tertiavroj,

t	 ot. c t ott-	 t aote	 tt to t e	 tod t vl 1 n •	 imp	 Fs c.:tw. Loved, and	 where there is	 fire,	 hdman carelessness,	 and' J. '.	tutet satotv i ll	 to !aaet''ett	 foroot firms.

The Merits of Forest Fire Prevention 	 and Control	 In the Practice of Forestry
'f forest	 land	 Is to he managed for forestry purposes, and this implies maintaining the 	 and	 In-

	

-, r ,,]!tol y In bredu-tive 906W t10 6. whereby the fullest use may be derived from the tree grolNdb nn 	 nhe area,tn	 Ito.. amainsl	 ^ire mist he given ft th e area.	 Tf one regards tree growth on land as a sec ondary con-. ;(	 toe, altO ' ,C M°	 Herr	 ;; 171ch	 !;r0110'11ch or	 beef	 cat tle	 as	 primary (205)	 (170), thee	 ''ac	 !.)	 at.11-t , tt	 land for some	 purpose ether -than the sustained production of timber. if, on the other hart], 	 'ad isf o r f o rest rtf	 Parpodes,	 t hen	 it	 fa h t. sessary to determine what effect, fires have on forest
l ' ot-P! ' l fires," as ased	 ge n e rally,	 tummy the idea or the fuels of the forest In State of more 	 or loss

	

t f olett ,	 u r o ontrollel comeustleo wi ll)	 the fire permitted to take whatever direction it chooses arc:
''''estdera I 10.1

	

of err oot	 r rot oat,	 tires cause damage,	 that Is, If the net. result or a forest` Ire	 Is	 t he tower I to* of 	 the ut 1 1 1 ty of	 land and the forest, growth on It, then efforts are 	 j ustlfiahle :forSo	 ,‘revestIon and ronttol	 of	 forest. fires.

ii N9,,h9r, 'n' y11 , 695 9 966 o•rot,	 fou,10Ion or IlLernture cIted pp. 159-164.
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,,;"))4	 ;,,,;;;11,4/.11	 .	)i) 	 (1,ttlt )));

cnter	 t contains h detailed description of the nuttier In which w ii t ontrollea foresto 1 t I ty ,r forest sites. W ith few	 ions, the record Is in favor of protecting thewhere there Is a desire to maintain the forest. In productive condition. There arel	 where Iron species of high commercia] value have perdIsted In spite of uncon-ne	 I.; entitled	 to ask, even though the answer is open to question, "Lantid not the
la a morn	 crodoctive condition had the fire bean ('ntroll(ir

rorest	 Hite Consciousness

t t - ci,Ltootc,	 ttrttt a d evelopment which ac m panled N q '() trill ion of	 the pit'. of forestry Oho.	 1'or It.)0 years the United :Mites 
•,))-,),Idered Iho forest: a liability instead of ant the hostile Indians and was In possession of soil needed for crops. This y le4-

Lted until Corattress passed the limner Culture Act of 187; fore.Lts thon became assets
In	 the !Meal	 Plains region	 of the United ittLietc.

mairott forest fires has been re cognized	 In the United Litotes for a lon g, time.o
nsidered harmful is Illustrated by action Laken in 170e by the State of New 

York.lair such ad	 Lostices of the peace, gown supervisors, highway comcds.ctiooers, andcIntrged with the ex tinguishing of forest ti tres and with	 Immo/ to f;ORMION re nidtdits Iz:!tv .)r a floe	 fcr refs:Lai.	 ( 1-p. 704-777)
bi vist on was	 created	 In the	 l int	 t ittn1 et;	 pepa -Umdi	 f ArTIChlf	 Ht. ;,;): t

),)
-viertti	 I or'n.::t lands, Its actIvItl tt were	 e lderl y 1::rho	 10.ft . r	 em,.::;-;!;Al! )!:	 par)Sage)	 1.-fl) Act. of	 .1 

i t tmtlit, t he onited

)
t	 t	 v	 tie	 1),))1,),

	c 	 rye..
!!';:2;:!

Iv!),•:))),;

;
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I I

Ihp	 roet	 : e rv' a' ITcarr(	 , •	 •	 r,,r,	 •	 s aloro 7dIf fd:	 Tr)Y!"'

t•	 roI n •I I

lq •	 o	 ,r	 foreIl l	'(

	

I	
'• t rek!	 Fire"
	

Th 7	In ! dd

7, I "It'll In'	 r	 fir 7 ('	 ry

17,7	 "Hi t	 1.7771'!7i	 :'swiss,	 r7 : •	 77	 7

t) )	 otompo	 t,	 •/; 1 1i i	 p.10(1

too	 t	 •	 le!	 I!	 v.;1:: nor! r i l etteing	 ell	 !Ile

	

L.1	 td: I	 admIL!	 li rat I vo	 U gent' lea for forest	 conservat inn.	 11	 11a1
f	 ur s/o lp	fo rt. ;a	 ainfilulaf native agencies 	 that came Into exintnce In.	 I no r'ew

	

I 7,7	 Itic	 on it:	 r ta	 "I 't 1	sury ived	 With	 1t;;	 aCquISIt I On	 of forest lands	 i n	 ri rg
i ! art	 river.', fennsylvaula too was confronted with 

t he t tuf)f o m	 cf
I hc: ' !	 Fri from	 • i n -•	 Miunesuln also acquired forest	 land which	 re aul red	 acm'n !a-

	

ir	 ''alorrafo find	 ork	 nan:ed InNs which Introduced the 	 principle	 of central 17ea	 tupett-
!! n • do l d0	 INdI'don	 force. idiflit edily,	 not much was accomplished Under	 ehrI7

Hz.T11().	 1.nal	 inm W('1.3 in 7neplaces tangible public admission of 4,'D sped

	

1.	 p o p. .
 (	 ,t	 44o 1),m,	 1.1111..!1aixst t

IgntY yearo later thlt c ome	 c 'lfen	 1171 (7 '0 to
(	 , 0	 ,

piHic p rr,	 fire prevention and	 control was a specialized one	 thr!iad	 for dree	 raining and	 that 	 recital !zed control 	 was necessary.

	

irlvate	 land	 ' N ett:, were forced	 to	 form prote • tive associations against 	 forest	 fires in	 -IfIcO where f ! r	 frequently re • alted in cold' !o	 rations. Although the public admitted thot 	 0.riPon.170d

	

o c t Ion	 Hsi I' -con I	 firs. .n wet; dtn : 1 tuh o,	 it wan	 the	 owners of	 timber	 land who re el  ly	 h ad	 some-
woro o rood	 In	 a. t 	 Individuals	 to protect their lands.

d , I' !rot IIrherLUUt (where' 	 fere:It	 fire	 protective • ;nlociatten war;	 formed In Idaho	 in ip;	 Theread quirt, Iy	 1n	 the rerlon	 r o that similar associat tons were formed in Washington and C/rerroo te---

	

; , f t h e	 Inabl	 !Tv	 of	 i he si ito	 to adeoudfly meet	 the protection needs.	 In several	 c ce e s,	 he,t:over,
owners were w1 1 1 lug to 000nerot e. Those owners who wished protection were compelled, 	 in	 eqr

- is. to extend protection to areas whose	 owners contributed nothing to the prevention ard o en-
rd;'. Everitno	 'y	 !	 (I f	 !col t y was ove rneme by	 th e ;levers] northwestern states eno' d Inc '!-6A1tFed	 ownonz wit	 ho,datry	 of Zi	 private	 p rotective association	 to contribute o	 he	 mol:-s	 ef prevent I o n runt dee tr,i fosse„

	

Ww I a fov, n	 o f	lot"	 otot t he	 t'ldrf -Idoifory law	 of	 19I ; '1	 both	 assisted material Is	 In	 (-r'	 fO)re:o‘;,i	 I,	 17.,7!7	 !ir,1 1 071:	 h	 :;,,vor:t1	 at.0 f ar o7 ! ry	 o rgh n t7rIt	 7 ,.7 7 	 7-';77'`	 '7%!'o,•	 ,•,,n,	 n' I ne e r, law 	 strengthener; the el	 r.E" El work	 In artort!no:
'or t e Pri dte	 f 	 a .	 The Week.	 Law In particular helped to crystallize sentiment	 In rev-alpht !tut t hereteft)re	 had Teen unwillIng to accept the principle that the state had a responsibilitynretectinr. nrIvot e forest land oralost depredations by fire.

With the exception of four states now having in excess of 700,000 acres of forest land In the form of

	

Hi : 0 fonosi.t 	 ;no protection of	 forests from fire damage	 is the largest • lob of the several	 frrentryoo , a . [[;.	 Those stole forest ry organizations which are not administrators of state fore.(:	 oad haveways of extending their p rotection services to private timber lands. 	 In some cases, th ,., state

	

' 7 ' 23 d i rec t	 re3 PO ns ird I	 ty for forest. f ire suppression on private lands.	 In other instances.	 r	 a re_
n eo! -: dbility lies entirely with 	 the private owner.

Phases of Forest Fire Protection

In ptutecting the forest	 from fires falls logically Into two groups, 	 namely	 (a)	 'lent; onand .:e) control.

ITiEVENTION work, as the word implies, 	 is directed toward preventing fires from starting. 	 dis-d in Chapter z, more than or 
percent of the fires	 In the United States are caused by harsh cs

t .i.vity.!fe l are set by men either through willfulness or carelessness.	 Those fires chargeable	 , o Parle7snes
pred ominate. With this	 In mind,	 one cart realize that with no fires, there can be no damage. With ace
fires occurring, moreover, the cost of suppression can also be eliminated. 	 ,	 t

9



n5;

ned viith Forest Fire Prevention and Control
!e n	'nere are both oatiie and private agencies which nave an	 i.rtventing

	

o I	 ho	 t.,	 ,,1	 un ;!'	 I 11. :	 I	 !.'e	 tineery or

	

-	 !Truer	 Ur...,	 4- I	 f	 V,I.	 .1	 I:

	

'	 N.::;kli n ittC(
I1 	 1H,"	 ro ts o ts ro:	 t	 /On	 I int' l;;I: i k_hdi b; be I loved that

Id al:du	 t	 t n •n:/11	 •;"	 •; n .1 r abo; nIJrice .	 The

Cbat!er d, prevention ran be accomplished hy educatlur the Public as to the effects

be w..; people feel, Indirectly or Indirectly, the daffrie. Efforts in thin direction

vision. Prevention Is also accomplished by altering the character of the fuels in
re:: cannot sta rt,orarravIngthe fuels so that. If they Ignite, the damage done Is
traiton of this IS hazard reduction, or • the removal of the feels by annual controlled

land paralleling a railroad where records have shoar; that fires have started sctv-

previously, the total elimination of uncontrolled fire from the forest Is Impossible,

ties must be maintained to control the fires in event they occur. Even though the num-
Iced throuptn p revention efforts, an organization Is still always necessartf to detect

d p t and control them before they do much damage.

ty breali down into two phases, 	 (a) pre-suppression and (t)) su p pression. Pre-suppres-
ne In advance of the occurrence of a fire and contributes materially In the reduction

"ace that would otherwise occur in Its absence. Common Illustrations of pre-suppression

on ,)f lookout points for speedinir the deteiddon of fire:;, Ito owdtrutdfon of tele-
aliation or radio for theoutck tran3m11011 4 NW or dottwmt, Lu :q1 p171v9l10n FIcrelt;

toa(lj to fac1111;a1 t (!ollvar	 11110Rir tilf1 "
t o their various functions, and the gathering of data 

wnere)y he Aministrative
i . tdobability of the occurrence of fires and their behavior If they start.

control consists of the active suppression of fires when they start. Tt deals
7:aupower and equipment on Lie basin of a plan and	 rfected ny the training of

con 1on onaseof centre] aeo n wan 1na1 part of fore::' fir: , nu-tent- 10ni  11r11
lIvi gital effort originally exerted by the private owner who wished to keep damage by

Later state legislatures gave public approval and support to organized suppression
8 first step of suppression was token were efforts directed toward pre-suppression
1zeO that the ore-suppression could contribute 80 materially to the suppression

balanced program of protecting the forest from fire includes activity in prevention,
Id suppression. Local conditions will determine the need in each Instance as to just
receive the irreatest support. To he able to know when an organinatton becomes un-

c,r the reealrements of a good forest 	 fire protection administrator.

versus the Control of Forest Fires

affective fir:: control offorin are always vinlble. 1 . 'er exam p le, a fire I:'; earning In
'zed k;in-pnwer can usually stop 	 it In a few minutes If the fire la small. In the

effect of the man-power expenditure Ts easily seen. In the prevention of fires,
, association of cause and effect	 Is much less readily observed. It is difficult for an

for protecting a forest from fire to justify expenditures for preventing fires from
fire prevention there is frequently no direct, relationShip between effort and results

entrOl. This situation is probably accountable for so much post effort directed toward
toward prevention. With expenditure:; for control now reaching the point of dimin-

ach increased dosage of funds, prevention Is beginning to receive more attention.
by data would be extremely difficult, currently the return In dollars expended is
the prevention than from control phone. Just	 where the Mie lien; between preven-
t Is difficult to determine. it should be recogn1oed, hoover, that there is a tal-

iun and control; the more nearly the two are balanced to meet the local requirements,
alil he the results.
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!`f	 ri ,	11	 1 ;;11	 •r ,l

111'1:A I-1 , n.1 by the r	 .	 ;	 ;

	

!	 I I	 ITt' M I PM M O P' ' Cre s t! Ve when t he

	

1 0	 !VC	 '0!'	 Ions.

	

- lVal o r rosni gationr	 for the protection of forest lands against fire.
r,	 dro merely willr of the cooperative arrangement that exists between the Indivflodl,

the Ee deral Government. The successful operation of these private units is de pendent :nor:
oGlon from a legal 	 skindop int, and usually upon State and Federal cooperation from a final,-

re n I t	 vrrra1 naliotal	 private organIzallOnS which, although their primary' concern 1r In all
' srylll!in a t .ot '1: : of forestry, know that forestry practice is based upon forest fire prevention dna
.	 Fx driPi e r o f ! h e se ameocles are the American Forestry Association and the American Tree Lincoln-
,l'!nosmb t h e se o rganiza t ions have nothing directly at stake, they aid greatly in crystallizing pub-

In the he ed for protection against forest fires.

the e; ,rly admission on the part, of p rivate agencies that protection from forest fired Is
' , at:A wits public responsibility, the United States Forest Service has gradually Come to ocnupy

p c :!Ition In the forestry picture. ft be the manager of approximately 185,000,000 acres of forest
rI. the federal goverrmmuq, holds title. 	 It is also the federal bureau through which sobiales
ftre	 protdo . tion are granted t.o the various states for preventing and c ontrolling fines 0,-;
lands.	 id! a manager of	 t imbe rland, the Forest Service has taken leadership In for!:!st

!eef e::e from t he beginning of Its stewardship, it has believed that forest fire prevention and
.1	 hr necessary for successful	 forest management- 	 The experience of the Forest Service In protecting

from fire has been available to the states.

land manager, the Forest Service is forced to participate In all three phases of forest file
!!!-'. As a dispenser of a subsidy, however, the bureau is concerned with the three phases only in-

t ' 'T I I	 orrr, merely ed I mbliSh minimum requirements under which a state may qualify for nee no-
fedn ral funds.

	

du ..e . Federal amp /tole- which ploy a role	 in the administration of federal forest land ard .no bd. e
r ' ! ce, the Indian tiOrvlre, and	 the Biological survey. The first two of the above-montist pa n

'y ;n0 helartm e o! hr	 'eterlm, while	 !Pe last-mentlened, like tee ,.ereT.
of Agriculture .	 5 ne of these administrative agencies are as active or so hi gillY sr;l r17E!

ftro control as is the Forest Service, but they all recognize the value of protection from fire
dtd tsve ta pell some precaution to prevent and suppress fires.

Requirements for Obtaining Forest Fire Prevention and Control

if tt may be assumed that the practice of forestry must be based on the prevention and control of
finds, t here are several minimm requirements that must be complied with. These are f s folltvga:1. J-^a into action a program to demonstrate the effects of forest fires on public welfare ac, solicit

support for forest. fire protection from the public.
. Enact state laws fixing the responsibility on the state, as a public agency, for the protection

of forest lands against fire.
enact Federal. and State re gulations so that the responsible public agencies can perform their
duties adequately.
A ppropriate sufficient public funds so that the public agencies charged with protection cat per-form the duties imposed upon them.
Employ personnel trained In forest land management, with especial emphasis on forest fire protec-
tion.

6. Separate politics from the personnel so that It may function in the Interest of the public wel7fare primarily.

The points that have been listed above admit that organized forest fire prevention and control shaUlla
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;	 tr	 !I .	 I	 I r	 •	 1 n •	;	 ;,

9111	 '	 011	 I I'	 /	 •

'	 ,	 y	 H a. I • ror chart er more	 fiil, t he	 wed' In]	 110010	 111111
ow	 "teder4!	 !art'.	 13	 seen in Flgure 1, It. is the	 TT, \rite.	 '110

1,0t 1 , 1 ,	 : T et t	!	 o	 ft :tr	 forest	 f Ito 1. When they are protected as well as	 the	 rat I onal	 forests,
It: departments are redeeming their responsibi ] 	 ty ir protecting

iti sk	 and	 Hazard

to e o :	 ei	 m 't	 R	 f o res t	ri !"(` 1117 atl mi and	 con t rol are "Risk" and	 Nazar! " Because	 of
; r• . !'t	 w t ! r	 Ht o	 ot 1, 1-r ^:7	 '1'1 ,	 in many	 forest fire control	 discussions,	 It	 is destr-

'	 '	 t	 1/131	 naoh.

defined	 C 114 !	 	 rtillltv of a	 fire starting, based on the ma gnitude	 o f	 the
:	 te toet ito'nanoleo.	 Aim! I. '-i1. 1. t to	 • stite	 number of railroad fires may	 start	 sr, CT:n	 cit y when

tt	 have o very	 -ntw 510114:11 . 0	 o us t es t	..then few	 trains travel over a f1 1 Vert rere1 area as sn
:••	 tr	 s:	 wh e n 'lie rte Is	 have	 t	 h !t e l e r m o isture	 c ontent	 tart when many more trains	 ''-'ont ri Cute,	 brands that

r e tt	 Ia I	 :irrt vn at the	 p oint	 of	 combustion. In the second instaneo, the 	 tick Is
t e totis blared great il !	than ett10	 N rut

'11v1" hos	 been defined ;1 04) :0;	 the volume and character of the fuels that are	 cczbest lb H-.	 It
re T i t	 to t_ l a	 Inflammability of the fuels. It has been proposed by Martell 	 that	 the

"hosard" be eliminated from our forest fire prevention and control terminolopy • so that the present
o crit tclon in its usage be avoided. It must be admitted that there are many instances where s he tse of

0-0 term sa y have been err!')Y/I'')11.	 Clone forest workers wish to have "risk" used as any s abiest	 11:-
:; Hh • '0,	 trt	 He, !IcoJnyn n ',	 of timber would	 he	 considered as	 a risk.	 The	 sam e 55 .1 	 rtefi r1 1-7

"h1;;;Ird" :;set	 decoribe	 r oi y sib/alien	 or	 fa c tors which menace the	 safety of	 th e t-isk.	 the
It o : e t: e a of	 cnrer-a	 lit	 a	 Ian -al 'to t alnism, Iiabc	 with	 high	 moisture content	 would	 tie	 referno-ct 11	 I.I1	 /1

' l e race matum.	 •. f'	 '11,1 ''Pr ,-‘rti	 t Ito	 condition of	 the forest when the	 fuels save a low
t.! et' et t e 'I" tin t s4tvo agencies.

o n'	 I	 h t'ri Ia	 T o ro	 !'! 	 ' 1 0	 . 0 ef	 these I er7S, It is advisable	 1:1	 hav •	rcrer
flo,o7: : :!!; i de of	 t (/ H'( , :111 !!1f1	 ,-r It OH 1,/1;;;“ I VE,	 '1.'"le!e.9, "hazard" as the volume	 and	 /'' !w.I.re	 'he
"Tull: pm-71111 lty"	 t he rola'	 ve ease wH I t wIn ch a fuel will arrive at combust] bi 1! ty when

ouiI	 of heat	 is applied,	 and	 "In ke1;"	 t hat combustible material in the forest that makes possible 	 the
;I a l if r i rtre and the extension or	 Its perimeter after starting. "Fire danger" 	 13	 the combined product

tri5, hota rot , lilfOimiflOtlI 111.5 , 	 '014	 Nel l ! t.;;	defined	 above.

To compare the acreage burned In any one region with that of another brings into con s ider-at!	 fit,ch
112100 00 (If/'t	 lt llrV of	 the control	 organizations and the expenditures which made possible the -re:.	 t

f ire dan ger.	 Al t hough the	 relative rating of the degree of difflosity sn0ccIntered
Ia c: str o ll us flies	 in the	 net/oral	 re g ions, as shown	 In Table 2,	 is somewhat open to question,	 It is
br o htrly the heal curre pt , Index 'nisi lable. We must assume that for each region, the suppression forces
are 40 effi cloth. '13	 the values..n a I	 tae,	 the fuels,	 and the weather require.

Figure l, which shows graphically the data 	 in Table 2, indicates that the Gulf Stattes itegirn has the
01 rho-I risb,	 or 441! fi'''01.1 per Million acres per year on protected land.	 The Rocky Ncutain Region has
the lowest	 t 47	 r trec	 per 71 	 I ion ecres ter year.

On t he	 brisf:-, of	 hasarct,	 the	 Part fir-	 newton rinks	 highest with an average of Itt5 acres Der 	 v ise iThr
las period 1926-1934 inclusive. 	 The New England States rank lowest with only 25.5 acres per fire per

l
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52,071 155.5

5,074 130.9

5,682 325.6

United
Stales

1 .-Now Eng.

2-M1ddle
Atlantic

336,927,405

38,791,053

17,458,345

55,417,861 7,115 128.4

63,904,890 3,976 47.4

69,560,683 6,920 98.0

4-G.:IV

5-Control

6-Lake

7-Rocky Mt.

Pacific

Average
Annual

Acreage
Burned

Avero,;e
Annual
Burn

Per Fire

4,476,94'7

126,506 2.5

234,219 41.2

604,1:40 93.9

1,155,50Ln

253,094 98.7

723,032 101.7

319,704 30.4

1,073,147 151.1

Average Average Average

Region Acreage Number Annual Num-
Protected Annual ber of Fires
Annually F1res Per Million

Acres

219.1

445.3

248.8

29,651,105

31,829,935

10,314,063

(1, Me.,	 N.H., Vt., Mass., R./., Conn.,
,., N.C., S.C., Ga., Fla.	 (4) Gulf, Ala.

Tens., Mo. (6) Lake States, Mich.

Colo., Ariz., N.Mex., Nev., Utah.	 (8)

Table 2

REGIONAL FIRE FREQUENCY AND EFFECT OF FIRE DANGER (167)
1926-1934

Protected Areas Only
FEDERAL, STATE, AND PRIVATE LANDS

N.Y. (2) Middle Atlantic, N.J., Pa., Del., Md.

, Miss., La., Tex., Ark., Okla. (5) Central,

, Wise., Minn. (7) Rocky Mountain, Mont., Ida.,
Pacific Coast, Wash., Ore., Cal.
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PART I

EFFECTS OF FOREST FIRES AND THE CONDITIONS WHICH 

MAKE THEM POSSIBLE
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Chapter II

1HL EFFECTS OF FIRE

I —1 I c. (1	 , the	 toottan of thn ru b ! ,.

fire.	 is the illramichl of ! P S: , wr!Ich turned
t ho ).'!I 7/f wt of 1 , An which burned 450,0' 10 , !( r7 '7 1r!	 07,'77:1

'11 71,p-	 Jcr07,	 nor recently the Idaho	 1,)10

1 -0, ' ,A attention Nicaaae of their direct Influence on HIP	 chtic-

1-(111:;o or	 rho, destruction	 of natural resources, disturbance l o ?JIM	 -and

rif%,.	 Hui	 American frontier contracted and the Conservation Ira was tittered In,
11 1	 7 nond for prov^ntinr, and controlling forest fires. The desire to prevent and

f o r , ,	 pr	 offon'a of uncontrolled forest fires. Some of the eff e cts of "crest

tho loss of human life and destruction of improved property. There are numerous other effects,

equal ImNrtanco but less apparent.

e1' f 0' 1 1 of forest. fires are anderstri od,	 then there will be a need for prevention and control.

td r,11 ! I why and how fire:; should and can be prevented and controlled in bared en a need for
'. That there is a need for forest fire prevention and control is demonstrated when one pxam-

oir effect.

t nl!e !t' " -)00070 000001000 of ihe damage that forest fires do to such an extent that, 	 "forest

I "datrAc o " !me 1)o • ()rle !;Nnionym ..3. This slate of mind has developed for good reasons. 	 The Treat

ef rlisia Live oN000d	 10_1.:e:: her:mo t he se	 fires have	 occurred when circumstances, sash its

Itatogrtly, were favorahle for the rapid spread and attendant, heavy ,tr7“^,,.
h0 0 0 appare nt immediatel y after the fire. In many Instances, the damage was not nprarent

rat ycirs after the fire occurred and then was seldom associated with the fire. in arTina rt a , sn-
rice does noi necessarily have to be large In. size, travel fast, get Into the crowns of conifers,

at!! cn o cto enormous pillars of smoke. The slow-moving surface fire, hardly discernible at. a distance of
sore than a mile, can do great damage just as does the large conflagration.

rf forestry is that hart of land management that Is concerned with maintaining a stand of 2r timber

y he p ied primarily for commercial purposes, 	 or for controlling streamflow, or for ree

or for grazing,	 or a combination of these, 	 then it is necessary to prevent fi res .f

at or control. If fires are not controlled, then the forest land management for the above-mentlot
will bo inadequate. There is ample evidence that uncontrolled fires can Interfere most

• hlnil ff•ularemeht.

firer have been no destructive, it has been very natural for those agencies 0,.:•003111` or

t!tialnIng forest growth on land to do everything to discourage the use of fire in the forest at alf),
, !me:I. Gradually a slightly altered point of view has developed among foresters toward fire to tho 	 1.r,%

that, when used judiciously, controlled fire can be useful.	 In other words, fire can be used In the
forcJt for constructive purposes. Just as a sharp knife in the hands of the clumsy, the unskilled, 	 he

n;.!: , ictwls or Ignorant can do tremendous damage, in the fingers of a skilled surgeon, It can be of
so with fire In the woods. There may be a use for controlled fire, but its use demands

:,:!11 co that the benefits will outweigh its destructiveness. By no means, however, is the rrrr r	na,

wild fire set through carelessness or maliciousne ss to be confused with a controlled	 far

porpeae.

THE HARMFUL EFFECTS OF FIRE

Wild forest fires are so damaging because they lack the selective capacity., Shapely, vigoroLn trees

are tarried as severely as the spindly,mIsshapen ones. Songbirds as well as destructive hawks heccme blinded
by the smoke of fire. Weed tree species are burned just as readily as those of high commercial value:
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done :Annually by the fires that burn In the Untied ::tateu may be grouped under the

nat ion

.ee.dlings, saplings, poles, and standards

ie of growth

Lion

relationships

..tion and productivity

ii,sect attacks

end mortality

1,	 ty U. S. Forest Service-i

Figure 1

ta 11 j Ode to 1 1 r/o
11.	 , r:1ovt11-Yuar -Old Sleet/
Plr,o /Sapling Stand Wnich or

Thinned ALA The S laslAin,;
Lc 1'L On The Gro,tl As

Friel	 I ,	 Producin,r, A Hot

i on

armful effect on seed germination and survival of seedlings when they occur on sites

position of organic matter resulting in the formation of wood ash to a depth of sev-

(:31) found that the wood ash lowers the germination per: ,ent of the seeds and re-

y of the seedlings shortly after they germinate.

Seedlings, Saplings, Poles, and Standards

lcularly injurious to seedlings which are un-

been observed that even the seedlings of fire-

than a year old succumb to the relatively

renerated by a side fire In only a one-year rough.

ve been cited in which the seedlings less than a

filled, but these are probably exceptions rather

reproduction has been severely damaged by a

fire which occurred late In November (11). Ths

exsens of 03 percent for all reproduction. An

r the report was that the degree of damage was

ilately after the fire. Seven weeks after the

a mortality of 58 percent had become apparent

∎ 20 weeks after the fire. In other words,

s were necessary to determine the final

ne fire.

been recognized that the period of highest mor-

devClopment of a tree is in its early stages when it

L factor that contributes to the mortality Is

it the base of the seedling when It Is very sun-
during the first growing season after germlna-

',hind that lethal temperatures for seedlings
for sr.me species. All those coniferous

workod were killed at 130° F. when exposed

• only a short time. When fire burns over

	

the forest floor is changed from a green or ills	 //, OO. I ly
of the black color, no receptive to all the ,Tors of	 I /so	 ; ,	 f. , ,t/N1 y

	

As seen in Table ha, on the r011110,
	 r;, ,, n-! 1

res that an: fatal lo seedlings.
(169) Lhe blackened surface canned h 	1	 ^ or i}lt! tritilE/r	 /	 !:q.
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Oar/116, "0

• •

Table 2a

010

111

434

ISs

. _
..,:In! I'v'y

Idon

lE

t3b

137

122

32

100

16

16

32

121

toe 011 surface. Admittedly the seedlings were only 10 days old, but the color of the soil sur-

e !,,4 a c o nsiderab le effect on the percent of survival of the seedlings.

1' co ussed 'odor the heading of "Light Burning" elsewhere in this chapter, there aro some peonle

that a t ) forsst tyres should be burned periodicall y to reduce the probabili ty of oonflagra-

tac o Plcf0 plains of the take States are not Immune to this belief. In order to got some

1 0 rorratIon 
on the effect of burning the Jack Pine Plains during the period when the trees at,-

' a =mit, a "tight fire" was set to learn whether damage would occur. The tally of the resuit:i

	

fol i nwo: rerdnotuction 1"-24" tall, 99I;tt mortality; seedlings 2'-7' tall, 96% mortality;	 d)11 smc

.H. H . SW mortaJltv • poles ?and Standards, Olt, mortality. Admittedly the fire was s a t under c e rdl-

ha' voutd Te d Have boon chosen for a minimum of damage, for the fire was allowed to burn between

with an air temperature of 70 P P., a relative humidity Of 24%, with the moistre cont(0.

- fand a wind velocity of ',I m.p.h. 6' above the ground level. It must he pointed out hm:00

o "Mght. burning" that Is done usually takes place under similar conditions — those favorable for

combustion.

0l..l0o3, FOLES, AND STANDARDS

07e(1 r, t1 1 1 000 of Hl s :7 am p le pl ot , work Stickel (13) found that, the extent of fire damag e is }-100r013

' --! Im , edlately discernible after the fire; the extent of the damage, expressed In terrT of "'PO

I !1.y rather thou acres, cannot be fully ascertained in the current growing period; the r111
:ojury is recorded by the trees the following growing season when they are no longer able to for,

	l y ing oiTanIsms. In	 effects of a hot fire in a mixed hardwood stand there was a
oJtdallty, with the greatest amount in the lower diameter classes one year after the burn occurroO.

(Joe '.able 3).

Lon gleaf pine stands, relatively fire resistant, are sometime s wiped out completely or' lo

the fire occurs during a period of the year when the tree is actively functioning as a 110/1n7,

Table 3	
A longleaf area which had remained rough (unburned) for /d//—

proximatel y 20 years caught fire in September and resulhed In
TREE MORTAIATY IN A MIXED 

	

HARDWOOD STAND	
the' aa high mortality from each group of trees on thrna (1:1.

ONE YEAR AFTER TOE FIRE

6" - 22"
Species

e. Longleaf and
Loblolly

b. Overtopped Hardwoods

MORTALITY PER ACRE TWO YEARS AFTER BURNIN1

n. Pine	 95%	 100% 

b. Hardwood	 100%

1038
17

1

A

51,noter
Classes

Total
Number

Number
Bend

Pnceent
Dead

"	 6 bh.	 . 	.	 . 17 11 65

"	 dbh.	 . 	.	 . 109 80 73

bh,	 .	 . 	." dbh,
i

294 1.50 53

"	 dbh.	 . 	.	 . 155 57 37

"	 dbh.	 . 	.	 . 80 17 21

"	 dbh.	 . 	.	 . 23 6 26

!"	 dbh.	 .	 .	 . 26 17 61

0"	 deli.	 .	 .	 . 213 11 69

0	 deli.	 .	 .	 . 23 6 26

."	 dbh.	 .	 .	 . 11 0 0

1"	 dbh.	 . 	.	 . 6 0 0
.1 diameters. 774 361 47

It is possibl e that what can and did happen 	 v•!0

might sometime occur on More extensiv e areas tinder favc: :516

Table 4
MORTALITY IN A LONGLEAF POLE STAND DUE TO A SUMMER 0.0F/

STAND PER ACRE BEFORE BURNING

Conifer cut

dbh

11	 900

Several Hundred

Saplings

'n



vas, n

C47451c-

V.-

eigor'°

CrsIT"'"

';he natives of the South have seen what damage fire can do. The United States Forest

confronted by the same situation when it commenced, to administer the national forests

Ives were favorably disposed toward light burning and believed complete protection im-

:!ord new stands at 0.19% burn for the period 1931-1934 inclusive for California which

time which subscribed to the light-burning theory. Education coupled with 
ade-

hnlaue was the means whereby the foresters substantiated their belief In the ade-

ection. By persistent educational effort and advancement in suppression technique,

d can both be lowered considerably in the southern pine region.

`res are not uncommon In the West; even the relatively open stands of the ponderosa

.ionally subjected to fires. In 1931 a 45,000 acre fire occurred in the ponderosa pine

Idaho. Damage appraisals which are made immediately after fire are generally under the

are made in the following growing season. On a 10% cruise of 20% of the burn, or an area

of the 4b,000 acres, Connoughton (14) found extremely heavy losses.

ved by Miller and Patterson (15) in other instances, the beetle attack which followed

;w.nderosa pine stand was of relatively short duration; it had practically terminated at

a.

tality in Douglas fir is much more positive than in ponderosa pine stands. This condition

damage sustained by Douglas fir even in light ground and surface fires. Douglas fir

acated much closer to the soil surface than In the case of ponderosa pine; consequently

fire affects them more seriously. The damage, however, does not become immediately

c Itself several months after the fire has occurred.

delayed mortality, the losses were as follows:

Table 5

DAMAGE TO TIMBER IN THE
INTERMOUNTAIN REGION

Age Class

Percent
Volume
Original

of Merchantable
Losses of

Stand

Douglas Fir Ponderosa Pine

Virgin Stands BE 71

Cutover Stands 88 66

Young Growth 68 52

The loss In reproduction was tremendous. Reproduction was defined as being all trees with stems less

d.b.h. No reproduction survived on 58% of the plots established in the 9300 acre area; most of

1	 reproduction was found only on 7% of the plots. The loss in merchantable volume and repro-

reflected in the density of the stand. Before the fire, there was a 60% stocking in the

:.aC.; after the fire, it had been reduced to 9%. This had important implications in that artl-

restatIon might have to be used to get an adequate amount of growing stock on the area within

period of time.

Iron have occurred in the past in which the outright death to trees on millions of acres Is

' today, twenty years after the burns. Although there are no records available concerning

f . f trees killed in the large, historic fires reported by Plummer (62) for the period 1825-1910,

nu dusIit but that fires of such magnitude, in burning areas ranging from 200,000 to 2,000,000

have billed outright not only single trees but wiped out whole stands. The Magee Ranger Dis-

.!s: (2ar D'Alene National Forest is representative of the effect of the Great Idaho Fire In 1910.

Is just beginning to be readily apparent. It has been on the ground for several

s'_aln slopes still look bare. Reproduction is not readily visible today, twenty-six years

h burned moat of the elopes clean.

cned under the discussion on seedling mortality and elsewhere, the damage that occurs tb

always readily apparent Immediately after a fire. There Is no very definite period

fully whether trees have succumbed because of the effect of the fire. In the



Fool oo, ! he ro tonc o r	 hull'	 Tor n1 lining a rcanonnnly accurate tally on ra-..k

al ! . for a* least f , , -o nthu aft o r !he fire (171).	 Troos 2' tall die olmo o t ol. ocoa

a:ero lv. There I H h o d o inyed mor l ailly. Trees In the sapling and larger class will

, 1 If '7u	 :uu n suHH, 1 r	 th e y	 line nut, died NIthin the four months' period. 9eprodn — Too

all 2o1	 1.1 .n. noia !y	 !f 2C - or more of the	 crown Is killed.

PrwlI o e1 "lbCO" burning ;totally fired the woods when the trees were d':u

in ; ra n i	; (i manbased o n obseryallonu that the burns that occur In the dormant •P . 1: 	 ‹j`

The lake :Itatos Forest Experiment Station (202) Conducted tests In an open s t and 51 a ! !-

L e k ;Ine to determine the season when burning Is most damaging. Their observation: can 1)e suns -1
f el 'ws: (a) in early spring, 95%-99% of all the reproduction Is killed, a few saplings are killed,

man l ality oc o irs In saplAl p 7s	 or larger size classes; (b) In late spring, the sane condition pro -

exoent that fewer saplings are killed; (c) In summer, many seedlings are killed, almost half the

and a few poles are killed; (d) in the fall, only approximately half the seedlings are killed,
plIngs, and no poles. Briefly, the lowest mortality in all size classes results from fall burning.

r o: :f7;!', that fall burning is least destructive is due to its spottiness caused by some fuels having a
nT a	Sure content.

C. Lessened Rate of Tree Growth

The Mx-t:1 Plots at Itrania, Louisiana, are probably the oldest of their type In the outh.
ran 0;blished in	 1915, each 1/4 acre in size, by Dr. S. T.	 Dana, then with the H.S. Forost

,);T-rat.1():1 with the liardthern' Urania Lumber Company in Louisiana, to determine the effect of (Al `o:rr.-

Is,- 	 grazing by hogs and cattle, 	 (R) burning and no grazing, (C) no burning and grazing, and	 (il) 'in

fo rnl2l3 and no grazIng,on pine reproduction establishment and development. On the burned and gruzon plot

" above), there was no reproduction of any sort by 1917. On the unburned and grazed plots, th e re was
,,.s l y loblolly and shertleaf remaining In 1917, ("C" above). The results cited in Table 6 have heUE J-
talued from plots "B" and "D" described above where grazing had been excluded entirely. Plot "B" 	 been
burned annually since its establishment and fire has been kept out of plot "D" successfully since the in-
ce p tion of the experiment.

Table 6
CONTRASTING RATE OF GROWTH

BURNED AND UNBURNED ROBERTS PLOTS**

No.

1915

Ave.
d.b.h.

T 1535

Ave.
Ht.

No.
Ave.

d.b.h.
Ave.
Ht. No .

Ave.
d.b.h.

Ave.
Ft.

UNBURNED
Longleaf 3708 ... 6636 ... 1.1' 1668 3.4" 24.6'

Loblolly and
Shortloaf 12 ... 136 152 6.1" 30.2'

BURNED (Annually)
Longleaf 3240 ... 6052 ... 0.4' 1656 2.3" 14.0'

Loblolly and
Shortleaf a ... ... 0 ... ... ... ...

* Heavy, Seed Crop in 1919.
** Data Supplied by Southern Forest Experiment Station. U. S Forest SOrvioo.

The difference in growth is shown distinctly In the figures in Table 6 for average diameter
breast height and average height. The data are admittedly few and limited to a small area, but they are
the oldest available.

Growth rate is retarded due to fire, according to the data gathered by MacKinney (17) an lnrgleaf

plots in the Coastal Plain area of the Carolinas. The -lessened growth rate was based no data fl,;r nTsal

urea and height on burned and unburned plots. The loss in growth of the smaller diamet e r er(, :y7,	 gr•,nt-

er than for those trees of the larger diameter classes. This condition of poorer growth on the smnil

tress might be explained in part by greater loss of percentage of leaf surface due to fire, although.

MacKinney makes no mention of this condition.

With fire so widely used In the longleaf stands of the South, there was the possibility that the:

1536
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thickness to depart from normal, be atrophied or hypertrophied so that volumes rum-
erile; trees that had been burned frequently might produce Inaccurate results. Two inveeti-
Independently of each other in young, burned and unburned longleaf stands, found that the

ele.:e(e, the burned and unburned trees was so slight as to have no effect on computed volumes.
fcand that fires reduced bark thickness a pproximately 0.05 Inches, or, when calipered,
irons under 9 Inches diameter breast high. Wahlenberg (173) working on almost the same

sf longleaf, found the difference to be smaller, 	 or 0:066 when calipered and 0.033 when
e thickness only. The trees that Wahlenberg measured for his burned data were obtained
had been burned annually for ten years.

neleaf pine is relatively immune to damage by fire, the needles of the trees that are
the production of oleoresin are often removed by fires set in the winter. These fires

lower the probability of damage during the season when the trees are being "worked." When
t so that burning c onditions are poor, the flames remain close to the ground. When the
d to burn under conditions suitable for rapid spread, defoliation takes place. The de-
foliation occurs Is reflected by the gum yields (1/4). It is poor p ractice to work the
been defoliated in excess of 2/3 of their needles. Defoliation reduces tree vigor. De-

elel.es require high tree vigor, a minimum of defoliation by fire is therefore necessary.e re peatedly observed, however, that in trees large enough to be worked for gum productionet defoliation leaves no permanent injury.	 Cary (175), who travelled extensively In the
ion, repeatedly noticed that gum production was influenced by needle loss caused by fire.

rxccession

development of vegetation on a site which has been seriously disturbed is upward In the
:>:Ity of plant life, I.e., higher forms replace lower forms until the climax Is reached.
retarded the normal succession development to a point where plant life does not reach its

.e	
does attain Its climax form, its development is abnormal. in an Investigation of the

,elons of the p itch pine plains of New Jersey, Lutz (18) concluded fire was the chief andca	
of the curious plant association known as the "Plains". The Plains bear pitch pine andthe principal tree species, but these trees are permanently dwarfed because periodically, oneInt years, the area is gutted by fire. The Plains are particularly susceptible to firet

opoeraphy and coil series which are excessively drained with little or no natural barriers
ist of streams and swamps which might impede the movement of the fire.

I conclusions In rogard to the relationship between fire and normal plant succession which
eeolmi cal matter have been made by [Meuse (30). For the Pennsylvania hardwood sites,

IdItIons prevail:
l
erent types change naturally from temporary to climax; the movement, unless some artificiale .ne:ee,	 is always progressive rather than regressive.

47.reeion or regression is determined by the soil, frequency, and degree of invading
use fire, and the forest type on the site when the fire occurs.

:euent fires prevent any progressive development of the type.
vieor of the temporary type reaches its climax in the fifth year subsequent to the occurrence

,Ire In a climax type does not seriously lower the type In the scale of plant succession;
required.

d
evastation by fire, and the subsequent exclusion of fire, temporary types are 

generally:7:0-25 years.

( 17(:) believes that fire has played an im portant role In plant: succession In the llouthwest.one so frequently hears in the cow camps that the "brush" 	 taking ever the southern-
n that once supported many head of cattle. The "brush" !s rorcing out the grass so ne

c es-grazim. In Leo pold's op inion, the brush Is taking	 mlat had been grass countryoday less extensive. It was the pe riodic or, h urrrnc, of e xtensive tires that made pen--;n coveted oy the cattlemen. The fires p resumably rc hnirctet because of lightning or mayLtd: Indians. 111th the coming of the white mae, ext ensive grazing c ommenced. As a matt err

Ci
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o v e r-oratin g, re'sdl	 in ra	 depletion and subdoc r ient erriairr

revenP.eh extr^rsl ye flrg a.	 Plll r . ' t 1 r .	 :bue r .. r'e of fires, the brush reclaimed f

rigi n 11 1 v r 	 (141 100 i, f ,, re HI	 t ' rr	 drove I I	 oft.	 As Leopold rr . 01 1 e fo r r	 0 ' I ,

p i n t i lt br 1,h	 O f ' , 0	 (	 represented a temporary typo. Th e	 n

()11	 v	 t thin i. ,:r : ] ! 7 mil thick brush. This transition type it b,ya

Hire d have c al rib r Ited r e "hlanilning :107e sub-climax species which are highly valuL,)1,,

1 at preventing less desirable fores t, types from advancing in the scale of plant sucr•s

not or rmoon stands in the lake ;Mates, there occurs an Invasion of the better

peculiar cone characteristics, jack pine has been able to extend itself, aided by fire,	 is ti]e

to:: (17s ). It Is probably fire that has contributed to the establishment of white pine s. __s in

• 1	 :Hates and the Northeast on some sites where It is not climax (6), (7). Larsen (179) 	 iindlut..erman

smong others believe that. western white pine established itself through fire. Larsen points out

t ,, 1 there are three stages readily distinguishable in the forest type succession made possible by fire.

le pine and larch first appear. These species are later crowded out by Douglas fir and white pine

hic frequently conic in on single burns where the site has not been degraded to the point where only

pie pine and larch are able to reproduce. It is generally the double burns that produce the larcii

iodgepole stands. With fire excluded entirely, white pine and Douglas fir are succeeded by western

sieck, western red cedar, and grand fir.

jack pine as sub-climax on some sites, and with its increasing importance commorriall,

has now been raised whether . it can be reproduced without the use of fire. This Is n. very

;Ulm because lack pine has been able to extend itself so well because of fir , . A : y r' , (1*.)

o led data that estblish without. much doubt that the habit of jack pine, retaining

ned rendition until high temperatures release the seed has made it possible for jack pine 	 _

df • idn of burned areas; this fact, coupled with the establishment of a mineral seedbed. Proviol.ly

dn:en (122) had enumerated the several ways in which some species might take possession of a st y e aft

'Inc. Although he lacked proof for it at the time, Larsen was of the opinion that the source of :"Fr5.

the establishment of a stand of timber on a recently burned site came from seed already there, cotbalnet

1, , te chned nil the trees or, on unburned slash on ground rather than from adjoining areas Cr having been

2d in the duff.

2. Soil-Water Relationships

In row a renorally ac ucp1md fact that forests, runoff, erosion, and percolation

relationship has greater si gnificance In regions of rough topography and Impervi ous	 1

iiose regions of level topography and pervious soils. Tommy and Korstian (is), Zon 1 P7). 1c.d 11'bbhd 1ta

(lt14) have summarized most of the hydrographic effects of the forest. When the ;-iret:oot.ive r-dnnloct

cseen leaves or needles and the forest debris commonly referred to as litter and humus are ret rieved by

fire, the result Is reflected In the soil and water relationships. Especially In rough topography, fern,

decrease. surface runoff, increase seepage, and thus build up underground reservoirs of water avaIlrIble

tho drier p nods of the year. It is the flash runoff, made possible by removal of forest litter by fire,

that contril tes to floods.

With it. peculiar climatic conditions, California has its problems of floods and water def1(

iowdermilk (2^5) conducted an Investigation to measure the relative effects on the absorption 	 if raid

a mountain sol. with chaparral cover type and one from which the chaparral had been recently remo ,red l y

f i fe. He found that regardless of the physical characteristics of the soil beneath the litter,	 the s_..-

face runoff was greater from the burned surface than from the unburned. The ratio of runoff b=.tNeel

unburned and burned varied from :3:1 to 16:1. In general, the finer the texture of the soil, the ;seater

Its effectiveness In controlling runoff. An Important reason why litter-covered soil Ti more effec-

tive than similar soil from which the litter has been removed is because the litter nrovided a '201r:e

food and a place of abode for both macro and micro-organisms. The activity of these organirms	 tae

soil more permeable. Litter-covered soil, moreover, Lowdermilk (185) found more effective ttie 	 bzaf

surfaces for controlling erosion. He found that the rate of erosion, as measured by the number cf 3011

particles In suspension after rainfall, is a better Index of a change ln soil surface conditions than;
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t , rrt1l-7. found also that the
tin canopy which creates

In,Tortant in affecting the

Porous forest cover, there
:ea, the canopy and the

Tarticularly the latter,
cell freezes at a much
16 3011 is protected by

) Scctwl that not only did the
of soil freezing considerably,
of inc freezing. The litter-

f:	 making It possible
percoiation to occur, but a

of the soil from which
oa resulted. The signio-

r fre e zing Is that frozen ground
became of its impervious na-
from freezing remains permeable

e longer time, thereby
rvoirs.

l e lch precipitation

	

in. :lively abundant In	 	
is found In the areas of

lob art utcdeulrable for agrl- Photo

1 .7 means of cluing and irriga-	 1-3,?c,a,,, Of A :«•d

:Aced on the fertile
EstftUllah ; t acit  '2;)	 It

on is deficient for crop pro-	 The soil
.3 Los Angeles, moreover, pipe

Ices the mountains. Any destructive agency such as fire which denudes the mountain-
seriotu implications. On a watershed which was burned and then closely followed t,'

t much as l75,000 cubic yards of debris from the denuded site occurred-, 	 wao It
the water storage value of the soil on the area (20).

Yore,:t Flxperiment Station found In the season of 1907-19:ltt that the ritto of run-off
nrned plot compared with an unburned plot was 1 to M.7 	 The flashy run-off, made pen-
ton of the site, results in erosion, silting of reservoirs, and Inadequate ground

at soils of Mississippi, a mature oak forest which had been undisturbed by fire for
a such greater absorptive capacity than a site covered by scrub oak vegetation which had

tr .7 followed by frequent fires. The scrub oak type, resulting from over-cutting and
teseo run-off to occur when the precipitation exceeded .25 inches; the unburned oak forest,

on the other hand, produced no run-off until precipi-
tation amounted to .77 inches or approximately three
times the amount found ea the burned site	 ).

Cutover and virgin stands should both bo pro-
tected from fire If only from the standpoint of water-
shed management (22). As might be expected, the sever-
ity of the burn plays an Important part in that the
greater the !sten:My of the burn the greater the
cuboequunt	 • asion.	 NIN Slit.;;	 :30vere ::;arrme
fires caw:e tImo:tt Identical amount.> of erosion In
(::0.0ver	 ,	 10,! virgin stands the effect
cf the crows; fires ne etoulon Is much greater than
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Table T

7;P,1FR ASORPTION IN CUBIC CENTIMETERS
1 : 120ND PER SQUARE
LNLO AND ONE3RNED OAK FOREST

:1 bons

0,,odn 114.23 	 9.78

j'rst-ISecond
ILIterl  Liter

Wr oods(21.83 23.36

'iooda	 7.60( 4.63

Woodsif3-).87 44.87

21.23

	

3.40	 2.64

30.76 32.05

	

6.12	 5.10

ourth
Liter
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r!T	 !Ince	 !:: one wh! c h consumes tke litter and debrio t

of t	 pn;.. or veto . 	i, iI . ,	 hhtt	 tho recreaect I en.

tt es tt r n lv i i in I x,	 ' 01 ' a, t I	 L'Ll y decr eased the caca e ity ^f t ho f-;011 If

r o t	e ivo "Y,TA	 '"	 :',•,0Vod from ,1 1, roil :alrfore by fire , 
II' has

Y v	 0 	 b	 te o t t the cohnsivo action of water, they are	 '

ve-oto	 , r water. r hOthrned forest soils, on th e other th,rd, Pv

	

olrrt	 t h e	 -urtac e r ot !, treserve IL In a moist condition which In re ee t- 'Ye

rIl	 la odd ettenl wetting;	 the result I S a high rate of absorption by the unburned forest 	 soil

0verin5 of leaves.

'10:1 Composition	 and	 Productivity

Hi a study of the effort of fire;; en longleaf pine soils, Heyward (67a) found that ftre s cmahce a

clImax profile which resembles grassland profiles rather than forest. Where frequent fires occur,

, h e rizen In shoent herause the forest litter Is burned before it can be decomposed by the • law-

71ere-ergantsms. The absence of the Ao horizon prevents micro and macro-organisms from ilvirii and

:nms the surface sell to he relatively Impervious, thereby reducing percolation, and ittereas!hg

not attehdate. erosion.	 When fire is excluded from an area previously burned fr: , quentiv, an ;,,)

develops, but ap p roximately ten years are required for this change. Heyward found that th o T W.75

vteh; l ittle difference in the profiles for those soils that had been protected from fire for an extended

period of time and !Hose whore	 rim:: had been excluded for a lessor period of approximately Le n ,"11"...

	fs has bees mentioned crovlot'lv	 in the discussion of Plant Succession, the aspen forest th
! 1 „ t m-ed If	 fire	 Is permitted	 te,	 lhrough the stand before It becomes decadent. :Thirle y (1di

inn! tile number of root nu gkem and their height were greater on burned areas tit an on areas III:I	 had

	

only partly cut and not burned. 	 There were two possible ways to account for this condition: 'a)

	

!ni g of mineral salts by fire or (b)	 the sell temperatures on the burned quadrats were higher. 	 r ie

year of burning, there was no significant difference between the rate of growth of the suekelo	 t he

h • inied and the unburned areas, nor was there any significant difference in the soil temperature. to tin

firs t „ear after the burn, however, the soil temperatures on the burned plots averaged 10 °F. higher '-t:-r,c

on 1,11e unburned plots.	 With hardly any difference in soil temperature the sec ond 1; e r,

:1)1rley concluded that the Increased soil temperatures made possible by burning accounted for the

nigh rate of development and growth of the aspen suckers on the burned soil.

Th e site has been no altered ,by fire In the redwood region that the perpetuation of the

	

Fr11,7,	 (10) concedes	 I I x't fire in necos,tary to dispose of redwood brush a- t er 1

catty it is used so carelessly that the A o horizon is removed entirely. This condlitor te,rtf:

to fern, shrubs, perennial herbs, and many annuals to obtain a foothold to the disadvan7age It

	

reproduction.	 The soil conditions have become no badly damaged that even planted redwood seeLlIt.

difficulty in surviving.	 It is impossible for natural redwood reproduction to become establIshad

sites that have been burned repeatedly.

There are several investigations of record that, when studied as monographs, Imply that omo rollod

flea does no ham.	 Alway and Rust (190) approached the problem of the effect of fire essentiallv	 tae
L3 1, 1hdpoint of the possible impairment of the soil for agricultural purposes. Their viewpoint, tigi y Pore,

be taken into consideration when the results of their findings are examined. They found that fra.i

(teased little or no nitrogen loss In the 1"-3” horizon and in the 4"-6" horizon. There warn only
1 .em nitrogen on the burned site than there was on the unburned. The moisture equivalent of the mineral

d soil varied hardly at all from the unburned, and the pH of the upper three-inch layor • wits rd!sel

slightly. They concluded, moreover, that the fire caused no significant change in the chemical -ii rrnoSi-

tii cr the physical properties below the surface layer. As a matter of fact, the lime,	 chrorherto acid,

totassium of the leafmold would suffer no actual chemical loss by burning but would be In more avail-

able form. They did find, however, that when oats were grown in soil mixed with unburned leafmcid, pc-
sinrobly the Ao horizon, they got better results than from oats grown in soil that had been burned and
partly burned.

Alway (191) found that when recently cleared jack pine land was burned and planted to crops, the
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Insect Attacks

Is Injured in some way so
spores of wood-rotting

,:n1n entrance. When the pro-
': removed by-fire, spores

and commence their

ban pointed out that the
, r ,lt-scaring by fire are:

./.00tg oning because of cessation
earred area, (b) interrup-

ie	 functions of transloca-
lents, and water, and (c)

of wood-destroyi ng fungi

tarmful effect on subsequent agricultur a l work. The productivity of the soil for

ttly cleared lack pine lands was approximat ely equal regardless of whether the

]and or dragged off before plowing.
rtes of monographs on the effect of frequent fires on the soils of the longleaf re-

e that the heating of the upper soil layers by forest fires is not excessive from

permanent soil damage to chemical compositi on or' physical properties. In his pub-

,3 out that soils literature contains evidence that some heating of the soil Is

,std p
intof increasing the soil fertility, especially soils of fine texture. Heyward

soils temperature s produced by the surface fires were 274° F. at 1/4° depth and

. The majority of the temperature s ranged from 150° k. to 175 0 F. The high tempera-

wore- produced by artificiall y applying more fuels. The high temperatures lasted for a

,mately Your minutes, and then gradually fell to their previous temperature within ap-
One reason why fires in the longleaf region do little damage to the chemical

Is because dry organic matter Is charred only at temperature s above 3500 F. Soil

sual surface fire in the longleaf region, therefore, Is never charred. Heyward

Asetive propertie s of the soil vary with moisture content and soil texture. Conduc-
-roased with the moisture content up to between 15% and 25% moisture content.

tho feeding roots close to the surface of the soil, and in the zone in which Heyward
e • eeeres, It is possible that longleaf roots are well Insulated against damage by fire.

developed due to an absence of fire, with the probability of roots getting into the
ned organic nittor which is Inflammable, the temperature s may riot be any higher,

noo	 Laid sebsequen t tree growth may be more darling! he than iii the 1 r.71 ance.; re-

it must he kept In mind that Heyward's results were obtained from stands where the

7 nlit. the A I horizon poorly developed.

i:cto	 U.	 Fur,st.

1 g-L.0 u

velop because there has been 	 Reputt t.ed "1.101."	 i:o	 1 r 'roll

Even Amo!ij; 14ru	 Vute • •1,1:
the base of the tree so

, the resultant temperature s kill the live	 tissue:; ,!der the hal*. Aft. [' the tl

In commences from the edges of the wound and, given JuffIciet,t tits:, the t)X!)u0,1

red by bark. Lachmund (193), who did considerable work on the fonnatIon and devolaemeet
• stated that It Is in this interval between the time of the killing of 	 the Live thnnse

v ex' of the wound that the tree goes through a critical period. If the task	 .)1k-:r Ino dead

the danger of infection is much center than if it 13 allowed to ulay	 oR uell the ex-

been healed by live tissue. Eark may stay over dead	 o Ue C OI' af3	 five i ton

, that Influence the susceptibility f ,f a tree 1.0 damtgi, nv fl i p are:	 (a) l'tntlit 'intent
" 	"

:iLriletlITT of the bark, arid (c) thliddeos of 	 . Tree .suedes that have a thlok t.org.s



woi! Insulated acainst

in

	

f.b)	 the
-0 ,aus	 sa,tarIclul waurlds,
ran	 ) the hollowing(

1s.	 lale illts3tral Ion	 on
e 6, is an example of

crIbed	 under item (d) above.
(o-1	 (11	 page	 i7ure 0

of	 item (a) above.

111u in,--u-tance of repeated fires
.r he bu4tasized too much. Each

;-	 c wsind Is enlarged, there Is a
'7(., !! Is the	 number of vessels

needed by the tree in carrying
.	 Cutlet-ten:3 such 0.9

apj iii ,: raw rIterials from the soil
l be b;avcs. Ti e mechanical proper-

;	 r,t6 !io	 :11-o also affected.	 The

m • t rod; w H. on of fibres I_ the bane

Iree, those fibres that hold It
was responsible for the damage

awn in Figure 6, page 24.

Photo by U. 5. Forest 5orvine-21709r
Figure 7

Thrifty Young Oaks Damaged By Surfa^^ Fleell.
Although The Wound May Later :.",Y11,

The Damage Is Never Overcome

Fire chsrage is insidious because so often the new lesions are concealed by dead bark. Under charred
, the cambium may or may not be dead. Time alone will be an important factor In deter7Inirg damage,
:omm of dead cambium may net he apparent for several years after the fire. Of numerouc
:;;o California region, Lachmwad (194) found that only 20% of the extended and new lcsiora s awe d re-
to symptoms of their presence. The remaining 80% were completely concealed so that they o a .1	 )

od only by cutting through the bark. For the several important commercial hardwoods s7
regiob, Nelson, .'Ims, and Abell (195) found that there Is a degree of cer!'n

P'	 elcrarion of the bark caused by charring and the actual killing of tissues. informatin
has value in appraising damage. In their investigation, they found that for a fairly Irr

cc:Von, the actual dead tissue area conformed closely with charred bark. For some speclec, d!rmotor
an Important variable Influencing the relationship between bark char and dead tissue. In other species,
however, diameter had no affect on the degree of wounding.

Trees within each forest region display individual characteristics in their response to
S' Oil 	 are very susceptible to bole damage by fire; others are quite reslstent. Sarker
T-roced that a scale of resistence to fire be prepared for the commercial species in the sevcrl 	 !recr.

Towald this end he prepared a tabulation of that fragmentary information that Is avalla-
subject for the several regions.

There is ample evidence on hand today to skim that fires are responsible for a great deal of loan so
r	 -rcial timber. Melnicke (197) has stated that In over 40% of the white fir culls, decay cr7ricrocC Cue

f!re wounding. Similarly Boyce (198) found that for incense cedar, 84% of the severe cull cac•c were
ributable to fire scars. Fritz (189) has said that fires are responsible for more than 	 sf the
al decay in redwoods. The decay starts with cambiumilnjury and then develops "g0oCe pens," the t7 3R of

being the enlargement of earlier wounds. This fire wounding of redwood, and subsequent "adsopen"
ea 0 wlndthrow, one of the very few factors responsible for the natural death of the trees of th ..1 srecles.

A fdrest region where fire damage is so insidious is the hardwood area of the Mississippi Sofa.
though the fires are confined to the surface and are inconspicuous, tree stumps shay the record cfdetInIte
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rtface fires de-
heeenting to 49% of the tree circumference and averaged 2' In height. Heeting found
ion of the diseased area ranged from an average of 1.2" per year to 2.3" per year,

tree species. Kauffert (16), who made a similar study In the same region, expressed the
acre 90 and 05 percent of the decay in hardwoods Is caused by fire.

e butt-jumping. With fewer logs per tree in hardwoods than In conifers, It is
In hardwoods that the necessity for butt-jumping he eliminated. On the basis of his

ffert Pound that S-year-old scars resulted In disease travelling upward 19 Inches;
, ee Inches; and 22-year-old scars 104 Inches, or almost. 9 feet.

e...1:4ced region extending from New Jersey to Tennessee, Ilepting and Sedgecock (25) (206)
ately 2900 seedling hardwood trees of merchantable size. Among this number, 94% of all
caused by scars. Examination of trees on the logging areas lead the investigators to be-

eximaIely 97% of the basal wounds were caused by fire. In their opinion, if fire were ex-
herdweod stands, the cull volume caused by butt damage would be two-thirds leas than it
or examination.

eetles have been found attacking hardwoods after a fire in the mixed oak type In the Ramp()
Fork.	 The beetle attack was most severe on those living trees the bark of which had
d by fire. Slightly charred bark on the trees which had not had their cambium severely

lefested. The ambrosia bettle is especially undesirable because Its galleries are not
., within the bark only, confined to the cambium, but invade the tree woody area thus
In manufacture (23).

He(Jec, which were alive one year after a fire and showed on fruiting bodies on the charred
rd after the fire, Stickel and Marco (24) found 4l% were actively infected by disease US
.!tItg bodies on the charred base of the tree. This situation should revise Ine belief

can be coented upon to constitute a part of the final stand. Whenever the scorched
table size, It is desirable from at: economic standpaInt as woll au a ranitary meastre

'	 aspect to remove them.



ii.pwIn Activity	 and	 Mortal idY

!	! H"1;!	 ! 1:,'	 ,r!!-!•-•",!!!1!1,em	 rift'ecl.nd iv pe - n,- 1,	 re-,:

, : I	 nytat:	 ate	 e " ,	 e!,!	 PI!	 !!!.	 y	 :!11.1r 1 V-1. 1v o	 1V11.1W. C !!.!;r:.:.	 T1111 1 ' vt n c!!	 !,"

I! I lo	 te	 fe,	 ho(•air 	 ! !!ur p it. aoilurn repre el - I ne,	 !!.•

I.!	 tnurl!de nre driven	 o other part:" of I I ! '	 •' . 17

y	 A	 r • , ri!1 ty nounty,	 fornia, a forest f c. ro	 TI ]Pn	 r,trHypd

O P ! I P P t	 r:-)1.-	 I HP	 ).:int o i	 'J o ke:hie	 NH Iona! Id .rk had been extensively advertised for Inn

hut H few dry.1 :1 before I Ho neleisinaa f ro .0.artPd	 in the	 vicinity of the Park with the	 re;:tilt. 1-.httt

t enrI!!!!1 n 1e	 wan	 Old	 lily ;tt:Ir what had been anticipated.

end 1	 dallforn i a, Nimble	 aiso derendent for a good share of her annual Incom e :;pen

revel to Plorldd hv car, ,«) when forent	 fired in the winter of '31-'32 were so prevalent . , tour! .inn

•-dhen biterly of the smoke which 	 Impeded travel on the highways, especially after Sundet..a.

yircI paltances, fire:; Go ml	 seriously	 Impede automobile	 traffic, but in the wInt r, r	 rf '2, 1-22, the

P! !1 barri e r-- such as ponds,	 Emainps,	 and streams had dried up.	 The accumulated vegetri,tinrial debrin

sean e nn, contributedi nf fle lent, fuel to produce conflagrations. Not only did natural resonrnes

but future tourist dollars were driven away until memory became dimmed and water again filled

and streams.

rorl P dIPPll y	 there nt pear In the newspapers headline s such as	 "Twenty-nine die In 0alifornin

M o t,	 re li s h	 In !Iouiti l e r iey l'Ires"„	 and similar captions. Annually the fires take	 th e ir	 toll nr

II yea, haurdn o f Inquiry	 amelIntod	 i.e investi gat e ,	 but, In the meanwhile	 the 11 1!-0 1. - ! !!1:1! 1!!'t

:11,1 I HP	 , I14!	 ' o re I,.	 'V II	 the r.0.^.p lp:i porn a gain prod Its consciousness	 by similar

n jd a. mat	 or	 al rev:: tiffi :lame,	 except	 that the number who die varies. AS	 lon g	 the .N1!v1

	

1, 0 Cir n nr I ty to	 hin ge quickly and the velocity double or quadruple suddenly men will 	 probably cent-

H • (Ted by II

victims ds well as fire fighters succumb. in the Peshtige fire in Wisconsin

1'0 people perished, and in the Minnesota Hinckley conflagrations of 1894 whole towns were wiped

! !! I 01 	 td	 I oni.	 ' I	 a

1!: the	 confli grat I ohs welch ;Piddenly break out	 In hazardous times which hoc;',

re and property; when t ho humorous factnr,i, which lead to the conflagrations are hetter

rec.:1 , 1t1 , !: 3	can	 be	 taken to minimize	 damage.

8, Wild Life

Photo by U. 5. Forest 5ervico-260971

Figure 9

Fire Not Only Corso:nes lame Cover But Also
Destroys Garle Directly. The Buck In The

Above Picture Was killed By Fire

Fires destroy timber	 I

life which uses the timber
large fires particularly . carte

tremendous. Head-f Iran travel
times in excess of 20 malt
fanned by high velocity !,,dno,!--,

sparks before the head	 !!!..;

Kipp (28) cites the reslIts
120,000 acre fire in WI nconsin. 	 P!

curred in 1930, the wornt	 nc-;....rienned

since organized protection watt

state.

After the fire, the ,"7,7"5',"P'-'

were found in close proximity; 	 'i-i-'

Many more died, because a 	 y

conducted. It was est:tr:2Ae(1 rhr.,
fire 60% of the liVe dear to	 1-"

badly burned feet. A deer .,',fas oreal,ntr

walking on its knees; Its hooves eec, f!).!!!,

It
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.c excesses, fires are able to do extreme damage where normally they are Infrequent.
at to a fire In western Pennsylvania dead trout. were carried by the bucketsful

. .	 located in a watershed that burned during a very dry season. Because of the de-

the fish were so hungry they jumped from the water to snatch at flying ashes produced

7e number of fish succumbed because of the alkalinity of the water even prior to the

') the stream by the rain.

BENEFICIAL EFFECTS OF FOREST FIRE

leginning of this discussion, it is desirable to explain the use of the terms "controlled
L.rning," and "wild fire."

ITT IMNIN0" means that fire is to be employed for some gainful purpose. It implies that,

started, It is confined to the area to be burned, the rate of spread and Intensity of

controlled, and that this is to be accomplished by a plan. Those factors which affect the
.1(1 intensity of burn are at a minimum. On a day when the wind velocity is 30 m.p.h., for

• .r.:es of a fire breaking beyond the predetermined confines are good; controlled burning
:re, not be attempted.

Show and Kotok (60) have defined "light burning" as "--the intentional burning of

intervals with the object of consuming much of the inflammable material and of so reducing

fire hazard that accidental fires will be controlled with ease and will cause but minimum
hantable timber."

) the excessive heat. The deer herds were weak4ied so badly that they became

r	 predators, thus providing another source for diminishing their number.

a6, bird in the region was the sharp-tailed grouse, but these apparently fared
the estimated mortality was only 25%.

:suffered a very low direct loss, they too, became ready prey to the predators

,:ove.r, in which they were accustomed to hide, was removed.

-d excessive alkalinity of the water In the streams killed thousands of water-

life such as fish and frogs.

e direct loss Is frequently severe, the indirect losses due to exposure to predators and
orally greater after large fires than the direct losses. Few beaver are actually

their food supply Is entirely eliminated. Fires also influence reproduction of
- I ividirlis are rendered inefficient or impotent because of their weakened condition. The

after a fire, moreover, prevent the animals from pairing.

wild life In a fire is frequently pathetic. Female birds remain on their nest as the

oncoming fire was becoming more acute; apparently their only objective being in

neat and protecting them (27). Partridges In particular are either fascinated or

toe they fly directly into a thick of it. A fawn was found remaining determinedly in

if a fire; its instinct and training compelled the animal to remain where its mother

nirr.i," aroused a controversy between lumbermen and foresters in California; it was climaxed
si.arized below by Bruce (3).

as practiced by California lumbermen, is based on the assumption that (1) even though
Iho forest, little or no damage is done; (2) the damage, If any, Is largely correlated with

the ground which, if burned periodically, will not accumlate and consequently
6r combustion with little resultant damage to the timber; (3) that it is impracticable
fires. All of these points lead In the unmistakable direction that, since fires are

Brost sho.lid he burned periodically and at a time when thc, fires will do a minimum of

the complete protection Idea promulgated by the representatives of the United
their argument on the facts that (1) light fires always do some damage, but



aliheugh aemittedly a fire hazard, the accumaIntien
'rae te ; lt will, m e tv e ser. dImle!sh after five years - that ls, net centime 

ache	 effect eurrao u ce o re tien;	 and (el) rams-dote protection has proved to be pnartien:
'ire ! .	 Tates•

tr	 trehlem undertook to as c ertain a practical means of ";igh . 'ne!ot
L./Hereby a rni Y1 Ivo Of damage would occur and reduce the net

repsonarie

e Fe restre, e emmit t ee which investigated the matter finally came to the following concleel,:ee:

- A light	 tooting in erring is unsatisfactory because by the time the duff In dry enou gh to burr,
!!	 it nessiblp for fire to be retained for a considerable period and thereby constitute a hazard.

- Perulln	 elimmorti	 is eatisfaetory from the forester's viewpoint, but is ecorPmically uneoend.
- hall brhInd is extremely spotty becarine vegetation dries out slowly and may become saturated

aga in i n a short time. The period of high hazard is generally ended by conditions which precede
satisfactory burning.

- The costs of light burning,	 irrespective of the season, are hardly commensurate with the .In
derived.
ill] burns damage reproduction.

- Fest burns injure mature trees. 	 ,
C - Light, burning on large areas Is Impracticable because of varying degrees of slope and vegetative

dryness.

Investigation was discontinued In 1023 without devising a fire control system, based en	 .t
theory , which was more pra e lleable or economical than that in use on the national forests at that

!eh consisted of complete protection.

"Ht	 btu/lira!" and Its proponents have existed for a long time. "Light burning", an underhaa 	 t-
intelies no effort for confinement within a given area; the burner does not recognize the r i ghts of

ettjoining land owners, nor does he take steps to protect adjoining lands from receiving the same t•at-
own are given.	 It remains to he proved, however, that light burning has a place In the trestice

ttry, even though Show and Kotok state (60) that light burning seems to have some merit free a
tle l ealtural standpoint in that it readily kills reproduction of undesirable species, thins rett-yltidn

is too dense, and is an aid In preparing planting sites. Show and Kotok, however, probably had In
e!ed "controlled" rather than "light" burning insofar as the statements are concerned.

FIRE"	 Is	 the	 Lrf''e ru "forest fire" as the word Is commonly used. As wits wont l nded te t
of the chapter, forest fires are today synonyms for damage to the public. There is need rer :T7H

A' rrraseology whereby Uteri,. Is the implication that not all fire in the woods produces a harmfel	 e!Cect.
le	 be shown later, there Is evidence that there may be a distinct use for fire in the practice ell
e!ivicalture, provided the fire is used intelligently. When handled carefully, fire may be of great. aid
te tea, forester in some timber types. Uncontrolled or wild fires are a distinct menace. Cur immediate
roblc. .1 Is to educate the public to the fact that when used by experts, fire in the forest can te

rote tleollo need be Impressed with the fact that the use of controlled fire implies that the tine esirg it
ull aware of its potentialities for harm, so Is cautious In its use. It is also necessary 	 irturess
public that "controlled" burning and "light" burning are two different uses of fire in the fent ut.

" ti	 " burning 1-fl been practiced for generations. "Controlled" burning, however, is something Quite new
,eal is based on technique.

It //1st be emphasized that the effect of fire will result In more good than harm to the fores
site only when controlled and in a forest type which has silvicultural characteristics that teed ti co-
ea to the use of fire.	 The instances of more good than harm produced to the forest by uneent.rellod

are no rare and isolated that they can be ignored entirely In this discussion. The so-cut is "light
I les:" has no evidence to support It as a desirable forestry practice. The two terms "controlled bur-

Ineld "light burning" imply totally different meanings.

‘ ::3 a Federal agency charged with maintaining in productive condition the National Forests, h 	 well '•:21

ceoperating with state and private agencies in forest fire control, the United States Forest Service bar
been placed in an awkward position by the findings of the Southern Forest Experiment Station in conneopM
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our forest type. For several years prior to ILth, several foresters familiar with
et: some articulate representatives of the cattle Industry nad claimed that fire aids
lensleaf pine stands. In 1935, E. L. Demmon (132) of the Southern Forest Experiment

:dement that fire in the longleaf region wan not. always accompanied by damage and
e,e1Sly beneficial to longleaf areas. When fire Is controlled, the beneficial effects

ede esetement of Demmon's marked a new departure le the policy of the United states
receseleed that not all "forest fires" are detrimental in their effect on forest

T OF CONTROLLED FIRE in forestry practice, so that /were will be a net gain, may he snm-

T,vicultural tool

oction against excessive damage

ctsnadement

inrt: some soil characteristics

1. xs s elivicaiteral Tool

eees of fire for sllvicultural purposes are (a) for the perpetuation of temporary and sub-
ees, (b) for the preparation of mineral seedbeds required by some species, (c) for con-

ree diseases, and (d) for reducing competition which may be In the form of grass, low woody
trces.

are several forest types in the United States which are of high commercial value but
erary or sub-climax vegetative types in the scale of plant succession. Outstanding among
northern white pine (Pinus strobes); western white pine (Pines monticola), and Douglas
taxlfolia). Where old-growth Douglas fir stands have been logged with the cutting fol-

,lglas fir has definitely taken over possession of the site. 	 It is quite probable that,
:econd-growth stands of the above-mentioned species created by fire, the use of controlled

-future he a part of the procedure for obtaining natural reproduction.

(e pine, as well as northern white pine, both owe their existence today in some degree to
the climax forests of the western white pine region contain comparatively little white

Lled of more tolerant species, principally cedar, hemlock, and white fir, Davie (4a)
cutting followed by controlled broadcast burning. In cutover western white pine stands,

tenaliy constitutes such a large percentage of the residual trees that., if it is permitted to
• site, it will exclude white pine in the subsequent stand; if it is merely girdled, the fire
ee excessive. The solution to these twin difficulties, therefore, is to use controlled burning.

, and MaIssurov (7) have also emphasized the important part played by fire In creating exten-
of northern white pine in the Northeast and Lake States Regions. The claim that without fire
wodld disappear is considered, however, to be extreme.

eeeelened previously, it is probable that jack pine in the Lake States was able to extend Itself
. The relationship between jack pine reproduction and fire is so intimate that the ques-

raised, "Can jack pine be regenerated without fire?" (lel) Some source of heat is neces-
e.the seed stored so tightly beneath the cone scales of jack pine. Fire In the past has been
eeency to accomplish this. Although Eyre (181) has stated that technique has not yet been

atInfactorlly reproduce jack pine with fire, there may he, and probably in, a means whereby
can be used to secure jack pine reproduction at a reasonable cost.

ihnnileaf type (Pinus palustrls) of the South Is sometime:, referred	 to as a "fire climax",
with the exclusion of fire, longleaf pine would be, foleen , ;it (1r Ow de:old:Int position II

pa: • . of the southern pine region. For several yea:, H. S.	 Churman (u) tits betel a
ef tdat use of the controlled burning in the longleaf Lope for reproducing the area 1.0

JC,(1:0 Of :M0 agency, such as fire, to remove the mecIrthI fbil Interference provided by dead
coulfercas leaf litter, or any other vegetation whdei produces 	 'tee h", will

PR-P



I I f
	 hi^ iii	 :1r !	 !ei!h	 mineral eerth e	 thatmerminatien	 7-17

	

1	 r loegloaf erper and Oeboree

wee hrereieed, wee mer e fvore b l e	fer tee-mini:tire! e'

7 n • n 	 11\i	 2CIngt ';1);1(1114' ' , n LIA tn;T•r;1'11',,	 here

it diecingqt	evading were eeeereer to bernteg for

eeee,,A.	 1 r, !! :„e, eho ieerele g Is cineleerabl y	cheater than the other two TreP^(1:7

zee eineral eeedbed, the etu t elng procedure is the preferre d technieue. With the eame nimhee ef

1 •  seeds, the exposed or minera l seedbeds yielded approximatel y four times the quantity of secellinFis

! !
ne four-year-old rough produced in the work conducte d by Osborne and Harper.

v he •gtv ea t!le	 eAhlect made by Roberts 	 (5) was less comprehensive than that con-

Ceberne and liarre e , hie findin gs were very similar.	 On those burned beds which were pre

1, the germlna tlen
 of ner=ds was 49.7/, and survival of these 84.1% in contrast to the unbeereJ

	

the germination was s,5X, and survival 75.5%.	
The unburned beds were located on a reeeh

!, -.mar old; on an older rough, it may be presumed from the work by Osborne and Harper, that the
wohId be still greater In favor of the burned seedbed.

,teen ( p
07) has pointed out that another diffteelty encountered in reproducin

g jack pine is the%

riniti er of a suitable seedbed.	
It was found that jack pine requires a mineral seedbed . To seehre tre

dhed, the drdecompos ed
 organic matter on the forest floor must somehow be removed so that the seed le

ear.

te eenteet with the soil. Harrowin g
 the soil has produced the required seedbed, but it is pessib

ti ,- eeme rosAl te
 can be achieved with the use of controlled fire, for fires in the past have erabied

r. I ine to reieWnce It:1Hr eo well in the pest	 1207).

hi Ore of the most wit: windin g
 examples of the use of fire for the control of a patholi-,:elee

t e te ' re lon g
leaf region where fire reduces the sporulati on of -brown spot needle blight. 	 norie!eie

ieelled burnin g
 in areas severely affected by the disease has a benefici al influence in centrellle e, lea

ieeleece. When the disease is not controlled, there is considerab le reduction of green leaf serfa e e for

tee marefectore of food materials with consequent reduction in vitality to the point where height
egleaf is Impossible (") (9). The use of controlled burning at three-year Intervals n'dace".;

]e Olight activit y to a point where the seedlin gs
 are able to make more growth than would 0!:her:;':,-ePC

Ti'o burning method Is effective for reducin g
 Ribes population in stream bottoms. The fire de theye

elee burr s tho eeede stored In the duff (134)•

Californian e
 have advocated "light bunlim" as a means of controling the der y	tore

it eee •hite's belief that "light burning" definitel y
 lessened the attacks, but entemolegiol e ere

r:nion that severe attacks have occurred prior to the periodic light burning of the Californi
a fores,e

and that fire actually is of no value for controlling the insect attacks.

2. For Protection Against Excessive Damage

it Tres long been the custom in various regions to burn strips annually around Improved rrr,rrty

'oellelings, cranberry
 bogs, and other improvements surrounded by forest growth. These bdrrihw:d

deflr!toly
 considered as controlled burning inasmuch as they are confin ed to a limited area.

fde old system of light burning the southern pine woods for reducing fuels as a protective r
	 urr

eevei

	

stores operations has in some instances graduated to controlle d burning where the burner	 :ctri

twit, still weather and confines the fire to the property being worked for naval stores.

Controlled burning has also been employed to a limited extent In young stands of 518h 77dr

1 1r stage to lower the risk of crown fires.	
The surface fires reduce the ground fuels r1

eeee tee sand density. Slash pine reproduc t
ion frequently occurs in great density; this 81,!ticr

rd8hr, the stand to a very high hazard. in order to overcome the probability of dertrdo'l
v r er

In the dense stands of young slash pine second growth, thinnIngs, followed by controlled

ued. Examination
 of the growth of the trees left on an area given this treatment 

showed to	 fiY7e

	

affected the height growth to some extent the stand of low density, but hardly at all where te
	 !sI
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was hiOl. (See Table a

for :ota and Figure 12

for illustration).

Slash Disposal

One of the first steps

taken by the United State:,

Forert Service in the man-

agement of the western na-

tional forests was to con-

trol fire. One of the

chief sources of destructive

fires was in the slashing:,

produced by logging opera-

tions. To make it orn;sible

to control fire on cut-over

areas, an well as to reduce

the hazard, a policy was

originated somewhere :drools;

1505 that, on the narlo!o.1

rocosts in hoilfornih,

slash should he removed

after 10:y:1n p: In )i',1 ∎ •r

oreeslebz

The general procedure Is to

pile the slash and burn It.

There has been some

question as to the advis-

ability of romovIng the

slash completely. ft is a

recognized fact that, to

permit the slash to reruiln

In place after it falls,

there may be value from the

standpoint of aiding re-

production to establish it-

self or have favorable ef-

fect In reducing flash run-

off, erosion, and main-

taining satisfactory rate

of water flow In the stream.

Munger and Webtveld (lad)

approached t.ho subject or

slash disposal with the

idea of developing a method

or disposal which would

otrI go a balance whereby

the fire hazard could to

reduced by disposing the

brush but at the same t:ime

leave a sufficient amount

,
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!tense Steeds ef	 Fine Scplinrc Typic al
Of Those That Pave Been Burned Under
Control To Seduce The Likelihood

Of A Destructive Fire.	 Where fire is used to dispose n:
debris left from leggIn.77, it Is :rosmod.

coat a plan Is followed as that the fire is confined to definite areas and the burning pred',:ren
of damage to the seed su pply on the area or the residual trees. The burning methods of ItspesInm s1mslt
left from logging are: (a) broadcast In strips or blocks, (b) piling In windows and then firing. (n)

in small piles of approximate ly 1.(I' in diameter and then firing. Just which of the methods is melt
•Itillactory depends on the Ceres! type, the time of year, and the objectives sought.

The method recommended (201) for the disposal of slash in the Douglas fir region Is broadr•t 'tt
Inder certain limitations. The objective is to reduce the probability of a conflagration and seocnlarily
create conditions favorable for the reproduction of Douglas fir. 	 As recommended, (a) the area should have
definite boundaries, (b) the burning should be done just before a rain falls, (c) fire should be started
downhill rather than uphill, and: the burn should progress from the boundary inward rather than the re-
verse, (d) the slash should be fired late In the afternoon, and (e) the burning should be done speedily
and safely.

Tab::: 7:
3. For Forest Game Management

Comparatively little work has been done
in the use of controlled fire In forest game
management. Because Stoddard was able to ob-
serve the effects of light fires which some-
times resembled controlled fires In their ef-
fect, he commenced to use fire an an aid in
his management of forest land for quail and
turkey production in the Southeast. The use
ef controlled fire Is quite legitimate on
certain game ranges and he has applied it

to obtain at tontlant	 tlelso I
tta	 q rld	 ()r.

r0,111CinP • the	 of fl!"7

to 111 ,:. point. :Moro
omy r ind r o se taw hoot , I

the rw;1{-LIal steed	 r tsar ,, r	 '

hazard conditi ons created

P(021b1V the value n f lottyt,
cover of branches and noodt ,t Ittteo
favoring renroductl en In the	 [:'.h'rP1
been over-emphasized. There In no sis7lo
superior method or (413Fonl n ui ' n !%5h P -	 st.-

taming combined values In htt7.ird re
seedling development, and orositts
the method to be used will depend
local conditions encountered. 	 Porimity
makes the statement that the is rlmahy „
of slash disposal Is to reduce	 firr,
a point where fire control is possible.
use of fire, in the form of pi 1 1nm	 torn-
ing the slash, was justifiable 	 o)	 nhoas
of high fire danger or high	 o' it	 farm
of abundant advance re productlen; lb!
areas of low danger and whore fot,P5
erosion demands that a e ovor be le".	 :7!r2 13

unnecessary for eliminating slash exsopt
along firebreaks (137).

ME1GRT GROWTH OF YOUNG SLASH PINE THFF0
ON

UNBURNED AND CONTROLLED 121HN AREA3

After,

ning	 riing

I
li n 1:ourno rl	 171.0

1 Year
Bur

1 Year Before
Burning

Stand
Type

Unburned BurnedBurned

2.86

2.46

1.36

;

	

2.20	 4.71

	

1.30	 2.55 ; 

Open

Dense

Very dense

2.81

2.55

1.82

3.26

2.75

1.67

Height Growth in Peet



re1710n. Controlled fire is of value for several reasons. (a) Without periodic burn-

grilly develops into a tangle of broom sedge, wire grams, and pine straw, all of which

..refer: are comparatively weak scratchers, from obtaining their food which lodges under

.	 (b) The mat of organic material also has a smothering effect on native perennial

7'is;aire a mineral seedbed and are of great importance as feed for quail. (c) Controlled

,rls close to the ground but do not open the canopy of the forest and the secondary

the herbaceous plants; this Is an ideal abode for birds which need overhead protection

on ground beneath their low roosts to keep away such natural predators as skunks, cats,

.	 (65) (66) is as much opposed to wild or uncontrolled fires as he is in favor of con-

• c,ume bird management.

4. !x cr I. edifying Some Soil Characteristics

C!	 i.he early arguments used by the United States Forest Service in its campaigns for the control

es was that fires impoverish the soil. That there is a considerable element of truth in this

recsgnIzed, but there has been Increasing doubt among some foresters as to the general appli-

belief. The South, with its frequent fires, particularly in the longleaf type, has managed

stands of timber on soils which have been burned periodically.

fires have been so common in the South, in the longleaf type, the results of the investiga-

effect of burning on the chemical composition of longleaf soils Is Of timely interest.

obtained from representative longleaf areas in the Southeast on paired plots, i.e., from

,sd been burned frequently paired with another nearby area having the same soil series, on

been excluded for several years. On the basis of these investigations, Barnette amc

the conclusion that soils which had been burned frequently (a) were less acid, (b) had

,rce..:.ge of replaceable calcium, and (c) had more total nitrogen than those soils which had re-

from burned areas had pH values ranging from 0.15 - 0.48 units higher than for unburned areas.

alcium content of burned soils was much as 101 percent greater than for unburned soils, and

1 21 percent higher on the burned soils.

estis'ation of Heyward and Barnette indicates that annual burning has a desirable rather than

uffect on the chemical composition of soils common to longleaf pine, so from this standpoint,

can hardly he condemned.

scent work of Heyward (192) in connection with soil temperatures substantiates some of his

--a obtained in investigating the effect of frequent fires on the chemical composition of

(67). As has been pointed out previously in this chapter under the heading "Soil Composi-

oductivity" although It would appear that the surface soil temperatures generated by the burn-

rur-year rough are low enough to avoid charring the soil organic matter and yet probably high

iraia. available more soil nutrients and possibly promote greater activity among the micro-

there is no evidence that the heat of a controlled surface fire in a stand of longleaf pine

omodaced an AO horizon may not be more harmful than beneficial by actually killing the tree roots

horizon and removing the abode and the food materials of the macro- and micro-organisms. Further

H:tion in the field of controlled burning may produce technique that will show how controlled burn-

conducted to do a minimum of damage.
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Chapter III

CAUSES

L'ecause the Untied Ot , k !	le)ret Service In coo;

7rr e	forest fire ne' , ! 17, r , I !	 the opportunity

that	 there are new eenearrit Iv-	 statistics available,

and	 costs o r f o r e st fires. These data are of value

trot	 Is not raliford throirdinat the United States but

callus.

oration with the nevoral fornstod states h e r nor

to standardtAe the causes into defini te grssoe

Msod on :fate boundaries, conorrning 

In understanding that the problem of fornst fIre

in dependent upon numerous variables, one of wh'ell Is

Cause Classification and Definition

The Ualted Stat e s Forest Service has set up a classification of causes which is 
now used as a

s t
thdard for reporting by all state agencies as well as by the Federal Government on its national 

forests;

this Is listed below.

I. LIGHTNING - Caused directly or indirectly by lightning.

RAILROAD - Fires from sparks or cinders of all classes of locomotives, clearin g of right-of-way,

and all other fires Incidental to operations on or to the occupancy of the right-of-wa y of an

established common carrier railroad and to common carrier railroads under construction.

CAMP FIRES - Fires resulting in any manner, smoking excepted, from carelessness of campers and

travellers through the forest such as stockmen, prospectors, picnickers, surveyors, berry pickers,

hunters, fishermen; this also includes warming fires.

SMOKERS - 
Fires caused by smokers' matches and burning tobacco in all its forms.

BRUSH BURNING - Fires 
caused by clearing lands for any purpose, other than rights-of-wa y for s um-

mon carrier railroad or brush burning on logging operations, or by rubbish, garbage, range stub-

ble, or meadow burning.
G. INCENDIARY - Fires which, within a reasonable degree of certainty, are willfully set to burn

forest lands.
7. LUMBERING - Fires incidental to all lumbering operations; caused by sawmill engines, donkey

engines, logging locomotives and woods camps; smokers and warming fires set by loggers, however,

are excepted and should be listed under "smokers".
B. MISCELLANEOUS - Fires which cannot be properly classified under any of the other 

standard headings.

9. UNKNOWN - 
Used by many state agencies, but not recognized by the administrative branch of

United States Forest Service; this classification, however, is used in the annual forest fire

statistical reports.

Discussion of Causes

A simple grouping
 of the causes of forest fires consists of (1) those caused by natural agencies

yond human control, and (2) those caused by agencies over which man has a direct influence regardin
g their

existence.

In the first group, the forest fire statistics cover the agencies under "lightnin
g " . There may be a

very few instances of an unusual nature, other than lightning, which are caused by natural forces 'tot con-

trollable by man, but these are so few that for practical purposes, lightning
 may be considered as the

sole cause found under this major group.

In the second major group, causes over which man has control, are found all those agencies other

than lightning such as railroad, campfires, smokers, brush burning, incendiarism, and lumbering.

Obviously there can be no prevention work done in the first major group to remove the causative

agency; man is unable to control those meteorological conditions which are responsible for lightning.? On

the other hand, however,

is human activity.

29

all the causes other than lightning can be controlled inasmuch as their source
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tabulation below illustrates that from a nation-wide standpoint, human-caused fires

lightning-caused fires are responsible for less than 1/10 of the total annual

res. 'These data serve to indicate that the chief problem In the protection of forests from

asMally the removal or control of the cause. Inasmuch as most fires are the result of human

Incidentally, rather than willfully, sets fire to the forest, the problem is essentially

, for success, attack the cause at its source in the form of education. This means to pre-

1,efore they commence rather than to wait for them to start and then attack.

LIGHTNING FIRES

indicated in Table 9, lightning fires are essentially localized In the two western regions,

:.se Pacific and Rocky Mountain, where the topography, being

! Jeri with peculiar fuel conditions, described

)1. cr(lIceu a situation which is extremely dif-

Table 8

4 Eh OF LIHTNINO FIRES AND HUMAN-CAUSED
115E:: IN Tin.: UNITED STATES
OTI.:D AREAS ONLY, 1926-1935, INC.

1,:L;i,i.):1.)„ STATE, PRIVATE LANDS

as rough as It is, generates lightning

Table 9

PERCENT OF FOREST FIRES BY CAUSE
IN THE UNITED STATES
PROTECTED AREAS ONLY

1931-1935
--------	 --------



At	 the rroaeta, tri e, tto	 ett ut,e of forest fit- ,, ,t 111	 "rn-	 ern- t orn roan, cn n • t	, , , t t	 •

	f n tton 111 Ittahe and It'n' t n ha and•t) . tt,	 c[ 1	 Or	 11	 -

1( . r.	 o	 1.1tr1i1.	
,„„	 •	 ,	 •

ihot-ofrc)m.	 nt rn	 a"! ! se'	 e ',1	 '	 ' `r+^	 ! v	 '

1''

are	 or1t , f 5.'	 prin,,,t1

Lightning Storm Characteristics

or st	 nI	 10 SOrlt,11111a1
1:,•1

n r';7 Of 111-,11'!'lls(:( r tOrlr ' i	 in	 LH'

	

!- .;ti 	 Vet-', 1./111S11

id;; on	 •	 r	 1);1!.. t.	 1.he

01 orc, u1n, : 1 1,10.-1 .	 it	 1 	 etten.e.	 (!.1. ly

e,	 ntn[d t iet In [-min t he	 f er,trts	 to combat

,. • t	 t t Itts o ocean I 1)1! ii	 1 emu	 letuls;

L'Y 10	 0000I.,	 therefore,	 there

it t re itrobablli i let)	 or	 the creation

1	 , [tnfla g ration with which no average

nno1. arency can combat successfully.

1517 a	 single ttterr	 was re-

st , -, 11b1n for more than,	100 strikes on

11320, in 12; 5	 on	 the Kantitsu

t I on al Forest of Idaho , one storm was

net,ponsibl e for Itt:/ recorded strikes on
,trett1 area of approx imately 600,000

5':CO2 (53).

tot and dry storms--There is a term used

t:-.Teng fire control men which presumes to

I nlicate a storm characteris t ic which

snow whether there will be an un-

[[snal amount of difficul ty	In	 control.

A "dry" storm is SlIpPOSi r d to have	 little or no precipitation accompanyin g it, while a

n. rlov;1-1 with it consid erable rainfall.	 or the borthern heckles, only approximately 10% ot' ttte1	 1 [I

(t r. , Id be cal or: tIrt.[; at	 Ilie:tte ire	 onto,	 Pen, I .e. , did	 not	 rallSo fires.	 [tf

suerms, those accompanied by sortie procinItatio n , [111% were harmless. This	 exploded a commen	 '[[f

a!rOTIF:, fire control men that dry storms were responsible for so many fires.

Safe and dangerous storms--Whether a lightnin g storm Is "safe" or "dangerous" is lorgely do'

two factors, (1) the accompanying precipitation and 2) the cloud-to-ground strikes.	 In

storms, Gisborne found that the average duration of the "scud" rain--tha t preceding the antral

flashes--Was twelve minutes and the secondary rain--that following the period of Intense .1 I v:1 t ".;-;

finshes--was thirty-seven minutes.	 An would seem lorical, the more precipitation wtlIch acc0mt-11,:(1

lightning, 
before and after the flashes, the less-likelihood was there of a fire st,rtin ,:.	 "nate"

t y po of storm Is one In which three-four ths or more of the flashes are cloud-to-cloud, but

than one-half of the flashes aro cloud to ground strikes, the storm is "dangerous".

Sleepers--Another characterist i c indicated by Gisborne , s analysis was that. 1Lthtnin7, fires r.re fre-

aently not actually picked up until sometimes as long as two weeks after the storm; thes e t n o .TC,140 as

"sleepers". About half the fires caused by lightnin g are discovered within three hours af t.	 he

storm has occurred.
Time and place of occurre,nce--Lightning storms may he of a general or a local nature, ¶bOt IS,cov

,,,r a

relatively high proportion of the region or a small proportion. A surprisin
gly h +y,h percenv	 oor:•]r

In the Pacific Northwest at. night, 10:00 P.M. to 4:00 A.M.; here 28% occur as com
pared to	 'cr

Northern Rockies. Midnight, however, was used as an Indicator of the night storm frequency, 5 ,	 it r

or may not have an important bearing.
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itte Pacific 7 J0rthwest, the storms usually travel union eighty miles before they are
re are Instances wnere a distance of t.,".t0 miles	 as covered before disappearance.

vu ratnur slowly, about, 6 to 20 m.p.h., but seldom over 40. The direction taken Is

and nortaeast. In the Northern 'Rockies, 67,a travel northeastward and eastward.
v--Thane as a close correlation between rough topography, lightning storm frequency,

	

o altitadlnal correlation with inception;	 oferoximately as many lightnin„:
altitudes a:3 In	 di a 1 1.1 tildes, per ;" von 	 area.

c.--The fuels in which lightning strikes are most likely to Kindle fires are duff, live
These fuels are arraved in descending order Jr importance. because lightning

	

:3 •,hdr u tL any time on any part of the nrotected area, Ike	 rare demig• e of cobtral rust be ex-
pa; Ls 01 t he forest area, except where taere 	 k wide dliference la fuel types. In

a contrast is afforded to forests where mthi-calaaot fire:; predomluate inasmuch as these are
wore the rlsk is bunched; consequently	 coin rot	 organimati g n can he planned so as

1,c aLiii rather that, •Jpruad at uniformly a.: 	 rase of forests where lightning
;Tact,, any time daring the fire season.

- possess the disadvantage, moreover, of sometimes ochirrIng in h1:-hly inaccessible
	ve] time slov, and the control job tedious and ever nazarsous. 	 Lightning-caused fires

by the morning of the day after the storm, can usually be maolly controlled with small
ite:ti. A higher percentage of California lightning fires break loose again after having

any other cause of fire. This can probably be	 Lilited,	 however, t ry storms fre-
:m . n Intensive :-,unchinc, of cloud-to-ground striker; that	 udimm.1 organization Can-

'hem; c;d-hrsatora arc pressed Pito service with ti., re.talt t.nut , either because cf
hre3c; 1 3r33 for speedy reeLtON 00 each	 1'irc,	 ft 0.0; e;:e	 I at aht,ha,31y corralled oc

MAN-CAUSED FIRES

are due either to carelessness or maliciousness. i.11 the malicious fires are of
but all the incendiary fires are not set with malicious Intent.	 An example of the

fire may be shown by a group of inhabitants within or adjacent to a protected forest
set numerous fires to embarrass the administrative officer; or, because of actual or

,m by the landowner, wishing to harass his representative.

of tae non-malicious cause is found In a case where a local resident wishes to burn off a
in order to obtain early grass for his cattle; this In incendiary, but not malicious.
believes to be a desirable type or day to meet his roduiroments, but neglects to inform

administrative officors or his Intentions with the result that the fire leaps	 the fire-
ott land receiving protection. The net rthalt of his short-sightedness Is suppression

see to his fire which was not confined to the area to be burned.

;HES vary In importance, dependent upon the type of trains travelling the area, the ter-

1,1antic States, with their high railroad mileages and heavy traffic loads, all report a
aliroad fires, with New Jersey outstanding in this respect. 	 hew Jersey has many miles

locomotives travel at high speed and use forced draft freqftently; much of the railroad
region where the pyrosity of the fuels it: higb.

action can he taken in order to minimize the number of railroad fires. In some instances,
.hoL: .3 I N the smoke stacks of the locomotives has lowered the number of 	 fires due to this

ticates the trend which railroad fires In New Jersey are taking .	 With a genuine effort
of railroad fires, a more positive stetwIng cabid bramttly Fa cade to lower them.

tea -1f134, railroads were	 recpocitl• for oily a.it of eat	 al	 :cicttir of	 fires In
n for the more recent rive-vow- 	 ill i	 , wl	 of the
stII1 qulLe 4 0-ftcrepancy tetwo(t1	 V.	 r.	 and Lhe railroad

V.	 !(': n )t11')IIII.(!:	 Of Ilii [0:H	 000 1,	 tilroads In the state



Plvo-Y ,) Ar Pnr1 a1
1931-1935 

Yew-	 Percent '.1'nr
1935 	 20.( , 	.
1934 	 27.1.	 .
1933	 	 	 23.2 1929	 .
1932 ..	 90 c0 1027
1931 	  16.1 102

Average for
Period. . . . 21.6

frw
PrIod. . .

blv o f 	 1 0 o pini o n that It is rhadn o r to	 nt.lmic to
faa:u for : . upuraa ! ien costs and wrta private,

,w,ars for (Us	 than	 •aldral their firelauaks.
Table 10

RAILHOAD
	fir-• vnr-	 '	 • rso	 irq7,i111.V.	 The rare

, 	' fir' t4 , 11ch can be	 a imitated

•	 Is I n t .trit,e ly aasoclated

1 •	 0	 utrekaaaaa.	 The only manner in which

buf'!.a:	 "0, woos!;; nail	 be eliminated is	 to attack each

	

a . m. ,- source as .01 nldIVidtlal	 problem.

':h o people who cause fires classed as campers are (1) fisher-

'fl) !,unters, (?,) picnickers, (4) woods workers, (5) tran-

	

l ,opa :Aers,	 (7) berry pickers, etc 	 Many of the

are distinctly warming 	 and can be eliminated only with

dersistent education.

)

)

7-1

'Jportsmen can be appealed to by some device at the time the license is given to them, or prop	 anda

01 woods burning can he incorporated in the hunting license itself.

0(mdsworkers can be cautioned throngh their employers and by appealing directly to them In a 'fanner

on t.'-:at they realize the relation between their employment and the forest.

Picnickers generally congregate in public rather than private grounds; they are not a serloas 7enace.

';' in class of people who have no regard for the property of others since they have little or no re-

s.aus:Ibllity, are the transients. They kindle warming or cooking fires just off the edge of th e uT:rmaya;

wIri morning the fire dies down until it cannot, be distinguished from the road. The rising wards of the

!atrur part of the morning fan the ashes into a blaze. The transient leaves his fire to the mercies of

rho wind; since he gains nothing by extinguishing the fire, he seldom bothers. The movement of transients

can be controlled, however, with the cooperation of highway patrol agencies.

As a group class, however, campers' fires are an important single cause in a very few scats.	 In

only three western states, namely Utah, Colorado, and Wyoming, are they important. In the first-nar'ed

state, they sometimes account for as much as 30% of the total number of fires.

SMOKERS fires is a classification which is probably much abused. Upon examination of the available

data on causes, the question immediately rises: Why, in a five-year average, were 44% of the kroan `fires

olsessd as "smokers" in Pennsylvania when across the Delaware River, under very similar conditiuna of

? eaauaphy, climate, soil, vegetation, social pattern, and industrial activity, New Jersey rep o r r.ed Ditty

t7. aai:ributable to smokers?

There is considerable room for research in this direction, that Is, to determine the rasa 	 fs so

frequently attributed to smokers. It Is not unlikely that the figure cited by the New Jersey organization

Is more nearly correct than in the case of Pennsylvania.

In a study of effective fire brands correlated with the moisture content of the duff, Sti•ol

found that the smouldering cigarette butt is important as a firebrand only when the surface doff ses a

'aaisturo content of less than six percent. The match, on the other hand, Is an effective firebmu	 even

with s low fire hazard when the moisture content of the duff Is 17 to 22 percent. With these faffta 11

mod, the discrepancy between the percentage of smoker fires in New Jersey and Pennsylvania appears to be

moot unusual. •

BRUSH BURNING fires are peculiar to no one region. Massachusetts for instance, reported 	 caused

by brush burning as against Idaho's 3.4%; Massachusetts Is one of the oldest states in the union, .a?tU

Hallo is a state much newer and less developed than Massachusetts, so one would expect a larg'r aarent of

fires in the western state. One is led to believe that either the citizens of Idaho are more caref'd with

t Uelr brush burning or have much less brush to burn. North Carolina, another old state, re ports 12.4% for

the same period. Brush burning, It would seem, is hardly Identified with pioneering.

This class of fire, however, Is one of the easiest to eliminate or control. Brush burning , 10 nor;

cases, causes a sufficient amount of smoke to be picked up by a lookout who can dispatch a patrolman to
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suppression agency on guard. Because the burner knows that if his fire gets
: esecuted eed convicted, he will be doubly ceutiods.

fires In several states is undoubtedly lowered by the permit law which requires
a permit before-burning in some states.

eeeuetly low with the exception or a few of the southern states. Except for these
:eeerel.ve for burning the woods; In other regions, ineendiarlsm Is largely of a
ee South, however, burning is frequently practiced to "green up the woods" so that

.,.age at an earlier date than would otherwise he the case. This type of burning is
fires set with malicious intent. The motive Is purely a selfish one whereby some

eee tI the woods burner, admittedly at the expense of forest. growth.

Southeast was suffering from a rainfall deficiency, Florida reported for state and
tection, 1577 fires as being of incendiary origin; this amounted to 71% of the
year as against 45.2e: for the period 1926-1934. It Is difficult to understand just

-eeked departure In one year from the average for eight years. It would appear that
re excessively high for those fires attributed to incendiarism. It would seem

neeeer of causes other than incendiarism to mount because the incendiarist seldom
,ting his fire, regardless of the hazard. The more combustible the fuels, the more
e1art. The cigarette butt may normally be harmless, but do to excessive dryness, the

c:alc e,s it possible for the normally non-dangerous cigarette to kindle the dry fuels.
.sether an increase in hazard raises the risk due to any one cause as could be in-

...'Ida data referred to above.

Southeast in 1931 and 1932 was so acute that considerable attention was focused
5 .93% of protected land in Florida In 1931 and 12.10"% in Georgia In 1932. The con-

in the Southeast caused Evans (32) to write a brief analysis of the background for
Florica tourists to comment so unfavorably. Florida was not peculiar among the

se so far as a large burn was concerned, but it had a higher percent of its forest
neighboring states in 1931. Two major reasons were given for the situation:

ferest land ownership,and (2) lack of respect for property rights.

Item, there is a relationship between the fire control problem and the "New Public
frequently used in recent years to describe the status of the tax delinquent lands.

lorlda state legislature in 1931 accentuated the difficulty when it prohibited the ex-
a,asoenative state and federal fire control funds on tax delinquent land. This legisla-

].Jemen"; of approximately half of the area previously protected by the state forestry
'r)Ii" area was soon gutted by subsequent fires, so that the expenditures invested for
'0 le31 were voided on tax delinquent land. The action of the legislature was most un-
'. was negative throughout--it neither deprived a landowner of his right to manage his
nee did it propose to assist the delinquent In restoring real values to the land by

It from fire.

seconci croup of reasons, i.e., lack of respect for property rights, woods burning for early
ale and the annual burning by turpentine operators to safeguard their investment in
d aprons from total destruction by fire are good examples. These fires, set to burn a

:seldom confined to the unit to be burned, but burn unmolested to the property of ad-
Tee average naval stores operator has no intention of protecting reproduction from
rod because he leases his chipping timber and seldom owns the land outright. The
Ion does little or nothing to improve matters; frequently there is no overseer and

see no value in. forest fire control.

RELIABILITY OF REPORTED CAUSES

ifIcasce should not be attached to the data on causes of fires because the Pederal corn-
state and private lands are based on statistics submitted by separate state

htiv!sually administered, so each organization conn(:quenth, reflhts :!() 	 clearly the
-;Intrative hew] than Is the cane amov the various mttlnal ferestb v4h1cti nave a
strat, vh procedure.

;7'A



c h of La siaInnain protected area 1a located on soils which have timber types quit' c

eand In eastern Tema; the social pattertionthese areas is also quite similar, yet for th e iv'rT

laiara reperied	 !!	 fires as being of incendiary cause, while for the name pnr,

Th e dat a situ 1-i'ca Ic.s 1 that the Texans are also three times as careless In 'h e ir	 t•

i se	 her the period mentioned above, they reported 34 4 r. end	 rs

Table 11
COMPARATIVE CAUSES OF FOREST FIRES (68)

FOR NEARBY OR ADJOINING STATES
PROTECTED LAND, 1926-1934

Region

Cause Middle Atlantic

Md. 1	 N.J.

Southeast Rocky Mountain

Ga. Ala. Colo. Wyo.

Percent Percent Percent

Lightning 0.2 0.1 0.9 0.2 51.0 43.2

Railroads 13.0 27.1 4.2 5.4 6.5 0.0

Campers 1.9 0.2 2.6 6.0 11.3 27.1

Smokers 39.2 1.5 3.1 15.1 23.7 23.2

Debris Burning 23.7 5.9 12.0 26.1 2.3 3.9

Incendiary 17.5 0.1 44.9 32.2 2.3 0.4

Lumbering 0.4 0.0 1.0 2.0 0.3 0.0

Miscellaneous 4.0 3.0 20.0 13.0 2.6 0.4

Unknown 0.1 62.1 11.3 0.0 0.0 1.8

Tble, 11 lists the causes by states which are reasonably comparable to each other from the 
ntR.71p^tht

or nun:raphic location, area protected, and general human activity. It can be readily noted 'hat 
the nom-

rnF:lulve figures present discrepancies which are especially acute In the case of New Jersey and Maryinnd,

tth 0]-.all states with concentrations of population and varied forest types rangin g from coa s ta l pintn

plan land to mountain hardwoods. For the period covered by the table, there were no national forests in

n-lryland and New Jersey, few in Alabama and Georgia, and several in Wyoming and Colorado. There was con-

siderable uniformity of causes among the Western states, several discrepancies in the Southern, and "racy

In the Middle Atlantic. The variation between the unknown fires In New Jersey and Maryland illustrates

the used for better actuarial procedure.

One of the basic reasons for discrepancies in reports on causes Is because, when a fire breaks ant,

the chief duty of the person in charge of the fire is to suppress it In the shortest possible time; if he

had the opportunity to conduct an investigation for cause, he frequently would be able to determine it

fa!.;T definitely on tho basis of circumstantial evidence which, although It might not 
he outrIcnn

securo a court conviction, would nevertheless reduce the degree of guesswork considerably. There is not

np.;ch difficulty entailed in determining whether a fire is man-caused or lightning-caused; if the fire

quite obviously has not been caused by lightning, it must be man-caused; Just what the nature of the man-

caused fire is can be determined only by prompt investigation upon the arrival at the fire. Those

agencies sincerely interested in reducing the number of fires will attempt to determine the cause

accurately in order to take steps to eliminate or reduce their number; where this desire is dormant, there

Is little incentive to fix responsibility.

3.5



Chapter IV

FOREST FUELS

licit are the princi pal components of flre danger are (a) constant or permanent with
Al; these are topography, feels, aspect, and forosi. cover. There are also (b) the
'ary factors which vary considerably; these include risks and the several meterologi- 	

101

100*,
he most important of the constant factors. The fuels make forest fires possible; without

no reed for forest fire control. The other constant factors such as topo graphy,
cover merely influence the combustible condition of the fuels or their rate of spread

started.

ali forest fires aro concerned with the peculiar behavior of the feels upon combustion,
i.e basic to determine those factors which may set fire to the fuels and the reaction of
lie d. The causes have been discussed in Chapter lir. This immediate discussion Is con-

.4 i ;.h fuels.

are reasonably constant factors in fire control. The word "constant" has been qualified be-
. trJe obvious physical characteristics, such as fineness, depth, and state of decomposition

o o from July 1 of one year to June tO of the following year, the moisture content will
The behavior of a given fuel when burning will depend upon the presence or absence of
p v4hltol curhe fires to burn fiercely at alt 	 17H slcoly at ancanor.

falels, and Control Planni

rifest. work In
nj, v(JLI

in astab-
le between
of spread of

specific
fdels pro-

! ;1:C. C
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and the
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Table 15

RATE OF SPREAD IN TIMBER TYPES,
CALIFORNIA REGION (39)

Timber Typo Acres Burned per Hour Elapsed Time
1911--1920 Northern California Forests

;Tanis,
wond] ond

Yelow Pine-
111:.ed Conifer

Sta;nr Pine-fir
Uouglna Fir, fir

13
14

6

1 -0	 Fro' f	 !prop/TOO

etm-varte-mven, of

% zIo D word.	 it Incinden

ltt,
[	 ]or earn

type, torn control wan

ated and the erranIzation

to attain the control

ttbrt: , ' von.	 Th e t erm,	 "Hole•

et , e tt l "  heNover,	 has been suc-

ceeded by "speed of attack".

Moisture Content of Forest Fuels

That there Is a relationship

latvtot.tn the cendWon of the

rIPLI WE! IMO character and

oeveolty of the fire has ion("

Leon recornized. in one of the

earliest publications on the sub-

ject of forest fires in the United States, Graves (33; mentioned that the moisture content, of fnrcrt, fuels

has a marked influence on the occurrence of end be-

havior of fires.

That the moisture content of the fuol.

"humus" in particular, affected forest floe tthav

was also noted by Williams (45), Forecast e r for the

Weather Bureau. It was his opinion that the YItte

hazard is proportional to the rate of einuoi%

the fuel surface. The rate of evaporation naturally

influences the moisture content of the fuels them-

selves.

Two pioneers in the field of forest fire investi-

gation were Show and Gisborne who commenced intensive

work on determining the relationship between fire behavior and fuel dryness. Gisborne stated tkrJ1 the
dryness of the fuels, of which duff was one, was the best indicator of the current degree of force'' fire

hazard. Although precipitation was the meteorological element most frequently uccd by fer=terc'

cate too degree of fire danger, this element failed to record the varying drying effect the atmosehore Cay
have on the fuels between periods of precipitation. Those fuels used by Gisborne (46) as fuel dryness in-

dicators to reflect the degree of fire danger were (1) light moss and dead herbaceous leaves, (2) twlwn,

duff, and branchwood, (3) top 1/4" layer of duff, (4) heavy slash and windfalls.

The dryness of the several fuels establishes the fire danger. When the heavy slash and wl!Jdfall be-

(-tette extremely dry, there is not only the possibility of a conflagration, but also extreme difficulty of

Eppression because of the terrific heat generated.

Reaction of Fuels to Drying Influences

There are several classes of fuels; the basis for the grouping Is their sensitivity to the crying
influences.	 Tne lighter the fuel, the more sensitive it is to drying influences; the heavier the.fuel,
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Figure 13c
Ponderosa Pine Slopes Which Grow In More Open

Stands Than Chaparral And Consequently
Have A Lower Rate Of Spread Than In The Case

Of The Chaparral



A. Fuel Conditions	 B.

amount
arrangement
size
species

e. decay

38

Existing In
standing green timber
snags
windfall and slash
brush,reproductIonandErsas

e. duff and roots

ndicater it is of the cumulative effect of the several drying factors, but is a poor in-
conditions because of the lag between the moisture of the fuel and the drying causes.

from the light to the heavy fuels, Gisborne found that they dried out in order of their
the light fuels responded readily to short-term drying or moistening influences, while

fuels there was much more lag in their drying rate.

Ion presented statistically in Table 16 is
:datle when it Is realized that with the
n as twigs, a higher percent of the total
els is directly exposed to drying in-

is the case where a much smaller percentage
:daces is exposed, as in windfalls.

INFLUENCE OF FUELS ON FIRE BEHAVIOR

application of fire danger as indicated by
Is practiced in Region 1 of the United

o Ilervice--the Northern Rocky Mountains.
?.) developed a system of classifying and map-

. Two aspects of fuels contribute directly to fire control work; rate of spread and resistance
knowing how rapidly a fire will travel through a given type of fuel and the degree of

,...,,:entered in constructing a fireline, a dispatcher can estimate with reasonable accuracy the
to corral the fire. Another use of fuel classification is in determining the location

*ranortation systems.

oto of spread and resistance to control were each broken down into four classes: low, medium,
,.;ome. Thus fuel referred to as HL would mean one having a high rate of spread but low re-

itrol.

pread

nteresting phase of Hombre study was the use of the perimeter of a fire rather than the
:ivoled as the factor which determined the corral time.

On the basis of timber type, Hornby was able to prepare a table
on rate of spread In which the types arearrangedatleftin descending
order; these contribute only a part of the fuel picture because such
factors as presence of few or many snags, relative amount of moss,

EI-1 spruce 	  slow blow-downs per acre, whether previously burned once, several times, or
not at all, whether cut-over recently, have all been omitted from con-

on, 	 all of these factors contribute materially to the rate of spread and resistance to control.
of associating timber types with their relative rates of spread, the phraseology of "low",

n hlr.,11", and "extreme" rate of spread was coined, with a specific rate of perimeter increase
:h for average burning conditions. The data in Table 18 on following page show the specific

to each rate of spread class.

Resistance to Control

tonco to control was also broken down into four parts; this factor indicates the quantitative
-1:1.:;ter of held line produced by one man in an hour.

:rots those factors which contribute toward resistance to control as follows:

!r and lodgepole pine

en,A cedar hemlock

:tor nin

Table 16

MOISTURE CONTENT VARIATIONS OF FOREST FUELS

Percent Moisture
Content

Fuel

Twigs 	
Top e duff 	
Heavy dead branchwood 	
Outside irofwindfalls

e) Full layer of duff .	 .

Minimum Maximum Average

6	 140	 19
'1	 120	 24
9	 127	 28

12	 216	 60
9	 320	 63

The perimeter Is used because it is the part of the fire on which
the work is done. The perimeter is the active part of the fire. It
is the point between the burning and the unburned or combustible

rapid fuels, as represented by the going fire, which are of concern from a
suppression standpoint.

4

Table 17
FOh TIMBER TYPES



Table 20

FIRE HAZARD RATINGS FOR FUELS

(Excerpt from "Instructions for Fuel Type Mapping",
by L. G. Eornby, R-1, USFS)

No. Forest Conditions Fate of
Spread

:tests:a/lee
to Control

1

Mature larch-fir, white pine, or lodgepole on
protected flats or northeast slopes, where wind-
fall is light and not continuous; stand dense
enough to shelter fuels on ground.	 Ground
vegetation conspicuously low shrubs throughout.
Trees clean and snags few. 	 Tree moss may be
moderate.

L L

2
If above stand is exposed to almost full sun and
wind has moderate access to ground. hi 	 L

3
If windfall and snags are moderate but con-
epicuous and mixed with continuous grass carpet
and stand is exposed to wind and sun.

M	 N

-1

4

If windfall and snags are moderate to heavy, con-
tinuous and intermixed with only scattered trees
of the old stand, and reproduction does not fully
shade windfalls on protected N E slopes. L..

5 On exposed S W slopes. H	 I
7

6

If these same mature stands were burned over by
light fire, or were heavily bug killed, resulting
in dense reproduction 20-30 years old, not som-
pletely shading windfalls and continuous rotten,
broom-topped or otherwise inflammable snags 50-75
feet apart on protected N E slopes. 	 1

7 On exposed 9 W slopes. a	 .

Table	 18	 In the planning
HAT. 02 SPNA:	 CLAS7,E1 OF FJELf; 	 Northern Rocklef:,	 Fnvr,v,.

Pela`lvo  Rate of Si . read	 Increase In PerImetsr per hour	 affecting the ra ' ,0 o r 	 r,r,"j
a-%	chains	 slstancA to control f%':

ModIes 	  6-0	 chains
HI eh	 8 10 chains	 forest types wer e r 1.:s!flod.
Fr' p ease	 10-11	 chains 20 is an excerpt from the	 nn

fuel hazard ratings com p iled f a r the

Table 19	 larch-fir, white pine, and ]od-7.pole

RESISTANCE TO CONTROL AS DETERMINED BY FUELS 	 pines forest types. Seven serrate

Amount of Held Line Constructed	
conditions of spread and resistance to

fir	 ea Resistance to Control	 per man-hour 	 control have been establIs , lod for
Lew	 6  7 chains
Mediem 	

these types. These forest ty pes, if
4  1 chains

HIgh	 1  5 chains	 they occur on northeast slopes in
Extreme	 0  2 chains

dense mature stands, with vor7 few

snags present and small amounts of

tree moss produce fires which increase their perimeter slowly and are easily controlled.	 If, on the other

hand, in these same forest types with stands of mature timber which have been burned over once b74a 11;7.10:

fire, resulting In dense reproduction occurring, with many windfalls on the ground and highly Inflammable

snags present 50'-75' apart, a fire were to start, it would spread very rapidly and be most difficult to

Control.

Devices for Determining Fuel Moisture Content

The best indicator of forest fire danger is the relative degree of resistance offered by the fuels to

That factor which has the greatest influence on the inflammability of the fuels Is molure

content, because the more moisture present, the more energy is needed to drive off the moisture before

the fuel is kindled.

The first satisfactory instrumental device produced for measuring the moisture content of duff, as

representative of the lighter fuels, was the 'duff hygrometer" originated by Dunlapp of the Forest Prod-

ucts Laboratory, in cooperation with Oisborne of the Northern Rocky Mountain Experiment Station.

Although the duff hygrometer is well adapted to the measurement of the moisture content of the lighter
;cols,	 it is of little value in

determining directly the moisture

:tontent of the heavier fuels, such

as dead branches, brush, limbs, and

vnaco. The dryness of the heavier

fuels	 contributes largely to the

Intensity of the heat produced by

the fire. 'Hazard sticks" of

roveral sizes and combinations have

been produced by the Northern Rocky

Mountain Forest Experiment Station

and the Pacific Northwest Forest

Experiment Station. There is a

*:asked similarity in the type of

q11cPs, one difference being that

the Pacific Northwest uses square

sticks and the Northern Rockies

use round sticks which are similar

to branchwood in cross-section.

Neither the duff hygrometer

nor the hazard sticks as generally

used record graphically moisture

content fluctuations. There in in
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River Experimental Forest, however, an instrument which records the moisture con-

deffant the hazard sticks, as well as wind velocity and duff temperature.

1:101=11 consists of a piece of rattan about 12 Inches long incased In a perforated metal

r,Ately 1/2 inch in diameter. The one end of the cylinder has attached to it the fixed

.; %H:,. other end is attached to levers which control a dial which Is calibrated from 0% to

, marked to show the expansion and contraction of the rattan based on the moisture

Where surrounding the duff. Rattan Is fairly responsive to the moisture content of

UP. When the rattan contracts, due to the drying out of the surrounding medium, which

forest floor, the pointer on the dial drops toward the zero end of the dial; when the

ue to increased moisture, the pointer moves toward the 30% end of the dial. As

.:eints out in his description of the device, fires do not occur when the fuel moisture con-

s In excess of 30%; this determined the magnitude of the range of the dial.

STICKS are indicators of the moisture content, and indirectly the inflammability of the

as branches. They consist of wood cylinders 1/2 inch and 2 Inches in diameter and 18

•. round; when square, 1/2 " x 24" and 2" x 24". The half-Inch sticks are referred to as

TU(th as three are used jointly for the purpose of producing average results which will be

on if single sticks were used. Because no two pieces of wood have Identical structure;

bree diminishes departures from normal for any one cylinder. Considerable care is exercised

rion of the cylinders so that those evidencing wide departures from the behavior of others

not put into use. Ponderosa pine sapwood is the material from which the round sticks are

(o) has written in detail the manner of preparation and method of field set-up. Mat-
..i' . er:rted. considerably with the various species most, generally available for the region in

:rvestigating; his final choice was ponderosa sapwood for the 1/2 inch sticks and fine-

: fir for the two Inch sticks.

Northwest Region has devised a means for determining the moisture content of the hazard

ary computations, thus lowering the possibility of the human element making an error in the

-It determination. The sticks are placed on a beam arm scale which has been calibrated to

In terms of moisture content rather than grams for the sticks being weighed.

be supposed, the smaller sticks are the more responsive to changes of factors which in-

soisture content. Both of the standard sizes, however, are indicators of cumulative weather

oh are not shown by any other single measurement. The two-inch sticks in particular are

elnelative conditions which are not so well shown by either the duff hygrometer or the

1,CUL180 both respond fairly quickly to those factors which Influence their moisture con-

Investigators who have devised and worked continuously with the hazard sticks have found that

-:(mb.,iveress to influencing factors diminishes with age; after four years of use, they are no

correlation of the factors of weather, fuels, and forest fires, Gisborne's (56) study of the

s the most complete at the time of Its publication. Although Show and Kotok had done some pre-
' with the moisture content of fuels as determining fire danger, Gisborne carried the work to

advanced point where he was able to produce a table of relative hazard, based on the moisture

nppor layer of duff.

Table 21

GISBORNE'S HAZARD TABU.

Relative Fire Danger	 Duff Moisture
(% of Dry Weight)

Non-inflammable . . . .
Very low inflammability
Low inflammability. . .
Medium Inflammability .
High inflammability . .
Extreme inflammability.

25 - plus
25 - 19
10 - 14
13 - 11
10 - 6
7 - 0    
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Table 22

STICKEL'S laTIGER RATING TABLE

1- ' 'v	 "r	 HR7Rrde"

Extreme

tIotalure Content
Surface Duff

Effective Fire Brands 

Below 6%
Cigarettes,	 locomotive sparks,
pipe heels, matches, and camp
fires.

Nigh 6% - 10%
Locomotive sparks, pipe heels,
matches, and camp fires.

Medium 11% - 16%
Pipe heels, matches, and camp
fires.

Low 17% - 22% Matches and camp fires.

Very low 23% - 29%
Camp fires; duff at edges will
smolder but not spread much.

Generally safe .30% or more None: Generally safe from all.

Stickel (78) went a step farther than . Gisborne and not only specified the degree of hazard which

c v. s with a given moisture content of the duff, but even identified the type of firebrand with a kiven

d o:Fee of hazard. The percent of moisture content of the duff and the resultant hazard as arrived :it by

l) r1 111 
alckel and Gisborne is very similar when Stickel's danger rating table above Is compared with

Gisborne's Hazard Table 21.

3LiCk01 used firebrands which are always associated with man-caused fires and his results are

pkrtIoularly applicable to Northeastern forest conditions where man-caused fires constitute such a hlh

,?ercentage of causes. It is Interesting to note that only under the most extreme fuel conditions is the

c! parette butt a serious factor as a firebrand. It is the burning or smoulderin
g match which is respon-

sible for fires rather than the cigarette.

41



Ott;,,,00

Chapter V

FACTORS AFFECTING INFLAMMABILITY OF FUELS

! rn Ino 01:!011! Hof	 in 	 urn cootalned In It.
,_i•t u n, 11	 t	 aela that	 nor	 iarn wi •-)I rain In rail Inn:.

, o	 ',ale Iv at La	 ecaarrui.	 or.-.;'r	 sxtrcm y of fuel molut.:im:
_rt lc I mated In 111 6 () f_;;[:!!ref--3:3-iort bt.ne,vs that	 confla,tyatlans occur hurl

rrecipttatice (leficiercir3 vnich are cone-rally	 by low atmosplin,ric
lot: rn an1- (;c1	 r e s,r. ,'.)1" ;11(10X, Ilo y,T,Wn. , cvhici	 would	 enable	 to know Jost.

o ,	(,):IsIs a).	 :Rhn time and what the probable rrorki wall be.

ici 1 e p ntrinuie	 t)word	 iriall ye drynona or ylflt7m:;;	 ' . he	 ri/nls are listeded below.

01?int,

!)	 ;!?!;-;.	 r tdd, and

rnoy'.:,1;

lieliint;	 Cl' 111e !;round wa'.er table

METEROLOGICAL FACTORS

	

: iunn	 Ha:	 ara'v:H	 -	 !:.?	 1;11	 1,r,! Incest !tor and	 rca.1	 1
	atad ziOnve.	 Taut	 I	 !motodrolOrtc..1	 con:31.1IlitIr::	 weather had

coiviikidna	 ri:C,9;'11:0,1	 • .o	 id;	 by P rrol 3 1, 4:3),	 FOn--caLltcr for the
bureau DI	 .	 orn.dn	 or	 r ol„ . 11_IvnIv	 Rvi	 1.,0,-i.r.-s1.1.,r 	 a ri-a:•,m-....111.8

	

•	 7!-c:	 t ? f r .	 are c.;,1did.er 1-(1 Lcrea:.-
Ort	 fereot	 fir:-	 1i:eel-O .:ion	 inn t- )ritrol	 was	 citncetned.	 . t etilanal fore-

	

ca	 ' 	 I	 or:u	 the torocraohy	 is rooir,h,	 reoresentc-td by the

	

',tier maps	 for	 the periods whcri	 Nichiman, lilnclniny, 	 Urnat Idaho,and
in! I lott^;d in	 r.ho only	 T:.;cbor.	 nv, ro wn;-i	 an IndlcaIAon	 tIi t	 the con -

	

!edn onInctdonI	 wi t h	 ;; I:onnant.	 air	 hootod by a roIatI vet y
rIn oon .,net ! n :n	 dLa: . runt.41	 RI nod i)y	 ext r-r p, ily city	 roe -.k;,	 rdi . 1.11y	 erilarcol

	or 	 waa,,.,'fond	 nuldn

	Elealu (Oh)	 rent	 Yire 7.6 013	 16.0 a	 combination of	 factors	 such as

	

i f	'09	 --	 1 10, (b)	 atatore	 uorInt	 ,inow	 11	 disaooear	 two r. :Ont

	

S	 rnI no	 tl 	 mord Is .

	

hy	 W,..)ather	 11A eau	 wlnd move,1-.ont In connection with 	 velocities, hut,

	

t ility was, only casual. 	 No attempt was made to predict humidity, but it was understood by
Pacific Slope that when hot weather prevailed, the Inumidtty 	 low, and a prediction of

dreo,uit practically covers bob 	 elnriants.

:atornu used vic)ather	 of	 ev000rvi,lor.	 ut eti0jve

	

117)	 foam	 a	 br-TW:f	 ond

	

ferule forenbs.	 Nunnu	 four;	 ' . ha:t	 wind	 dIrectl,m ;Ind on Irl l r rrl.ant	 corrolotIon

	

.:oilfdrn-la Fore:Ito	 dorlm,	 1,hr,	 ported	 t'.)r	 each uf 07	 firma	 which td,:med
OC ; :llrr(.d when	 the wind	 dirret	 v.as from	 Tiort;lorly	 anottrani.;	 for	 fires

	

10:0 acres.: or	 more,	 aarrind vluri	 1 )1,7;	 V,'ITId	 1 -. 10w fr o m	 Ll10	 ri,r 6 th .	 Ion	 could	 be
aorin winds may not	 have itroaier velocity	 clrlf!r	 I,nn11 wind;,	 from any of the



•

••1 ••idcre r	01hr r 111‘1,":"0-11'"W

:: • • ••ry (1 . '1 sredlts	 •

r•••• h _carte to l id, conclusion tha t wind	 i	 •

1	 f`ri, t ilf` rate of riproad is rniadriiiii

in.iest I g• itor to re p oi^niv e the	 ortiiinee

'	 ria!.!VO hIglid! t Y In d e terminin g ec riods of n	 i	 I.

-A're	 prorened :0 entahltsh a scale of fire da pror ,.coo.,'

y	 ro:: al 11 not p ureed, while at 25%, fir e s will cropan.

e . tt- e !ei r•• 1 • 111vd	 nurnliIty with forest fires, but used fre quen c y of	 Wion

lelem • -h 'e; when iize In used, the variable of control off offtctenoy ocinnot b

!r	 Itt'.• n••	 I -. ittetin to 'fits indicate that (a) the dryness of the feels do-

I Hi I '!-y earl 1 .,0 Imulted, and to some extent the rate of spread and ease or

t control; (b)	 moisture conten t of the fuels is determined In part by soil moisture, but

se atmen phoric footers such as precipitatio n , air moisture, wind movement, air temperature,

all of which have the ability to remove moisture from the fuels.

dah e -o oust 1,0 ,,I ria t io not only ti r o r , ridlnoss with which fuels will Ignite, hut also

t . !on he o e me o 1 complex ono and can be best understood by a (11.nel:sci on of to in-

ribdt! i v factors; each	 factor, moreover, is the result of atmospheric conditions created by

I an! o or anti-cyclonic condition erevallInsi over a given area at a given time.

Precipitation
oecipttatlee, or rainfall Is n crude	 indleat e r or the degree of f ire danger; It is a contrINa,Ing

111 .d1 r • elatl ye himildtty, wind, and temperature, and although it must receive recopiitio n , It Is

for It to receive too much emohaal s.

're eiivitilative records of rainfall have been used by Loveridge (51) as a basis for determinin g the

flre hazard for forest regions and for the entire forest area of the United States. Precipitation

have been main tained throughout the country by the Weather Bureau for a long period of time;

record; serve as a basis for comparison of current precipitation. A deficienc y departure receives

lye eign and an excess de parture receives a positive sign; the differenc e between the positive and

fi cinre3 multiplied by the acreage involved produces the cumulative hazard index figure. fly this
^1, Loveridge shows that for the forested area of the country a tremendous cumulative precipitation

has teen •21;111.r,

ma gnitude of the prr:citplea!:Ion Is an important factor in affecting hazard. Rains which deposit

cilant! ti es of water over a considerable period of time are of much more influence in increasin
g the

content of the heavy fuels than are light rains of short duration. To know that there has been
nolpItation is Important, but. to know the volume is of much greater value because, although ligtit rains

(tocta,30 
the hazard, heavy rains have the some effect but for a much longer period of time. In his study

r evicolpitation in connection with forest fires in the Southwest, Pearson (138) stated that the amount
c!' ruin which is required to eliminate fire danger depends on a number of circumstances, such 

an 019-

1,: • ?bItton of showers, character of succeeding weather, topography, and the amount and character of the in-

fl 	 material. For the Southwest, ordinaelly one-half inch of precipitation will minimize tax fire

danger for approximately two weeks.
For Minnesota, Mitchell (139) has stated that the effectiveness of a given quantity of precipitation

ie preventing fire Is determined by the season of the year; one-half inch of rainfall In a ten day period
(1dilurr, the summer part of the fire season is less effective than in spring and considerabl

y less than In

!ail. This situation can be attributed to the fact that in the simmer there Is considerable interception

ruii;L).;:) so that. much less precipitation actually wets the fuels, while in the fall, with the foliage

the rainfall has a much better opportunity to get to the fuels on the soil. In a more recent pub-

icetIon, Mitchell and Richman (140) have plotted rainfall probability for the same region for

1 . (srloAn during the fire season.	 The resulting maps show that the probability of a high hazard !1; high

r certain periods of the fire season, while for other parts of the same region, for the Identical.

1,	 the probability is very low.	 The charts show that there is greater probability of less
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reel p1 tat Ion In northern WI:Icon:31n for s,.v.• g :1 it,-dry peril ;;; than fin any other

;3 would Indicate a greater probability of high ha-z.ard.

o sture
..olsture Is of importance In fire control because It Influences the moisture content of

moisture In The atmosphere in seldom In a sta;e ;;f equilibrium with moisture on
to It. The atmosohere Is frequent ly drier than :;u; 	 as fore).-., t fuels, wi th the

exerted on the moisture found on the surface of the fuels. With increasing tem-
ln,i In greater molecular activity, the moisture on the surface of the fuels passes from

ahr at an increased rate. On the other hand, the forest fuels are frequently drier than
lIgnter fuels in particular absorb moisture from the atmosphere when this condition ox-

.:.ere Ia no pull from the surface moisture to the ; .itmosphero, or vice versa, from the ut -
fw.:1s, the moisture conditions of the atmosphere are In .1 state of equilibrium; this con-

rarely exists except for short Intervals.

ire13 means of measuring atmospheric moisture, or the "psychrometric factors" as Stickel
.?.1.1 them; these are (a) relative humidity (b) absolute humidity, and (c) depression of

H171DITY Is an expression of the degree of saturation of the atmosphere at a given tempera-
erature of the air Increases, its capacity to contain water vapor rises. With air at a
t:e:trees Fahrenheit and a humidity of 10W, a lowering of the temperature to 60 degrees

ueece out, or precipitate tHe excess water vaporwhIchtlleair is not capable of containing.



18
15
13
11
8
7

24
26
28
30
32
34
36

Percent
Relative Humidity

(day period)

Number
of Fires

rar;O, of O r4 10 1 .	 ;141.(l I tyrrarn 1) * Lo 100 of nal oration. Whnn o vo r the ro 

humus:, twirn, an al branches, the rll,n^•,:a .•' -

lu•,	 air t r ig nil mois t aurfacns; those ran-fe ces a,

f901ntihl o material found In the 1 0 1 111..

io ltiVo hum'	 '	 h,	 17.9 • % I lia flo cs h/ I alo dad bar t b' u!nrl Y ''"'

lof-• r	4	 o!'	 atmasohore when IL oantaInfl small °o:.'

.11 0 r 	 i.,otok to :'how tW • relation between rate 0

than : an mol;Lhor . couto•,

4 hpory,o , ha1lInO 4p4:•4/

ld flon 11024

0 "ikai; '

Table 23

TW.11.'	 T' ,1PON

"	 9F4,	 PN!A aFs1o^1

	

I'	 .

r
'Ic'	 Mlle

PIr..	 A r,nt"1
'	 1

11

0.1.11.

In
0, I t:„,

20 plus
M.P.H.

Average
of 911
Fires

i	 97	 9 .:r” , :'11 err o r 472 acres 292 acres

t,c)	 " '04 210 "

" 6'13 '' 47 "

" 4"n) 76 "

4)-49	 I t	 ''
i r 40 " 36 "

1-59	 i11 " ii, " 7II ^

Table 24

INFLUENCE OF RELATIVE 7.151117Y 111 +21
FOREST FIRE INCEPTION
CENTRAL MEN JERSEY, 1720-1

Percent N41rIvIr
Relative hr,11,11`.7 or rires

(day period)

39	 4

42
44
46
40
90 pits

---------

A tahla of relation between rp lattve humidity and forest fire inception has been preu•r r (I frog

o o 'loll Now Jersey's 19I1I	 lannmach as wind is such a factor in rate of spread, , inception is be-

lieved to be Influenced more by relative humidity than rate of spread.

l t Is interesting to note from the above data for western as well as eastern conditions that a7ound

- 1'5% relative tumidity present the Point at which little or no inception occurs and relatively

!]e spread whoa the wind velociti es are low.
e movement in the large air masses, there is a 2,4-hour cycle
24-hour daily cycle can be divided Into four periods; two
and another night or high period.

Order cloudless, sky conditions and Hill
b ru!:n which relative humidity passes. The

;auslt!oall, ON/: t'to day or low period,

221.1f1.1
day (low)
night transition
night (high)

1. day tranaltion	 6 a.m. - noon

A slmitar situati o n Is displayed on hygrograph charts located at the Priest River Experim

1 : crost in Northern Idaho. Although the periods shown on Figure 13d for the Idaho station d34 rot 0Incide

precisely with those for the New Jersey station, with the day period being longer and the alat	 led

! , hobtor, this might be accounted for In part by the readings for the Idaho station tein y,	 I,

Auaist while those for the Now Jersey station wore taken In March and April when the days were sborter.

Relative humidity frequently does not follow its normal trend; its departures from the norm] con-
1ribute toward "blow-ups". Unexpected changes in atmospheric conditions may be the cause, 

or will the

:'.a pe 
on April 19, 1925, the approximate peak of the fire season in the coastal plain area of New ,ersev.

,7):1 Ih e above date the hourly average humidity for the day period was 4:0, but at 5:30 p.m. It ws, 	 6%

2 , d 'III not ris e aiwo ';50% until after 9:00 p.m. The low humidity, attended by 26 m.p.h. veloci0i•s re_

:ILLel In an 11,000 acre fire created by abnormal weather conditions due to a small high pressure.

Such low values as 5% relative humidity have been reported by (Reborn° (50) for the Priest blier

laxserimental Forest; this is an exceptiona l ly low value. In general, fire weather in the West Is

segment Of 2,4-hour day

noon - 4 p.m.
4 p.m. - midnight
midnight - 6 a.m.

mtddenly forming over New Jersey.
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.er relative huniditi3s than In the East; the duration of the low humidity period;; are

, aged In the West. A relative humidity of 16:L In the East seldom occurs and Is considered
low; these humidities, however, are frequent In western forests.

relative humidity Is not indicative, by any means, of lessened hazard. It is the cumula-
sishespneric moisture conditions which actually determine the degree of fire danger. The

of	 In Idaho made one of Its most rapid runs when the relative humidity was 43%. This

tributed to the cumulative effect of a preceding extended period of low humidity which
heavy fuels to the point of being highly Inflammable; these heavy fuels both dry out and

lc moisture very slowly.

RELATIVE HUMIDITY Is a term which has been coined by the Intermountain Region of the
Forest Service. It is a means whereby the deficiencies of atmospheric saturation, expressed

e	 lathe humidity, are measured and recorded for an entire fire season as a means of ganglerg

r ele

	

	 danger which currently exists. As explained later in the discussion under the heading
:leg", It is a term which has been coined to show the application of relative humidity In

gauging current forest fire hazard.

DDIIDITY, or the weight of aqueous vapor, is Influenced by the air temperature and the de-
Itlen of a given unit of air; the unit commonly used is a cubic foot. The absolute humidity
In terms of the weight in grains of aqueous vapor in a cubic foot. 	 At, an air temperature of

nnelt and a relative humidity of 30%, the weight of the aqueous vapor is 3.290 grains;
store and a relative Humidity of 70 'Xe the weight in 5.5136 grains.

reser-Lee Is also expressed In tht, 	 inches of preserve which lie i.xpan6lve force
an of mercury. For example, In the Psychometric Tables C7bal prctired by Lee Wearner
relative humidity and 80 degrees Fahrenheit, the vapor pressure Is 1.022 Inches.

OP TIE DEW POINT is an indication of the moisture saturation deficit of the atmosphere aad
:rare Fellable index of atmospheric dryness than relative humidity because it includes a
Les.perathre's influence upon the atmosphere's capacity to contain aqueous vapor. It has

Fed that with an air temperature of 00 degrees Fahrenheit and a relative humidity of 20%, the
greater than when the air temperature is SO degrees Fahrenheit with the same relative

nL is defined by Moore (79, p.19) as ". 	 .	 .the temperature of saturation." It is the tempera-
. water vapor condenses. Although the dew point probably produces results of greater pre.

ciLl	 actical application is limited because of the care necessary to obtain the dew point depres-
si.eeiaafee with obtaining relative humidity readings.

Wins Llovement
r g e g g.evement has two aspects--direction and velocity. It Is dominated by the mass movements of air

g roan on the daily weather maps by the arrangement of the isobars. The movement of air :haehre:r
Lie u.uttry produces wind direction and velocity.

velocity is important in forest fire control from the standpoint of rate of spread; the hon.,
wind blows, the greater will be tne rate of spread because more quantities of oxygen,	 qioCe::;—

stion, are supplied to the fuels in a given period of time.

snows the relation of wind velocity to size of fires; It snows that, with a given relative
;mater the wind velocity the greater the acreage burned.

Is of fire Inception and wind velocities for New Jersey Indicated that there was a correla-
tion. It Is quite probable that for a specific area with given conditions of fuels, typo::

yaLem, and atmospheric conditions other than wind, and ula-roused fires only, apprnxnLately
each day; with tine Paula in hazardous cand11,1ii, arty fir- 	 ..ndY. On windy

rneis may not he In a very dry coalition, ciii Ji,y de	 :dy	 ,dada: and Ignite

:nein, which I'Llzirled by h cti w1	 ,	 :.[ .	 .	 "head".	 linden

not wit`: less wind Trover q :ent,	 neavi,	 aryl the I dhtiu-

::aLl.y	 ao motet that fire; curt 	 rant Ina, a. tea-•: 1	 1 tutt t hey would never
n-	 he datnuted ky a lookot,
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' qo f;! •1.`	 The air MNSIIOS which have an in-
(h'e m e m	ma-lifer!' la and I looldil, however, are not.

'1 he • aue th e movement of the masses dominating Florida are
om 'dose W I ' !oh at	 any time were over California.

Table Zaa

Evaporation
:too-rat; no	 Is not, an element of weather; It Is the result of the combined effect of wine moveme-t,

-p e rature, atmospheric moist ore and solar radiation. Munns (47) has advanced the Idea that ra te of

'0 , " is the out Index of ant et noting 'he trend in fuel dryness. There may be di stIrct I imi

n 	 oso	 o f'	 a !nett:turf: of fl re weather due to the use of several of '11 0 O r•T2h

.rt I to	 evanora! ton; a Ho	 the rate of evaporation does not, always give sufficient s 1 g n f 1 cant

n h of wind movement Insofar as It affect's rate of npread.

oe reahon thot shv e ral inv o s'ir:aters have. been Inclined to discount the real value of rate of

oil Is becaus e of the nature of the Instruments used to determine It. In his work for 17.,mp,

StIel-"el (Pin found t he rat 0 of eva poration to be a very satisfactory gauge for

"roi	 o 1 mooni 3O•• arvini":	 14C tlencon. There was a very close correlation between evannrattf.,n

.r.r.!	 dof f	 I hi . e 1 mitred o vitroratlen rate per hour, duff temin o-a i'. 0 re.	 ),TO

!as'. r t es arabl e r 1 ,,f:IP , t.o tr oo rature , deeress ion of the dew point, and relative hum1'.11"v	 "f1

If ,!:-,%1A-t, rente r '. 0 asce rtain which	 of these Items gave the highest correlation. It was feurl 	 that

roe of correlation occurred	 In the above order, with evaporation per hour' highest and relative

iliziemeter has not yet been fully exploited as an Indicator	 d In

fhi capacity of t me forest fools. The manner of obtaining accurate results from a por ous cap

n': , li ,omorer, however, requires careful handling, so it Is distinctly limited for general field uso.

lomperature
r omperatore is reflected by relative humidity in that the higher the air temperature, the Freater

v It Han for moislore cent e r! ! or defici e ncy. High temperatures, moreover, are conduelve to in-

molecular activity which hastens the passage of moisture from the fuels to surroundin g dry "lir and

refore an ei,%remely important influence on the rate of evaporation.
•

temperatures occur with dangerous fire weather. This condition is particularly applicar. o In

lore the atmosphere becomes heated to high temperatures due to stagnant atmospheric conditions,

hot weather, strong convection currents are readily set up by a fire. In the r:orthw est, the hot,

winds striking the Idaho and Montana forests from the desert and plains areas to the east and 4eat
create enormous hazard. Similarly the hot, dry winds from the Great Plains cause "blow-ups" in the

ater.
tnmporatures alone are rontributory to hazard increase, but they are also generally

I II,' dry atmosphere 10 some forest regions. Because of this complex situation, high t.crr..7,,,-;.tol•es must

!!!-"wed with alarm locally. 	 Gray (82) has established a correlation of losses, expressed In torts of!:

'Hi far damage plus suppression costs, with mean annual temperatures. It is somewhat questionable, hoW72:
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I ' e e	 hre	 vu'	 re-,• 	 tlf-0,1^ fle e control etendne in , l e w lye

'	 '!	' 	
,I	 r,	 e rem i be stand point of anticies i iee	 Heel

• '	 reference	 tech:	 r!,..

r, • r:1 1	 tedemdeitnee in the shade	 at : I t .0 ! 9 t	 '70 t,t;':

t	 air tasperdture only as just deserlhee

r , 1 I . ei-e t he e aee because forest fire control is coneere ed wIie f uels

 "!1	 areae, are exposed to the	 tnflue n ee s e s colic bedlatien

	

een e . eiee	 iewle eier,dly and have a much greater	 Inflivinne In e sylre them

5' Ho' mol e eel a r ac t ivity was obtained indirectly from the air which le h eated by

,',,a	 vvoll	 tut 'y Street elm rays. Gast and Stickel ( pit ) have shown that solar

-•	 Flyo dae ie, e. The gre ater the amount of solar radiation, as eeaeured

le , fl opiee	 In	 hir e r', ottifit,ttol, with the duff,	 the lower the Moisture content of the

Barometric Pressure
iyirs-Arie	 pressure sin sly as a meteorological factor for determinin g fire dancer Is e e anIng-

H-' 0,	 it, Is merely an Index of the atmospheric pressure of the air mass which effects a given

Uaeemetelc peeseere, 	 in tents of sea-level pressure, is the basis for the construction of 
tine lee-

' ere weich show the	 location of the ale masses over the United States, 	 Indicated by hi g h pressure and low

ire ereee on tne weather asap. A "high"	 is an air mass rotating in clockwise directi e n, geneeally

heeled by fair weather and low hemiditles. A "low" rotates in a counter-clecVwfse dtreetio e ; it Is

e eeeelll y accompanied by cloudy weather and frequently by precipitation. The ran ge in pressure extends

;rem aeproximately	 to	 inches for normal weather.

Tice frequency of the isobars determines wind velocities; when there are numerous isobars per enit

er ea of reg i o n covered, (steep pressure gradient.), there are high winds; when the gradient is relatively

fine, the velocity of the winds	 is low.

r w eeteer tra; ,	 drawn am'i'd, and sometimes twice nr;h day, in the Weather Boreal. effie

barometric preste:b e which	 ledlcatee the locations of the pressure areas which are dominati eg the United

etee and adjacent regions at it given time. These maps, to g ether with temperatures of t i r o a p ee e air mass

eee wind direction,	 f o rm the basis for the probable movement of the air mass and the effect It will have

Ill	 t hese meteerole g ical elements which constitute weather. 	 These maps make It possible to nrognostl-

eeelous elements welch eoeetitute weather.

Ievestleative week	 in weather and forest fires by foresters and meteorologists ham been almost en-

i rnly confined to	 I tto effect of the several factors on forest	 fires;	 little has been done to f7;recas

Here factors.	 The meteorologists which have been stationed at San Francisco, California and ^1+ soma,

Ueetana for forecasting fire weather confine their forecasts to very short periods. They are handicapped

e e reover, because of oecasional lack of signals from the Pacific Ocean and Canada whereby their raps are

eeficI e et le desirable data; also the rough topography of the West sets up so many local Influences that

e e gi e nal forecasts are of relatively little value. One of their outstanding contributions, however, has

then the .orecestine of lfidItning storms which so frequently cause forest fires.

OTHER FACTORS

Altitude, Aspect,	 and Slope

The elevation and the direction the site faces (aspect) have an important bearing en degree eyire

e e,ger Inasmuch as both factors Influence the atmospheric conditions which determine moisture certent of

th e Ilenter fuels.

Fayrt:, of	 15test River Experimental Iqut est found that the minimum tempera t ure varied consider-

e1 1.7 on 'Ths' haste of the altitude, with as much of a difference of 20 degrees Fahrenhei t ' , etweee 22-20 anti

: 100 feet, elevation.	 The same investigation showed that the midpoint on the slope, around 7,9 .00 feet, 'was

deter than the ?TOO foot and the 5500 foot stations. The half-Inch wood cylinders for a week showed that
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ran,:e wan 0-14%; at 3800 feet, 6-lie.% and at 5500 feet, 0-11':1. Duff moisture also went

day at the mid-point station, and did not rise as much at night as was the case for the

stations.

coalitions have long indicated that south slopes are chronically drier than north slopes

rc ax;, used to the effects of solar radiation. Fuels dry out at a more rapid rate on

aspects than on any other. There is also the factor to be considered, however, that

-ort relatively little vegetation which eventually form the fuels, so dense fuels which

are seldom found on the southern aspects.

I	 Tourney (19) realized the effect that the forest cover has on weather factors under

f'duces lower temperatures, higher humidities, and lessened wind movement. Jameson (67)

various effects which ( a) an open site (the result of clear-cutting or burning), (h) a

1 lc) a full-timbered area had on several weather factors.

Table 25

EFFECT OF FOREST COVER IN THE WESTERN FINE REGION

Factor

Mean Readings

Full Half Cut Clear Cut
Timbered Ares Area

Maximum air temperature.	 .	 .	 . 79.3°F. b1.7°F.
:L.ximum sir surface duff temp. 77.00F. 91.0°P.
sulative	 humidity,	 4:30	 4.M.	 . 35.5°'e. 29.0°F.
741nd movement, 24 hours.	 .	 . 3.8 mi. 10.8 ml. 32.0 ml.
Evaporation rate	 .	 	 40.0 ins. 77.0 gas. 163.0 ons.
Duff moisture 	 18 8% 6.4%

.eilcaLe0, in the data in Table 25, the effect of the forest cover on weather factors, which in

turn	 uar,cr, tac moisture content of the fuels, is determined to a large extent by the density of the

feLeeet •.

hi ily desirable to have some sort of ground cover, even though it may not he forest growth, In

the fire danger. Gast and Stickel (58) have shown that the amount of solar radiation

olsture content of the duff; the greater the radiation, the less the moisture content,

etion in able to hit the duff directly. 	 The more interception there Is given to solar

roe, slime), or granny growth, the less exposed will fuels be to deosicating Influences.

Height 7)f Ground Water Table

effect of precipitation on the degree of forest fire danger Is shown by the height of the

e. A considerable amount of Investigative work has been conducted by foresters and

:et: concerning the effect of atmospheric factors, particularly moisture, on the dryness of

relatively little has been done to establish a useable significant correlation between soil

1 moisture content.

rather general way, Thompson (52) points out that there Is a correlation between the height of

table and forest fire inception. The height of the ground water table Is roughly the

or '1e balance between precipitation and the rate of evaporation. The height of tee ground

;ter	 "e, as an indicator of the dryness of the fuels, combined with close observance of relative

a; Indicator of danger between periods of precipitation, has possibilities which might be

eeid advantage.

()nu of fire danger, as produced by the height of the ground water Lible, and stream-flow	 Coo!

laborne (50) have little difference. Whether stream-flow )r height . )f eeeunil water

to determined largely on whether the regio; 	 a in	 ,e,enuiln or hill

Ina coastal plain area.



Iativo Importance of the Individual	 Factors
'0 HH,-)1-,,!- :1/ 	 H!(-;;7 sondunted by stieme	 y/), he concluded that the eva poration vat,-

test ;!',)+ to tcdc of	 eurIn' n ' a'co'snnerIc faotorr having an influence on fire dancer.

niirson or tho horreHtlhh h ..tweeu ) . ) le mois t ure content of the duff and the several me'ectuloml-•

o vo •	'	 ' t	duff t emperature, hours rInce last measurable rainfall, oir ',tnrw'n'o

. a:ai relative humldftv showed that the first-mentioned had t)..i•
utIoned had the last.

instrumental n ovices for Measuring Some Meteorological Factors
measured by psychromoters and hyr,rouaphs.

readle,7s are obtained by the difference in readings of a dry bulb and vI. Fait

meo'or	 exposed to air movement In the shade. The application of tne

;u'rn':irea	 n u yobrome trlo	 'Able indicates the relative degree of atmospheric satarat on
su , nr. The commuly used instrument is the sling psychrometer; stationary psychromoters are also
ve.

, eop,'op ld s . ..no employed where precise readings are not required and precision can to

lo r e r ,r 1PuIV of record. Foresters have been handicapped by not having hygrograrh reeerds
' to far forested areas and the Weather Bureau operates very few recordin g instruments. The•

.p: , r o• -tapir require continuous checking with a psychrometer. For readings between 20% and CO,% the

t:Tor7raphs are reasonably accurate.

)	 MOTMENT Is made up of direction and velocity.
p n hm!rlon Is indicated by	 vanes which point, toward the azimuth from which the wind in

o rootn wind, for example, moans that the wind In blowing from the south to the north. Vardous

dovlcos have been constructed for continuously recording wind direction.
Wind velocity in measured by various types of anemometers ranging from simple to Imatiple blade

..vcer; and three and four cup Robinson types which are considered standard by the Weather' Bureau.

Aremometors may record current or clmmliative wind velocities. Average wind velocity for a 24-hour
Pe r iod means the total wind movement, which might have been 72 miles, divided by 24 hours, which would
resd)t In 3 miles per hour average. Most of the 72 miles of movement, however, might have teen
P —mrulated In a few hours when the velocities attained might have been as high as 15 m.p.h. for sLort

riods of time.

':11FERATURE Is obtained by means of mercury thermometers; they may be the standard type which re
, 'xre ut tem peratures or they may be arranged with constrictions so that they will record the maxinum

dr minimum. temnerntrres.
Thermographs have been devised and are used for recording temperatures; they produce a penranent

record continuous for daily or weekly periods.

1, IleZCIPITATION is measured by collecting rainfall in a funnel-shaped container which in turn leads the
?'rater to an Inner container which is used for measurement purposes. A stick, which has been call-
Prat:ed, Is inserted into the inner container to measure the volume of rainfall in terms of inches per

unit.

o) :WAPORAllON is measured by several methods, one of the most common being the black and white porous
clay spheres exposed to the atmosphere. The exposure of the spheres permits all the factors affn. fly

evaporation to influence the loss of moisture from the containers.

hi
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Gross	 Precipitation 101 re 3
Acreage	 Departure From Par	 Aura s
Protected	 Normal

530,000	 /11.5

/ 0.9

- 2.2

634,000

/ 8.7

Year

1923

1926

1929

1932

1935 886,000

530,000

634,000

as

13

Chapter VI

FOREST FIRE EDUCATION AND PREVENTION

The Problem

/(o I I1 n 1	 n1 edu e it i re is one which is recognized b y t/ 0 fcro t l	 as

)0'	 t	 t	 1	 I III 1 , 11 111y true for those forest regions where men-clu3od firer'
tee on e -1	 the fires. To date, a national plan for preventing forest °tree is 911'	 in 're

10- the Spokane I, Ire Control Meeting of 1936, several fire control executives rece ent ere the need
for n better approach to the prevention as pect of fire control work. It may be that foresters, by virtue

, dereveluete training to which they are subjected, are not competent to adequately administer
,0yirel(n.

Fire prevention is a never-ending task. Periodically there Is a new generation to educate. If each
eee ellne generation Is left ignorant, during its formative period, concerning fire prevention, it rust
ceeele Its education on this subject from the preceding generation which frequently is not qualified to do
e 110I1 job. In some forest regions, a representative one being the Ozarks, annual woods berniee has been
ee established custom for generations. Some of the native local residents have always regardee 'ene ad-
mlelotralve officers on the national forests in the Ozarks as interlopers; although their resentment
eodev may be more passive than what it was ten years ago, that resentment is still there and the feeling
In eenernely transmitted to the younger generation. This state of mind can be changed only through
eattent, constructive educational work over a period of years. The fact that persistent and cieeltructive
efforts toward educating the local population of the Ozarks in the prevention of fires Is prodectne Food
reollts is demonstrated below in Table 12. Even with an increase in gross area protected, the number of
fires per unit area is steadily decreasing. In 1935, with a precipitation similar to that which occurred
twelve years previously, there were only one-third the number of fires.

Table 12

Education,	 the Solution to the Problem 	 DATA ON MAN-CA1IED cramp,
OZARK NATIOSAL 1,11KFOT

Educational activity can be broadly divided into two
principal groups--adult and juvenile. This division Is a
natural one because the methods best applicable to adults
are generally not adapted to juveniles, and the reverse is
lust as true.

In a state organization, where a large area must be
covered and thousands of people contacted under varying Con-
ditions, It is essential that educational activity be con-
ducted with groups rather than individuals. Intensive con-
tact work Is possible only on and around a national forest, a state forest, and a cooperative protective
unit of private landowners.

Juvenile Education

All juvenile educational work Is founded on the Idea that the youthful mind is plastic eele can
molded to now forms better than mature minds. For this reason many foresters who have done for est fire
rrevention work are rather generally agreed that per dollar expended, the results are greater 'eT41 uEted

In connection with juveniles.

Educational work in forestry Is very much like educational work of any nature--the Idea roods : oor-

otstont, never-endin g promotion. It is just as Important that juveniles be taught an apprecieteen.e, e the

Imeorturce of nlIMI11	 resources an of the business of government. it is highly desirable for ect,t-t
generation to know about the effect of uncontrolled forest fires. For this reason, materials seetli
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'	 scnnol	 which will show the students that they, as part of the public, are
:Ire:: In the United States. When they becor,e conscious of this fact, and

TEdit can stop forest fires, genuine progrens alit be made in prevelLt-
e suadts all: some day be the responsible leaders In their several commulities.
home for,:at fire prevention education, they can materially aid in the reduction of

liv Anore the practice of forestry is a part of the economic fabric of a region In the

Atlen	 wood products.

rolatively little energy expended by the forestry profession to educate the educators
tie teaching of conservation during some period that the child is in school. A few

•inizations have made some progress in this direction, but their job is difficult
lo Optional	 In the school curriculum and has taken hold In only a few localities. Too

dwatlonal phase has fallen back on the shoulders of the Individual state forestry organi-

oaworally no poorly and inadequately financed that the educational projects are ex-

scope:. The basic difficulty is due to lack of agreement on the part of foresters as to
Is cinsirable. As a result, there is no national plan for educating the public In

forest fires.

Ore Iva) methods of approach to the educational work--the one is that fire prevention is the
should he Included; the other is that in order to get interest In fire prevention, there
to an Incentive. The incentive can be provided by making the forest appealing, giving

:nLnrest. Once there is an interest aroused in the forest, there is antagonism developed
'les responsible for forest destruction, one of which is forest fires. The author subscribes

ry and is of the opinion that by this Procedure only will progress be made in forest

(t.n on an extensive scale.

tii.wav,ga

xn
iltiure in

S1,ins Used By Forestry Organizations To ,cus Public
i.:.te!.ticn To Forest Fire Prevention

Juvenile Education

the United States is administered from the standpoint of state rather than national
ucatly responsibility for extensive educational work becomes a state rather than a
This fact probably accounts for the leadership which some state forestry oinianizatIons

try educational work.

es Forest Service (69) (7d) (71) has cooperated with sevoril states and Inlvate

' ..11(ration of material for use In the public schoolo. Two	 Ll..n n o	 klwalons were
fire ]m-eventlen. A publIcw,lah was also	 I,/ Ire, nottel Stales 1. ' ip rest Service

...retry uucatlonal work in wh1sh fire prevention fAu n;,:	 ::1]:,or role. Several states

aos1,111oa material. which is brJken up Into oa tionnt-:i.ittor sultallo for a limited als!

66
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Methods

Printed matter; news items, newspaper	 ele-
ments, magazine articles
Movies; semi-educational an well as e
taining
Window displays
Portable exhibits

Classification

a) Visual

Sound

Projects

Talks, with or without slides
Radio

School forests, Isv g,n• 2t ferents,
demonstrations, timber protective assn-latinins

-H
Pop einnn.q

Elementer7 nee
study elassns
High sch r eil nnie'
Coilnges-

Agetnulteen1 ei
Science 'canteen

Garden
ibdernt'on oC :Corne't's Clubs
Service Clubs

Clubs

Juvenile

Schools

Women's Clubs

Men's Clubs

Trade Associations

Sportsmen

Service and Social ClubsAdult

B - CONTACT METHODS

o ob	 1	 v	 -/•1(11, F r -o ot	 'or,/

I-	 •• ir‘t

.11	 !	 ` t	 1,1

I 1	 •1101-

uni;3

l u f, 34 , pult•1rt-

ail !.bo ( l e- , ! ror	 !,r0 . 4 t 1.1r0 pre-

.	 inc •morIear	 Ai.moclation (70)

mai years •wide available to

ha h jo o t-m,!I tor rtirly

- . le far edaca ! Abnlj work.

Pubitc s c ho e l Is lniqoal approach to

vounc generation concernin g fire proven-

tlf; r-rststent action In this direction

a' ! blilmatoly rid a region of old prelu-

d I r ,, s. Admittedly there Is an extended

riod of time Involved, but the results

should be extremely positive and lasting.

i'aso contact With groups of elthor

vohiles or adults by tho visual or sound

mo taods is extremely temporary In Its re-

holta. The director of the Southern Forestry

LIJHcatIonal Project expressed the belief

h,L the work of his trucks equip ped with

7 - otion picture outfits would soon be erased

Table 13

i:DucATinl:AL	 PK-Fe:led

A - GROUP ibPl'Acc.'

time and that, unless a sustained folic:m-

g !!f this initial work were done, the value of the impressions created by the truck would be 77ero. i n

those Initial impressiOnS are sustained by group projects, the effect will be positive for a period, or

maybe even permanently, dependent upon the subject.

laiensl y e or Project Method Education

The teaching of a subject Is most effective when the theory Is supplemented

sohool as well as the university student learns to apply principles of biology,

In a laboratory. Pecause of its effectiveness, juvenile educational work in the

should be done by the project method rather than by the visual or sound systems.

of some project and MOOS through certain motions and observes the responses, the

participation will be much more lasting than if he has been told the same thing.

by practice.

chemistry, ,

prevention of fIros

If a juvenile	 a 7:art

impression gained through

In contrast to the extensive juvenile method of education, the Intensive educational Pb

ti'lted among a few groups. This procedure can be carried on independently or supplemental tc-0 -h• e	;!%TE

W6F. Actually it Is the laboratory method of teaching the subject. The most fertile groups for work or

IhIs sort will vary with the Individual regions. The projects discussed below, however, have national

ahplicatIon Inasmuch as both organizations are found throughout the United States.

Vocational Agricultural Schools

One of the most successful contacts in juvenile forest fire prevention education is In vrc--; )na-i

n ic ! iltural schools. The set-up is one which is conducive to good results for several rerrlons.

The teacher has a background of education and experience which makes him sympathe tic to tie

purpose.

The students come from an agricultural coimnunity and can therefore understand soms of the rTJ--

ciples Involved in the practice of forestry. The vocational work lags only when the project is need,?
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u-entry project in a Scout

wn.) are at an age when

a rL:gion where the crop:; are highly special-

l'2,ed or where the teacher, either through

lack of background or Inclination, neglects

the work.

The students know that in the past

the farm woodlot MI5 been generally ignored
or overlooked as a revenue-producer fre-

quently because fire control has never been

practiced.

They will have an opportunity to

apply the information they receive.

Boy Scouts

The work with this particular group

generally supplements the activity discussed

just above. Scouting thrives in urban areas,

while vocation agricultural teaching is

carried on in rural communities where scout-

ing seldom takes root. It is just as essen-
tial that the town bOy know something of the

cause and effect' of fire as the rural resi-

dent, possibly more so because he has less

opportunity to rub up against actualities

and see for himself such as the country boy.

Troop is usually welcomed by the Scoutmaster.

outdoors life is glamorous and when they are eager

Ist educational activates, unless the enthusiasm and cooperation of the Scoutmaster

	

o,	 forestry, or fire protection project amounts to little or nothing. The
built around some fire prevention idea. One state Insists that a part of

Jmice or two adjoining plots, burning the one annually and keeping the other

	

id	 e.,; also that a firebreak be constructed round the property to exclude

Holt atuc

0	 cf forest fire prevention, extensive adult education has been of negligible
no !silly an insult to the intelligent man and fail to register with the ignorant.
b.:;n,J: . s are ever converted by this method; they require individual attention.

duc:atlen is confined largely to individuals, it resolves itself Into a job

,ne:::s on which it is desirable to control fires, such as national forests, state
.n1 on which forestry is practiced, national parks, and such state and municipal

0:1 and.

siale for the administration of these areas have a reasonably accurate conception

man-caused fires. On public, as well as private land, causes can be Isolated and
will gradually be a decrease in number. Prevention action can also be taken whereby
.,1, this procedure Is described in greater detail elsewhere.

HALM AGENCIES CONCERNED WITH EDUCATION AND PREVENTION

A, The United States Forest Service

:]'.naror of approximately 180,000,0(W acres of forest land, the United States
ita brallcri Of r!ational Forests, comes Into cheat coht4L with tho prevention of
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Illtttatot.t.	 raa	 iet, the United

	r 	 Oluee tIonel "re nt	 e	 '

	

te;	 :111;'01'Irli by n?,e.1 lett 1 on	 it	 te

tot	 let	 b	 naives witettelt stivitte	 "

rn	 1 011,1!	 It or	 rrnirrtY.	 '111	 t.tee t r	 "

	

.	 he	 ere	tea jarI ry of trettelere e , see rt ! I ve

t o the nrnrrn.m, ere(lually has Its anti P nr-0 111-1:1 roli'Woti IC 1,

dle t riet, which Is the administrative	 unit on	 a national forest, be ree nel rant""	 f!!!!!!,

(c!!IIraht o terq of meting of reducing risks. Since man-caused fires are a common type o f rielt

teeee e l llt re t see	 retteted le /umber, If not eliminated, the drive to reduce	 thin t yp e of

v e ry 1 eteee 1 ve o n a !timr 1 1 e tr I et:, 	 The techn ique of the risk education 1-T(i;71—tm w111

adapted to the nature of risk and personality of the ranger.

eteeal "bet l e repleto" material such as leaflets and folders, news releases, exhibits, 1.c!c1nre

	

)0eiers one all be pressed tneo service to educational work on a ranger district, 	 but for r'-

caused by local inhabitants and frequent users of the forest, personal contacts can hardly
•

e sureaesed.
prevent lee practice utilized by several of the western regions is the enforcement of a regulation

eetee comeole all users of the forest to carry with them an axe, bucket, and a shovel of certain minimum

epecl f !cations, whorl they enter the forest during 	 the critical period of the fire season.

Tee frequent and ceeeel ceoue poutin g of slims relative to the prevention Of fire 	 is ono Of the

eldeet rveAtede of the Service In its effort to educate the public.

fleowhoets", or portable InIkIne motion picture outfits mounted on light trucks rotate over eeverel

teeeets Miele a regi on or part of a Mgt on , on and just around national forests, 'th ^ r..:Ing movies of e

semi-entertaining nature regarding forest fire prevention.
For intensive educational work, however, personal contact will retain first rank for effectiveness.

of preventing fires which has been used effectively, although not frequently, 	 Is the court

ne , , Although law enforcement Is discussed under a separa te heading, it nevertheless must be regorged

es e part of the prevention activity.

lee (sour D'Alene Prevention Project

tel the Coeur D'Alene National Forest in the Northern Rocky Mountain Region, a prevention (1TIV'.,

eet enced during the fire season of 1936. Six men were assigned to the Job on the national forest which

n 1 1 1 3 e cross area of approxIma tely noo,000 acres.

duties assigned to the mon consisted of contacting residents and general users of the forcee

!Iative to the extreme fire hazard which exists at certain periods and urge their cooperation In 1.Tevent-
tee eiree; to assist residents to burn brush; to advise brush burners concerning good and poor tenhn1LP

for bu
rning; to inform prospective brush burners relative to the state law covering the subject; te leeee

berniett penults; to cooperate with forest gatemen In contacting forest users who are ignorant of er
telth fire; to instruct campers In good campfire building technique; to see that the vertu): t lee .e1a-

tivo Lo smoking only In designated places Is observed; and in general to take every means of redo i r e the

? lini) , r of man-caused fires even to chasing down of supicious smokes reported by lookouts.

The results of the first year's efforts on this project are shown in Table 14.

That the prevention activity produced the desired results is evidenced by the right-hand co. 	 r in

table of data. The results produced by the project in the 1936 fire season were somewhat eeeleeeed ej

l e; eeeeeale extension of the fire season into November, a month in which fires seldom occur. l'er 
^r!od 1931-1935, no fires had been reported for November. 	 In 1936, however, due to a prof need

tleaeen, thirteen of the thirty man-caused fires were reported. 	 The special prevention forces h t 7:..t:-)ri

ltrl drewn September 1, so it would he unfair to include the thirteen November fires in weighing tee rtee-,t

no:ite or the prevention work. The number of man-caused fires in 1936 was 59% less than the previous
!
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year average, if the NOvember fires are excluded. That;
the exclusion of the 9ovember fires Is justifible for
arriving at a true estimate of rite worth of the project
is shown by the record for the 1937 fire season
the special prevention forces orerated on a basis simi-

TABLE 14 (Revised)

3 f!,Hr
lar to that used In 1976. Men-calsed fires were re-
sponsible for only 24;:, oP !he total number in 1937.
This percentage compares favorably with the 2t3 man-
caused fires of the year previous, but making allowance
for the unusual Noventer fires.

are due to a combination of lightning and man, reduction In nimber of fires is applicable
inasmuch as the occurrence of lightning fires Is uncontrollable. Through the re-

: nJ.eber of man-caused fires, the organization Is better prepared to handle lightning fires,
! ,e.:rs 1534, 1035, 1936 average higher than the previous three years of l931, 1332, 1933. In

acre lightning fires than for any single year of the six-year period. Without a reduc-
S firs, It is possible that the suppression organization would have to be enlarged to

easing load due to lightning-caused fires

Aid to Private and State Forestry Organizations

tne F ..:Ier1.1 Forest Service there is a division known as the Branch of State and Private Coopera-
yr, as the Branch of Public Relations. Its activities include the administration of the

, the Conservation Code, or remnants of It as included In the National Recovery Act, and
This activity was set up as belonging to this Brunei' In anticipation of the passage

c: ,standing performances of this Branch has been the fostering of state forestry depart-
tn country; several state organizations were able to come Into existence only because

available for cooperation between the private owner and the federal government for
erolLection purposes.

CiZ-17 e- _.hary Lew

cooeeration of the United States Forest Service with the states Is possible because of the
N. This law was enacted June, 1924. It specifically authorized the Forest Service to

private individuals through the proper state official, In the dissemination of the sub-
fire nrotection.

Tht:-e-Mcnry Act set up the cornerstone for a triumviate whose objective was forest fire pro-
:vote lands; the triumviate consisted of the United States Forest Service, the several state
-, and the forest land owning individuals who wished to protect their , forest lands against

from one aspect, the whole expenditure was in the nature of an educational program. It
If one private owner successfully demonstrated that forest fire protection is practicable,

cur would ultimately pursue the same course. It also presumed that private owners could afford
,pestry.

in which Section 2 of the Clarke-McNary fund operates is designed to make It desirable for
who are Interested in maintaining their lands in productive condition, to practice

The Federal Government deals with the private forest landowners through a state agency,
ctly. It means, moreover, that the states which wish to he eligible for the subsidy, make
'encis also.

y L .  specifies that the amount of Federal funds made available for forest protection
.11.ld not be in excess of that expended for like purposes by the state and private

. The suited States Forest, Service h18, moreover ; •pioptee !.ne ruling tn 4. funds expended
;. p .,erossion purposes onl y be reeosnieed as being eligible for reimbersemont by the

ee.t. .;fl„;ressI(..n costs are to receive little or no weight inasmuch as expenditures of this
towers lowering the risk.

(two veer
ver:, c

GO



Photo by Anericoo Forochch A, c

Figure 17

Southern Forestry Educational Project leoh1oo Plc hre
Truck Getting Ready For A Set-up At A Rural School
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Stimulation of State Organizations

The Federal Forest :orvico has unquestionably stimulated forest fire protecti on cn

One of the relon s where control has been badly needed. As Indicate d In 

ais 'n e rroatest number o f firm r e v million area	 of protected forest land. WIt Feder.:

sonibern stat ,, : 1 received (0191-.1 ,, /aH 	 Impetus	 In thPir attempt to control firer on !.rl

The llnlIod Etirht WOI-G31, 3erVI tte recognized thq. ono of the best ways to :Id In the cr - ,'-1

firer (al p rivat e lahl In the South woull be throu gh capable state forestr y organizations. A!,.

point In mind, the branch of Public Relations of the Service must be credite d for several	 the

rive state forestry departments which today exist in the South. To cite a case In Point, ir.
, rslh of public Relations sent an assistant district inspector into one of the southern sta!en 

t!) r7ry-

.A.117.e forest fire protection sentiment. The inspector persuaded the state to sot up a forestr7 
o: wirt-

)nt. In 1927 this Inspector was appointed state forester for the state to which he sold 
tho Ito m.r,

This is one instance where, through the leadershi p of the Federal governm ent , a state adopted a forestry

program and commenced Its execution.
B. THE STATE ORGANIZATIONS

those state forestry organizati ons which administer little or no forest land owned by the state,

th at 
agency functions chiefly in an educational, preventive, and punitive or law-enforcemen

t 717771'7.

'more are a few instances where the state forestry department has been charged with the respons
i ∎ Ity of

directly controlling fires throughout the state. In 1936 those states In which statewide control

occurred were Maine, Vermont, Massachusetts , Rhode Island, Connecticut, New Jersey, Pennsylvani :I. sela-

w7.1re, Maryland, MIchiran, Wisconsin, Minnesota, Washington, Oregon, and Californi a . In these	 !7stl. , , t-re

educational and prevention activity have been dwarfed due to the large administra t iv e 3ob Involv , '3	 In tre

direct control of fires. The administrativ e job is sometimes so large that the true perspectiv e Hi dis-

torted whereby educational and preventive efforts are minimized. There are several states 
whl-	 (1') frt-

ceIlnt sustained educational. and prevention work, in spite of their large administrative control
	 respur-

s11)111tles. Y
In those states where statewid e control does not take place, education a l work receives cons

attention, and although leadershi p is shown in enabling private landowners to control their firo, 'rest'

orsanlzations recognize that lastin g progress in the job of fire control can he accomplish 	 v

educational and prevention work. C. PRIVATE EDUCATIONAL EFFORTS

The Southern Forestry Educational Project

An educational project which attract-
ed consWrable attention because of its
reographic magnitude and attendan t pub-

licity was generally known as "The South-
ern Forestry Educational Project" spon-
sored by the American Forestry Association.

The project was proposed to the Board
of Directors of the Association early In

by Ovid Butler, the executive secre-
tary of the Association. The final report
(5) of the project stated that the pur-
pose was to demonstrate the value of
localized education as a means of perman-
ently safeguarding natural resources of
groat economic and social importance.
7he sum proposed for expenditure was
$150,000 over a three-year period, a part
of which was to be contributed by the
several states in the Deep South in which
the project was to be conducted.



::red to concentrate efforts in the states of Georgia, Florida and Mississippi. Visual

;;;; • sona; contact methods were to be followed because it was well known that the inhabitants

are To- t readers. It was also assumed that forest fire control would be followed by

Alon to renew a rapidly dwindling natural resource, and thus finally contribute toward

s7:eHillty In local political units and raising the standard of living conditions.

the work actually got underway through the field direction of W. C. McCormick. The

us, were: (1.) traveling motor trucks as mobile propaganda units, (2) educational

rs and other public gatherings, (3) enlistment of local cooperation thru rural

'.al to the technique outlined above, newspapers were provided with items whenever a truck was

i-tieelar locality; essay contests on the effect of forest fires were put on in many

1 , us awarded to the winner; a special Pullmin car was made available by the Georgia and

, a for• c:t..rltlon in Georgia during one summer, and cooperative pledges for fire prevention

ad rl i attendants in the audiences.

el f et "Woods Fires, Everyman's Enemy," prepared especially for the project, was dis-

ver th , 'rucks operated. Rulers bearing slogans on fire prevention were given to the pupils

, e oictlres were shown, and posters were scattered broadside.

:7, however, were the big drawing card because many of the mountain and coastal

h	 ever• had an opportunity to see a movie. At flrot,United States Department of

10%1	 only were used; these portrayed plent y tf moralizing, little action, and

type of purely eincit i orri film hid little positive value from a fire preven-

that the pictures shown lacked sufficient local color and plot to appeal as they should,

woo produced. To provide more comedy, "Danny Boone" was filmed; it stressed the game con-

of forest fires. Toward the end of the project, "Burnin' Bill" was produced; this

ad was never as well received as "Pardners." From the standpoint of having local color,

, some hlmor, and educational features, "Pardners" was excellent. All three of the above

;sae were produced by the Project in the South, and doubtless contributed much to the success

meoh doubt, the Southern Forestry Educational Project stimulated a considerable interest In

..ftion in the states contacted; this resulted In a strengthening of the state forestry

lion oo that they became more effective.

le difficult to judge the value of educational effort because It can seldom be measured in direct

ooenditure of funds in a region, however, where there Is no local organization to follow up

Ational work, is of little value. With an organization to follow up the original work,

any question as to its importance in arousing public cooperation.

ripe Ccd Forest Fire Prevention Experiment

same time that the American Forestry Association was preparing for its Southern Forestry

hroject, the Massachusetts Forestry Association proposed an experiment in forest fire educa-

Altion which was concentrated in an area of approximately 100,000 acres.

use of the experiment was to determine the value of public, education and forest patrol in the

forest fires.

ot:Ited, the experiment proved that for 1./b less money spent in total for prevention, pre-

,	 uubpression, with emphasis on prevention, the losses were reduced by 4 /h. These figures

three-ye • period, the duration of the exporimenl.

.;;;;eriment was designed to determine the value or gr.mter ens:heel:1 on the prevention and

.;;;;; :orreets or fire control instead of weighing the, uurrresuloh factor so heavily as had been
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dc,le formerly. The Principle Invelvod	 s the	 TI • atIon of the old adage of lockin g the zt:
!.he horse was stolen.

'slip	 c,,orw,r.,,	 Fr, Hin	
1	 urentry Association, gess,-ichusett:1

1 ,o re:Ury, c nd	 I,mdcrul vorcst

Ac arc',	 utlecterl on Ca p e Cod where some of the worst fir', ,•n'01
WHdH vier cul-!y, cak loaves carr y fire in advance of the headflro, ,id : c 7('	 y

o f plt.ch Pien CrOW qr e asily. Ap proximately 9 percent of the area burned over am: 	 or
1. i lr00 virs prior t.o	 expriment.

The pernanent population In the area was about 15,000, but during the summer months this !ncresnel to
:boil. 100,000 due to the influx of summer residents and tourists. 	 Fortunately, however, the hazard Is
loN, under normal weather, when this heavy increase of population occurs.

Ecu'rIlb 01 TIE EXPUIMENT
The report of the project,	 Issued by the Massachusetts Forestry Association (36) presenter; the high-

lights as listed below:

A forester with considerable experience In fires was employed to give talks locally oU-fcrestry and
fire prevention, and to show movies to schools, 	 clubs, fraternal, and other local organizatloch

The agricultural extension service assisted by distributing pamphlets and leaflets.

The chief lecturer of the United States Forest Service spent a week In the area.

Old public and private roads were brushed out, dividing the area into blocks of approximately l60
acres each.

Two local residents were employed as Rangers. In the three-year period, they worked on 2C5 fires.
They were on dUty seven months of the year, had no regular route, but "interviewed the occupants of all
cars parked by the roadside" and acted In a preventive as well as suppression capacity.

Each year of the experiment there was one large 	 incendiary fire; these three fires constituted 73
percent of the total three-year burn. Naturally they burned on windy, dry days.

T:urHR OF FIRES
In one significant respect; the experiment lid not produce the results expected hecc ace the	 e:

fires rose from 219 for the preceding three-year period to 249 or an increase of 14 percent. IT. Pea felt;
however, that the Increase In number of fires was due to three factors: (a) a real estate bom walh
caused a heavy influx of people 	 I gnorant of forest fire hazards, (b) increased alertness of ida waste f)
caused small fires to ho picked up and worked on which p robably would otherwise have died out naturally,
and (c) delay in the first year in employment of wardens. 	 -

By applying funds and effort toward education and pre-suppression, 64 percent less money was sent
and the fire losses were reduced by 92 percent.

CONCLUSIONS
Forest fire losses can be reduced when prevention and pre-suppression are recognized as being as im-

portant as suppression.
Patrolmen's services should be utilized only when the hazard demands it.
During periods of severe hazard, the number of patrolmen should be increased.
If prevention efforts are consistently followed,a reduction In number, size, costandloss

	
reslat.

Application
The United States Forest Service has always realized the value of educational and pro-a ppressIen

activity; In Clarke-McNary subsidies for forest fire control, little recognition is gl 3 cn ha suppre:;slon
expenditures. The Forest Service has not been able to point to any outstanding specific case to demon-
strate the application of its theory, but the Cape Cod Experiment proved that the theory Is correct.
Without consideration of the phase of prevention, where man-caused fires dominate, fire con yl a7tIvIty
should be judged from the standpoint of damage reduction; if the risk is not lowered, the perlcdic
ups will result in much greater losses than If the risks had been reduced in number.
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Chapter VII

FOREST FIRE LAWS AND LAW ENFORCEMENT

-itional and prevention procedures described previously fail to adequately reduce the
is a locality, the enforcement of laws relative to forest fires generally has the
are acme residents in almost every forest communit y who have respect for individ-

, wien the y or their kind have felt the impact of legal procedure.

dire Is used, care and good judgment must be used by the forest officer concerned to

evidonce to obtai r a conviction beyond a reasonable doubt. Weak attempts to con-

sa 	 el no attempt at all. To bring an offender before a mvistrate • or court of

ably good evidence whereby the court is able to find the cul prit guilty, even

e filly In sympathy with the prosecution, will tower the esteem of the local popu-

v	 *tzetion which is pressing the case. Prosecution of a case (a,t l ands as much

mei exo ating the plan as a large "C size" fire.

ah fefor re -put d emands an intelligent understanding of the local legal procedure. The

at Service generally carries enough prestige, as a branch of the Federal Government, to

le	 01, although devious, devices frequently used to avoid convictions In the lesser

r	 state. It is desirable for state forestry organizations to instruct local forest

' of good law enforcement and make available the assistance of a special forest officer

an ever the letter has a case on hand which may not be as definite or desirable for

. Too oft e n ' ,are organizations neglect to instruct to 1r perlonnel sufficiently in

ref	 "	 of	 v I l w enforcement aeenr. y is enntwed whenever It obtains a conviction.

. N enforcement cases each year will frequently hole more to build up prestige for
cy than any othar single educational effort.

erect of the public, however, there must be an absence of personal feeling on the
eficer who initiates the case; it must be a prosecution and not a "persecution" to

tr. slog

Civil an y 	ininal Action

:ta p es that civil action involves such matters as one person sustaining damage for

rcon, or his employee is responsible. In civil process, only two parties, or sets of
ted; the public has nothing at stake.

%ellen is the activity of an individual or a group of persons participating in some deed
e. ern,Lental branch is forced to recognize and attempt to subdue it inasmuch as it is in-

ablic at large. Any action which reacts to the serious disadvantage of the public becomes

of justification of civil action is illustrated below. A land owner Is conducting a
e. The equipment includes a logging locomotive which sets fire to the woods where it is

eefoee the fire can be controlled, it burns several hundred acres of a stand of young second
an adjacent tract. There is no law which specifies that the locomotive has to be

eeee a manner that sparks are not thrown out. The landowner who is doing the logging can be
e•r elell court procedure for damages sustained by the adjolninr landowner because of the

se-:e • ii hundred acres of his second growth timber. The logger, however, can not be
ee jelled for the offense since there Is no statute which brands him as a public enemy because
,ee eea fire to the woods.

al have been one for criminal action If there had been
eee to odelp his locomotive with a spark arrester.
ecolnetives without spark arrestors are a public meta,

iishrlapratIons, especially In n)erlods when ti

a statute In existence whereby
The law would hove been enacted

In that they frequently set
riels are istc;itilly dry.	 In
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rPol above the lagmer had not equi pped his locomotive with a spark-arrestor; tee root

rIrn from splrt- , t mars the lo rtomotivr and burned several hundred acres 	 tho 7'.

h i ro mlant. have burned ihr 	 ntol 	 Ina nearhy	 and rendered several famili e s hamo

' !0 r 7 to	 ne t been e t mtro l led.	 It rht ! tr ult as there was A statute on the books which male t'oth-hh'

• • tt l— h:.ot	 Ile	 th a	 It heeomes the duty of some pubilr, eMe!,1
te ty ith • ,''order in	 rresecottet And subjected to a fins or jail sentohoo,

thth, dohoor l uh' , h the penalty attanhed to the violation of the statute. In this instance, two	 :	 to

fores' o r Is tno	 state o r laer to aommeuce rrosecutIon.

Tho	 fIntwt and iniIInc of	 the offender, the result of criminal action, would not Immunirs hl • 	'rpm

oerlit.t en tar civil procedure In which the several landowners would attempt to collect damarrs for the

sastalred on thrir rroportire due to the fire. If the criminal action Instituted resulted in a con-

v' n t i on,	 then	 th e re would be li t tl e difficulty In obtaining a favorable decision from the civil coart

ac-rice the conviction under the criminal court established guilt; by the civil procedure, guilt hae!ng.

a l ready been established, the only requirement, would be to determine the extent of the damage and the

eapacity of the defendant to meet the demands of the plaintiff, provided they were sustained by the court.

Lew Enforcement on Private and Public Lands

There are some Individuals who are of the opinion that the sole, or at least the most ,mpor'let,

nation of state forestry orginizitions should be that of law enforcement; it is argued that wit h teal

ftrcoment of the laws pertain i ng to forest fires, there would be very few fires caused by man. 	 7

4 1"V such action would be of a neg lttve nature.	 It is believed by a majority of those noncorn e d	 qlth

t :rat fire protection,	 that a state forestry department should include educational and pre-hen,ret,ten

r , , and possibly suppression In Ito list of jobs. More will be accomplished in reduc'im tae -a n r tisel

r 3. If a definite attempt is made to educate the public relative to the damaging effects of forest 'Irr;

1 in to use law enforcement measures only. Law enforcement on a large scale, as a means of preve , Ong

fires, should be used when other measures have failed, or supplemental to them.

More is little doubt but that one of the important duties of a state forestry organization I P the

r fnrce-ent of laws pertaining to forest fires. In the current social pattern, law enforce ,- A rt is - er-

et e l by s p eciall y constituted bodies or persons. A highway patrol, for Instance, Is cono^r rer,	',fly

'alit 	 enforcement of laws apnlicable to highway traffic.	 The Individual citizen has h e a°.it`i a r ihy 10

rnfsrce laws. Owners of forest land have no more authority to enforce laws applicable to forest fires

II tiny have to enforce Laws pertaining to highway traffic. For this reason, state for ecory oh 'e v ':a-

I r ap b e of Inva p tihle assistanc e t o owners of forest land In the prosecution of 0"0,3P1

inLtto statutes re l ative to forest fires. The owner of 10,000 acres of forest land might h e o or'	 y

:enabled with Incendiary fires, but he has no authority to make arrests. He can, however, .;01101' 	 Ito

r ip of the state forestry agency in prosecuting the offender. It is generally the obligation of the

state forester to prosecute the case.

In most states, the state forester is specifically charged with the enforcement of statutes pe r tinent

to forest fires. In Texas (I57), the state forester "--shall enforce all laws pertaining to the crotectlnn

of forest and woodlands, and prosecute any violation of such laws," In North Carolina	 s	 to

forester, as the state forest warden shall --- cause violations of the laws regard i ng forest PL:P I *0 be

pic,ecs t ed."	 There can be little doubt, from the above quotations which are char e cter l etic of	 laws

kN''en define the duties of a state forester, that the state forester and his organization are OI I ''d

t,1 4 n the prosecutions of violations of laws affecting forest land. The private owner interested	 its p ro-

nction 	 fire, can demand that the state forester prosecute violations of forest laws. Reca p :°. e of the

inuccnsioillty with which state foresters are specifically charged, and because of the import ,no ' of sue-

(o tfully prosecuting glaring violations of forest laws, It would be advantageous to all state forestry

(-,,e izations to have their personnel, or at least a part of their personnel, well instructed in low

enforcement.

In the performance of the job of law enforcement, considerable judgment must be 07sr'l-od

t,:i t ions as to whether a case shall be prosecuted and whether, if a conviction is obtained, it Tv* be

, dvisable to recommend the suspension of the sentence. It must be recognized that there a r e instances

whore fires occur in which the person responsible for the fire is liable for criminal prosecution accOhd-
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, but there may be nothing about the case which indicates ttiat the responsible party might

delbe. • tely and maliciously. An instance is shown in the case where a farmer burned

st; he had taken reasonable precautions to prevent the fire from getting Into the ad-

, but, due to a sudden gust of wind, the flames jumped the fire-break at a narrow point.

!!..,1.11 controlled by the state forestry department. To prosecute the man for causing a

naturally Irritate him Inasmuch as he had taken reasonable precautions to confine the

Admittedly the precautions had not been ample, but his efforts had been sincere. in

a compromise is frequently affected whereby the responsible party agrees to pay the state

rosslon. He generally Is glad to have this compromise because the states' suppression

Ally reduced the acreage burned on the adjoining tract of woodland, which lessened the
expensive civil suit for damages due to the destruction of the timber on the adjacent

aces will determine whether it is advisable to compromise or to take vigorous action for a

Ili regions or localities Where there has never been fire control practiced, some of the

are vigorously opposed to such procedure because they may have deliberately set fire to

dn lncy had no control merely for the purpose of having better hunting or grazing for their

lfish reasons, they wish to prevent successful fire control, so organized incendlarism

incendiarism Is conducted on an organized basis, it Is.extremely difficult to apprehend

A landowner, as an individual, Is powerless to cope adequately with the situation. It is

y of the state fire control organization, In such an instance, to lend as much assistance

will permit toward the apprehension of the guilty party and when he or they are appre-

ate vigorously.

a. of forest fire laws on private land is particularly difficult when the public is

action frequently requires jury trial; if tra public is not sympathetic with the

regardless of the evidence, will report "not guilty," making it necessary for the judge

d,fendant.

1,dlicy of the United States Forest Service (130, 5-T) to settle civil cases amicably, but
the criminal cases. "Law enforcement in the sense of swift prosecution, must be the chief

" I iig criminal negligence as well as dealing with incendlarlsm."

rs end Felonies

should be some confusion In the minds of fire wardens charged with the prosecution of

w violations as to what Is a misdemeanor and a felony is not unusual, inasmuch as the legal

gutieral does not make a clear distinction. It Is important In enforcement work however,

A.reuh be able to identify each in order that his preparation of the case be guided accordingly.

(150 -p. 1202) states, "--In the United States Criminal Code, paragraph 335, all offenses

/ death or imprisonment for over one year are felonies; all other offenses are misdemeanors.

[iv statutes in many states, usually in affect that all offenses punishable either by death
it lh the state prison shall be felonies." The term misdemeanors is used to express offenses

punishment to felonies.

Carolina, for example, "A felony is a crime which is or may be punishable by either death or

m tse State's prison. Any other crime is a misdemeanor. (Rev., s. 3291; 1691,c. 205, s.1)
2. 4171.

r. arson who shall be convicted of any felony for which no specific punishment is prescribed by

i Imprisoned in the county jail or state prison not exceeding two years, or he fined, in

of the court, or if the offense be infamous, the person offending shall be imprisoned In

or state prison not less than four months nor more than ten years, or be fined.

Code, s. 1906; R. C., C. 34, s. 27) Code 1031, C. E311, o. 4172."

since It is punishable by Imprisonment with er wIthnet hard labor aid therefore subject to
; 'felony' being high crime, for whlch lmi%rIseinnent, at ntrd labor or death may be

11.y, and appealable of right In view of Const. Ian), art.- • , para. 10, 4." (State vs.
. 116, 147-ti, 11 So. 6606, 1927)

tiav
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I elonlo3 ire	 ,I xrve	 tried	 In th e hl ,her coin• t : of ge neral Jurisdicti o n, Such as e	 nl/ + n	 '
MI I , none 1 n, • t/	 1e the leeer court 1 of limit ed Jurisdiction, such as	 e e

,	 -later/ ire. .olonlee e u	 / I Iv levolve trio he Jury ; misdemeanors have as the eel'•
e II 1 of the rune, nr e e l'	 T	 WI t t t T M et '' Ott punishment, the prosid1n4 m teletrate.

..en ,v F to	 f n folenv, I tp let +I ward e n should be as:,Isted In the
r	 ,e	 -io(ho e /Ill f led an] experienced so that a stroe e case m 

' a offender	 e I ' event ther e	 1, , lesu rr iotenl evidence for a probably conviction, drop the
/So 1 ' 0 01 1 e	 of /	 11T I n	 will 11 )1 he lowered.

41 1 e zdoormt.e I n ru e Ll on, there Is no reason why the local wardens should not pereee	 r
v / o /t ! ors which fell within the mledemeanor class. As a matter of fact, it Is desirable 	 for	 n n to

ti n e	 15e niece teey are ee rsonally acquainted, or should be, with themagistrate an well
ti tar with tele eirf Irstel eef, under which the violation took place.

n his disceselon of forest fires laws and the prosecution of their violation, Talbot* (l ee ,	 eerree
rdeno , enforc ement activities under two headings, namely, (a) investigation and (b) tor asec.' on.

ee llevee that prosecution should never be attempted without making an adequate investigation to e n ter-
' e responsibility.

!l imit1 ee ly the 1oc	 I warden Is generally more than occupied with his Job of control"ne
e ten, however, generally because of personal dislike for the law enforcement phase of his '	 e

, o lc's It entirely. The state forester, however, should insist on adequate investigation of the 	 ee of
'1103; If the local warden wishes to avoid personal participation in the prosecution of the cane, 	 ere
t. P i offender may ho no ecquelnt Ince of his, another forest officer can alwrys be Imported to 	 •

ocecution.	 When• 	 forest officers charged with forest fire protection Insist on Investle , t1 ,0 e
I with the standards they demand In suppression, there will be more prosecutions, fewer ee, .-c	 ol

''res, and better data on causes of fires. It is here admitted that the Job of controlling a 	 '	 eo
II -V, ocrbine that there is little time for investigative work, but innumerable Instances mi ght '	 'tc/d

e e ere wardens with a natural bent for investigative work have collected excellent evidence on the cease
of the fire, incidental to their Job as crew leader of the party taking initial action on the fire.

Talbott (lee) pointed out the need for procuring clues in building up a case; these c l ues m'.1
tPerm of hone tracks, foot prints, or auto tires with peculiar markings. Notes on ti me o f	 e,1	

o I,

fire and probable time of Inception are always valuable evidence in a case. When all ',° 0 :'' 4 ^ 0 ,,a
Nee collected, a study must be made of it to fix responsibility. If the nature of the offense I n r "or,

riLie lmeanor, It is desirable to discuss the matter with the Offender, obtain an admission of 	 -II	 -,	 1
either cc]loot fire	 figlrin o c osts from him, If he is cooperative, or bring him ' ef e re	 r'

rate, if e cillgeront. If the cane is presented to the offender in any impersonal mann er e fi the ,/,' : .,T-

ress of his offense explained, generally he becomes a better Citizen from the standpoint of - p e e, ',, e-
',/ss In forest fire prevention.	 A parade of authority and a show of firearms should always be fe-	 .;
on the part of wardens; such action antagonizes local citizenry and weakens rattier than stren g tee n5 the
case of forest fire protection.

In almost all states, forest wardens are authorized to make arrests with or without a werreee , 	 o,
tee violation has been committed In their presence. In absence of direct evidence on the Ptlr

warden, a warrant will have to be served on the offender and the case tried before a matrAstrate at	 /loc,
If It is classed as a misdemeanor. If It is a felony, the magistrate should read the charee to tee
offender and then, because he has no authority to conduct trials for felonies, forward the c rie to

eert having Jurisdiction over the offense. Desirable procedure in felonies, however, where the ro
officer has not personally witnessed the violation, is to conduct his Investigation secretly. 	 Wr! be is
eetisfied that he has sufficient evidence for a conviction, he should have a representative or
raving Jurisdiction over felonies make the arrest, since in most localities a forest officer Is le eked
a',/on not as an arm of the law, but rather as a state representative charged with controlling ftree.	 Thee
nit:at:Ion is desirable in most cases, since it encourages public participation in fire prevention. 	 tint
weed dwellers are antagonistic, rather than cooperative, with law enforcement officers.

Distinction between Enforcement on Federal and other Lands

The authority for punishment of a person or persons who are responsible for a forest fire on ratteral
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derived from departmental regulations which, when erforedd, have the same standing in a

a state laws have in any court recognized by the State.

on of a Federal regulation pertaining to forest fires 19 referred to as a fire trespass.

of Agriculture regulations have been dram up for fire, property, and timber trespass,

: • nal forests; this discussion, however, pertains only to tire.

of a misdemeanor or a felony in any state court Is de pendent upon the existence of a

s a specific action. A state forester, for Instance, requires the aid of the state

e brush-burning without a permit a misdemeanor; the legislature enacts a statute which

ng activities. On the National Forest, however, a regulation, issued by the Chief

oved by the Secretary of Agriculture, has all the force of a law in the Federal courts.

is not necessary to stop woods burners on national fOrests.

,osecution for an offense on national forest land Is conducted under state laws or before a

]a JeLel-Asel on the merits of the individual case. When state laws are adequate, the

Hie sympathetic, and the state officials willing to cooperate fully, it may be preferable to

oe	 suste court, even though the offense was committed on federal_ land. On the other

: .4s may not be adequate or cooperation on the part of the state officials may be meagre;
t is advisable for the matter to be handled by a federal court.

stare has given to Its chief forest officer the authority which the federal government has

_e;retary of Agriculture Mo is able to Impose regulations relative to activity on national

tave the same autnority as an act of any state legislature. It is highly questionable

officer should have such sweeping authority, In that so much of his activity is concerned

)i of fires on private land. The degree to which any public control should be exercised

x. Is a matter which should be specifically designated by the state legislature which is

reoentative of the will of the majority of the citizens of the state.

several legislative acts which have been enacted specifically to strengthen fire control in
s l-,ed states. These acts, although varying somewhat in detailed wording, cover approxi-

3ubjects. The Items covered by most of the commonly enacted laws consist of (1) regulat-

ing,	 (2) Installation of special mechanical devices for preventing forest fires caused by

and locomotives, (3) prohibition of promiscuous backfiring,(4) elimination of hazards,

seWrg fires maliciously and for accidental fires, and (6) enabling acts which permit

a political unit of the state, such as a county, with state authorities In fire control

oarpose of controlling all fires within the boundaries of a political unit such as a

a law without including a penalty for violation thereof is of little value. One state, fog

lei slated that all who cut brush must dispose of such brush for a space within forty feet

or it borders railroads, roads, or other woodlands, but no penalty is provided for the non-

thls statute.

Some 7v:flcill Forest Fire Laws

FELONIES

rson shall maliciously set fire to, or cause to be set on fire, directly or Indirectly, In

, any woodlot, forest, or wild land, or property, material, or vegetation being or

, such person shall be guilty of a felony, and upon conviction shall be sentenced to pay a

Jim five thousand dollars and be imprisoned In a penitentiary for a period not exceeding

(a-s. CO)

MISDEMEANORS

Arden or lila deputies may summon any male resident hot.vde1 the ace of elOteen and
insist in extinguishing fires, and may require the use of horses and other property

e; any parson so summoned, and who Is physicall y able, who refuses or neglects to
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gist or to allaN !ha use of horsrm. wa gons, or other material required, shall be cs!i n-•

	

unon cohvicMon	 1-"1 ttr Oe,t to 1 fine of not less than five dollars nor more tu
--(]c15, C. c,,m, h .	 S. 10e , sr,. 1, 2; 19;5, C. 240; 1927, C. 150, s. 4) Coda lh,,

se c tion	 (let	 j

1r,rn brrTh - when and by when g iven. In any township or any car t. '

"re wirdoTls hiv o t ee n ann , !nted under the provisions of thin act, no person shall sot ° 1 "e to	 heuhe to

to burrel %Nste, fa l low:,	 stumps, lops, brush, dry grass, fallen timber or anything tha t . ",! !:t	 a

Ton o ei flr • unless the wrI , Jon permission of the State Fire Warden, or a division fire wsrHoh,
:1r,rls or district fire warden of the townshi p or district in which such tiro is not	 nrst

ehtuftet. ;7,u0.0 permission shall not be granted by any fire warden, if, in his o p inion, any fon c, :;t or

, e,Ihrti will ha endangered thereby ,--" (1 63-O. 6)

"OWNERS TO PROTECT AGAINST FIRES--Every owner of forest land in the state of Wasninon at-; l 1

Tarnish, or provide therefor, during the season of the year when there is danger of forest fir e 3, .aria-

o rate protection againSt the spread of fire thereon or therefrom which shall meet with the er4-:n:al of the

state hoard of forest commissioners: Provided, however, that for the purposes of this section forest

Lands shall be deemed to be adequately protected if within one mile of the owner's permanent rw n 	or

I f the owner shall furnish patrol and protection therefor equal in standard, efficiency and sean,.)nal

'location to that of those who are In good faith maintaining organized patrol and protetion of

'. olds against fire with the approval of the state board of forest commissioners: Provided furt::er, 	 that

for the purposes of this section forest lands, lying in counties east of the summit of the Cas yle Noun-

tains, shall he deemed to be adequately protected where patrol is furnished by the United Sta	 forest

service of a standard and efficiency and seasonal duration, deemed by the state board of forest -ommis-

sioners to he sufficient for the proper protection of the forest land of such counties. RemIngn's

Compiled Statutes '22, s. 5b04.

"PROTECTION PROVIDED BY STATE FORESTER. If any owner or owners of forest Land neglect or 	 to

provide adequate fire protection therefore as required by section 5804, then the state super. , 'eor of

forestry under direction from the director of the department of conservation and development s11 pro-

vide such protection therefor at a cost not to exceed five (5) cents an acre per annum, and Per that ;IL--

rose may divide the forest lands of the state, or any part of the same, into districts, for	 and

r;ssessment purposes, may classify lands according to the character of timber prevailing, .rid the fire

hazard existing and place unprotected lands under the administration of the proper district.

"Any fire on any forest land in the state of Washington burning uncontrolled and without proper pre-

cr.ution being taken to prevent its spread is hereby declared a public nuisance by reason of is 'renace ro

11.fo or property. Any person, firm or corporation responsible for either the starting or Y12 ,̂ r:'	 ,e; r,. of

rich fire is hereby required to control or extinguish It Immediately, without awaiting irst:n.

forest officer, and If said responsible person, firm or corporation shall refuse, neglect or fail to !io

so, the state forester, or any fire warden or forest ranger acting with his authority, racy :717:rarity

abate the nuisance thus constituted by controlling or extinguishing the fire and the cost tnl- P7.)of may Se

recovered from sald'responsible person, firm or corporation by action for debt and, If the word is per-

formed on the property of the offender, shall also constitute a lien upon said property. fem. C. C. '22,

s. 5806." (162)

"Every parson that wilfully or maliciously sets on fire any wood, brush, or grass lards,	 nitrit e s to

be set on fire any wood, brush, or grass lands, whereby the property of another i8 injsrm(i 01

;shall upon conviction be punished by a fine of not less than twenty-five dollars (Il5.00) nor ?are than

two hundred dollars (5200.00) or by imprisonment for a term of not 1ess than ten (10) days oar more than

three (3) months, or by both such fine and Imprisonment.--Acts of 1922, No. 90, s.4 - General. Statutes

1932, s. 3323." (163, p. 24)

"Preventing the escape of sparks. All logging and railroad locomotives, dinkey ^s p inna anct other

engines and boiler operated or used within two hundred feet of any forest, cut-over, brush, rr grpss land,

tich do not use oil as fuel, shall be equipped with efficient appliances or devices to 0rF.0.rn%

escape of fire and sparks from the smoke stacks, ash pans, and fire boxes thereof.--hr:r rcr‘trrl oper7t

any logging or railroad locomotive, dinkey engine, or other engine or boiler in violation of any provision

of this article shall be fined not less than ten nor more than one hundred dollars for each offenCe.

Acts 1923, p. 270, Penal Coda 1928, Title 17. Chap. 2, Article 1329," (164. D. 32)
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Table 26

FIRE BEHAVIOR ASSOCIATED WITH DANGER CLASS
(From Fire Danger Meter, Northern Rocky Mt. Forest

and Range Experiment Station)

Danger
Class

Behavior

1
Brush burning and other fires do not spread enough to require

any trenching.

2
No spread under dense timber or on north slopes.	 On open
areas and on south slopes fires spread during the heat of
day.

3

Fires spread slowly and hold over night on north slopes and
under dense timber and make short runs in open and through
slash.	 Running crowm fires are very rare however, except
with fresh and strong winds.

4

Fires crown in single trees and groups but do not make long
runs in full timber on north slopes.	 Occasional crown rune
on south slopes and flats with moderate fresh winds.

5

Occasional rune in full timber on north slopes but seldom
crossing pronounced topographic divides. 	 Fast spread certain
on south slopes, cut over areas, and heavily fueled old burns.

6
Big runs common on all exposures within a single drainage but
only occasionally crossing pronounced topographic barriers.

7

Explosive conditions with fire spreading at rates up to 1500
or 2000 acres per hour including densely timbered north slopes
during afternoon and evening.	 Topographic and other usual
barriers such as rivers and large cultivated fields ineffectual
during peak of day.

region.

general

ey erganIzed

invoiving the use

e	 • reph, and radio,

eteereloelst at

receives from approx-

' located in the sev-

Region, reports on

following conditions:

eITAmem temperature for

(b) relative

d direction, (d) velo-

tho current day and

.ing day, (e) 9 a.m.

(f) reports on

:efe:Ipitation occurrence.

eE.,d In making up the

at which 
may be broken up into parts applicable to specific sections

. covers (a) sky conditions, (b) absence or probability of thundershowers

riture changes, and (d) wind direction and velocity. These forecasts are issued at

ily arrive in the woods by 11 a.m. or noon.

of the

or

(63) has been

ele for the system for

explained the

n noee detail in

Chapter VIII

FIRE DANGER RATING

out previously, there is some degree of correlation between most of the meteoro-

iesed and forest fire inception and rate of spread. Factors other than metoorologi-

- th<, degree of danger which exists because of forest fires. Various devices have

'e the degree of danger which prevalle at any time. Several devices for determining

ilned In Some detail below.

	  eerIeR"--This 
is a device which was designed by GIsborne (59) of the Northern Rocky

erlment Station for measuring the degree of fire danger which exists for individual

ei
in the Northern Rooky Mountain Region (R-1) of the United States Forest Service. The

,rater are (1) period of the fire season, (2) lookout visibility, (3) fuel moisture

eeIncity, and (5) causes, with emphasis on lightning. The various combinations have the

':ti t) In producing varied results; these are known as "Fire Danger Class" days.

useeily identified with the several classes of fire danger, is explained in Table 26.

r- which contribute toward hazardous conditions are maintained on a Fire Danger Chart in

leer's office as well as In the Regional Office. A brief, five-minute study of the

-1.51c forest will give an immediate picture of the fire danger. The chart covers the

I to October 10 and includes lightning storm occurrence, visibility distance, fuel

, a yerege daily wind velocity for the period noon to 6 p.m., minimum or 5 p.m. relative

ex eg:7egate of these factors known as the "class of fire danger;" and the percent of

y. With all this information at his disposal, the supervisor or fire chief is

6r	 acuteness of the local fire situation and can control activity and man-power

]	 110.1re lea is a copy of the Fire Danger Chart compiled for the Kootenai National

re Rocky Mountain Region.
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VOREST FIRE DANGER METER
NORTHERN ROCKY MTN. REGION
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Figure 18
FIRE DANGER METER
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Fbnto by N.	 n,ry

Figure 19

FIRE DANGER STATION USED BY r.'"(E
REGION (WASHINGTON AND ONEGn)

UNITED STATES FORE:', T 31E7 tan

The instruments mounted on the po s t aro rIn
mOmeter to the left to measure current
and a vane on the right to dotormlne llorzelee.
In the background of the shelter is a
making direct moisture content dotormireilno of
the hazard sticks.
In the foreground of the ,halter In n
ohmmeter to determine rolotivo
In the foreground to the right of t,,a
a net of "triplets" and 2-Inch wool eyllnde 	 for
measuring fuel moisture content.
At the extreme right in a rain gauge for moearring
the volume of precipitation.
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Fire Danger Rating by New Jersey Forest Fire Service
tart ,.at. no elaborate method of forecasting fire weather and et P

I been	 fu )re In New Jersey since 1928.	 The systel for fareclatius is uasot
O)FtrIIIy of ;)	 hit8 p ressure area martins  sepr exlmately constant It Its e

st! son ! . In he r eastward movement of an 11/‘ mass Its fTebable drvirs power rNoi
- i s8Isr.i fId. River orit	 be forecast with a

lrac e of acCUTSCu, es,;uMing that the fore-
bl o h bls a fair know l edge of the rrobable path
e l u sessos and al! tics 'actors resultin g from

ott of the particular MSS In question.
‘,4	 tried out somewhat experimentally

end r : 2.o fairly sood rerals which would un-
,Isebrodly have been of a higher quality had the

. wester h url more etc r:Meuse:In the behavior of
al b resees.	 The absolute humidity calculations
e re he:3er! en daily signals obtained from key

alatIr sal which wore located In the most fre-
trapt olthr; of air ma sses.	 These were located

at Columbia, South Carolina, Nashville, Tennes-
see, and Fort Wayne, Indiana. The signals pro-
vIc!cd rt q a whereby it was nossible to calculate
'I' absolute humidity for the air mass which
Oominatet each key station.	 If It was deter-
mined that the air mass which was dominant over
Fort 1.I)yro, Inc Instance, had an absolute

,•11(L'I i‘r 1.321,	 and rTotn116 that 24 or 30
iaHrs later the same air mass would dominate
far Jersey, then with a temperature prognostica-
tion for the period that the Fort Wayne air mass
..told dominate New Jersey, applied to the known
absolute humidity of the air mass, the probable
relative humidity for the day period 24 to 36
sours In advance of its arrival at New Jersey
crald be computed. The procedure made it possi-
1Jo to advise key men in the field regarding
relative humidity, wind velocity, wind direction,

fire danger measured in terms of inception
freouency for the night period following the
morning the forecast was prepared, and the day period for the following day.

A fire warden who received the telegram which read "None gentle southwest safe many 79(1 r, O. I7 west
derseroas" would understand it to mean that (a) for the period from midnight of the day the	 .ecram
received to 6 a.m. of the following morning the relative humidity would average between	 7O	 a
reaut no fires would start;	 (b) the wind velocity would average between 13 to 1.13 mils	 1,r; (0 7'
r,'revailing wind direction would be southwest, and (d) there would probably he no need for his souvIOss.
re) For the period noon to 4 p.m. of the following day, the humidity would average between 3rt;
( f ) the wind velocity average 18 to 23 miles per hour, (g) the wind would be from the west,	 (h) firlt



T,re.id rapidly but would be controlled without great difficulty.

dative Humidity or Shank System

cieoad for the Inter-Mountain Region (R-4) of the United States Forest Service by
of the system is the recognition of the fact that the accumulation of a de-
orological element has a marked influence in the degree of fire danger which

lo	 Lased on the principle that ten consecutive days of minimum relative humidity
e danger than two or three consecutive days of identical readings. The drying

..l Cay8 of very low relative humidities has cumulative effect - hence the term
Ten days of low relative humidity will leave the fuels drier than two

tarty.

re danger system is based entirely on relative humidity readings; no additional
tThor factors are considered.

1.-„al forests having similar climatic, vegetational, risk, and other factors which
rnp, a "humidity base" is determined. Just what base humidity percentage is
a 0IUdy of past humidity records correlated with fire data. The base for one

chosen	 21% at Boise, Idaho. A 6 p.m. reading of 15%,' for instance, would indicate
was worse than normal. If a number of consecutive days would pass In which the

tn:IO.Ity v.'ere lower than 21%, the fire danger would increase with each day on which the
tn	 A humidity of 15% would represent a departure of.6, and would receive a nega-
'	 whicL Is maintained; a reading of 30,5 would receive a positive value of K. The

...7!!(11I7 on any day Is the algebraic sum of daily differences from the established
LeginAng of the season to any given date. Table 27 Is taken from the discussion

apars In the Region 4 Fire Manual (143).

dity periods have been developed for ad-
These .L:erIods are as follows:- Period

, 0 to -0; Period 3, -60 to -120;
; Period 5, -180 to more than this

IdIty period will determine the adminis-
by the Forest Supervisors for the

a humidity period of 4, the number of
Aia te approximately five hundred percent
A In PrIca 1; in Period 2, an increase of
Is required in the number of guards.
Guard Placement Plan for the Region is

11n .j, humidity period, it also takes into
(1'.) occurrence of fires, (c) values

tYO, (e) resistance to control, and

Table 27
CUMULATIVE HUMIDITY PERIOD - BOISE. IDAHO, 1935

BASE HUMIDITY 21%
(Prom R-4 Fire Manual, p. 15)

Date 6:00 p.m.
humidity %

Difference
from 21%

Cumulative*
Humidity

(algebraic sum)

June 21 16 - 5 - 5
22 18 - 3 - 8
23 19 - 2 -10
24 20 - 1 -11
25 20 - 1 -12
26 23 / 2 -10
27 17
28 43 /22 /29 31 /10 /18
30 23 / 2 /20

July	 1 15 - 6 /14
2 14 - 7 / 7
3 16 -5 {2
4 12 -9 _7

*The cumulative humidity is the factor which
determines what 4the Humidity Period is; it
is this Humidity Period which governs ad-
ministrative actions.

of _reserve man-power. The dispatching
on the humidity periods prevalent for

an the fire occurs. In a Humidity
the man-power which would be dispatched to a fire would be much greater than for
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Chapter IX

FOREST IMPROVEMENTS FOR PRESUPPRESSION

Detection

Hothods

Ti re u1 two basic methods of detection, each of which has certain advantages and mo,11

The mor:.as are: (a) the patrol system and (b) the lookout system.

o patrol system is of special value from a public relations standpoint, because the Subll
•

, 2,^11	 hatrol, associates it with forest fires and becomes conscious of the fact that som e one is doing

somothIrJr about the occurrence and suppression of fires.

There are two forms of patrol - aerial and ground.

Thu aerial patrol. has the advantage of covering an enormous amount of terrain In a relativel y shcr7,

elme.	 It is, moreover, able to adjust its activity to the variable visibility factor. On days with low

visibility, the range of the individual plane can be contracted; on days of good visibility, it cAn be

exsanded.

It Is of particular advantage in spotting li ghtning fires In the "hint erland' or back conn

there Is no habitation and the communication system is poor, or where the establishment of a lo ,out

system would he extremely expensive.

1 disadvantage of the aerial patrol Is that the atmosphere is generally turbulent aft er a 'Tthtni„-

st c ,m;	 It Is In these periods, immediately after a lightning storm, that It should he r or tlr ' /— ' ' q 17,
Its value Is directly related to the air-worthiness of the ship. Moreover, It cannot deter, 	 1 ;.,1 *, .r4

strikes as can a lookout who is securely housed when the storm passes over or nearby. vor a reg ion where

lightning storms are important, lookouts appear to have advantages over the aerial patrol.

The grounded motorized patrol is excellent in that presuppression and suppr ession duties c	 to	 1-1-

bnoLl in one unit. It is ideally adapted to coastal plain country, especially when used to sup '-ment the

primary lookout system. It reaches its peak of usefulness when equipped with a receiving set for radio

There are a few instances in which grounded patrols are conducted on horseback. The	 '

W S type of patrol is from a public relations standpoint. The patrolmen can gain the goodwill

resident., thereby lowering the risk. Its value Is correlated, moreover, with the rate at

--r ,rcid. Wh ore the fire can spread rapidly and do considerable damage in a short time, i t " 1 1ls

+. Joe because the fire would be beyond quick control by the time suppression crews could arrive on. to

jot•.

Grounded patrols mounted on motor vehicles are generally a combination of detection and EmT:)ressM

Crews.	 Those units are really roving suppression crews. They are of immeasurable value when t -nn vls-

Unity has been reduced to a negligible amount when the usefulness of lookout points has been seriously

reduced.

The lookout or observer system is the one most generally employed in the United States. 	 this

system, a base point is selected at which a lookout is permanently stationed during the fire 	 or.

He may, or may not, reside at the base point, but ho is supposed to be on duty during firn :a cat: r7

The 'outstanding advantage of the system is from the viewpoint of liaison. The lookout is also able to

give at all times a report on hazard conditions for that territory over which he watches and, because of

his residence there, should be better informed on the behavior of weather than any other person. 	 In

periods of high fire danger the administrative officer should be able to communicate with him

times.	 When fires occur in the immediate vicinity, the lookout is able to give an accurate repot	 the

cendition of the fire, 1. 0., its rate of spread, location of hot spots and quiet sectors. His quarters

may also serve as atemporaty base for fire suppression operations.
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The 100KOUI. points have various types of improve-

ments depe!,dont upon 1,v:Al conditions.	 (a) A small

cabin, 10' x 10' may be built directly on the point of

vantage, provided it affords adequate visibility to the

observer. (b) If the coserver needs to he elevated for

obtaining the maximum benefit of the site, the cabin may

be raised on logs which place the lookout anywhere from

20' to 120' above the surface. The cabin may be rela-

tively small, 6' x 6', which requires the lookout to be

quartered ln a separate building nearby and is the system
most generally used in Eastern Regions. There has been

an increasing tendency in the Western Regions to enlarge

the legged cabin in order that the observer may use it as

quarters as well as a point of vantage. (c) Auxiliary or

secondary lookout points very frequently consist merely

of a raised tgatform without cabin shelter, or may be
only a crowsnest mounted on a pole. This type of lookout,

however, Is highly unsatisfactory for primary points be-

cause it affords the observer no shelter from the elements.
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r (h) Ise	 .	 rrimsry iteeeuts are al I mooned, or most of term
whdeee eelets ere Metlee . l when the visibility lm redes the erfectl y eeeee of
here may be e temporary Increase in tne risk due to a lossine eee retion, or en
untlees" 'Inn hazard which may demand higher detection stenderds.

	

,•1 /0	 siltase Is referred to as ills "lookout." The detl e e o f tb o obe,rvor
tdo eov e l r il forest regiens. When his Only duty consists of lecetins ere reeee n-,!ng

o lr e r mlsoellaeeeus duties as will not take him from his observation point daring fire
is e e l y se e e eerv e r. when, however, his duty of detection is paired with tee lob of seeeres-

es te o eses e "flremse." Western regions generally man their lookout points with firemen. Eartorn
e-lees doewti for their initial action on man-power other than the observer.

•Some Principles of Visibility Which Affect Detection

rointhd out In the discussion of fuels and fire danger, one of the factors used 'Dv
ie rsrelerins hls Danger Meter was visibility distance; in other words, it is one of the variables whieh
detrer lees the d em os of fire longer.	 When small smokes are visible for long distances, the 	 in t eredt s of

d e teetIon system can he reduced. On the other hand, when the visibility Is low, dotoctiee feeif1tles
r I ls) Increwed for the reason that, the more quietly fires are detected after Incoetion, tr e	l ower is the

o' es ee c e eteol time" which is a most Important factor affecting the size of the fire. A study of ec-e of
iee eSpe CL:1 Of the detection system as generally employed, 1. e., lookouts located at elevat e "	 iii'",,
:slowed that visibility is a variable factor which Influences lookout effectiveness very definitely.

Vlsiellity 1s one of the factors which Influenoes the placement of man-power. If first-line Defense
N)meoeed of firemen, I. e., forest officers In whom are combined the two duties cf etertor err!	 eee-

Ie o e; e0 1.111)) I mportant that any limitations which may Infleence their resse of h e`leit y ee
.7,ere. lieSedlo Y.'S;	 of the Northwest Forest Experiment Station Investigated vlsieliity fe7tte et eeest

-tan]' and thereby eliminated some erroneous conceptions as well as contributed several advreteed
001.0l to effective operation of the detection system. As outlined by McArdle, some of t:aa	 °• ers
Inflee r ee t.	 tflo	 encountered in detecting smokes, ere a) the 	 Q7	 Lc.,

r!ataminad by Its r eespareney or haziness; (b) type of background supsiled to tee fee
latively light or dark; 10) the time of day as influencing the angle erodesed between e "lee
he smoke and a line dram to the sun; (d) size of the smoke column, whether large or a7all In

t-ter and spread;	 (e) character of sky conditions, whether overcast or partly cloudy, or dieeT; and
(f) location of smoke relative to its being so low that, for the time of day to be observed, it is in the
shadow cast by a mountain or the steep walls of a canyon.

There are periods in which the atmosphere has extreme transparency, but the fire lays ao!rc
this condition are limited. On those days anall smokes are readily seen at relatively long dl:Itar:
root frequently, however, there is some haziness in the atmosphere which lowers the natural colors or.tno
eisTeelpe from their peak of hrillance at extreme atmospheric transparency to nearly drab shades	 1s sendls
tions of considerable haze. Since' smoke as caused by forest fires Is a neutral color, It is dif!'lralt on
Posy days to differentiate readily between the neutral color of the smoke and the nearly neutral color of
the background.

The study of McArdle's showed the rather unusual feature that visibility is greater on days wien the
r'sy to overcast with light clouds, producing indirect light, than on days when the sunlight Is not	 ineer-
sepeed by clouds.

eyram, who worked with McArdle on the project, has estimated that the visibility of a small woke:'.
'aaroaaos In relation to the increase In size, but not directly. If a column of smoke Is visible fourteen
miles from the lookout, an Increase of four times the original diameter will Increase Its visibility Only
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co] ..;n of smoke Is enlarged eight times, its visibility will be increased only  

, cri'	 among fire control men, all other things being equal, smokes aro general-

' .,	 fi: the observer looks into the sun then away from it. McArdle's figures on

the	 sun at time of detection were 9.4 miles average distance when the fire

in r.hich the sun lay and 8.5 miles distance when the observer was not Paling

tlon.

'nvc.,tirations, McArdle came to the conclusion that, for all practical purposes

,i ty in all directions is equal, regardless of the position of the sun.

v	 i Jility studies for Washin gton end Oregon, the primary lookout system is based

1 ' 	 Ito a :,econdary or supplemental s ystem for use when visibility Is low; this

( ;	 3 for each observer.

ui	 s "55) investigations relative to visibility In the Northern Rockies, he found

makes at	 p.m. on days when the atmosphere were particularly clear,

,	 'creAcos In whether the sun was located between the observer and the smoke or

e lookout is com pelled to look into the sun, on an especiall y clear day, he will
smoke only ten miles off; with his back to the sun, however, a smoke can be seen

.	 Ca days when visibility is low, the same principle holds except that the dls-

, i o , toward the sun is as low as 3.5 miles and away 0.0 miles. These findings of
contrary to what McArdle published, but it must be borne in mind that i,ornby's

'." p.m. results when the sun Is low; at this time, shadows commence to in-

-, cc ,IclAilon is In agreement with M . Ardle's who stated thu 0 : , ,e,lows cast by

, Iously lower the visibility of smokes which develop in them.

of I,	 out placement should be determined by burning severities or the forest types

Lillty because visibility is only one of the factors contributing to fire danger.

minimum burning severities, the lookouts should be placed so that the radii of

y less than five, eight, and fifteen miles, respectively.

iibility Maps

thtt smokes must be seen quickly after inception has lead fire control planners to
points in such a manner that the lookouts can see directly the area which the point of

e. out Is, within a ten mile radius, even on a day of high visibility, there is some

not directly visible; this Is particularly true in regions of rugged topography. One

c; ., Affects the efficiency of any lookout point is the percent of the area within a ten

con Do seen directly. It should not he necessary for a lookout to be compelled to wait

ovur a ridge top to be able to detect it; as much as several hours might thus be re-

smoke. By the time it becomes visible, the fire might easily be Class C in size.

be seen directly is mapped as the "seen-area" and the map on which this area Is

the "visibility map," This type of map is important because it Is one of the

!no whether a point of vantage is desirable from a fire control standpoint. All

, the factor which determines the location of a lookout point is the percent of

from it.

ication of analysis to fire control improvement placement, visibility reaps were not

c.4,,enditure on lookout improvement or transportation facilities servicing 'the point.
dice demands the construction of visibility maps before lockout points are improved.

in rrk W,',).) there are three methods of constructing the seen-area maps. (a) By the use

map, which gives the elevation of the proposed lookout point and the relative

rrom It, the area can he determined which is directly visible to the lookout.

lo::cf	 ii:311ef model, based on a topographic map; after the model has been con-
s adowo p •oaAced by an elettr1c i 1,elt bolt, at	 ohoervatMal point makes

rea seen directly from the oronosed point. 	 (c) p.I. it a: r: thing from the
use of a telescopic altiAlde ass r,o,o1derable rIP:i work.



Photo by U. S. Forest Service-225537

Figure 23

OBSERVER IN ACTION. The Alidade Has Been Placed On The Yap F, '"-k7 ,A. 	 7
Sighting Smoke Thiu The Alidade, Obtaining The Azimuth BoadInc,„
Contacting The Dispatcher by Phone, The Fire Can Be Located With

Precision For Dispatch of Man-Power.

r;witem; .; " h" hnd "h", no	 I w . "ri;	 i1	 ne r..e:7.ry;	 it Is eireht1'11, however, t.ftlt.

;9!Inb1e o therwth e	 shin t	 (27';' , 1 'Wed.	 With `3y3tem ";:", however, 'The c'!1'

!U,	 Erne nap of none ;met, con r, , f•-11)1v with !1 , wh culture cs streams, roads, ar.d.	 ! n

Lo; , wr.ralu to nl oval I ,u1;3.

311 1 " , 	cnnl I	 n r dc 01 ' • 0 r '111( I',	 h	 ow l	, and found that the latt e r .1 /1 't , 	"'

	

" 31	 ' 10. ' f '' e lv I nc' per	 maP0 mile, • htl r the 'h" - e thod was approxi m a t ely F',V nor s	 t,

	

'"d.	 , i n , 	 biota of ro-uitant o f f1	 1 , nNi, the two systPms are app rwimateI y equ', 1	 r

(	 r	 It W" .3 found	 that	 the total	 a rea included wan quit P nearly equal to that ch tn ire ,	'

	

it	 ten field rtc e tchin7 system showed 45.N of th e area visible while the 117ht ant

'	 1,	 OAP 1	 visible for the same area. For areas where contour maps are not avail- 1	Is

, l o tt nssible to construct Vlnlhllity maps.

Lookout Equipment

A requisite for primary
3 adequate shelter for

ever no that he will not
c,J ttool to the elements. It

In Ftrttos(muble, to expect an
(c!-. ver to remain on duty at an
c ! ,y, t point and function
, fr'n 1, u1v when the wind is

M. p. b. and the
I3 45 degrees

tt or lower. On windy
a it Is especially desirable

r tecb,outa to be at their post
of duty. They will hardly
7- 7!71en 011 1.y constantly when
Ytrb°, - ' conditions produce ex-

direcTfort.

^ •±J ! ler requisite Is liv-
-rrs at the towers so

Tt° obteryer Is available
Ines in event of a

n flarenp in fire danger.

The minimum equipment
avhtloble to each primary
loo,,,cat should be:

(a) Oriented map on board;
alIdade; (c) wall map with

!,dj7.cont lookout points located
and equipped with vernier and
strIngs at each point; (d) com-
anicaticn Instrument such as

radio or telephone.

Equipment to supplement the above for detection purposes Is as follows: (a) range finder, (b) binoc-

ulars, (c) haze meter, (d) goggles.

Docause lookouts are continuously on duty, they are frequently required to attend to fire dare'''
devices such as duff hygrometers, hazard sticks, anemometers, psychrometers, and evaporimeters.

RANGE FINDER

The range finder Is of particular value when cross-readings are not obtainable either because Of po'7'r
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' the non-existence of other lookout points. Th(?. Osborne Range Finder was at one

West, but Is no longer so Inmortant because of the greater frequency or lookout

idings possible.

t. o lookouts in some regions in order to minimize eyestrain. 	 At one time it was

toner smokes were detected when looking Into the , sun than when looking away from

, however, this conception is erroneous. Because approximately two-thirds of

1 (c outS when the observer is looking Into the sun, efforts have been made to

sad by the sunlight exposure. Various types of glasses and lenses have been

n. Hine and amber glasses filter out some of the spectrum so that they distort

A neutral tense, such is the "smoked," is most desirable because It permits

h tie eye, but lowers it quantitativel y so that the eye strain is considerably

IC tly in quality.	 The cheap types are merely pressed . -c lass which has irregulari-

(.scul 1r effort by the eye and so induce, rather than relieve, strain. Goggles

re recommended for increasing lookout efficienc y . (89)

'COPES

enei in :"'re control work are not in agreement concerning the value of binoculars or tele-

feglons have supplied this type of magnifying equipment to some of their lookouts for

1-xkl, there is little definitely known as to their real value. Curry (86), has

are afforded lookouts equipped with binoculars. These are as follows:

.tier of urea of known high risk, (2) for dIstlf4elishIng betweek true and false

I' lightning fires which may produce only faint vAsps of smoke, 	 (4) for accurate

s, In 	 for eetImating size of fires and rate of spread.

are in the discussion of visibility In its association with fire danger, it is one

ich, until recently, has been expressed in loose, indefinite terms. Lookouts

transparency	 "good," "fair," or "poor" without any very definite measuring

ve progressed beyond this method of measurement, they may state it in terms of

i i ity without having a definite idea as to the size of the smoke they believe

-ric conditions existent at time of reporting. In his discussion of the prin-

ity , McArdle ((II has fixed the size of the smoke us that volume produced in

inc dui' fuels, covering an area of 10' x 20', burning on a midsummer day; no

a-aver, of the diameter	 of the smoke column, but it might be presumed to be approxi-

t i s size column cf smoke as standard, under average conditions the safe range of

(J i l l- -or- 1 eye51Wit was limited to the brightness of the background. There Is a

(	 brightness and the brightness of the horizon just above the background

I a 	 . If the I , ckgretnd is 60 percent as bright as the horizon at that point, the

' 'aly the maximum limit of safe range.

(	 t,t• 1,,e the guns nork in determining safe visibility, the Byram haze meter was designed

cf tr' e ''tr ess of the horizon was correlated with the brightness of the background

standard size just described. In days when the visibility Is low, the farther

aci ' r.. '3 nen the point of observation, the less is the contrast between the background

G; this automatically lowers the visibility distance.

l a "c,L1 Fyfin haze meter employed in mountain country, however, has its limitations

r.eilred which all lookouts are not qualified to execute. The fact remains,

,Silty constituting so important an element of fire danger, it is desirable to

a,f i rtfe mileages based on instrumentti ratshr e n , n , rumor than to hermit It to be

tant of lookouts. The haze meter is new	 1, 0 le In 1'1	 er coistil plain

constructed whic	 , not dtmt ,o	 riof mountain ranges for
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COMMUn ICAT ION

'n'');;() tI pn. t1-10Dion n 	nxItnT,nl 3 Imnort-, rint	 in fire, central, it in nli • Hy	 !r

f i • 11 •,le nerrnnnInitlen	 irn snnel 3 and dnpenclabi n , such :Is thn
;•n ,,	 ti ro con t rol .	roovor,	 :•on Inc. ! rd on an nxl.nnst yn busts whIn}i 71kr1

of	 c(rrzmnin1"-	 •::etch	 iy•/11•0/14• fm' use ftl.	 tlisf)s by men who require nn

Wt t	 ee e u	 of tale fore s t •: re i er the n ull sd tltates having a Low poeulation • l r ott .a, L11,

l' !	h1701 In commun teat 0/13	 t nese have avoided It. The result of thin el tea tt on hes teen t

	

0:• b y forestry agencies, of thousands of miles of telephone systems in forested r e etone	 mere
eeTee etteellen Is necessary but where there has not been sufficient traffic to warrant the ettentton of the
p : e t In dtt 1 1 ti e e. It has been the general policy of all forestry agencies to construct these comenicet-
tIoee ::stems only when eub 11 e uttl 1ty 1 Ines were not aval able.

leee speedy communications systems commonly employed in the United States are (a) telephone,
(h) .elreraph, (c) radio, and (d) wireless. Foresters have relied almost exclusively, until recently, on

t:eicne for use in the forest. Radio is gradually becoming of increasing imeurtance. The teleeraph
and wireless have never played Important roles as forest communications systems because they o p erate on 1
coda basis which requires special 	 training for the user, in contrast to the telephone wh ten has very
simple operatin g principles.

The Telephone Systems

more are two types of telephone systems employed in forest areas. These are the "sleek lin e " er
grounded circuit systems whereby the circuit of electrical current utilizes the rrolml and one no	 ;Ii;

tine for completion; the other system, known an the metallic circuit, makes it posslele to transmIt sound
via two wires Instead of one.

TiTE GROUNDED LINE

The grounded or "slack line" system has been the one most commonly utilized to the forest to late,
largely for very practical reasons which are (a) cheapness and (h) serviceability.

The grounded line is cheap to construct because only one strand of wire need he 0:T7In7;

materials expenditures almost in half when compared wtth the metallic system. The right-of-way el 	 -seer),
11'.creover, , need not be so elaborate as the metallic circuit and the routing Is more elastic hecieee 	 ,1

ire Is suspended from trees. With relatively little clearing to do, original. conetruetten . , e,!*	 17; 'It

Thr.=.	 Ito greatest amolant of ml leke for fire control purposes is through wooled areas Whe:9

can he :Tisended from trees; thls eliminates the Investment In poles and resultant 7:al nter,l_nee

Yr(r1 a serviceability stand point, or "woods-worthiness," the metallic system is considerably t7-.170T-T
tiro grounded circuit. With the latter, a slack line can be constructed which will remain eery	 th

event a snag or tree falls on it;	 there Is sufficient slack to permit an obstacle to bear the lien
ground and still not exert so much tension that the line will be severed. Except In damp or we: weather,

mounded circuit system is still serviceable even though the wire may he on or clone in the rreee1;
weer such atmospheric conditions prevail, however, the fire hazard is at a minimum. It, w,W c1 h e :'f'1:1
to construct a slack line metallic circuit, but the expenditure required would be ap proximately n, tee
cost of the construction of a grounded circuit with very little more utility. It wrn,ld he

othle to construct a metallic circuit slack line with both wires on the same right-of-way In ire wetoch.
If the strands were near each other, gusts of wind would frequently cause the two strands of wire to Perm
couttuct which would render the system unserviceable for the period of contact.

I=ALLIC CIRCUIT

At the present time there is a tendency to construct metallic circuits in preference to grrded
(Yrcults because of Increasing traffic and higher utility standards. There is no doubt that t, 	 :Iletal I ic
cAreolt makes for greater audibility; this, however, is largely confined to the trunk lines rather than to
the short stubs, especially when switchboard service is available.

	

When communications routes were first installed In most of the forest regions, the demands We	 ;
mot, but as the organization was enlarged and as fire control measures became more Intense, the demulda on



ti1i,:lny: service on any specific

loss should be less than 31; the

atisfactory will be the talk-

Table 28

DECIBEL RATINIS ASSIGNED TO TELEPHONE LINES

(after Brown and Punka)

s at the disposal of a forest

omication system, he is able

le number of stubs, ringers,

the necessary boosting devices to

loses so that high degree of

tea for a specific circuit.

distinct limitations as a communl-

cchtrol, especially in suppression

-6 frequently render telephone systems

1 mile grounded line 	

1 mile metallic line 	

1 ringer 	

1 stub line 	

1 repeating coil 	

1 switch 	

1 receiver off hook (rubbering)

transmitter in use 	

passage through exchange. . .	 	

0.20 db. loss

0.0417 db. lose

1.00 db. loss

1.00 db. loss

0.50 db. loss

0.50 db. loss

3.00 db. loss

2.00 db. gain

3.00 db. gain

lino Is tied to timber, the trees burn off or the numerous falling snags sever
s tied to poles, at least several poles burn off and in falling break the circuit.

use r male has aided fire control communications considerably. It Is doubtful, however,
s replace the telephone, but when used to supplement the telephone, attains its highest

lal communication lines exist between the central headquarters of a forest and the
!sing forests, radio has its principal valuein one forest administrative unit such as

nyntc,s	 dually expanded until many arrived at a point where they were not function-

thc load was too great for the available facilities.

1 (..) developed some technical details applicable to telephone line construction
S'orejt Service Telephone Handbook (101) has to date excluded. A table of decibel

'	 13 an index for determining what is a workable circuit. The basis for "worka-

: too line to transmit the human voice; it is measured by a unit known as the

Wiley (103) has stated that an increase in one DB is the smallest unit in-

to the human ear. The DB is actually a logarithmic unit for expressing power
the audibility of a circuit. For the doubling of the power used In a transmission

increase equal to 3 DB.

types of Impedances which exert themselves in such a manner as to reduce the voice
lit; they might be caused by the resistance of the wire itself, the use of a

river, etc. Brown and Funke contributed material to forest communications
losses or gains in terms of decibels. The ratings have boon listed in Table 28.

fir	 arly, tenporary line cannot be strung fast enough to keep the base camp constantly
or a t 	 : on at the line of fire.

ts fcni0m	 its outstanding values are as follows:

c=muhication with lookout points which are manned so Infrequently that a telephone
an warranted, especially if the observation points are on an isolated, inaccessible

aloac contact with Improvement crews during an extremely hazardous period, especially
;,Pione communication at the point where the crew is working and a messenger would

creasing the elapsed time necessary to get the crew to the ftre. A radio with the
tore liaison with the fire desk or dispatching station and this eliminates

time 18 so Important an element, comnimdcatien between the fire boss and crew
3 the former constantly aware of the favorable or unfavorable developments on

ibl
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Figure 24

1113ht Communications On The Viroline Via
Portable Radio Set
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	 decision;	 duo
his unavoidable irmorance.

!-11	 1,,oween scouting planes used for
purposes, and the ground,

,,	 until recently only on
fly. -.nyThasts.	 Tice plane could re-

ss ivo r'•-	 ragesbut could not transmit
c=salication with the ground was

ab]Ished only by dropping messages
r:tm. the plane.	 Recent, radio develop-
Hts by Uegion 1 of the United States
:=7t Service have made conversation

7 , ssible between plane and sector crews
on the lino of fire by which the crew boss is able to ascertain what is going on at the head o r •j],e
fire. This will permit him to take whatever sort of action is required.

Moro aro certain disadvantages which the radio offers as a means of communication; these ar2 3..) the
cl of a technician to set up and operate under stress, (2) poor performance due to "blind" spots, l ocal
1.crference, and weather conditions, and (3) the limitations Imposed by regulations of the Federal Cm-

L:InIcations Commission.

7.xcopt for emergencies, it is somewhat questionable whether any forestry agency Is warranted in
110Ing up an extensive radio communications system which will duplicate a commercial concern. In sne

region of the United States, daily reports are received at the Regional Office concerning the
:'ru'd existing at twenty-nine points scattered over an area of approximately 10,000,000 acres. This
l'eT.ilts, however, In some duplication of private telephone or telegraph systems already in existence.

The use of radio for forest communications has its limitations because an essential necessity fer a
. is light weight for portability and yet sufficient ruggedness to withstand rough usacs.

( •;i vei.,.ht, the available power becomes limited, and the amount of power available determines the range of
satisfactory transmission.

Various types of seta have been developed by the United States Forest Service, desimed with fires!:
1:7 r ge particularly In mind. The information in Table 29 was obtained from the Radio Laboratory Bulletin
(s1).

In Table 29, those sets which are sufficiently light in weight for back-packing on a fire. have a.

Iiirited effective working range, but nevertheless have sufficient range for use on any going fire were
they have their greatest utility.

Typos T, S, U and A are ultra-high frequency (UliF) sets; this distinctly limits their use to two •
points watch are, lnter-visible, They are of no value where there are obstacles in the path of the radio

svg s; obstructions such as tall timber and ridges prevent their general use. For conversation between
wo Lockouts points which have no obstructions between them, or for conversation between a fire boss and

a scouting plane overhead, they serve the purpose very well.

Some practical suggestions relative to transmission of radio messages on going fires are digested;
below:: (37)

Messages should be written before transmission is attempted; this will cut down on dOpl1Ca*LOI

and wordiness.

Those messages which are received should be written down and filed to eliminate possibility of a
i
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Fie,:flivet, Wt. in
Pounds

Working
Rarge
in Miles

Approx.
Cost in $

Type of Usage
(Adaptability) Remarks

,,

v

x

voice

x 9 20 50 Smokechasers Extreme portability but has limited
use

x x 15 10-voice
20-code

75
,

Smokechasera im-
provement crews.

Has wider utility than P type

35 Firemen When used to supplement the PF typo,
gives it wider range of usage

x x x 58 15-voice
25-code

150 Field use where
portability is
not important

Requires less skill to operate than
the PF receiver; has higher battery
drain than PF; preferable to P and
PP'

x x x 125 50 375 Central Stations Uses commercial current; plug in on
any light socket

r x 50-
100

100 130 Stand-by opera-
tion

Limited to use in optical parts

z x 8 50 30 Smokechasera
fire bosses
scouts

Unusual portability and quickly set
up

z x 40 Airplane use and
two-way auto
communication

x

i , 
x 300 Central fire dis-

patcher office
Simplicity of operation

fit;$0,0

Table 29

TYPES OF RADIO SETS IN USE BY U. S. FOREST SERVICE

experience as radio or tele phone operators are preferred to those without experience.

- r2 with office experience are preferable to those who have a smattering of technical

p ; clear, voice, an even temper, and speed with a pencil are splendid assets for the
o lo cn a fire.

sacuid be placed in charge of all communications work on a large fire, preferable one who
tang knowledge as well as technical radio and telephone ability.

the radio has had its widest use in the Northern Rockies and Pacific Northwest, it need not
relons. The forest areas east of the Great Plains have utilized radio to only a

Isecauso of his previous experience in radio work, Oettmelr (102) was able to adapt it to
.'t-t) control work on a 200,000 acre tract of forest land in the coastal plain country of the
.ttuer eastern forestry agencies have recently commenced to exploit the utility of radio In

TRANSPORTATION

some regions consideration of a means of transportation is inseparable from a study of firebreaks.
,.1a,aJ of correlating the two depends upon the topography and the fuels.

relons where the topography is very rugged, It Is doubtful whether firebreaks are of real
caaentia2ly adapted to terrain which has no marked relief.

can easily shade into foot-rails, way trails, or truck trails, or a way trail can he used
nt of development for firebreak construction. Foot-trails can be converted Into fire-
effort; firebreaks, on the other hand, can serve as foot or truck trails.

oiennod opening through the woods can be used for transportation as well as for fire-
II, to :.;:rewhat difficult to define very clearly just what a trail is and what a firebreak

tArastet primarily for transportation purposes; the mode or travel Is Immaterial Inna-
te) ter root, coedit), or wheeled vehicle.	 incidentally, a trail air-ht tido serve as a

, t	 coliatructed primarily to Impede the dpread of fire; It Is located at those
If icialbarriersare non-existent or need to be aumented In order to bo effec-

Vt,a,rs'

d



e samead, If '1 fire occurred there. DererAent uoon the naHre of troll-
e	 lined for tr al .r ert it Ian i,urposer pn general adm Inlet:native work on tr o AA'

iLl•d erlrarlly for :111'Pro : sI o n , urp oses;„ a flroPreak, which is used f,r
aAl	 1	 a p art of	 t h,•	 ,alatten syst em, and adrnIdered as a trail rath er than a fllarrf

or	 r. OV O It,	 In olassed as a firebreak or as a trail is Important from a r!rarAal --
i;!.	 If a ! c rs trail Is	 justifiable because It serves the dual pur p ose of trans p orta t ion an we:I	 as a

bi	 l er, e.ro rdLtres	 for its development are surely much more justifiable than if its utility would be
he	 rulreso only.

TRAILS

f Iran fire sumo-31(n is based on low ela psed time between discov ery and 0 -r renoorir	 of
11(	 this mean, that a rapid mode of travel should he used. Truck trails. therefore,

t o marry vehicles at a fair rate of speed. In other words, low travel time requirements 'astif;
construction of a rood transportation system.

t e r , are a few regions in which It is cheaper to construct landing fields for planes oral I P	 0%
or lore rauls for trans portation of man-power, equipment, and supplies, than to construct a -,stem
lit; for Greedy transportation. A specific illustration of this is eastern Montana wh o re, In normal
the r i r ard is very low; the forest areas, moreover, are scattered and, to rake man- p owe r -11ckly

r . 'iabie. 'A. / trills for fire-fighting throughout the region would require a considerable P Y r'ef1 0 1 t Ire of
.	 for construction and maintenance of Improvements for a hazard which develops at a fre quenc y of once

I	 e iet I ] years rather than annually. The fuel types, moreover, are not of a nature dema rdir-	 man-
,	 t few lindInr fields will make transportation by air possible and eliminate th e reed for n. rer-

. r rt 	 Investment	 In a truck trail system. Way trails, supplementing the landing fields, are sufficient
to take care of	 normal fire season man-power requirements.

Trail Classification

The broad classifications used by the United States Forest Service (93) are as follows: (a) way
sermndary (c) primary, and (d) truck.

'rpg WAY TRAIL is one over which a loaded pack animal may be taken safely. It is bull!: rlmarily for
foot travel for fire control purposes.

maT CFCONDARY TRAIL is built primarily for pack animal travel, and so far as construct16n standards
remoered, Is mad--way between those for way trails and primary trails.

TIT YRIMARY TRAILS are those over which on an average more than one pack or Saddle animal will. pass
per day during the field season.

TIE TRUCK TRAILS are those constructed for administrative purposes and are designated as "tm!is"
Instead of "roads" in order to differentiate this type of transportation system from "roads" which are
supervised by the Bureau of Public Roads.

Was trails are constructed In regions of extremely rough topography which result In a high decree
Inaccessibility.	 They are most extensively used in western regions where, until recently, there ai r:. mhcii
" ;'71Ce country which could not be reached by any means other than way trails. The primary and se , mdiary
trails are of considerable importance in fire control work but their use Is not limited to fire control.
activity.

Standards of trail construction for the saddle or pack animal trails are relatively simile. The
t r.-III:0d States Forest Service Trail Manual (94-p. 16) states, "The object of the trail Is to moire cortan
of a passable route in the time of need." Grades should be confined to 15% or loss except for ahertd.ls-
iances.	 Because way trails are not frequently used, they should be distinctly marked to mlnlm i Fe time
eat.. In locating them during a period of a going fire. Treads are sometimes provided, but only 24 Inches

or 103$ in width.

TRUCK TRAILS are annually playing a more important role in fire control because their consi.rActio,
permits motorized transportation which Is an important factor in reducing hour control. They hale "td he
scrutinized carefully (1) from the standpoint of where they should be located, their constructionistird-
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esi maintenance costs, as well as (2) from the aspect of whether they may be a
In risk after they have been constructed.

sr mubjected to considerable criticism recently from the Standpoint of Item 2
ee In point Is the value of their construction In the Adirondacks. Llthgow
ad their construction from the standpoint of their contribution to fire control

ltate ran-rower movement which would otherwise be extremely tedious in the "hack"
seriously questions the value of the truck trail construction even from their

,c,ment of man-power, in periods of high hazard, to going fires. Marshall Is of the
Increase the risk far beyond their value from a presuppression and suppression aspect.
doubt of the value of the one-way, single-tread type of truck trail, and even points

ar 13 increased by opening the forest canopy causing the fuels to dry out along the truck
thereby making It doubly undesirable to have any movement of the public over the trails.
construction, he points out, the number of forest users will be Increased, and even

ee permitted to operate private cars over the trails, they nevertheless some day may
triviiesc.

viewpoint as that expressed uy Marshall is voiced by Dahlberg (97) who was formerly
r, Commissioner of Wisconsin. His view point is not so much from the fire control aspect, but
the effect truck trails have on game slaughter since areas whICh before had not been acces-

.heeefaree had served as a game refuge are opened to the hunting public.

forests, parlcularly in the West, formerly had Vast areas of "back" country, acces-
. tral]s; tnese areas today are open to the public due to truck trail con-

1 cttich,11 forests the risk has very definitely Increased since the construction
case in point lo the blueberry industry in the Northwest. Several national

In higher risk today than several years ago because the commercial gathering of blue-
:a ncreasel tremendously with truck trail develo pment, Is coincident with the period of

eTe.:D,en CLASSIFICATIONS are based on (a) degree of permanence, (b) type of service
nom.

The mesree of permanence is expressed in terms of (1) temporary, (2) permanent, (3) progressive

Co'

trail implies that it Is or was constructed on a location which will not have to be
e change In uue from a fire control to multiple-use road.

ad means that the location may or will later be changed; It does not necessarily mean
Itself, the material used or Its width, will not sustain a reasonable amount of traffic--
leareose for which it was constructed.

uction refers to locations which can be used, it, as, and when the standards are raised;
can se utilized in whole or part, but may have to be changed or refined in places.

trails are constructed, the standards employed are dictated largely by the type of

Ii use the trail. It is natural that a stub trail up a canyon should not require the
s In arterial trail which Is fed by the stubs.

TRUCK TRAIL SERVICE CLA SSIFICATION (97)
Joe service truck trail (3rd class) is one ' ,Mere 15 m.p.h. or lower speed requirements are met;
Is the allowable maximum grade.

service truck trail (2nd class) is one which will permit speeds of between 16 and 20 m.p.h.;
,eilewable maxim= grade.

:mice (1st class) truck trail Is one which will permit speeds in excess of 20 m.p.h. These
e the beckeone of the road system and are classed as primary; 6%-10% is the allowable

service truck trails are all single track; the high service trails are frequently double
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)

wIdth, but rot. necessarily

31 no	 e	 !	 II 	 NV	 ,11$	 /N''!I	 ; c lout l	 width from	 C' -	 .

Those rro	 ,	 ,	
'he L Y[	 r nervice a trail Is capable of witsta,rien ore hs

follows:	 r	 AfotJ,,	 gradient	 on tangents, on curves, on bridges, ('I) rhino 	 or curves,
( e)	 ,"' - g-v o	bankln, l'1(1 !r)	 fil l s Ind cuts.

Bridges and Culverts

Whether q structure spanning a drainage ditch or a stream is a "bridge" or "culvert" Is based purely
on Ito lonmtb of the structure. The width is referred to as the distance parallel	 to the direction of

st ream flow. A	 culvert 1a I ,1 '	 or	 less In length while a bridge is more than JO' In lonmth.

There ar e several	 types of tridmes dependent on the construction principles em p loyed. The most con-
tyres used on forests are: (1) mud s ill, (2)	 oiling, (3) low water, (4) king post truss, (5) multiple

irons and	 (6) suspension.

The first three classes are utilized where the span need not he excessive, i.e., where bents can be

constructed frequently. The types 4, 5, and 6 are used when to pographic conditions do not permit short
spans, 25'	 or	 less.	 •

The parts of a timber bridge are (a) hand rails and wheel guards, (b) decking,	 (c) stringers,
(d) caps,	 (e)	 piling, (f) mud sills, and (g)	 cribbing and abutments.

A "bent" is a unit made up of piling, mud sill, and cap on which the stringers rest.

FIREBREAKS

Firebreaks are Improvements which are generally constructed in anticipation of the occurrence of

Fires; they function (1) as a point from which to backfire, and (2) as a barrier which will automatically
stop the spread of fires. 	 Because they are in most cases constructed by heavy-duty equipment which is not
very mobile, they are seldom built at the time a fire is raging.

The nature of the construction Is rather varied. One type consists of exposing mineral soil which is
roc.-inflammable. The other type is known as a shaded break. To date, by far the most commonly used break
Is the one which exposes mineral earth.	 Several agencies have recently begun to use, in a limited way,

the shaded break, but its use is still In the experimental stage and results have been somewhat Inconclu-
sive. It Is possible that a combination of the two may prove to ho of greatest. advantage.

Mineral firebreaks are constructed by removing the fuels down to mineral earth either by grubbing,
burning, plowing, or scraping.

The width of the break varies from a single narrow strip not in excess of l' to 150', dependent upon
the hazard and fuel type.

In some regions, where the fuels vary with the vegetative type, and where the forest type lines are
no distinct as to be almost abrupt, breaks have been constructed parallel to the type lines in order to

prevent fire from passing from one fuel with low resistance to control, to another with high res'-tance to
control. Fires are known to start more readily in some fuels than in others, but the rate of ap-ad and
the resulting damage may be entirely different, dependent on the fuels.

The Ponderosa Way

Today California boasts of the "longest firebreak in the world," 650 miles long, known as the .
Ponderosa Way. Price (98) states that the firebreak was constructed to prevent fires from spreading from
too grass land, woodland, and chaparral of the lower valleys Where the rate of spread 18 high, control
clsy, and damage to timber values low, to the ponderosa pine type where the rate of spread is slower, con-
trol more difficult, and the timber values higher. The hazard of the grasslands and woodlands In extreme-
ly high during the fire season. Fires which start spread uphill toward the ponderosa forest type. The
Ponderosa Way will stop some fires automatically, but its chief use is to enable firefighters to backfire

against the rapidly spreading fires from the grasslands.

The break hoe been constructed under the forest canopy in order to utilize the principles adVocated
for the shaded firebreak. For a width of 50 feet to more than 200 feet in some places, the ground fuels
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moo:

ry rte., van! the canopy, construction as well AS maintenance costs are relatively
at' ua..,:e'ence of crown fires developing, watch would take the fires over the break

bee the break is on the edge of the forest type, and the ground fuels, which
have been removed. The width of the break is determined by the forest cover

at ion

• a;!, or firebreaks varies considerably by regions; its use in all regions is Increasing,
eler'Llort varies. In the Southeast where, by virture of soil and topography, fire-

3tructea, a forested area can no readily broken op by numerous breaks. Here thou-

rebreaks have been constructed.

In the more rugged, rocky regions,
firehreaks are utilized with much less
frequency because of the cost entailed for
.7obstructlen and maintenance.

Some forest fire executives are of
the o p inion that firebreaks should be
"automatic" to he of any real ' value. By
automatic Is meant that a fire will be
stopped when it butts up against a break
because of 'lack of fuel to carry It on.
Per Cbliforrio, Price (37) Is of the

opinion that firebreaks are of value
under two conditions: (1) in localities
where the values are high, and (2) to pre-
vent ,:onfiagrations by placing the breaks
on lines which separate one watershed from
another. For fuels which have an extreme
rate of spread,'such as in chaparral lands,
breaks are of little automatic value and
their value diminishes as the region be-
comes more Inaccessible, unless they are
automatic.

because firebreaks are used more
commonly in the Southeast than In any
other region, agencies in this area have

in their ecrs trrctfon. When fire breaks were first employed, they were gamer-
Lauweeb two turallel furrows; the width of the break between them varied from

Larnlm these widebreaks, together with the hazard entailed, caused their
laced with plowed breaks which have found rather general favor, depending on
'educed by the equipment utilized. The plowed breaks require reworking annual-

pi Ned treaka is 7' - 10', dependent on the riow. These breaks are generally
in that they can be constructed without clearing a right-of-way. Wide breaks,

kirine which entails considerable capital outlay and are therefore more expensive

.arrrwor, random nreaks.

flretikak depends on the thoroughness of pit/ming for location and the efficiency of

r:eke ore sometimes plowel parallel t.o roads to eliminate roadside fires; tne
to gm, ,g ;tI,N. A conelderotion of roads 15 BolwMmoi li ∎ novt!A enitrely and

Wrw,, r1 colo,our	 roll(mwl In t he: ,iouthe,et, it. rr,louriLly amounts

! e,dtrIt:2. A trunk is moil, effective when It. does net crust; sloughs, streams,

rn uLr;r words, the more clolly It ,:onr,rnv, to or lax-allele contour lines,

Sfi



The Intesity of a firebreak system 13 generally a balance between risk, hazard, and vale,

Th e unit of str lilest size with any cep eral use In lit acres. From this size, It diverges ironic•

emits	 of 4 0 , t ell and n40 act- hi t large r units.

o n some uttleh • l foro: z 1:1 In t" n0!It.h(t., the plowing o l Oective in 4 P acre blocks.
,	 iye e n rriv 00 1:.!0.;	 liy; acre blocks, especially when ClvIllan Conserva t ion Cor;ts

aid la aband o n , 1 ant th , (wi o r.1 apro c om pelled to maintain their Improvements out of their own resources.

' n 	 or firebreak.; Is a m a tter which requires consideration Inasmuch as It Is extromebl cost-

fre quently being between f.,Tt. and 	 of the original cost of the break; it Is considerably less,

H,.. c yor, where right-of-way clearance Is a part: of the original cost. Random firebreaks coot approxi-

matooi 10.80 per mile to construct. Adequate maintenance requires reolowing or reburning the break each

ye-.l' or at, the Innrest, every two years.

There Is a modification of the plowed break known as the "carpet grass break." This is created by

oiling the firebreak with carpet grass on the moister sites and centipede grass on the drier sites. The

ithry behind the seeding is that cattle grazing In the woods will keep the forage grazed closely.

Alln ongh a fire may hit the break, It is slowed up to a point where it can be readily controlled Inasmuch

'!f) toe r rass is always green except for the three winter months. The effectiveness of the seeded break

defends on the amount of grazing ; where well-cro pped, it is effective; where not closely grazed, 1r Is

considerably less effective than when plowed annually. These breaks, moreover, are supposed to reduce

maintenance costs considerably, although no Information is at hand to support this premise. Another

fallacy of the efficiency of the forage grass break is that the break is not green In February when it is

MOM . needed.

Shaded Firebreaks

q isborne (99) has pointed out that shaded firebreaks might be a desirable type In large areas which

have teen clear-cut. Forest cover has a definite effect upon atmospheric conditions under

This In turn affects the moisture content of the fuels. Strips of green timber would prob

raise the humidity, lower temperature, cut down wind movement, reduce solar radiation. Al

factors would increase the moisture content of the fuels; this would be of material assist

the segreen stri ps as a point from which to backfire. An eastern state has for several ye

shaded breaks, built alongside highways and truck trails. The hardwood canopy has not yet

fictently dense to crowd out all herbaceous growth. To eliminate the fuels, therefore, th

either hand-mown or burned annually. As the hardwood canopy becomes denser, it Is assumed

maintenance costs will become less due to the presence of lass herbaceous growth.
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Chapter X

FIRE CONTROL PLANNING

or

THE INTEGRATION OF CAUSE, HAZARD, IMPROVEMENTS AND MAN-POWER

or t,!: integration is to obtain minimum lasses in foro:,t values and a maximum return from

il-rovements which have been constructed for the purpose or providing orotection to the

16.

rire control activity which falls under this heading Is essentially concerned with the location,

and manning of improvements which will contribute toward the reduction of losses due to

effort, is today being expended toward producin g Planning teehnldue to make fire control ex-

:ir,re effective than they have been In the pant. lookout towers can he placed to better ad-

Alla cel be located where the risk 16 highest, and communications systems can conform to cur-

whim have outgrown the conditions for which the orlainal communications were designed. In

the lanning of pre-suppression work makes possible better fire control.

thoughfire suppression technique were perfected to the point where, with the arrival of a

fire would be controlled within thirty minutes, there still would be no assurance against exces-

]COC:3 due to lack of provision for detecting a fire while in its Incipient stage. The larger the

JrELter the loss and the greater the cost of sunpression. The objective of fire control is the

C,;33, not essentially the corralling of fires; this procedure is merely incidental to the

f loss reduction.

3';C.1'01 fires so that the loss will be small, IL to necessary to definitely limit the

. To -,:eep the size of the average fire low, the fires must be detected within a short period

, tlen and man-power must arrive on the job within limits determined by the degree of fire danger

CAUSES

The clasaificition and discussion of individual causes has been covered in Chapter III. In the

terra: : !oh of ::-otectIon plans, however, it is important that consideration is given to individual causes.

Ir	 Lne fires are caused by lightning, the detection, communication and transportation facilities

ot.	 ac.Atr:I'ed with a certain degree of uniformity throughout the area protected. If the causes are

man, and CO:L are due to railroads, 30% to campers, and IN miscellaneous, the lookout points

arrarigod so that they will give intense coverage to those areas where the accumulated records

at-tOts to be.

Fire Seasons

various forest regions of the United States have individual fire seasons determined entirely by

I!:ric and fuel conditions. As shown in Table 30, which is the basis for the graph on Figure 26, peak

r-i! seasonal. For those areas east of the Mississippi River, the peak loads occur in spring.

Tne peak loads in the western regions occur during the summer months. In the Pacific Northwest, the

rd• iAl buckles, and California, the fire season reaches its climax to July and August. In the Southwest,

reason falls off abruptly after July. In the Northeast, the peak of the season at the lower

is in April; in New York, in the more populous areas, a sharp peak 1s attained in April. In

;: . L;ey, however, the peak is much flatter; this creates a longer fire season in the coastal plain and

ait areas with an almost equal risk In March, April, and May. In the hardwood, mountain area of the

however, the spring peak Is much sharper, with 43 of the fires occurring In April in contrast to

balance of the state. There is, moreover, a rail season In the hardwood region. In the fall

the, fires start In the hardwood region as against h in the :instal plain ping area. In

peaR is reached in March, but the fire season comencon Iii De,:emher wnon 11,0 of the fires
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st to the Northwest where the summer months are coincident with the greatest risk, forest

a oient at that time In the Southeast.

J-ie objective of forest fire control is to reduce or eliminate the damage done by uncontrolled

-. If there are accumulated data which show that fires are more liable to occur In several

Cnr	 In others, it naturally follows, other factors neing equal, 1.ftxt a high investment in presto-

h	 1 suppression devices Is justifiable where the risk is high; less investment is needed where

Table 30
FIRE SEASON OCCURRENCE BY REGIONS

 

!

1 
Southeast Middle Atlantic

_ 	

Lake
States

--

Pacific
Northwest

South-
west

Cali-
fornia

Northern
Rockies

Month (
Fla.

1

Mts. of Level Topo
Minn. Oregon Ariz.-

N. Mex.
Ida.-Mont.

N.	 J. N. Y. N.	 J. N. Y.

Jun.	 1	 16.1% 1.7% 0.3% 2.1% 0.7% ... ... ... 0.1% ...

Feb.	 !	 16.8 0.6 ... 2.6 1.4 ... ... •..
Mar.	 !	 27.3 14.5 1.13 20.2 9.2 ... ... 1.4 ...

:qr.	 1	 21.8 43.5 15.7 28.3 37.8 22.4% ... 1.6% 2.0 1.6%

:.L.y	 1
4	

0.5 17.1 26.2 21.4 19.2 25.8 5.6% 7.0 4.9 7.9
. 	,

June	 i	 2.• 0.9 9.2 5.9 3.2 4.5 8.1 30.8 9.8 9.0
---,

.61y	 I	 1.1

2.7

0.6 12.6 5.2 6.2 14.5
18.9

5.8

24.4
37.6
13.5

43.2 23.7 33.6

0.6 14.!, 2.5 3.5 12.1 25.5 34.4
_

2tpt.	 1	 0.2 0.3 5.5 1.4 2.4 2.2 14.4 8.2

Oct.	 I	 1.5 4.9 7.3 2.6 7.9 7.8 10.8 3.1 15.1 4.5

1,uv.	 1	 6.7 12.8 3.1 6.6 5.6 0.2 ... 2.6 0.8

Doc.	 I	 10.3 5.6 0.7 1.4 2.6 0.5 ...

REFERENCES

Region Number of Fires
For Period Years

Approximate
Acreage

Protected
Agency

3outheset 4418 '29-'30;	 '32-
'33;	 '35='36 1,100,000 Florida Forest Service

Middle Atlantic 1117 1923-1927 1,900,000 New Jersey Forest Service

10,907 1931-1935 16,980,000 N. Y. Division of Forestry

Luke States 6,635 1933-1934 21,360,000 Minnesota Forest Service

Pacific N.W. 1137 1932-1936 3,759,000 3 Oregon National Forests
(R-6)

Northern Rockies 798 1932-1936 3,261,000 3 national forests,
Idaho, Montana (R-1)

Southwest 479 1932-1936 5,402,000 3 national forests,
Ariz., N.M.	 (R-3)

California 2573 1932-1936 5,115,000 3 national forests,
Northern Cal. (R-5)

Table 31
RELATIVE ORDER OF IMPORTANCE
TIME OF DAY AND FIRE INCEPTION

NEW JERSEY, 1924-1926

Frequency
Rating

percent A.M. P.M. Frequency
Rating Peroent A.M. P.R.

1. 14.2 ... 1-2 7. 7.4 9-10 ...

2. 12.3 ... 2-3 8. 7.4 ... 4-5

S. 11.7 ... Noon-1 9. 3.2 ... 5-6

11.1 11-Boon 2.4 8-9

10.6 ... 3-4 11. 5.9 ... 6-nAd,t.

6. 10.3 10-11 2.3 Mid't.-
8 a. m.
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gnveral methods are available for the d e termination of risk location. One means Is to lecat o or

to points where fires have started over a period of years, preferably of duration of seven o r zaH,

rd Is the fi gure fro ia oo tly used. This will Ir oduce an ocular means of locatin g areas of high

r t rIc. The risk frequen c y ,.. in als o he deLogrined mathematically by zonin g the area q11(1 determlnIng In-

ro'lLive Imeortanc o af t + !- severa l zones. Ellber method will Produce the same results, I.e., learning

t ra l o cation of th ose IF , 1:3 whle l l demand considerable protection because of the brobabllity of the occur-

rence of Tiros.

Time of Day

if the pyrosity of the fuels were constant and human activity of equal intensity throughout the

nerled, the curve of fire inception would he almost a horizontal flat line. With the fuel

wtip and human activity both Increasing from dawn to noon, the fire danger mounts because the hazard

;ell rInt both undone acceleration. The period from 10:00 a.m. to 4:00 p.m. Is the peak.

Figure 27 Is a graph of the inception of fires for the fire season 1924-26 for Now Jersey and for

3 for rlinrbsota. There is considerable coordination of the curves of inception because the fires,

zlth the exception of 10% of the total number in Minnesota, are due to human agencies.

1-15-
MINNESITA	 - - --

3478 FIRES

_	 NEW JERSEY.

358I FIRES

TI MF OF DAY 

IVIAN CAUSEC FIRES
AN D

' f;ure 27

10-



go acceleration. The period from 10:00 a.m. to 4:00 p.m. is the peak.

HAZARD

'end and resistance to control are determined by the fuels, wind velocity, and slope;

ssociatIon with each other, constitute forest fire hazard. The percent of slope and

fIctors of the fuels, such as their size, thickness, arrangnent and state of decom-

staat. The combustibility of the fuels, us determined by the moisture content, and the

'tables; the more important of these is combustibility which fluctuates over a

within short periods of time than wind velocity. Combustibility may Increase steadily over

, arty-one or more days; with wind velocity, however, there may he a maximum of 15 m.p.h. on

,..n. the following day, and 10 m.p.h. on the third day.

;tors enumerated above, fuels contribute such a large share of determining the hazard that

onim work which has been done to date has been in connection with them.

od previously under the discussion of fuels In Chapter IV, they can be classified concern-

Lance in suppression work, i.e., their rate of spread and resistance to control. Those

,re an LL rating certainly do not demand the investment in improvements that EE or HH fuels

slope Is also a factor which contributes toward the rate of spread, It has to be accounted

or spread of a given fuel type may be only M with a 14 slope, but if the same fuel condi-

slope, the rate of spread will be higher; this will erociace increased fire danger.

A.ttack

Peas au M, H, or E rating for rate of spread will influence the amount man-power which

el the Job within a given amount of time in order to control the fire before it Is able to

. Travel time is a variable element which can be adjusted to meet the control requirements

In order that travel time requirements for various fuels may be calculated, tables have

y Wrnby of the Northern Rocky Mountain Region for the allowable amount of time between

uctual control, rate of perimeter increase, and rate of construction of held line for

in crews which generally consist of one man in that region. The calculations however, have

for initial action crews of less than four men. The formula which Hornby has prepared for

ravel time, with the above as the known elements, is discussed later under "Transportation."

'Yea in Figure 28 indicate that for the

mere 1	 1 or fires with a low rate of spread

tre wl	 to probably a perimeter increase of two

:ins `<r !;ei.r; a few will increase their pert-

.eter L., tho rate of 10 chains per hour; a very

n,;or In the low-spread fuels will increase

an 20 co :.t:re Chains per hour. The rate of spread

nflus,:, in addition to physical character-
faels, by slope and fuel dryness.

acre drawn from data obtained from

Table 32
SMOKECHASER TRAVEL TIME* REQUIRED FOR INITIAL ATTACK

WHEN BURNING CONDITIONS ARE AVERAGE

Rate of Spread
Fool resistance to control

Extreme High Medium Low

Extreme 0.75* 0.75 1.50 1.50

High 0.75 1.50 1.50 2.50

Medium 0.75 1.50 2.50 3.75

Low ... 2.50 4.50 0.25

*Travel time expressed in hours or fractions thereof.

6800 fires which occurred in the several forest types with cut-over lands representing the

f spread and white fir and spruce the lowest.

In lt1 determination of the fixed or constant hazards for a forest area, a reconnaisance must be made

solo on the basis of their effect on the rate of spread and resistance to control.

DETECTION

of )1annIng the location of observation points covers two phases; (a) the one is concerned

94
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Northern Roctr'57.iriEilaElegion, U.S.F.S.pigure 28

2

with the location of lookout points for an area which has not been previously protected; the other, ,) Is

for the purpose of revising the system which exists currently but which has been out-moded because Wan

Increase or decrease in risk, hazard, or funds available for protection.

Because considerable Investment must be made in the installation of lookout points and trails which

uer-:ice them, the location planning demands conclusions arrived at on the basis of a thorough study of the
/- ot)]em. Trails are constructed as a service to the lookout points, 1. e., to facilitate the movement of

-power for fire control purposes, consequently their location should be Subordinate to the requirements

,f the lookout points. The quick detection of fires demands the location of lookouts at those places

thlo can he accomplished. There Is seldom little doubt, after a study of the matter, whether

has better coverage than Point B. If Point A has superior advantages to Point B for quirk

ton and direct coverage, then A should be selected even though it may be easier or cheaper to const.ruct a

to B. On the other hand, If points A and B are equally effective as lookout points, that. site
'Ioti]fl he selected which will give consideration to other items such as use for utilization or recrea- '

9b



Photo by U.S. Forest Service

Figure 29

SEEN AREA MAT'

::.bred arum	 directly visible from the cable of the 40' tower. or tlm total
iLlAn the 1u—mile radius circle, 20.9% is directly visiLle fre q..: this point, or
t“Ict: the area visible from a near—by point illustrated in rirnre 30.

90 



20 MILES

Photo by U.S. Forest Servioe

Figure 30

There is 12,0 of the area or 26,736 tiaras, directly visible of the 201,062 sores
within the 10-mile radius. The seen-area from this point, or 25,736 sores, is con-
siderably lees than the 42,022 acres seen from another point, six miles SSE', il-
lustrated in Figure 29.
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ee	 `z; Gcr Unit Area

eeeeJt density per million acres is determined by the risk and hazard. Hornby (85) has shown

Bert ern Rocky Mountain Region, where lightning contributes a large percentage of causes and

sometimes extreme, 30 stations per million acres provide the highest rate of effi-

Lies greater than this, there will be rapidly diminishing returns. For regions where

eeeeed chiefly by man and concentrated in rather definite areas, the lookouts should be

:. density greater than 30 per million; where the risk is low, the density should be less

Ilion. These data as compiled by Hornby are pertinent to the Northern Rockies; for other

eeity would probably vary.

oeet topography of the Northern Rockies, when 75% of the coverage provided by the detection

lee overlays was produced, 25% was scattered and assumed curious shapes. Coverage In ex-
reetely diminishing returns. Also, when 50% of the seen-area 18 covered, overlapping

iaaxosts results and when 80% is reached, the remaining 20% Is scattered among small areas.

eee taints per million acres would have to be manned to obtain 100e coverage In rough tope-

le Re ee,Ints cover 75% to 89% of the 1,000,000 acres.

for the plarning of a lookout system has been prepared by the Eastern Region (R-7) of the

Forest Service. In their discussion of the technique, Abell and Beeman (99a) state that the

is to prepare visible area maps for 65 to 85 potential lookout points per million acres.

Is recommended in order that secondary points as well as primary points may be estab-

e	 e0 were prepared from visible area maps made in connection with the lookout system

conducted by Abell and Beeman in the Southern Applachians. It is desirable to point out

1-(..eU;igb. of area directly visible from the lookout point for the 10 mile radius is relatively

r the Rich Mountain point, and only 12.	 for the Slaty Knob point. Close examination of

will show that when visibility is low, Slaty Mountain will be a more effective lookout

Rice mountain for the reason that within a five-mile radius there is a larger percentage of

tly visible to the lookout. Periods of high hazard are very frequently accompanied by low
sit in the selection of the more desirable point, visible area only considered, Slaty Knob is

paInt. Tnere are other factors to be considered, however, such as danger zones, based on in-

e)cy and fuels, effective visibility radius based on haze meter readings, as well as seen-

eethed of computing the relative value of the several. lookout points based on the above

eee eeen fonnulated by Abell and Beeman (99a).

iereee eers Vs. Firemen

early period of forest fire protection in the western regions, it was considered good practice

eeervers on the tallest mountains. High altitude was assumed to give maximum detection ser-

eekout points were scattered at a low density per million acres, and the suppression work was

eanasers who were quartered with the lookout or might have been located in a near-by valley.

eee found that altitude was not closely correlated with low detection time, the "fireman" system
_.:cod. With the use of firemen, the man-power would be spread out more thinly over the .3ame

detection and travel time lowered so that hour control standards could be raised. The use of

system however, is based on the premise that one man can successfully take initial action and

fire while it still Is in the class "A" size.

TRANSPARENT OVERLAYS FOR AFFECTING COORDINATION

L:o coordination of the areas of high risk, high hazard, and good detection coverage, transparent

UOU(1.	 The overlays are constructed of transparent material on which have been shown with

one ort at the area which is seen direct from the lookout point; the clear part represents

es°	 If on area of high hazard or high risk can be scan through the transparent overlays,

ee eh undesirable lookout point has been chosen.

.	 widl..1A discussed by Hornby (85) and Abell and Beeman (99a) there was available for each look-
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out or potential lookout point, a seen-area map. In a process of trial and error by fittirr cc w o-n-

visibility maps over the fuel and risk maps or by computation, those lookout points which afford
covoriae for areas of filch risk and hazard can be selected. If by this procedure, Im proved point2
poorly in comparison te unimproved points which produce a much better coverage, abandonment of the old

may lo,justlflablo.

Disadvantage of Panoramic Views

Aa r;)o been pointed out previously, the United States Forest Service conducted its orl7tnal firs awr-

work with considerably less money and experience than it has at its disposal today. As morn funds

p IT:ally became available, more improvements were added. In the case of lookout points, the orIiirnl
-elections wore merely supplemented; this meant, however, that if the-original point was actually aeorly

; ,)cit ,̂ ], by usinr it as a focal point for additional locations, the error would be transmitted and

-k; p ifled if the point was used as a base in the selection of additional lookout sites. The Californiaa

: ( ,;ion has recognized the existence of poorly located lookout stations with the result that the whole
!a3tler of location of lookout points has been reviewed and analyzed. After the analysis of location was
T-, (1?„ It was found that many lookout points which afforded excellent panoramic views wore in reality in-
erflotent from the standpoint of meeting the requirements of observation points, mainly based on seen-area

within limits of effective visibility.	 •

Brown (91) based his study of effectiveness of location of lookout points on some of the California
National Forests on a definite plan. The high points of the analytical procedure are outlined below.

1. The area studied was first analyzed as to risk; zones were established on this basis.

a. Each risk zone was broken up into groups based on four classes of risk, or frequency of inception.

Seen-area maps were made for each lookout point.

The number of acres In each risk zone multiplied by the average annual risk for ten years pro-
d.xed the index of the importance of the specific lookout in question.

Under the system outlined above the nature of cause, area seen, and risk were the only factoro con-
sidered; hazard was not included because, according to Brown, there was seldom an important variation in
the 'eels of two closely competing lookout points.

Transportation

One of the earliest attempts at transportation planning has been discussed by Show and Kotok (79)

far (7111fornta in a publication on the subject. The idea of incorporating the transrortatlon
?-.ant contributory toward reducing hour control time was refined by Norcross and (There. As nta tad it!

Norcross and Snore (90), the objective of transportation planning is a transportation system which will
deliver man-power for fire fighting to any of the area under protection within the limits of travel time
allowed for the fuels in which the fire Is burning and at the least annual cost per unit area.

Determination of Travel Time
The study of fuels, as discussed under that heading, involved the determination of the rate or ncrnDl.d.

In terms of chains of perimeter increase of a fire in low, medium, high, and extreme rate of s pread foals.

lag knowing what the rate of spread of fire in a given fuel type Is going to be under "average" bl.;!',Irp; con-
ditions, and assuming that the detection, communication, and get-a-way elapsed time standards are (10Triled

with, an estimate can be made of the maximum amount of time which can be allowed to the suppression unit
,:c17,11 Is supposed to make the initial attack. For the purpose of this immediate discussion, It wII] be
assamed tht the initial attack will be made by a fireman inasmuch as this type of planning work aas
greater use in the West than in any other regions. The fire-fighting capacity of the average fireman or
initial attacker Is known; in other words, his ability is measured in terms of chains of fire perimeter he
can control in an hour under low, average, and high hazard burning conditions. It is the combination of
iaose two factors, (a) the rate of spread of the fire in a specific fuel type, and (b) the controJ. (.1-
Ity of the fireman, which determines the speed with which he must arrive at the fire. If the fireman most
travel over a way-trail on foot, the amount of time required to arrive at his destination point le gornt

to be considerably greater than if he is able to reach the same point by means of an auto via a irucl
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J	 to be made, therefore, whether IL would be more economical to add another

-dot a truck trail whereby the hour control time could be reduced so that the

	

rt	 within the control time requirements.

Fecillties and the Time Factor

: silly confronts persons engaged In fire control pre-suppression nlanning is

	

)n a	 e.',Ich Is mounted on a wheeled vehicle can travel four times as fast as a man

, i.el by foot, the area of a specific fuel type which the mounted person can cover Is

anal four times as great as that which the person who must walk can cover. It must

wheeled vehicle will not always deliver to the line of fire the unit taking the

w.11,lee Is generally required. Figure 31 illustrates the point made above in that,

travel time for a given distance In each direction is approximately equal; with

. waien a car may be operated, running in one direction from the point of departure, the

—red eitnin the desirable time standard can be enlarged; with several foot and truck

	

w I	 can	 he covered is greater than with only one.

,f fuels, a tabulation of rates of spread for each of the fuels, and an overlay of

have been selected because of their high percentage of seen-area quality, the trans-

hen be ride which will make It possible for the fireman to arrive at the several fuel

fired to service. If the rate of spread is low, the fireman may be able to reach all

Ilrect visibility by means of foot trails; if the rate of spread is high, demanding

trAll will have to be constructed or another lookout point may have to be establish-

, fir , , control standards of allowable loss.

teete:eee.eatIee eevIslon

where fire control has been practiced for several years, resulting In the improvement

eee the construction of trails to service them, it may be necessary to abandon some of

/164 ones after the fuels have been mapped. To arrive at a decision for the change,

lays' of the area which can be covered within given time limits from the existing

rated; these are then placed over the fuel maps. If the transportation silhouettes do
‘JSste the time requirements of the fuels, new trails have to be planned.

before under "Hazard," Hornby prepared a formula whereby the travel time could be cal-

"ellowing factors of initial smokechasing attack for mid-day fires are known: (a) allow-

;rel time between discovery and actual control, expressed in hours, the symbol for this

"C u ; ( b) speed in constructing held fire line, in terms of chains per hour with crews

,eea, formula symbol being "W"; (c) rate of perimeter increase between time of discovery

is begun, symbol "p"; (d) report and getaway time, symbol 0.25 in formula; (e) travel

LIty desired by the application of the formula, symbol being "t".

CW
t	 w 71 0.5 P - 0.25 hr.

Si2hoae

COMMUNICATION

or overlays have been used in redesigning telephone communications systems. The general

ee by Brown and Funk (101) for redesigning telephone lines in California national forests

e elanning new systems. Briefly, the procedure is outlined below.

on a map of the area under consideration the location of all existing and proposed
Ind all eolnts on the forest which must be served with communication.

tr noparent overlays of commercial telephone lines and power lines.

c erlay which will serve as a model communications system, keeping in mind the present

ation system and commercial telephone lines.

contunicetlons system overlay, commercial systems and power line overlay, the
for est communications system, and the map showing the points requiring communica-
maLerlul, a new system can be planned on the base map by utilizing those parts of
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whIch calfomn closely to the model system and discarding entirely those links in the old

Anhot be ,-.dented to the present and probable future demands. These missing links will be

those on the model system map.

THE FIRE PLAN

o plan is the action prescribed when a fire breaks out. The plan is prepared in advance of

acticn; it contains the facts on which the proposed action is based.

plan should be made up of the following parts: (a) atlas, (b) copies of special fire in-

:ersonnel concerned with fire control, (c) emergency plan, and (d) cooperative agreements.

3,	 fire plan prepared for each administrative unit.

contains all those facts and data on which the plan is built. It should contain the or-

rt showing all the personnel engaged directly or indirectly In fire control, the visibility

looKout point, communications maps, transportation maps, fuel maps, risk maps, maps showing

f unburned, single-burned, and multiple burned areas, the plan of organization in the event

of fires, I.e., who is responsible for initial action, where the reenforcement action will

soc records regarding cause classes, costs, elapsed time, damage, and any cumulative fire data

or assistance in analyzing any situation before action is taken.

IRE INSTRUCTIONS involve details applicable to specific administrative units. With several

' t s each of which has some peculiar problems under one superior, procedure could easily vary

:3 when the risk or the scheme of suppression may be totally different because of topo-

r type. There are generalized fire instructions in each Regional Fire Manual prepared by

-Lt:6 Forest Service, but these cover policy rather than specific action for individual
e;cial fire instructions are supplemental to the fire manual.

.:ENCY PLAN is designed to meet an unusual situation with which the normal man-power or over-

fst cannot cope adequately. In order to minimize the time required to obtain the necessary

5eri or materials needed in an emergency, these points are thought of in advance and plans made

..:urgency in the shortest possible time.

TIVE AGREEKENTS are sometimes made between public administrative agencies and owners of

wsereby the private land is administered for fire control purposes by a federal or a state

::se cooperative agreements generally include increased responsibility on the part of the

it Is desirable to include them in the fire plan so that the responsibilities are clearly

all concerned. Although cooperative agreements involve additional responsibility, frequent-

some cozTensation in the form of increased authority in some area, or the availability of man-

mIght not be otherwise available.

plan will vary distinctly with local conditions; what may be acceptable procedure in one

of be applicable in another. The outline of items to be included in the fire plan, listed

6/, has general application, subject to additions and revisions, with few deductions. Briefly,
which is drawn for any administrative unit is the result of anticipating various combina-

,,Itaations. The purpose of fire planning is preparedness, coupled with imagination. Headley

stated, however, that the imagination should be under full control, tempered by reason and ex-

A good fire plan is the result of anticipating the requirements of a situation when it may

unusual conditions.

[1-(., plan includes the composite of all studies conductea for any administrative unit; it covers

211 :s	 of fire control so that, in any period of low or extreme hazard, all situations can be met and

\N111 be executed on a procedure calmly planned. The result of following a plan of this sort

ly action. Most large fires are the result of either poor planning or poor execution of a

Either will produce unfortunate results, but a deficiency In both will magnify poorly managed

• cad viewpoint, the fire control manuals Issued by each regional office of the United States

represent the fire plans for the several regions. Certain standards of procedure and
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t.erformareo are preseribed In each manual. The orderly execution of the procedures general:::

)owned loss. The manual of the Inter-mountain Region (R-4) of the United States Forest flervie

-4 0 0!lent exam ple of conelfi r.,., ord erly arrangement of material.

:moma more narrow nolnt, of view, the fire plan is a set of specifications for lndIv14eal e4m'els-

trlivo units. The essential difference between the Regional Fire Control Manual and the fire elan for a

ranger district, Is that the former is the more comprehensive but the latter is more specific.

PERSONNEL TRAINING

As covered in this discussion, the personnel referred to is essentially the part-time employee.

P-euo employees who require instruction and training are (1) lookouts, (2) smokechasers, (3) dIspachers,

H) per diem guards, (5) scouts, (n) pump operators, and (7) fire bosses. Although many of the men who
these positions are part-time employees, they serve as the backbone of the presuppresston and nue-

ression organization. The purpose of the training Is to show clearly to each employee just what his

particular duties are and where he flts into the fire control organization. The men in the positions

Tisted above take the initial action on fires, so each person performs a vital function. If each employee

is qualified to perform the duties Imposed upon him, the likelihood of having large fires occur /9 much
ices than If there is some question as to duties and responsibility. Without a clear understandin g of

huties, confusion can easily occur. With a high turn-over in part-time personnel, It is necessary ' to have

:annual training periods. For instance, a lookout without previous instruction knows nothing about the use

of a haze meter; he requires special Instruction in its use. A fireman must know how to arrange his pack

so that everything is in readiness in event he must control a fire. A Scout must be told just what is

expected of him on a going fire so that no time is wasted; he may have general knowledge which qualifies

him for the job, but he needs to be informed specifically what Information is needed when he makes a

reconnaisance. In the western regions of the United States Forest Service where part-time employees are

used to a considerable extent, the importance of training has been recognized. Several national 'crest

regions have produced manuals on the subject to serve as a guide to administrative officers eoneerred with

Instruction of part-time men in fire control. In order to train these men adequately, two western regions

of the Forest Service prepared special manuals of procedure on the subject (107) (108).

The Pacific Northwest Guard Training Manual (108) breaks up the group training jobs Into c'everal

cectlens--(a) fire prevention, (b) tools, equipment, and quarters, (c) detection, (d) smoke ceceir,

(o) small fire suppression, (f) the use of standard forms for submitting reports, and (g) advanced train-

log for specialty jobs such. as camp boss, pump operators, fire chiefs, and scouts. This procedure uti-

117co time effectively; It eliminates addressing smokechasers, for example, with Information on scouting

for which they will have no use.

Table 33
EFFECT OF FIRE CONTROL OVERHEAD AND TRAINING OF TEMPORARY

HELP ON AREA BURNED IN THE NATIONAL FORESTS OF
THE NORTHERN ROCKY MOUNTAIN REGION

Year

Yearlong Man-Power
Available for Fire

Control Duty
(Number of Men)

Training given to
Temporary Employees

(Man-Days)

Area burned
(Acres,Nationel
Forest Land)

1922 188 1100

1923 194 1350

1924 191 1700

1925 181 1850

1926 190 2250 400,000

1927 196 2600

1928 200 2750

1929 190 2800 300,000

1930 188 3350

1931 152 2900 130,000

1932 154 2500

1933 149 1450

1934 142 2300 360,000
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has shown statistically for the Northern Rocky Mountain Region in Table 33, that there

oliot relation between seasons in which bad fires occur, reduced year-round fire control over-

,,,%3 or °Ire control training given to part-time employees. In 1934 there were fewer

ourld rare control men in Region 1 than for any year subsequent to 1932; there were also

given to the training of the part-time personnel. There were high losses In 1934.

correlation between personnel training and decrease in burned area. The increase in

erter several years of short training periods may, or may not, have been a coincidence, but

elent of probability which cannot be ignored.

works well in the training of temporary men is to subject prospective employees to a

period well in advance of the fire season to determine the ability of the prospect to

of information required of them. Those prospects who do not function satisfactorily in

should be eliminated from further consideration. The men who are likely to prove

id be sublected to group training at a later period, but prior to going into the field;

these group training periods with the more experienced full-time and former part-time

Sou background for their job. After the inexperienced employee gets on the job, he should

Individual training so that questions which may have occurred in his brief period of

atisAered. This contact also affords an opportunity to make corrections if the wrong pro-

followed.
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Chapter XI

EQUIPMENT AND SUPPLIES

Adaptability

The type of equi;irent used on any going fire Ts determined by certain regional sidnTh—i

rased on fuel conditions, topography, availability of water, and method of attack. In other w^T.fTS,

adaptability of the equipment to the particular job at hand determines the standards. W1.1!n

r(7,1on, or a particular fuel within a region, there are forest conditions which make it poF7q1le

standardize equipment.

In the Southeast, characterized by relatively level and rolling topography, motorized fire units,

vier using equi pment, and direct attack form the basis of the control of most fires. in t)ie Rocky

rountain regions with their rugged topography, water-using equipment is adapted to a limited number of

fires; a few special hand-tools are the principal means of securing control lines with the parall e l method

and trenching as the genera] system for control. In the eastern mountain hardwood area, hind tools,

a special rake, are generally the accepted items of equipment.

Hand tools

Each forest region has Its "pet" equipment, the product of experience on the firlire.
	 t.'7 e WO t

Photo by U. S. Forest Sorvino-7.2S451

Figure 32

1--Smoke Chaser's Pack, Open, Western Regions.

Equipment Includes--

(a) Compass (b) map folder
Detachable-Handle Shovel
Pulaski Fire Tool

(e) First Aid Pack (f) one day rations (g) canteen
(h) Flashlight (1) carborundum stoney The above all wrapped in a

(j) shelter-half.
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f o r machine trenching in the West.
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Dig re

Ive-dicc plow

Photo hy	 Plow f hh,jm! v

Figure 35

B--31x-disc rovereiblo harrow

Firebreak Construction Equipment Adapted To
Coastal Plain Topography and Soils

fierce: t, there is always a deficiency of wo , .r e ; -
have amend	 to run and the ground water tuhl,,
to le the which demand special oquipm r st for resde
To be ured at their maximum efficiency, neakri_oqt-7 tic
equipment, requires tremendous quantities of 
streams hove dried to the point where very
able, the only genuine utility of the pum p ing ravit.;7e-'
loggiw7 trams to prevent the bridges from bnrnirm.
water is available at Some other point and can he Lruhn • urhrA in
tank cars,	 •

The smaller pumps, which deliver water at a rate o' o ssrc I-
mately 25 gallons per minute, require only ore-quarter	 val
ume of water which the larger pumps, which deliver 120 mtll)nrs
per minute, demand for their efficient operation. Whoa naier
must be transported by vehicles to the proposed point 	 •n", r h o
large purrs are of little value and the small ones have limits,
even though tanks mounted on trucks are able te dell7er
lens, at one loading. This volume of water would kee p t !f ,	 7,t
o perating for only twenty minutes. When water 7:st le 	 .f-:-I
animals or man, the heavy duty equipment Is Impracticoble.

All of the heavy duty pumping equipment, which has be en de-
signed for forest use is allegedly portable, but when 11-1

weigh as much an 1.25	 in

range of traunronIT.nt!tn
15 extremely

units which wei gh nunruY,-
forty nourin .re trhly
for short dlutonces.

Where direct attack eau be
made from trucks, tanks and'
pumps have been mounted on 11;tMt
as well as heavy trucks. A light

Most of the pumps uru
to develop a no •7ale pr
100 pounds, nor^ o ,. 1 r/-:r
pounds even with a 1.M 11-th )n! . II:c
through 21)00 fart of
lined hose. (111)

The use of numpu

availability of none wr!n)
manufactured In 50-foot it.7.n

for the purpose of facilttai,Ing
the handling. The weight tg' a
length of	 hose vnrtun

13 and 30 rounds. Where eocs,
is required, weight Is a flu . er-
tant item.

barer pump has been devised whereby the power necessary to
of the motor. Another type is driven by a connection with the transmission or drive
hThhl Is of particular value on light, mobile units such as and 3/4 ton "pick-ups."

adapted to heavier jobs such as l4 ton and 2 ton trucks which are able
nf voter but are essentially less mobile than the lighter trucks. The nozzle
typo of pump Is approximately the same.

In the development of the heavier type of pumper tank truck, California has

operate the pump is obtained from the fan-belt
shaft. The tamer
The latter 'a-no 'a

to carry greater quartit!e3
pressure generated by el.')h

contributed considerrifly.
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, ,noelal soil softness or

tl ig greater traction
. been placed on the

f G traction can be greatly

,	 rrits greater use of pump-

nt	 ac files. The "Tractioneer"

eea the ground contact of the car by approximately 240 percent.

has devised means whereby adequate supplies of water are made readily available from

table in the Lake States Region. The technique, however, is limited in its utilit
y to

fat LG orraphy such as is found in the Lake States Region and the Coastal Plains. The p..,lping

(. 0 31 trned by Stewart makes water available by the jetting method of sinking a shallow well,
lob is able to get water to the surface from depths not greater than approximately 23 foot

,„"t	 quantities to supply 30 to 65 gallons of water per minute. Stewart designed a portable

wells which will produce ample Supplies of water within 15 minutes after the rigging is

to t,c able to procure water locally by this method eliminates the necessity for long water hills

,y1	 water to the pumps.

the jetting system, firefighting by direct attack becomes possible oven when the heat generated

as cenhustlon is too great for smaller water-using equipment such as the back-pump. Swamp and

( II	
be completely encircled with wells and pumps so that the fire can be drowned out and

w:au&sity of a long vigil, deep trenching, and the constant threat of the fire totalling out

be eliminated.

flatwoods of the coastal

, re dralnaga Is poor resulting
va.ich must be crossed, 14

tanks have proven

ton pickup, with a

z,f1 tank capacity not in
whict will permit con-

, cr.,,tion for approximately

value. It is

ct conditions; this fact,

rable difference in cost

tc of a pickup and a 1 ,L ton
cost of the equipment to

ref e rence to the lighter

utilized this type of

against farm fires as

:tculf (150) has outlined

it and the advantages of
Davis (151) has

I,)ns for the equipment on

California. The equipment

the several types of

lighter type 14 ton

o,.ty type the principal

ih	 considerable quanti-

Ho from its 600 gallon

Photo ly U. S. Forest Sorvioo-n1W1
Figure 36

Portable Heavy Duty Power Pump With	 Hose

Goa

, .	 situations in which the man-power available is considerably In excess of the equipment on

t,"Ititinz, tool units or assemblies will vary by regions, but one point Is fairly 
common to
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all -	 1,(,)1	 lrirt. from • !11 rather tools no that they ire always availa b l e f or f

fires a .• nd promnl aott es, no dolay In the for or	 search for tools can be toleratel,

!rt i arnont,	 .)ro formed oo rho !YI:;fo or the number of men who will us e them - -

I: -man, ill-mau f! r ows - a i l issembled aril ready	 for Instant use.	 Local praotloo wIl! dietti e 'ae

	

ci h i- !tees Mo-b will	 be In c luded. For a one-man crew, such as Is used bv a smokeciaser and

riety of 0 , ' p ilhillent will be less than where the crew Is composed of several men, wbes the crew is

	

o peratin g from a vehicle,	 the various ty pes as well as the quantity can be greater Par T er !n t he oven

than in the case where everything requires back-racking.

At one time equipment caches were used extensively. These were scattered at various points throu gh-

PT, the forest to speed foot travel. To avoid carrying, equipment enabled the firefighters to make better

=' 0 rre05 and arrive at the destination in better physical condition than if they had been burdened with

tools for several miles of foot travel.

With the Front increase in road construction, making forest areas much more accessible b y track,

is today much less need for the caches. The tendency has been to concentrate the equipment at the
re711r equipment derots, of which there is usually one for each administrative unit, with a few tools
•''11.1.,red over the balance of the area charged to road crews and other forest officers Who, it they en-.
counter a roadside class A or B fire, will have some equipment available for Instant use.

Service Condition

After service on a fire, tools should be reconditioned and again sorted into units ava i lable for

Immediate use. Th o re Is very seldom an occasion when tools which are taken from tha eaui efl art deito for

saftrossion work are returned In the condition In which they were removed. Hand 17+77S wilt have notales

lost fr om then or valves lioken, hose for heavy duty pumps will have developed leaks, nulr1171 mlll he

g issir o , axe and shovel handles will he broken, flashlight batteries will ihave burned ot,and amul'iide

of pesll items In neod of reconditioning or replacement In order to make the ernlIrmnnt of value on -.He
neat, fire. The more severe the fire season, the more necessary it IS to recondition tha e oifwont l"ao-

Photo by Arderiezul Forestry AsOn.
Figure 37

The Old Style Of Direct Attack With A Pine Top
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m),,i»e-1)-: 	 the kindling point of
solution was also

	

.	 The chemical solution remained effective in stopping fires which burned up to the
cvea after 0.16 inches of rain had fallen on the fuels.

,Ral , a work with chemicals in the Northeast, he approached the subject from the standpoint of
1 : :; the	 Influence of the chemical on the moisture content of the fuel, (b) its influence in

on and the lowering the rate of spread after inception; and (c) its toxic effect on
i7raes and weeds. Stickel's (148) project was confined to the use of calcium chloride,
cal. Because of its peculiar physical properties, calcium chloride has limitations In

lorl i er effective after a rain which leaches It from the fuels. In the absence or preclpita-
aaee the moisture content of the litter In amounts varying from 29 to 119 percent, depend-

	

,	 y or calcium chloride applied. Although the application of calcium chloride to such
rase Will not prevent a fire from starting, there Is less likelihood of fire starting In

Lhe rate of spread and severity of burn is much Less than on the untreated areas. The
I splayed toxic properties In that 1t killed irans five days after the solution was

.. net only eked, but it remained moist which made ti less tanmerouu as a fuel than If

Iota tv Floriirt VoresL Service
iljure 39

The Modern Method In Which Water Is Used To
"Cool" the Fire, The Swatter To "sill" it,

And The Rake To "Follow-Up",
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Mediocre	 Undesirable

Nickel
Copper
Fluorine
Phosphorus
Potash (Potassium
Carbonate)

Zinc
Bismuth
Tin

Desirable

(1) Ammonium Araenite
.(2) Antimony

Ferric Chloride
Magnesium Chloride
Boron

Aluminum Sulphate
(7) Arsenic
(0) Chlorine

Bromine
Phosphorous , Oxychlorid

(11) Magnesium Fluosilicate

Aluminum
Calcium

(3) Sodium

Photo tv ".	 Service-317973

Figure 40

Fire Rake

Teeth Made ofRepincenble Mowing Machine
Blades

Photo by Formick-Roddatty
Figure 41

Knapsack Pump

Four-Gallon Water Proof Bag and Single-
Action Pump

Two Popular Types of Forest Fire Fighting Hand Tools

1	 '1 (1. ;led due to natural causes.

Ono of the most extensive Investigations in the field of determination of chemicals v;;111;;1;10 In flrP.

o;;1rel from the standpoint of effectiveness and cheapness was that conducted by Davis and Benson

T:i Angeles County Forestry Department. Because forest; fires have such an im portant influence

, ;111':)ie water mlpoly, Los An;*,eles County is vitally interested in exploiting every means of (7-n1ro:1!-7,

fires . The investirators approached the subject to determine (a) what chemical agents were effict,;n%,

(b) the cost and availability, (c) the biological effects, and (d) metallurgical activity. The investi-

rators concluded that alkaline solutions or dusts had superior spreading properties when compared with

the acids; some of the chemical solutions were 25 times as efficient as water only in their slowing up of

the rate of spread, and the order of utility of chemical elements and ammonium compounds investigated with

availability, effectiveness and cost all considered, grouped themselves as shown in Table 34.

Table 34
RELATIVE VALUE OF SOME CHEMICAL ELEMENTS AND

COMPOUNDS FOR FIRE CONTROL PURPOSES
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tf the Investigation, as reported by Davis and Benson, were not too conclusive, but

for pioneering In a relatively unknown field. Unfortunately the California

to attach no value to calcium chloride which had attracted Stickel and Mitchell.

recent work with calcium chloride in the Lake States, Mitchell (145) found that, when

chc-lci is ineffective because it falls to the ground too readily. When applied in

m tee rate of one-quarter pound per square yard of surface, it stopped fires in grass.

vecIcttatIon, calcium chloride remains indefinitely effective. Where it is used as a

Pack pump will generally be Ineffective as an applicator because the rate of delivery

uels is too low. It must be noted, however, that calcium chloride is a retardant, not

: . ecent stimulus given to forest fire control by the United States Forest Service, there has

Live project set up by the research and administrative branches for the exploitation of

of Lae most recent developments is fire "foams." These consist of a mixture of sodium

sulfate, and a bubble-former or fixer such as licorice. Carbon dioxide is produced

rdIng agency for the spread of fire. For the limited number of experiments which

cate, Godwin (146) has listed a few conclusions relative to fire foams.

tsed in combination with foam is more effective than water alone In suppressing fire.

are valuable for "cooling" and "mop-up" purposes when used with water in back-pack pumps.

.ratio of 8 to 1 in fire line effectively controlled, per unit of time, between foams

water and water only, in favor of foams and water.

ese cf roams for boosting fuel resistance to combustion has possibilities of revolutionizing

7t*eJsion technique.

•	 cr Pa:	 .r backfire procedure, foams are superior to water.

:r3e a more deadening and lasting suppression quality than water.
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Chapter XII

FIRE SUPPRESSION

Fire Behavior

141th no Wei movetront, with fuel density, volume, and moisture content, 9 ,-111: Fr
10'1 0 1 toncr7racy, fire s preads In a circular manner; that is, the rate of ere-t1 to , n '

ro ctlen:t. WW1 a chant7, in any one of the above items, the rate of spread of the fIr o w11
Fir	 Toadn mart rapidly In the direction In which the wind Is blowing, where the foe lo arn dont! , :tt and

and uphill

lu is Investigations on the behavior of small fires in second-growth ponderosa nlnn en. level
flurry (211) focal that throe basic factors influence perimeter increnne. 	 ar, t . ;, Wed d!-

d ten and velocity, the moisture content of the fuels, and time period.

Photo by 5. S. Forest Ferri°.
Figure 42

Surface Fire Burning Into The Wind

Typos of Fires

Teere are throo generally recognized types of forest fires; they are (a) surface, (b) F:rouni, a70
tc) erom.

1111,;YACE FIRES are those which consume the fuels on the surface of the soil. Only tlIcsc
trtrti which are In the "L" and "F" layers of the Ao horizon, using the Ao in the sense that it rarcm to

at) ',he organic material lying upon the Al horizon, or first mineral layer. Frequently the ''F"
If the "H" layer, sometimes called the Al horizon, is present to any degree of depth wb,r,In't

ecctaind numerous surface roots of the plants occupying the site, the fire burns deeply and produoes the
effect of a ground rather than a surface fire.

'rho tendency of those roots that supply nutrients to the tree is to establish themselves where the
foci supply Is most abundant. In some forest types, where there is food material In the "H" or Al layer
of toto soil, there are many feeding roots located in this layer. When fires burn slowly and there is :a
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In this layer, most of the organic material 1s burned; and along with it the roots,

dly damaged that they are useless to the tree for procuring food. Thus fires that

A horizon may take on the nature of ground fires when the H or Al layer supports

nine() between a surface fire and a ground fire is its behavior in relation to the

"H" layer is absent, or is burned hardly at all, the fire Is confined to the sur-

q lousily increase their perimeter rapidly. The damage done by surface fires is general-

roducod by the other two classes, because the volume of heat generated and its duration

touago characteristic of crown and ground fires.

wSich produce a high rate of spread but are easily controlled, are typical surface fires.

;ray s In the west and in wire-grass on longleaf ridges of the south are good examples of

b • IUCU fires.

;urn deep because the "Ii" layer of the A horizon is thick. There is a large layer of

anic matter which in times of high hazard has a very low moisture content. When this

dries out to the 'point where it can be ignited, it produces fires which burn slow-

°IIficult to control and expensive to extinguish. As fuels, they would be described as "LE",

o of spread but an extreme resistance to control. When trenches are dug to control them,

to see that they are perfect. Duff which looks cool even in absence of smoke, may be

touch. if trenches are safely constructed, the side of the trench away from the

touch. A rule of thumb for trench construction is to make the trench twice 
as wide

lino Is patrolled for several days, ground fires may easily burn under or through the

all the work required to control the fire in the first instance. Ground fires are pecull-

lch thereare heavy accumulations of undecomposed or partly decomposed organic material,

shiups where organic residue decomposes slowly and the water table permits fires to 
burn

are those In which the perimeter extends itself in the crowns as well as on the surface.

spreading crown fires, the rate of spread in crowns is greater than on the surface.

Is generated because the crowns as well as the surface fuels contribute combustible ma-

the surface fuels are burned hardly at all.

or fire occurs only in coniferous, dense stands situated on a slope, on level topography as

.In, or in stands with a low canopy; one or several of these conditions make it possible

fire flames to kindle the tops. Crown fires are common in the dense coniferous slopes of

nL, and in the sapling pine stands of the Lake States and Atlantic and Gulf Coastal Plains.

• arc the result of the tremendous convection currents generated by other going fires. These

project fire forward aerially. Crown fires especially display tendencies to spot.

cones, small bits of wood -- embers of any sort -- are picked up by convection currents

ra by the wind movement to distances varying from several hundred feet to a mile or more.

0 a fire is capable of spotting is largely determined by topography and the size of the fire

the helgnt to which the convection current can carry embers. The horizontal wind movement

forward.

eurrenco of spot fires frequently has a demoralizing influence on the suppression personnel.

vine have been straining every muscle and nerve to control a headfire have their morale broken

fire on which they have been working jumps across the line and spots. When a large fire is

°,n..a tendencies to spot, as is frequent in periods of high hazard, suppression forces may as

An from the headfire until those conditions subside which make excessive spotting possible.

:ans several hours after sunset when wind velocities fall and relative humidity rises.

.1tIons, It Is often desirable to have the firefighters work on the flanks until such time

H:,sil)lo to work on the headfire where the perimeter Is extending itself most rapidly.
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Ports of a	 Fire

	

).„,')))	 flro bo havior, where ,o : o mrt or aldo	 of the fire spreads with (iroo'
,H	 effnite fan (,(,) forg otHo doyolehe, reault Ink: in (a) the holdrire,

"	 • r rdtnO It	 !' ( o ort, rat Idly, (I)) the	 Ire-fire or flanks, mo y in) ,, at ri e ht oo)-(ea
by	 )1,)lttr. but ;T r,aalln ! - a t a	 rain	 tern rapid than that of rh o ho ad r":),	 0.• e

	

:0,	 )(	 •	 , i •	 )!:!:	aro()))) a!nifo '7	 7 i ) r! whirl or downhill part..	 Very fre quently	 Ji'	 T .t fir	 !!)),-;
)	 et.

variations to rate of s pread due to fools, toporraphy, or wind fr107^^1 ,- n , flraa
which represent that part of the perimeter of the fire incronalr): t( e) orr -

( o e polo' a
	 dl-

where attack Is most necessary for Speedy control. The hood 	 alwaya
)')())1--):))(y)n :lido of the perimeter of the fire.	 (See figuros	 on pp. LTG, lo p ,	 1:-') g ,	 1:71).

toter:le:le requires that the head 	 he handled first, unless there is	 !'enl	 ror,a2))

	

rot	 Vi!Thj'cite;; will Chath70 so that; one of the sides will become, the h r` VI a nd
.	 •	 :	 !auk.

	) •	 "Yr,: er ly :0 Its flank); and ignore the head is a waste of tire beca pro In	 • ):	 • )

Photo by Now ./or p oy Forest Fire Servioe
Figure 42e

A. Crown Fire "On The Boom"
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the speed of the suppression work on the flanks. As mentioned above, however,

is so Intense that the head fire cannot be attacked.

Methods of Attack

of ail suppression work is to control the fire in a minimum of time, with a low loss of

-nditure of man-power and materials sufficient to include a factor of safety,

cu:ultions deviate somewhat from the normal, reenforcements will not be required.

ca: employed in controlling a fire will be determined entirely by the behavior of

“,n3e of the discussion below, it is assumed that the necessary requisities for uni-

t power and equipment) are available.

attack are (a) direct, (b) indirect, and (c) backfiring.

;,TTACK is any means whereby the fire fighting is done directly on the line of fire.

:2vIces are frequently used in the direct attack; these include beating, watering, and

w:,Ireby oxygen is excluded from the fuels. Water is the most extensively used and is

7 and sanding are slow, tedious procedures and cut down the linear feet of line con-

time. These smothering devices remove oxygen from the fuels and thus prevent con-

1. They are particularly valuable in the suppression of flash fuels which are easy to

s or attack consists of "cooling" the line with water sufficiently so that work can

i: Vf'S and swatters. The action of the water slows down the rate of spread and

a point where direct action can be taken with other equipment.

ions of litter are sometimes encountered. To effectively control the spread of these

be necessary to push the fuels lust beginning to ignite back into the burned por-

1:ack with a rake. Heavier fuels such as decayed logs and sticks, both capable of

burned to the unburned fuels, require attention, especially the decayed logs in

a lip a semi-dormant condition resembling "cold" fuels, but with the first opportunity,

3.iCi wind movement, solar radiation, or any other variable factor conducive to increasing

it, it may carry the fire across the line which has temporarily controlled the rate of

7 ly requires additional work to make the fire line "safe".

",.DIRECT ATTACK Is that method where control is executed by work on the fuels in the im-

y of the fire-line. It is employed where the rate of spread is low but the fuels are deep.

way to control the fire Is to dig or plow a trench to mineral earth to prevent the con-

of ',:fi JJ fire. In surface fires too hot to handle with direct attack and where water is un-

cooling" purposes, the indirect attack can be used by removing the fuels to mineral soil

and ror whatever width is necessary to make it possible to prevent the fire from crossing

"indirect" attack as here used differs in principle from "direct" attack by attempting to

. rlro by removing the fuels down to mineral earth. In the case of direct attack, the fuels are

point where they are in active stage of combustion. The most simple way of obtaining the

I.e., cessation of active and violent combustion of the fuels in direct attack, is by the

from the atmosphere immediately surrounding the actively burning fuels. This direct

iL,:. complIshed by several means, as mentioned under the discussion above.

is a method of remote control wherein a fire is deliberately set to consume the fuels

' the ce-coming fire, regardless of whether it be a head or side fire. Backfires are set to

I-ward moveme nt of a head fire by removing the fuels in front of it by means of a controlled

wet-du, a backfire is a controlled fire moving in a direction opposite to that taken by the

fire that it Is supposed to meet, and set the purpose of stopping the forward movement

Pile.

no of attack is used to stop head fires when the heat produced by the head tiro Is so exces-

fl ,.1 Indirect methods of attack are impracticable or the use or them would jeopardize

Ikon of the firefighters who make the attack. Conditions which warrant the use of the
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'amftr!ni7 method are produced by extr ram fuel dryness r- 1 on extreme rate of wind movement cm
f t r. , to -en^ ,. ;ir e	terrific	 heat and..'or move at very rabid rates.

q kould	 oaed only ad a last. rer.ort. 	 for checking the spread of e h,gorTre,
;e 1 .1	 em., ,, ricoc e	da mseted to	 o;'o.	 " c.emq'ully tgindled, a backfire mmy oseily

ro l and bPr01 11 . ' ""i oP 'r P"Plfine. kxtremely rood j1SII7S“r11, on the part of the fire tosn, the Ott'
0Thhi ntee.	 close liaison are required 	 fur successful backfiring on a headfire. The 1,,r.rfire
et 'coil	 ceetrel Is used all too frequently by volunteer and amateur firefighters, hocew.-, 	 ".11.1r-A3

rha-h	 expeedil.lu, of e ffort to kindle a fire than to heat one out. When used by Inoxperld h,e d mon,
l'okf T ro hdldom accomplishes Its p urpose, fre quently aids the perimeter increase of the fire 	 t ,y let-

! !!1:- !ea backfire get out	 of control, and is often used when direct attack would be more effective and
tm e Jld roq alt In loss area burned. Promiscuous backfiring done by people uninformed about fire behavior

.„;e hh lred	 /wing potentially very dangerous. 	 There exist in some states statutes nrohibitio,,, the
ae of this means of attack on for e st fires, except, by those persons appointed by a state agency to act

• •H .  fire wardens.

The backfire method is also used on the flanks of fires to speed up the burning nut of strip of fuel
ar between a slow-moving flank fire and a trench or break which has been constructed between two out-

at to points along` a sinuous perimeter.

Quite often the fuels are such that all three methods as outlined above can be employed en one fire.
:,- , oinations or variable factors also may be such that the direct attack only is used. In a circular
l o 7ter concerning fire control for the Northern Rocky Mountain Region, Kelley (105) has stated that there
fdhtors which determine the method of attack to use are (a) man-power available, (b) depth of duff, (c)

oonce or absence of green vegetative matter on the ground, (d) inflammibillty of the fuels, (ei rests-
ace of the fuels to control, (f) amount of heat produced by the fuels, (g) rate of spread, (h) 	 top9-

r.iphy, (1)	 position on a slope, i.e., on upper or lower side,(j) going and anticipated wind direction.

The above terminology has been used to simplify and clarify the underlying principles 117^d t n each
mdthod of attack, altho the "Glossary of Terms used In Fire Control" (104) has listed the "paral lel" and
the "two-foot" methods of attack and has referred to "backfiring" synonymously with indirect attack.

Factors Affecting The Quality of The Suppression Work

Within a given fro:q region whore there are recognized certain well-defined fuel ty pes, an	 ! olax of
efficiency of a su ppression organization may be based on size of the average fire over a. docaAe.
be recognized at the outset that those variable factors which in their aggregate determine the degree

fl''.' danger for any administrative unit are never Identical in their magnitude. jest as IwI p LrOS are
roand In anthre, 1.e., have almost	 Identical taxonomic and vigor characteristics, se tk.e re is

s mimilar degree of scarcity of administrative units having identical fire problems. In fire conttdi
)rk, however, the de gree	 in which	 each variable Is present must be determined and effective fire cen-
rol is largely based on recognizing the presence or absence of the variables and arranging the suppres-

alon pattern accordingly as dictated by the needs of the particular administrative unit's requirements.

There arc some foresters who seriously doubt whether the size
10 r, x- of control efficiency; they prefer the size of the average
f;rhtingability of a unit, and wish to separate dispatching from
of any fire within a given region is to a large extent dependent
effective tower location, speedy detection and dispatch, as well
the size of the average fire over a period of several years will
may have aided one administrative unit when compared with another.

If the quality of control work for an organization can be measured by the size of the avernce
acid this today one accepted index of efficiency, there are several factors which contribute toward
suits produced. These factors have been listed below.

A. Compliance with elapsed time standards for (1) detection, (2) communication, (3) get -a-way, and
travel.

R. Use of man-power by (1) organization before and during the fire, (2) effectiveness of actic,
quantity of man-power available for initial attack and reinforcement purposes, and (4) morale riA:n-

:

have arbitrarily been grouped by size classes, es follows: "A", 0-i acre; "B", 4.10 acres; and "C", 10- acres clot).	 :
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of the average fire may he tnken an an
class "C"* fire an Indicative of the fire
suppression effort. Inasmuchas'o control
upon good pre-sup pression work . !eh oc

as effective performance on the fire-line,
tend to eliminate the chance that .:'luck"

fire
the re-



uppression work is done.

;lies from the standpoint of (1) adaptability, (p) availability, and (3) service

Chapter XI).

'Ioridardz
he difference in time between the start of my specified activity and the accom-

are several ways In which the ela psed time is applied to fire control. It may re-

fire, reporting time, get-away time, travel time, control time, patrol time, or

(te"g*

elapsed time standards is based on past experience correlated with current objectives.

for fires in fuels with a high rate of spread is 25 minutes, and the size of the aver-

.

Lype is 20 acres, by cutting down on the elapsed time for travel, obviously there

1 of size of the average fire.

dards should always he correlated with the fire control objective so that the

,,urns is not exceeded. It is poor economics to spend an additional $200 on the

e on it only five minutes quicker when the difference in values saved will average

ad $200 per fire could easily be incurred with the construction of several miles of

permit lower travel time per average fire.

lards have practical value In stimulating personnel to rerform their fire func-

d limits. The hour control ninniesIn the California Ete;7lon of the United

.:orve as nn	 or Itw practical applicatdon or of 11;;,:d t hqo ,ftundardo,

colors to the amount of time which IS POMitted to elapse between the time a Piro

a lookout detects It. Data on this may be unreliable because it Is difficult to

',reo of accuracy, precisely when fire inception occurs. Because of the intensity of

xiatIra.i in regions where lIghtnlm storms are prevalent, lightning strikes are

vigilance is exercised for smoke detection during ensuing days for evidence of a

were strikes were recorded. If a smoke rises where the probability is low of Its

mint, location of strikes within a recent time period can be consulted and time of

19 record of the recorded strikes, one of which should be almost identical with the

which developed.

e	 -i-caused fires, the actual time of inception Is difficult to fix. There is seldom

the precise minute of a given hour when a fire starts. If there Is evidence which

bellve that the fire was started by a locomotive, and the exact time can be determined for

of ',tie locomotive, then the inception time may be arrived at with a fair degree of accuracy.

ino fools have a rapid rate of spread, detection time standards should be lower than where the

a low : .de er spread. The prevailing fuel, type In any given protection area should Influence

o:;t1on time stadardO.

ad	 lo the time which elapses between discovery and the report to the agent who is re-

suppression. The standard here varies from two to five minutes. This is an elapsed time

ea:I be made uniform for all regions because the operation is determined by factors entirely

,Lrol of the administrative personnel.

-r1AY TIME is the elapsed time involved between the receipt of the report of the fire by the

initial action and its actual departure for the fire. The commonly accepted standard here is

1,L1t lt varies partly with the mode of travel. When horses are used for transportation, more

"%ud to elapse than in the case of motorized transportation facilities.

standards vary not only with the mode of travel, but with the type of transportation

Travel time standards with pack animals will bo approximately the same as for foot

will be lower off a trail than or, a trail. Two miles per hour Is considered reasonably

..t • avoi. over way-trails.

tr.,vol, the standards will vary with the quality of the roadbed, gradient, frequency of
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ternouts, etc. For average truck troll conditions, 20 m.p.h. is considered good time, ere e el e '	 efle.
Loaded track.

t. CONTROL TIRE, Is ' t ie time which e lapses b e tween t he arrival of the suprrn len eel.
wh e n the perimeter of 1 !!' fire le no looter extendine itself. The time requir e d to eeelrel
identical with relepreeelon time.	 In a surfne e fire, control and suppression ere eleeel.
iireund fire , o ei i rel tiro may On one-holf or' one-tenth the sup pression time. In e erce e!dfir e el'eeoeee one
pe rime te r of tho fire le not enlarging, the smouldering embers may at any time break into ^leee eee ee
l eree L ira po rimetor If the line is not, tone over and "mopping up" done to corral] small or In e !plent a

0. HDP-UP TIME is the amount of time which elapses between the control of a fire and tee time when it
In actually e xtinguished, that is, when there are no live or potentially live points on the perimeter.

irileb-up" moans extinguishing the last threatening embers whereby the fire is secured. It demands
eereful, painstaking effort. Careless mop-ups have frequently been the cause of lost line.

7. HOUR CONTROL is the time which elapses between the time a fire commences and suppression work be-

D. Use of Man-Power
(1) Organization before and during a fire.
Organization of man-power on a going fire Is based on principles and specifications lath down by the

_ire Plan (see p. 101), consisting of an assembly of standards of action to be taken. The Fire Plan has
thatched out a pattern of action to be taken. The man-power on a fire must he organized in Such a manner
that the pattern previously conceived is executed. Action that is deficient from standards p. •nscr1bed by
the Fire Plan is as serious a blunder as to have no plan at all.

The recruiting of large bodies of men at labor centers the transporting men, euppilee, and eceir.ylnt
from depots may he impressive from an organization standpoint, but It is likely to he iroffee!lvo in ' pre-
venting losses when started after a fire has made a big run. Situations of extrem e fire der e e r een end
eeoeld be anticipated so that adequate man-power is on the job before the fire gets comeletelei ,p it of con-
trol. To be able to recognize a situation of extreme fire danger in which largo hodlos of
le required indicates ability on the part of the administrator to intelligently Interpret t • ooe riivslosi
factors which Create extreme danger.

The plan for the organization of man-power Is essentially a Job to be done prior to ih o	r-tica of
o fire; consequently it falls under the heading of "Pre-Suppression" so far as the plans for rol l -bower are
cencerned. It has been discussed In detail under the Pre-Suppression heading.

Effectiveness of action
"OVERHEAD" is comprised of the several forest officers and others of experience and tret e lne wbo o re

( . sponsible for the conduct of a suppression crew. The efficiency with which the "overhead" weres is re-
flected In suppression results. With unsatisfactory performance of "overhead", the size of tile nerve
fire Is large; with efficient performance, the size of the average fire is low. Kelley (107) rots steod
t e at the "overhead" performance is the key to suppression success or failure. The "overhead" ie reepee-
eltele for deciding the method of attack and its execution. The larger the fire, the more Imeertent It is
that there be experienced adequate "overhead".

Supervision of man-power is accomplished by having a sufficient amount of overhead on tee ,le i '.
]ocs the unskilled labor on the fire-line Is adequately supervised, it is valueless. A small even of ex-
eorienced men with good morale, tools adapted to the Job, and well supervised Is Infinitely eu perior to
large numbers of inexperienced men with poor supervision. The more inexperienced the ftreflehter, the
-,ore intense the supervision needed. All too frequently the fire control executive thinks In leers of
member of men and supplies and equipment for them instead of in terns of overhead required to ii.tridie the
s-in on the fire line. Tho adequacy of the overhead is the first Item to be considered on a gelezfire
.eelch has good chances of making a rim or developing into an extra period of fire. Am ple eee rteede each
nit of which clearly understands its duties, is the key to successful handling of Inexperioneed ten on

the lino.

The organization of man-power on a class "C" fire is fairly uniform for most forest regionS;. ".:his
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advance arrangements whereby firefighters function under supervisors or overhead,

nits

r),1.1.,:ao, or positions of authority, all depend upon the Size of the fire; the larger

ee:e. eee necessary. The overhead positions are as follows: (1) fire boss, (b) fire

ees, (d; foreman, (e) straw boss, (f) camp boss, (g) time-keeper, and (h) cook.

eo important in the success or failure of suppression work, those men who occupy the

time, such as the fire boss, scout, and sector boss in particular, should have a number

,That will enable them to perform satisfactorily their duties. These qualities may

le following: (a) organizing ability, (b) knowledge of fire behavior, (c) ability as
chnlcai skill, (e) ability to undergo severe physical strain, (f) calm temperament so

an stampede good judgment, (g) willingness to expend physical and mental energies,

e,cielone mace, (1) lack of fear of fire, and (j) qualitieS as a leader, so that the

.	 :at ee durersinates.

In the rarest officer in full authority on a fire project. His duties are numerous,

concerned with handling man-power as well as planning and executing suppression tactics.

rail under the following items: (a) Upon arrival on the fire, size up the situation.

Ally scouting, or having scouted, the fire to determine the location of the critical
t t. e suppression needs, and checking with the man-power dispatched to ascertain whether

ref. the fire within the suppression standards which have been set up. (b) Organize

:Aloof, possible moment after the situation has been appraised. (c) Arrange for the

there will be coordinated action among the several suppression units and that

, t service of supply for them. (d) Personally direct or control the tactics of suppres-

e . , the whole situation in perspective so that sector bosses, with a limited viewpoint,

:r.ing false moves. (e) Make provision for the relief of overhead and man-power if

beyond eighteen hours. (f) Provide for, or personally inspect the fire line to

sctor and straw bosses are working on the basis of the standards established, such as

work on the fire-line and speedy mop-up, keeping the men constantly moving forward on

that there will be no bunching-up and no straggling, and that the firefighters are pro-

food and water.

is the aide to the fire boss. He keeps him constantly informed of the spread of the

the suppression tactics are having, what type of fuel Is ahead, locates new camp sites,
dn. an oyes and oars of the fire boss who makes decisions op the basis of the information

The fire boss should find time, however, to determine whether his scout Is providing

Information.

:331s an aide of the fire boss on the fire-line itself; he is directly responsible to the

.:17:riq' out the suppression tactics on a specific, assigned sector of the fire's perimeter.

operates under the direction of the sector boss in suppression work on the fireline.

.0JS works under the direction of the foreman. His crew seldom numbers over ten men.

I supervises all operations in the fire . camp. This position is necessary only when there
ta m oFerating out of a camp. He handles all commissary work, accounts for time, maintains

and transportation system, and keeps an adequate stock of supplies, tools and equipment.

ILItJ to the sector boss if the man-power on the fire is scattered through several camps.

Is necessary only when there are more than 60 men in a fire camp. His principal job is

.I qg for time, supplies, and equipment. He may also act as telephone or radio operator.

point and liaison are other essentials for the successful handling of a class "C"

of control. All activity on a fire must be coordinated. To secure this coordinated

)ntrol and liaison with this control point on the part of detached units is demanded.

'Imo on which a crew is working is lost due to carelessness in construction or be-
of wind, the control should Immediately be notified of the change in status, a.
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statennt made of proposed action, and request, for confirmation or change of this pro need
of r : different point of view on the part of the control or fire boss. The necessity for '.h! q r-( q 1. ! ,
n r. sication between the fire line and the control is so that man-power can he deploy e d to 'ern
:11	 advantage for the current. and anticipated situation. If a line In lest, and th e fire
02 1. :7 1ru. -, the man- p ow e r on another sector the followlni7 day, those plans would have to be chened
there would b e a Hoed for additional Inatead of fewer men.

Liaison nnn he conducted by scouts, messengers, a combination of messengers end telenhone, r)r- radio.
With Hit, portable radio sets available, liaison of the highest order can be had on a goin g fire.	 The
fire Leas can be informed at all times of the status of things on the line and can regulate his activity
eccerdinglY.

n fire control organization to function most effectively, it is necessary for the fire boss to
continuously of all activity on a fire where the whole situation can change in a few minutes. 	 :_;a%1:1-•

fac!ory liaison is the means by which all effort Is correlated; without it, there Is serious waste of man-
power and high forest losses are entailed.

(3) Quantity of man-power available for initial attack and reinforcement purposes.

INITIAL AND REINFORCEnENT ACTION refer to the manner in which suppression work Is conducted.

"Initial Action" is the attack on the fire by the first suppression unit to arrive on the lot. 	 The
initial attack is usually conducted by one man, a few men, or a small crew of seven to ten.	 The sir;e. of

-an-power unit making the initial attack is determined by the manner in which the forest unit	 or-
nnlYd. In several western forest regions, where firemen are used for initial attack, one men sm.nerally

att ., Tpts the control job. In the South, whore flash fuels are frequently located close to young stands of
tlitr which may produce crown fires quickly, six or ten men may be in the crew which takes the Initial
actIon.

"Reinforcement action" is the attack made by a crew of men to supplement the initial action when the
has failed to corral the fire. The first reinforcement crew to arrive may also be ineffective in

controlling the fire, but all reinforcement crews on the Job thereafter still operate under the heading of
"reinforcement action".

The basis for determining the man-power required for Initial action is similar to that. erploTl d far
re:aforcement action. From the standpoint of losses to timber and costs of suppression, it Is imrortant
that careful control be exercised in man-power dispatch.

:reinforcement action is always necessary on extra period fires. "Extra period" fires rel y ne
nn he.7o which occur after 10 a.m. of any day and are still out of control by 10 a.m. of	 ev
Tirir type of fire Is Important in that the stage is always set for a blow-up When situations of 'dlc
laturo develop. When a fire is out of control by 10 o'clock of a morning following the day It V.•1,
reans that the burn in the extra period, i.e., subsequent to 10 a.m., will, in the majority of carer, re-
sult in serious loss of area, much In excess of what burned the first day.

SUPPRESSION CREW DISPATCH plays an important part in the costs of suppression and losses entailed.
The forest manager Is continually confronted with the economics of forestry practice. With 9uffInilrt:
exp,i, ndlture, It is conceivable that all fires can be controlled while In the class "A" size no ti;t,
fira' will get into the "C" size class. To make such a situation possible, however, tremendous ou•:,
would have to be expanded; these expenditures would be jus tifiableinveryfew, If any, Instances 	 to the
relatively low values entailed.

To have just enough man-power, allowing for a reasonable safety factor, to control a fire far
current fire danger exists, is a problem that requires a balancing of physical factors with 1:7,71an

W7ront. When the fire danger is low, the job of man-power dispatch is simple. In periods of hin. fine
,7'r, however, the dispatch of man-power demands the highest order of good judgment so that

)7J.ehor will not permit himself to be stampeded into over-manning a fire. In periods of high firs,
calm ln6gMent is necessary to prevent the suppression machinery from being thrown out of 1- al rlr	 ny di;-
atchtng a large number of men to a fire in fuels having a low rate of spread and a low resIotanc• to

With an outbroak of a fire in fuels with a high rate of spread and extreme resistance to con-
trol In a period of unusual fire danger, the over-manning of the first fire may cause an underraanning Of
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Table 34a
AH, ALACHIAN HARDwOODS

61n6316f ,, Conditions

Moderste Severe Extreme

:,.	 M,n No..Men No. Men No. Men

2-1. 1(,s0 7-9 13 or less 14-37

:	 or luJJ 9-12 1.5 or less 16-42

lose 12-16 17 or less 18-48

lc y s 16-21 19 or less 20-54

V :033 35-49 25 or less 26-72

;A or less 35-98

49 or less 50-141

80 or less 01-228

the development of a large site class "C" fire. To avoid such situations, technique

f man-sower can be and has been devised.

stat,ed that those factors to be considered

' q infc)rcomnt action, are (1) rate of spread as

::els7.,ire content; (2) resistance to control in!

d line output dependent upon (a) eice of crew,

In man-power dispatch, whether for

determined by (a) fuels, (b) topography,

-luenced by (a) fuels and (b) topography;

(5) character of crew and overhead,

the above Items to be considered in the dispatch of man-power, there is need for a high

on the 
part of the individual who determines the strength of the attack so that it will be

eI'Crier wasteful of man-power by having too many men on hand nor of natural resources by

'o weak that the area burned is excessive.

WIDZ CHARTS, (160) have been devised by the Northern Rocky Mountain Region (R-1) of the

XCrOilt 
Service. These charts are comprised of four units. Unit I Is a fire danger meter

71) 
for computing rate of spread mentioned above. Unit II is made up of two charts (see

I 
is for computing rate of perimeter increase for the fuel types as applied to the rate

ors (I above). Chart Two of Unit II is or computing the probable perimeter for a fire

r and corral time objectives. Unit III (see fig. 42c) is a chart for determining man-

i 	
the factors listed above in Units I and II. The use of these Dispatcher Guide

re-Suppose8 
that there are available to the dispatcher all the data that he needs for

particularly on such variable elements as moisture content of fuels and wind velocity

sT,ccific fire for which he Is dispatching.

clo by Abell 
(200) for several common fuel types of the southern Appalachian and North-

r6q]lons formed the basis for the preparation of tabulations that serve as a guide for sup-

dis:atch. Although the results of the study were not as highly refined as those of Sutliff,

n4olved were essentially the same. Table 34a below represents the man-power requirements

Inz 
conditions for the Appalachian hardwood forest type, timber over three inches In diameter

In Table 34a,the corral time, or that time period within

which the fire would be controlled after arrival was two

hours for ordinary and moderate burning conditions and four

hours for severe and extreme burning conditions. Separate

tabulations were prepared for the most common forest types,

for the perimeter of a fire increase is determined not only

by the burning conditions such as volume and inflammibilitY

of the fuels, slope, wind, etc., but also by the character

of the fuel, whether it is composed of hardwood litter only,

whether some coniferous slash is present, or whether the

forest type is coniferous rather than hardwood.

With so many variables to account for, and with meagre

information available on so many of these,crew dispatch is

difficult. As was observed by Matthews (210), the per man

controlled perimeter is a matter which varies considerably even on one fire. The record show

1.roduction rates varied from 0.02 chains per man hour to 0.13 chains, with an average of 0.05

of hour. This calculation included allowance for travel time but excluded the man-hours con-

, service of supply. As in the case of all statistics, however, too much significance can

to reports on the output of held line per man hour. There are so many variables involved.

has raised the question as to the value of data on held line construction. In the one

lyi^J of labor may have been of high quality, in another low. Again, there may have been hand

,tle precisely adapted to the requirements; in another instance, there may have been a serious

e to of tool needed.

it.e item of dispatching for initial as well as reinforced action can be placed on a

provided there are sufficient data available whereby the computations can be made to set

, y 8cMr8te tables. With so many variables to account for, the dispatcher will be 
more nearly

on
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DISPATCHER'S GUIDE CHART - PER H 	 -

ha

,!t9-r:ovory. Esnimple ; 11 p.m	 discovery, 1 shm. nrrivs1 end 6 h.m. corr 1 would be worked out as an 11 n.m. discovery, 1 14.n. arrival,
and C p.m. corral. Remember - he danger class used rust represent night conditions at site of fire.

1

Fig.42/5	(The data contnined he rein is int e nded for use as	 guide for dispatching)  

Al' Forests 
DISPATCHER'S GUIDE CHARTS - CORRAL-LINE OUTPUT DATA

30611903061190939 OUTPUT FIGURES HASE0 915015 ESTIMMES OF APPROXIMATELY 150 EXPERIENCED
tE1N, 1000 ESTIMATED TAKEN IN 1930 AND 600 IN 1935 AND 1936.

OUTPUT	 EXTREME, .25 CH.; H GH, .8 CH.; METHIN, 2.0 CH.; LOW 3.3 CH.  
IOM/CHASER UNITS OF OUTPUT A1101 1UING TO SIZE OF CREW EMPLOYED

AID

NUMBER HOURS WORKED 	 .	 P.c,,,r ''-rc on

NUMBER	 OF	 MEN

: -	 -4

1.01 	2.17	 2.00	 4.05	 4.91	 6.66	 9.50	 12.7	 14.0	 15.0	 15.9	 19.2	 22.5	 30.0	 35.0	 40.6 	 45.0	 4 11.11	 55.2;	 i

1	 1	 2	 3	 4	 5	 7	 10	 15	 20	 26	 70	 40	 50	 75	 100	 125 Lj150	 1211	 255 
,,..

5.57	 5.94	 8.91	 11.5 .	14.7	 50.4	 28.2	 37.9	 41.6	 41.6	 47.2	 57.0	 66.8	 89.1	 103.	 121.	 133.	 145.	 ;149.	 7

4 .00	 0.00	 5.5o	 9.9n 13.7	 19.0	 20.5	 28.0	 30.0	 37.9	 38.4	 45.0	 60.0	 70.0	 8 1.5	 10.0	 96.5	 100.	 •	 , , , 	 1

3.87	 7.64	 11.5	 -15 , .	 18.9	 26.2	 48.7	 86.0 115.	 134.	 155.	 172.	 194,	 191.
,;.!,'	!'.(":'	 1 - .!	 ,0.0	 :::.:n 	 3 0.9	 10/.	 135.	 1T8.
5.0 5	10.1	 Ir.: .	 "4.: ' 4 !,.0	 54.7	 114.	 173.	 L 205.	 25.5.	 243.	 7.n.	 '-
5.52	 11.0	 16.5	 22.1	 57.3	 37.9 124.	 193.	 224.	 219,	 261.	 275. 

3	 5.95	 11.5	 17.8	 25.7	 29.3	 40.6	 /33.	 207.	 241.	 206.	 e / ,	 256.
1	 1	 6.27	 12.5	 18.8	 25.	 51.0	 43.0	 219.	 255.	 282.	 301.	 315.

t	 5.60 13.2	 19.8	 26.4	 32.7	 45.3	 231.	 268.	 297.	 318.	 351.	 35
J	 1	 5.91	 13.8	 50.7	 27.6	 34.1	 47.4	 65.6	 88.1	 96.7 104.	 110.	 133.	 155.	 207.	 242.	 291.	 311.	 333.	 345.	 1	 51
1 ' 1	 7.21	 14.4	 51.6	 28.6	 35.7	 49.6	 68.5	 91.9 101.	 108.	 115.	 138.	 162.	 216.	 252.	 293.	 354.	 347.	 351.

7.:8•1	 15.0	 22.5	 190 .0	 57.1	 51.4	 71.2	 95.6 105.	 115.	 119.	 144.	 169.	 225.	 253.	 305.	 337.	 361.	 5570.

-	 I

i	 7.70	 15.6	 23.3	 31.1	 38.5	 53.4	 73.9	 99,2 109.	 117.	 124.	 149.	 175.	 233.	 272.	 316.	 350.	 374.	 549.

8.31	 16.6	 54.9	 33.2	 41.1	 57.0	 78.9	 106.	 116.	 125.	 132.	 159.	 187.	 249.	 291.	 338. -1374.	 400.	 415.

8.05 11.1	 24.1	 52.2	 39.9	 55.2	 76.5	 103.	 113.	 121.	 128.	 155.	 181.	 241.	 282.	 327.	 552.	 387.	 657..	 .	 .

5.55 17.1	 20.7	 21.2	 42.4	 58.7	 81.3	 109,	 120,	 329.	 155.	 764,	 193.	 257.	 300.	 148.	 11 5.	 412.	 125.
4

8.80 17.6	 26.4	 35.2	 43.6	 50.3	 83.6	 112.	 123.	 132,	 140.	 169.	 198.	 264.	 308.	 357,	 396.	 423.	 410.
77	 9.03 18.0	 27.0	 36.1	 44.7	 61.9	 85.8	 115.	 126.	 135.	 144.	 173.	 203.	 271.	 316.	 367.	 406.	 435.	 451.	 57
50	 9.25 18.5	 27.7	 37.0	 45.8	 63.4	 87.9	 118.	 129.	 139.	 147.	 178.	 208.	 277.	 324.	 376.	 416,	 445.	 463.

-

100	 700	 100	 100	 99	 98	 95	 85	 70	 60	 53	 40	 45	 40	 35	 32.5	 30	 27.5	 25	 4----------7-
0 ie Cron

Factor
Output Figures shown are based u pon davlirht work.	 Over/lend hee been ne,,,,,n,4 4, ....,.,..i	 w .. . ........-j
foreman nod three qualified strawbosses per 25-man unit with c orresponding number of fire or sector foremen,
forest officers, etc. This data for use as a guide.

(Divide chains of work by sq. output rate before using this chart to gat man-power)

r5/71 5	 ,	 1

.15,'	

13119-	 -115;	
...

5
of	

7-	
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5	 .	 ,	 .	 9	 n.m.	 5.	 51	 75	 ,U1	 ho	 1 0	 35	 15	 10	 7	 1._	 5	 L	 1
•  	 -	 l'-'	 R.M.	 '-''	 19	 67	 14

9	

411	 5	 1	 1 ,..7.
11	 a.m.	 1.	 11'	 1	 /51-5O

4.5	 1.0	 1.5	 1.6	 2./
n•n1	 15	 5h	 28	 21	 /For dir-di

5.	 4.9

1 .4	 7.1	 :..	 1.0	 5,1	
1	 p.m.	 44	 35	 77	 21	 75	 9	 4.71	 leereAle

he	 ,,,,.:	 5	 e.m

34	 5;	 77	 15	 10	 3	 required

.3	 4.2	 1 7.	 16.5 	 time and	 the corral	 ,4;,,live

1	 nnnnn 	
to ndvanes 11	 On u R.T.

I:	 p.m.	 25	 15	 14	 advance botl	 the entn•nood

6.6	 11.	 1 5.	 50.	 33.	 4 p.m.	 17	 14	 12	 9	 same number of hours end o •-R oo

1.8	 15•	 23.	 30.	 5 p.m.	 9	 6	 3	 1	 covery.	 Examples	 6 e.m. dise nu e rv.	 6
n1i1	 .1.s on the b asis of e 9 n.m.

7	 2P.	 26.	 4	 .	 arrinal end 10 a.m.	 corral would ne oh;
G p.m.	 6	 3	 1	 thus	 - 9 a.m.	 disnovery,	 11	 h.n.	 Arrive/	 e--

2.4 75.

7.5	 26.	 35.	 55.

1.2	 5.	 30.	 1	 5 .m.	 corrnl.

55. 10

1

st	 6	 3
For all other night Fire.	 (between 5 p.m.	 en'

lal	

7 p.n.

p.m. 38	 El	 7	 5 a.m.)	 simply reve rse a.m. mourn to p.m. 1 1 end
hours to a.m.'s and	 use	 charts direct me e5, . 0....+.4.4.



INSTRUCTIONS FOR USING REGION ONE DISPATCHER GUIDE CHARTS - WESTERN FORESTS

,t is cir ,f2nlly considered in any method of calculating fire probabilities' or determining man-power needs. The influence
!xis be r, givn •  conoidoretion in the region one charts, insofar as possible to determine from the limited amount of data

4. FUEL MOISTURE:

Humidlty.(Existing)
A" and less Fuels
Precipitation (Previous)
Large Fuels (2" Plus)

B. FATIGUE:

A.'Length of work period
(varies greatly with
type of men used)

	

O. TOPOGRAPHY:
	 3. WIND:

Slope
Exposure

	 A. Velocity

Duration
Direction

6. CHARACTER OF CREW AND

Experience
Training

C. Adaptability

10. ARRIVAL TIME:	 1

A. Estimated (sufficient
force to deter spread
as calculated)

b1l13 OF OBTAINING TIMELY MEASUREMENTS OF FACTOR INFLUENCE 

0o.:EVING AGENCIES: Lookouts, smokechasora, crewmen - glasses or telescope may be used.

r	 ENCIALEOGE of dispatcher or other persons immediately available.
ilihtArABILITY STATIONS: Wind gauges, psychrometer locations, etc. Several readings daily.
MAP: For general information and to be relied upon when 1 & 2 fail to serve need.

WEYliCald FEOORDS: Fuel moisture, wind, humidity, rainfall, etc., as recorded several times daily.

i'.4.Allf1.1TTES  WITH REGION ONE GUIDE CHARTS
CLMOO from spread danger meter. Adjust actual measurements, secured from sources nearest to fire, by carefully com-

,Ar, 
expiforo, timber stand (dense, average or open), exposure to wind, elevation, rainfall (recent and past), tine of day,

FACTOR from chart I. Select proper danger class, in first column, then refer to proper rate of spread (fuel
rfTr clean lino, and rate of spread bnebor wlil he indicated. Dstertaino proper rate of spread (fuel type) tl

11 1, 2 A 4 above.
iOiAIE FACTORS from chart II. In first column select time of discovery of fire (to nearest preceding hour),
proper arrival time and corral time columns. Thereunder will be indicated the proper multipliers to be used in
e free burning perimeters from discovery to arrival and from discovery to corral time. The percentage of the

di-Ryer-71mo perimeter and corral time perimeter which should be allowed depends entirely upon strength of at-
adhod of attack anticipated. The arrival time perimeter plus the corral period allowance equals total job site

OW3
R EDS from chart III. Divide total chains of anticipated perimeter by the amokochaser output rate for the fuel type

gives the number of mmokechxser hours of work to be done. In first column select number of hours calculated in corral
this floe to right until an output figure equal to number of hours of nmokechaser work is found. At top of column will

r of 011 required to do the job, with allowance made for factors, A 5,6,7 and 8, as set forth above.

Bc soon 9 p.m. and 9 a.m. chart II may 
be used in the same manner as for daytime discoveries except for multipliers shown

ere for daytime discoveries only and are applicable when a dispatcher desires to determine the probable perimeter

drA orinitd corralling throughout the first day. To determine job size for second a.m. corralling.
slopes, normal humidity, 4-d mile wind, 0% fuel moisture - D.C. S. Fuel type is medium spread and medium ro-

ver/ tins is 10 a.m.; arrival time is 12 noon; corral objective is 2 p.m. Chart I gives a spread factor of 2.0. Chart II
1 bias rultiOler of 3 and a corral time multiplier of 10. Thus probable perimeter on arrival is 2.0 x 3 or 6 chains.

al toms perimeter is 2.0 x 10 or 20 chains. 20 minus 6 lc 14 chains or free burning increase during corral period.
attack is piariuud 25% should be sufficient allowance. Thus 6 chains plus 26% 01' 14 chaina equals 9.5 chains or probable

•

In 
his estimate of man-power requirements if he uses carefully prepared tables than if he guesses

needed. The Dispatcher Guide Charts eliminate the guesswork.

:n.(,13tIon planning should arrange for the fire to be detected within a short time after it starts.

he picked up 
while still definitely a Class A fire. Visibility will determine how readily the

located, but it 
must be assumed that detection planning has arranged the location of the lookouts

:n	 a canner 
that even under conditions of low visibility, the smoke will be detected while the fire

class "A" in size.

:1\„31 Lime Is 
not a serious item if it may be assumed that man-power placement has been correlated

wit	
caracterintics so that even with extreme fire danger, sufficient man-power can arrive in the

ry ,mount of time to prevent a serious "run".

is conceivable--and such conditions have occurred-wherein the number of men arriving at the fire

Lie time specified will be unable to control it when the variables represented are extreme, such 
as

wind velocities, 30 m.p.h. or more; low moisture content of the fuels, 6% or less; and extreme

60'4 
or more. To have the detection system, man-power strength and organization, and

ion system to prevent a fire from reaching class "C" 
size during a period of extreme danger

t careful planning, quick accurate decisions, prompt action by the dispatcher, 
and high

work.

ourh Place-
sion)

7. FUEL RESISTENCE:

A. Same as 1-1,B,C,D
except as each affects
held-line output

I. CORRAL TIME:

A. Objective (Established
arbitrarily)

12. METHOD OF ATTACK:

Frontal
Flanking

1' .2 1



(4) The Maintenance of Morale 
Tne morale of the firefighters can be hold at a high or low level dependent upon the lou , r-

'Oe foo,ervlsory personnel on the fire. Undoubtedly such factors as adequate messin g and
100, vti'n necessary, play an Important role; but morn important than these is wheth e r the fie,,f!e

have c o nfidence in the run who direct the work. It In of extreme importance that morale be maie'el'e.!

a htti level in order that, output of effort be high. Morale of man-power on size clans "A", "2".
-111 class "C" fires up to 200 acres in size Is generally good, but when they exceed this area nr 6e-

vlop Into extra porlods, overhead shortage generally occurs and frequently, by the time the fire 	 Com,-

pletc“! its first big run, the overhead which was on the fire originally is so exhausted and dleconeeerl
.ntelligent mental processes are no longer possible. Relief for tired overhead seldom arrives seen.

e ooei. Eocaloo of the fatigue due to physical excesses, the let-down in work output is reflected all
g nu lino from the fire chief to the man who uses a backpack pump or a hazel-hoe. The defentest at-
wnich attends fatigue causes low morale. There is all too frequently too great a gap in time be-

Inc) period when morale begins to ebb and replacements take over the job of leadership from ?no tired
oectoe- bosses and crow leaders. To avoid this sudden slump in morale the fire boss should requisition
le ore overhead the moment ho becomes aware of the fact that the fire will probably go Into an extra period.
This, too, is a matter which can be greatly facilitated by adequate liaison between the sector leaders,
the fire boss, and his superior.

It Is of especial importance that the fire boss be periodically relieved because tired minds result
in sluggish decisions, incoherent orders, and poor judgment.

Occasionally morale breaks down because the fire boss does not recognize that his primary conc ern Is
with _ho progress made on the fire line. He may permit himself to become absorbed in the procuremen t of
foodotutfo or the repair of broken-down equipment or the protection of a bridge which has no real value in
suppressing the going fire. This is serious error in judgment on his part.

Cooperation among the overhead is essential for good morale. When there is petty bickering r7or7 the

,Jver'„ep ad itself, this is soon reflected in the performance of the men because their confidence in te
leaders is lowered when they realize that the overhead is quite apparently not in agreement on pros: lure.
L;t111 worse is the situation in which each sector boss operates under his own ideas without regard for t,he
others. There is consequently no coordination among the several leaders. Such situations always noeolop

!.t'.1, a fire chief who is either too tired to function, Inexperienced, or temperamentally un q ualified. Good
fir: bosses will maintain morale merely by their aggressiveness and qualities of leadership.

length of work period also influences morale maintenance. Total man-power on a fire should not
..pe, ted in control because there is always mop-up work to be done immediately following, the per+ry!	 r!

71 ., ! 13 corralled. It is not unreasonable to work men to a 24-hour period provided there is o 	 211-

that the fire can be controlled in this period. It must be borne In mind however, that the

effleIency of man-power decreases quickly after a 6 to 8 hour period of exhaustive labor.

(In a fire which cannot be controlled with one shift of man, a shift of less than 12 hours should be
used; this includes travel time.

Good practice demands that men commence work on the fire line at break of day and remain on duty
until nightfall unless the heat of the fire or a rapid run and frequent spotting makes firefighting too
hazer sus.

C	 Tice of Day and Suppression Work
Class CA" and "B" Fires

Fires should be worked on as soon as practicable after they have been detected, regardless of the.
to or day of discovery. An Instance In which it might be advisable to put off work on a fire Im7ediete-
ly oftor its inception would be during a night lightning storm with numerous strikes concentrated In a
Oral) watershed.1 After the strikes have been located by the fireman in his capacity as an observer, the
rule to follow ordinarily would be to leave for the vicinity of the strike at once. With no blaze9
evie , ex after the storm, however, to attempt to locate smokes before daylight would be futile. It wonl
bo n , f2b, more desirable to notify the dispatcher of the situation, and have him send to the points of strike
en	 following morning several crews equipped with radio sets to work on the probable fires at,irr.d.tii
the storm the night before and report the situation upon their arrival on the fire. By remaining onkthe
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firemen could spot the smokes readily and notify the suppression cress

unnels of their precise location.

,'(ent action is extremely important in preventing small "C" fires from becoming

-Tresion should be placed on initial attack because It is the results of this

a successful or unsuccessful fire season. Adequate initial attack is an

iN successful fire control.

f're ,Nauther conditions exist while a fire burns, the light fuels become moistened by

moisture. This factor, plus lessened wind movement, lower temperatures with

:Lion of convection currents, and lower evaporation rates, result in a lowered

ur 0;;X' tunity 
for direct attack. In crown fires, the blaze usually degenerates into

:rel lours after sundown, thus producing an opportunity for direct attack which 
IS not

ua;,.	 ariod.

.ltolut of the production of effective suppression work in periods of 
high fire danger,

lo:a3•ucy to crown during the mid-day period, direct attack must be done when the fire

surlace. It is in this mid-day period that fires make their big runs and enlarge

ti a cs. Unless effective control is accomplished
, the fire will crown if it is burn-

stand. This work must be done between daylight and the time the fire will crown

P::lY) and 11:00 a.m. When the fire cannot be controlled within this period, the

on the head fire may as well be withdrawn and backfiring resorted to or a rest

faCesslvo rate of spread diminishes and there is a tendency to subside into a

fire should be attempted under very limited conditions. These conditions are (a)

"A",	"3", or small "C" class, (b) for the purpose of saving an area of high value or

require considerable outlay for replacement, (c) when there is ample overhead

t!:e cr4s, (d) when the topography does not jeopardize the lives of the men on the

a light of some sort available for each worker, (f) and when the perimeter is

1!.7 ry ni:zht work can the fire be corralled with the men available, before going into an

arr., d'p. Texlmately twice the overhead is required on the line as 
in day work.

"OUT"

rout difference between "under control" and "out". The former implies that the

porlod of rapid rate of spread has been checked, but there are still many points

for the time being they may be dormant. No fire is "out" until it is impossible

le fire to enlarge itself.

ne vbere part-time or volunteer workers are used in suppression, a single fire may be

two, throe, or more fires. Actually it is probably only one fire, but at some point

e suppression work had not been efficient with the result that the fire line was

aiom this point of the perimeter. Rather than blame themselves for careless work,

'rofer to place the responsibility on an alleged incendiarist and report that, while the

tasy with the fire, the person reponsible for its origin rekindled the fire behind

for example, are easy to control but extremely difficult to extinguish. They may be

before they are "out" . The more organic matter there is in a semi-decomposed

the more time will be required to petrol its perimeter, after it is gotten under con-

t. htua not eat under the trench which has been constructed, or eat under trees and

er the fire line and thus carry fire over the trench.

oatrol demands that fires be controlled in the shortest possible time; corrallary

Is that all corralled fires must remain under control until they con definitely

To control a fire quickly is commendable, but to neglect it after it has been con-

_	 -1, of technique.
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Some Fire Suppression Rules

I iminary

,o	 ro on art WY,	 n J;, ,	Ion ' y 4-4004it tor; to determine
4 '1	 f	 '	 44 , 1 ,4	 .:	 4:	 o	 4r4 '	 .may 11 -• 	 formo(1.

' 	 Cor	 'U	 tH . ' 1	 Ilni 11	 the situation can to
'	 •	 t.t4 powor tnuv, •	 4-	 4,4 • •-•I . n	 necessary.	 If reinfo , • •-•••• • 4 ••-;	 •

t Ion	 IT ifoly.

Control	 I	 hot-spots and heads, provided there is a chance of controllira; the 	 r'7r1.7, ton
! ]Ir' r...erlinotor at t,!101.11 endangering the	 lives of the suppression crew.

o I	 Corrtoncea rt at ti:, canter of the hoal extending flankward from its conter.

Take Immediate follow-up action to prevent; dormant hot-spots from becoming, active.

'	 'I+ 4:co I41•4•440004;

(a )	 I f LtpA	 fire has a tendency to crown or spot, work on the spots immediately; If th ere are insuf-
't!r1,,),1	 'on In i n o crow for an adequate factor of safety, obtain more help at once.

In tbe	 follow-up worit, fell snags 	 carefully no that the felling will not e y tond the eorimel",iir;
!f It	 (loos, act, on	 !no now hot-spot at once.

String t I le firefighters out along the line; bunching of firefighters is a good Index of Foor
)Ao :T)tip or insufficient overhead.

id) The fire boss should maintain liaison with his subordinates as well as sulerlor officer. The
I'Iro 'Pens has no time for actual firefighting, even under stress of excitement.
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Chapter XIII

ANALYSIS OF FIRES

conditions which attend large as well as small class C fires is generally fruitful

le the discovery of deficiencies. Only by repeatedly making these analyses is it

presnlon system, educate MOS wtiO may have used poor judgment because of inex-

u responsibility for failure if such action is considered desirable. This

tAvel y handled, can always be used AS the means of strengthening defects, regardless

e:tsen appear in organization, planning, equIpment,or personnel. Weaknesses develop

t by fires. The analysis of each large fire should bring about desirable changes.

,y poor jadonent is the cause of a "hlow-up"; If such is the case, analysis of an

tn expose such a situation. To be of greatest value, the analysis should be used not to

,r the individuals concerned, but to bring to their attention these facto which lead

tie size of the fire due to f o ilt y judgment so that, if over again confronted

the decisions they make will be less disastrous.

hnalyses can he placed Is to dig out those facts which can be used to strengthen

If one or several weaknesses consistently develop In analyses or fires within a

that Insufficient attention has been given to that point. The deficiency may be

•omiuence in the fire elan or overlooking It during those periods that the fire plan

riods.

several fire analyses which are in the nature of post mortems, but nevertheless

se  	 circmstanees. The basic information and maps of the fires, from which

7,a re say ilea turu tto courtesy of the Regieftal Offices of Reglees 5, 6, F, :,ad a

afflco of a Western National Forest. These analyses are not supposed to he typical

	  ranresented. When received they should be considered from the standpoint of forost

nly.

BIG HENRY FIRE

burned between 11:40 a.m. and 5:45 p.m.

ta roiling, relatively few streams present.

I' eine (Minus palustris) and scrub pine (Pinus clausa).

tread and low to medium resistance to control for surface fires, but when the fire

gib," there is extreme resistance to control.

ow definite data available on fire danger; wind velocity, approximately 35-45 m.p.h.;

Wry, probably low, but no measurements available; wind direction, southwest; few

, probably low because of high evaporation rate and very porous soil; visibility,

- 1; time of year, March 12, the peak of the fire season.

rninc out to stump incidental to land clearing.

s s surface fire in the "scrub," probably around 11:40 a.m. Suppression action

s acres in size; eight men Involved In this initial action. At 1:00 p.m. went

!s; confined to surface for 1 hour and 20 minutes.

tiid AND ENICES--W Fire plan called for the manning of secondary towers and the

of crews when wind velocity is high and relative humidity low, (2) fire breaks had

acted (see map of burn).

Imo

a.m.--11:11 a.m.; e minutes, fire 12 mi. away

--1';:41 a.m.- , i1:40 a.m.; 1 minute

--1):4e a.m.--11:P;' a,::.; 1 Meat()

 
Hwy

ttmtrooKi

t
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Travel time-11:50 a.m.--12:30 p.m.; 4 5 minutes.
Control time-12:30 p.m.—G:15 p.m.; 5 hrs. 45 minutes

B. MU-Power Dispatch and Arrival

Table 35

Time of Leaving Time of Arrival Number of
Firefighters

Cumulative nurbor
Firefightora

11:50 12:30 8 9

h 12:10 • • 32 40

37 64

d 7 19 88

1:30 21 109

1:50 • • 27 138

g 2:00 42 175

h 4:35 45 223

5:45 Rain commenced to fall

C. Equipment—NO information available regarding hand tools; trucks transporting mon were able to
/i only C to 13 m.p.h. because of the deep, dry sand; a large 2-ton fire truck broke dorm. 	 No .infor-

tica available as to the type of equipment used by the crew taking initial action.

Comments

A, CAUSE--The fire resulted from land clearing which had stopped presumably on Fetri a r,	 an
t3, the date of the fire, a stump was burning on the edge of the cleared land, an ,a : e ri ol b y tine

e o i nr, 4 11c clearing. They took action consisting of digging round the stump and threwi r 4 6, 1-, on It to
1, = v o 1 r the spread of the fire to adjoining land, but around noon It had ignited the fuelo real (.

goo Ton wore attempting to control the fire at the time of arrival of the crew taking the ln1:.lai. action,

It seems rather questionable for a stump to have continued to burn for approximately two wen, ;: ; after
clearing ceased. It seems more likely that the stump was probably fired on March 11 or 12 	 the dtrt-
throwing was coincident with the attempt to control the fire. Because there was nobody to eeniiodi,t

h t, fne land-clearers probably decided to protect themselves and refuse to admit that the etip hod been
firod alder questionable weather conditions.

P o o of the Forest Jobs as set up for the Forest consisted of an effort to have all bur-l=
orc Janu a ry 1 and to obtain the cooperation of all adjoining landowners to see that a r o/A or 1 •=

'r-e-t ranger In event they decide to burn after the January dead-line. 	 "9

i li' a ly done on February 28, the smoke should have been followed up by sone Forest "tor/1- n .,=
the burner cautioned. When extreme fire danger developed, or was anticipated, tha old b),-lac:

E11Jul1 have been investigated.

Inadequate public relations work is evident in that the land-clearers were not contacol and re-
, )sted to cooperate relative to concluding their burning prior to January 1.

C. 1,1'0201—Another Forest Job consisted of taking extra precaution relative to firer wh .l n wind
velocities became high and visibility low; these precautions to consist of the manning of addition a 1.
towers and increasing the size and number of standby crews.

The wind yelocities for the day preceding and during the fire were as follows:

4 p.m. of March 11 to B a.m. of March 12-9.8 m.p.h. average
B a.m. of March 12 to 12 noon of March 12-23.0 m.p.h. average
noon of March 12 to 2 p.m. of March 12-37.5 m.p.h. average
2 p.m. of March 12 to 4 p.m. of March 12-42.0 m.p.h. average

E'te or the dispatching tower had not been informed of the grave necessity for co runfoltl-/ with -,
1	 , Ion wind velocities were high, or he neglected to do so. The result Is, however,	 tha t	 c,

lo l e %or. to man additional towers or to increase the number of standby crews.

Bud there been adequate liaison between the Ranger and the central dispatching tower, 	 former:
erould have become aware of the high wind velocities; he was probably in his office where he could have
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to the peculiar nature of the roads on the forest, the travel time was excessive.
el time, it was especially desirable to have numerous standby crews scattered

there would have been low hour control time in event of an outbreak of fire. Had
t1 I action been able to arrive 15 minutes sooner, which would have been possible had

at a rate of 20 m.p.h. instead of 6 to 8 m.p.h., it is likely that it could have

frtzl crowning.

reads were inadequate as arterial truck trails for fire control purposes; the clay
o•o permit satisfactory rates of speed, but in weather of high wind velocities, a

o:tor tonord high fire danger, the ruts become filled with : fine sand which seriously im-

:Yel. A system of arterial fire control truck trails should have been planned and con-
r to ared up travel time In periods of high danger.

fire had little difficulty in crossing 200'- wide firebreaks at six different
1 , hree-quarters of a mile from the point of inception, a wide firebreak was
11,ese wide breaks which were used to block u p the area into tracts approximately
section (640 acres) was surrounded by a five-foot fire break. In this Piro, the

Ilnuo were of no value.
ipread of the fire, the wide breaks were valueless from the standpoint of acting
wr as a base from which to backfire. The breaks wore constructed presumably to

:,,. , read of crown fires, but they did not function as had been hoped for. The sugges-
tt

	

	 the fire, and it may have been advanced before the fire, that a bettor means of
create harriers whereby the movement of crown fires could be checked, would have

fer eteror: 11 tmndred fuot on each aide of narrow breaks or truck trails. Donee
o crown rime 1)0(3[311)1o; with an ovut stand created by the thinning, crown fires would

;003a the fuels would not be sufficient to continue to carry the fire In the crowns
b	 -,r1 opened. With the fire on the surface, it could be controlled before spreading

MEANS OF INMMIPRETINO WIRE DANONR AND ANTICIPATING THE HAME--An agreement was
between the Forest Ranger and the nearby station of the Weather Bureau whereby the

se I.L0 former relative to impending conditions which would produce fire danger. No warn-
by toe Weather Bureau that unusually strong winds could be expected. The Forest, more-

cqMPPO d with instruments and methods whereby fire danger could be measured so that adminis-

:Tight be taken to avoid a repetition of the conflagration.

o derwnstrated a lack of sufficient information regardin g fire behavior. The fire illus-

i-iWeb was not on the job quick enough to suppress the fire. Too much travel time was in-
concerned. If the elapsed time standards are adequate for the fuels and the danger

d:ributihg factors, they were adequately met for detection, CoMMUniCation, and getaway
not close enough to the fire, however, when it broke out. Obviously the remedy is either

, 	 roads or greater dispersion of man-power, or maybe both, so that travel time can be

ht si c ro man-power can get on the job in less than 15 minutes in periods of high fire

I.
	 he been on the Forest somewhere, undoubtedly ho would have known that the

fleci date liaison between the dispatching tower and the work crews on the Forest,
fire danger which existed. In the absence of radio equipment, the work crews

to jobs close to a telephone line where messenger travel would have been at'a
redl:CCa the time element insofar as the dispatch of the crew to the fire was

1--There Is nothing of record to indicate the equipment used in attacking the fire,
ofor-driven, water-using equipment was available or whether hand tools only were used.

!bltiaLac,,Ion crow of eight men arrived, the fire was only approximately two acres in
, iLn a perimeter of approximately 825 feet. If it, may be assumed that only 1/4 of the
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f e rimeter	 s "hot", creating the head fire, there were approximately flWO feet
trol; this man-power included tho three na tives plus the eight men taking
pumps ahl a	 smell rurplu q of water, -flO 'f e e' o r fire line ;ould probably have t •,oe n e't
forty minutes elapsing between the nrrivel of the, initial action crows and the cte:a117 ,h
Tip, eleolud, of a responsibl e fereet offlher, It Is somewhat questIonaPin as to voed tor'

used, whether the area vies equipped with the tools best adapted for ' 11 '' let,
men-per h a d 'he typo of leadership necessary for combatting extreme fire danger ne ;.nr

wind. It must be admitted that wind velocities of 30 m.p.h. widen the line 0' ft
extort that considerable water is required to "cool" It.

ANDERSON VALLEY FIRE

ue;a1 . :1,3__12,000 acres burned in approximately two days.

	

Lack of specific information prevents the presentation of facts such as were submitted unt	 the

	

a Henry Mire. The large size of this fire In the ponderosa pine type, however, was the result of	 th
rreoltate suppression action; adequate action would have prevented It from becoming an extra-rer•ed
Althceeh the fuels produced by ponderosa pine are characterized by rapid spread, there Is usudd'ty ltw
real resistance to control. During the early part of the night following the day on welch the fire
started, the fire was only nine acres In size.

Initial action was good, but it was by no means sufficient.

00tidllWS--
(e) The control line around the original nine-acre area was lost because there did not r

the forest officers in charge of the fire a sufficient a ppreciation of the abnormal fire dan ger wiled
existed whereby rapid spread, vigorous night burning, and long-distance spotting was rousible.	 ttse
fire boss been aware of the real fire danger, It is probable sufficient precautions would have been taken
to prevent the fire going over into an extra period.

Because of inaccurate knowledge of the real fire danger, the p lan of attack was changed tan
•eently. The original plan was Indirect attack; this was changed later to direct ett a ce hut ycdes
round that the fire spread rapidly even at night, the plan of attack was again chan ged to indirect,
too late to be effective with the limited number of men available for the job.

With fuel conditions such as they wore, and the possibility of the fire going over let: no
I a riel, more men should have been available for the job. Had there been more men on herd, it th do).htdul
...other the fire would have remained out of control and developed into an extra period.

With poor line inspection, much of the constructed line did not hold. Inspection 8
noon made by regular forest overhead. The fact that the line did not hold made It Possible °_orthe Ire
to get out of control.

When it became evident that the fire could not be controlled during the night, and there ekidted.
0 good possibility for the fire going into an extra period, additional man-power was •eeuieltleneee tdt
it did not arrive on the firellne at the point needed until several hours after it war ate ,n,!
could not perform effective work when the fuel moisture content was higher than It is during t:
period.

(f) Two modern devices for fire control work were not utilized when the fire extended trto an extra
period. An airplane was not used for scouting, and the mobile weather forecasting unit wan not breeee
Into service. The use of one or both of these facilities would probably have reduced the final atreaeo
lost.

There was too much independent action among the several suppression units; this was duo to a
teak of aggressiveness on the part of the fire boss who should have issued definite, positive orders so
that a concerted action could be taken on the several parts of the fire.

The fire chief acted too much in the capacity of a camp boss. He should have been Ii more to il
Irate  contact with the bosses on the job and should have designated a subordinate to look after suDeiles.

	

t	 :t
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McKENZIE FIRE

e	 burned, 1,715 acres; total perimeter, 15.95 miles or 1,276 chains.

" ,r '	 IN WHICH FIRE EXTENDED FERIMETER—Three.

In; fire commenced near the base of a 3,000 foot steep south slope with a gradient

percent, with some parts 100 percent or more. Step cliffs made It necessary to

-11no perimeter because indirect attack was necessary.

aoced in a Douglas firsingle-burn where brush and snags were numerous. A large

turned In immature Douglas fir 16"-I0" d.b.h.

FlIELS—Rate of spread "High" (H) for

fuels on the area burned the

first day. For the average

of Total	
perimeter, however, rate of

ferimeier	 spread class would be "Medium"
ir, 16"-30" d. b. h.	 33	 (M) and "Low" (L). Resistance

Saplings and Poles	 7
!..ki,	 25	 to control estimate on the con-

.	 h. (Second Growth)	 15
o. t. h. (Old Growth)	 11	 trol line or perimeter was

9	 .	 Medium, 44%; High, 28i; Low,
loo	 27%; Extreme, 1%. These rat-

ings are based on the assump-
Table 37	 tion that It one man-hour isCOVER CLASSES 0 PERIMETER

required to construct and hold
;;; Cl 	 Tote]

Pe • Icleter	 a chain of "lo" resistance to

control fuels, two man-hours54
19 •	 are required for "medium" fuels,
17

four for "high", and eight
9	 for "extreme."

100
	  FIRE DANGER FACTORS--At noon of the

day the fire started, the

was 15% and probably remained fairly low until sundown. During the night period,

:,1er the forest canopy, the humidity remained low, with a 44 reading at 3:15 a.m.

m. There was no record of wind velocities during the afternoon periods, but for

.,: tember 4, the velocity was only 6 m.p.h. and at 5:00 p.m. of the same day, only

ection was extremely variable. September 5, the relative humidity was somewhat

tag between 25Z and 35% even for the day period. The highest wind velocity was

at	 :60 a.m. of September 10.

:ndiary.

proximately noon. At 3:41 p.m. of the same day, another fire, either set or due to

:sinted in a canyon two miles east of the main fire. 	 These two fires burned together

Me fire could have spotted because the wind direction was from the west and tremendous

• mts were generated due to the steep slope on which the main fire was burning.

ately half of the area which burned in the fire occurred noon and 7:30 p.m. of the

(Coe. Figure 45a for periodic and daily estimated progress of perimeter enlargement.)

had been added by 10:00 a.m. of the second day, September 5. This was the end of

: . ! ‘A.	 All burned area occurring after 10:00 a.m. of September 5 was classed as "extra

rtarh toaography and convection currents produced, control was difficult because of a

o soot.

':!Me Peri ods

(?) min .	 (11:45 a.m.-noon)

tIn;.7--1 min.	 (noon-12:01 p.m.)

-;.ay--2 min.	 (12:01 p.m.-12:03 n.m.)

-C7 ruin.	 (12:04 P.m.-1:10 p.m.)

(Se pt. 4, noon-Se p t. 8,	 10 a.m.)
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B. ilou-Doir Dis p atch and Deployment	 SEPTEMBER 4
r'ulial and another m om leave Rarer Station for fire.

r':15 p .m.--Foroct Sur o r y l p or assumes full control at. Romer Station.:45	 hof%1 detoitod to col o ot calm' alto to accommodate lartVt crows.1 0 .50 p.m.-0Cc co romon with crew or 0° d I st p tcPed to fire to cut out wa y trait to tiro Hau pt.1:10 p.m.-- g lro 1 1 . 1rd reaches fire when 100 acres in size; sends man with him to oento-tt s).0-orv!scT alreq , :e2t 300 men be made available for control. Guard commences to scout:15 p.m	 Su p ervisor requests Region) Office	 to send additional tools and two hundred POP enralloop.p .m.---PIrst reinforcement commences action on fire which is s preading rapidly up stove and crowningIn green timber.
, :10 p •m.--More men dispatched to scout fire.

:7 :10 p .m.--S1g,orvlsor requests six additional overhead, and the scouting unit made up of a chief, com-munication man, radio operator, draftsman, and scouts.
l p.m.--Spot fire "A" is reported in N W 1/4 Sec. 12. A crew boss with 10 men Is disatched to

handle It.
:00 p .m.—Second reinforcements made up of 50 men commence work on southeast corner of main fire.

0 :05 p .m.--Spot fire "8" is reported.
'; :03 p .m.--Twenty-five CCC enrollees leave for Spot "B".

idnight--1,100 men on job or enroute; fire encircled with scouts.

SEPTEMBER 5
A Lace camp has been established near Ranger Station.
5:30 p .m.--Spot "B" and Sectors 9 and 11 controlled.

Estimate of needs, 1,680 men to construct 7 miles of line.
Spot "A" has resisted control; also several parts of perimeter of main fire.

Deployment of Man-Power

Spot "A"--1 sector boss, 4 foremen, 168 firefighters
Spot "B"--1 sector boss, 3 foremen, 62 firefighters
Main fire, North side--1 sector boss, 6 foremen, 210 firefighters
Main fire, East side--1 sector boss, 8 foremen, 220 firefighters
Main fire, West side--1 sector boss, 5 foremen, 120 firefighters
Total--5 sector bosses, 26 foremen, 800 firefighters

SEPTEMBER 6
A L end of day, Sectors 9, 11, and Spot "A" remained under Control; Sectors 10, 8, and 6 were corralled;moppliv. up commenced on these sectors.
Total Man-Power on Fire Lines--

5 sector bosses, 32 foremen, 1,161 firefighters.

SEPTEMBER 7

Ylrefighters concentrated on Spot 11 and corralled.
Sector 8 corralled, sectors 3, 4, 7, and 12 backfired and corralled with small loss of line.

SEPTEMBER 8
lector 1 became more active, but was finally corralled. All other sectors quiet.
Man-Power on Fire Lines--

6 sector bosses, 37 foremen, 1,078 firefighters

SEPTEMBER 9
All sectors quiet and mop-up going on at a rapid rate. Only small amount of water available tarpirt''.

210 men were released from fire duty.

All sectors quiet; mop-up still progressing.
SEPTEMBER 10
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SEPTEMBER 11

o.31 fire duty strength, 520 men.

tools used almost exclusively. These consisted of hazel hoes, axes, saws, shovels,

,3.c:k pumps.

' for approximately 30 hours on Spot "p1"; a pumper was also used effectively on

burning in very rugged topography, characterized by steep slopes, cliffs, and rock

scion w s conducted under a great deal of difficulty, attended b y a high rate of

a and resultant reduced output per man.

of snags contributed considerably in slowing down the work of corralling the fire.

to spot and crown, cou pled with very rough topography made it necessary to evacuate

occasions to avoid being trapped. With the wind shifting direction continuously,

;u1t to do much planning.

the regional scouting unit, however, coupled with a communications network of

c.ne made close liaison possible. Radio sets of the voice types S P and P F were

• .3	 ,tors ;:nc.i 
camps and M type at the bane camp. This communications system proved in-

shift,s or cnn-power, supplies, and equiment.

ervIsion, ample man-power, the highest type of liaison, and adequate service of

4 loo of control was done under very difficult conditions.

BUNYAN FIRE

burned, 2,000 acres in a 42-hour burning period.

.1D5 THRU W1ICH FIRE BURNED UNCONTROLLED--One.

Tlacial moraine formation.
d in the depressions, well drained on the higher ground, typical of glaciated

hardwoods, ash, and cherry in mixture with hemlock, balsam fir, and spruce.

, medium to high. Resistance to control, high to extreme. Logging slash present

-ed.
PRECEDING AND DURING FIRE--Altho there were no fire danger stations in the vicinity,

n3 follows: Air temperature, 85 degree Fahrenheit; relative humidity, 40%.

f_aust, from a tractor on the logg ing job where the fire 
started, or a firebrand tossed

Uy the tractor operator.

p.m., July 9.
soy to crown and make "runs" almost from inception. Spotting frequent, 100 acres in

fter inception. Head fire two miles from point of inception in 1-3/4 hours. Jumped

p
t,no late in afternoon, somewhere between 5:00 p.m. and 11:00 p.m. Allegedly spotted for

mile in front of head fire.

' 0 1me Periods

vary--B minutes

, --3 minutes

--12 minutes

minutes

ir3

(1:55 p.m.-2:03 p.m.)

(2:04 p.m.-2:07 p.m.)

(2:08 p.m.-2:20 p.m.)

(2:21 p.m.-3:10 p.m.)

(Jul y 9, 3:10 p.m.-July 11, 8:00 a.m.)

trh aril Deployment

thl:i action is complicated for the reason that the circumstances were unusual.

lob conducted on private land, two miles from the nearest national forest
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end,	 the wind .rees blowing from a direction which carried the fire toward the netione Tee
111th	 fire epproachlno the national forest, its control became the reaper 	 ,r

rict T-31nor .3 h0,- Isr,, It. tereJleeed to burn ee Stain loceted In each District. 	 The re we re 	,,ree!e e eerate sleere! e); unite eetIng iedo penleetly of each other, eencerne W I!, the eeelr,,
:here inlite wee„ leld by the log ging su pe rtutene e nt of the job where the fire etert e d,	 1

Raneer,	 e l e e of whom had equipment, ant ton-rower at his dlsoosal. There was n limI ree 'eeer e e rdinatIon d l ie -e a ved between Ranger Allen's force and those at, the dis posal of the logg ine surerie'.end-Ont.

JULY 9

p .m.--22 men from the log g ing job commence work on the fire.
e.m.--19 teelsters from the logging job reinforce the others.
p.m.--30 mon from a nearby logging camp arrive to assist the others.
p.m.--56 COO men arrive with a pump and hose.

Forest overhead on fire, five.
p .m.--Ranger Denby personally arrives at the starting point of the fire with a pump and S type radio.
p .m. —Ranger Denby, a crew of 50 men, and one pump arrive at what is Probably the head fire, rer

center of Section 15.
p.m.--Fire Boss Lynn, one of Ranger Allen's men,

scouts to what he considers the
Fire Boss Lynn sends a messenger
each direction around perimeter

Overhead on fire, 18 men.
e.m.--Ranger Denby's pump breaks down.
p.m. —Fire Boss Lynn's messenger contacts Ranger Denby.
p .m.--Ranger Denby leaves his crew to personally contact Fire Ross

JULY 10

a.m. —Scouts report to Fire Boss Lynn that fire has crossed river and burned 100 acre; in Sec ti
14; also numerous spots developing in Section 14; burning hard and crowning.

0:00 a.m. —Tractor and plow arrive near head fire, Section 14, but are unable to function Pe::•nf'
soft swamp. 250 men also arrive on east flank near head but are Ineffective because of
intense heat, soft ground, and frequent spotting.

Overhead on fire, 31 men.
.m.--Radio sets get into operation.

e.m.--Ranger Denby scouts from airplane; this results on new deployment of man-power.
il:00 a.m.--Fire shows tendency to drop from crowns to surface; less spotting.

JULY 11

Y):09 a.m.—Corralled with 1,410 men on duty.
COMMENTS

1. Physical and Uncontrollable Factors
Frequent spotting and undiminished intensity of burning of fire during night of .111 	 9 rIng
morning of July 10; tendency to spot Indicated by map which shows an unburned strip carted
by inability of surface fuels to become Ignited; fire spotted east of the moist noels.

Lack of adequate transportation facilities; no roads or trails.
C. Mechanical defect of Ranger Denby's pump.

2. Human and Controllable Factors

Lack of early coordination of effort expended by the two District Rangers and the Inw7Ing
su perintendent. No one person assumed full control of man-power and equipment soon

Lack of good leadership on the fire.
Too much effort expended on line which could not be held.
Unnecessary, trenching in wet swamps.

3. Insufficient tools for crew members when work commenced on line.

3:10

3:45
:10

6:00

6:3n
e:le
7:30

head fire
thru woods
of fire to

takes a 40-man crew, a pump, tank Cars, and t-w e
In center of Section 15.
to contact Ranger Denby; also sends nee SON !', In
report at fire headquarters at Pole Creek Came.

Lynn.
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4. Use of tools not adapted to working conditions.

6. Ins'I r ficient water and food	 for men on the fire line.
(1 . To many gennrWzed orders resultin g In misunderstandings.

C. Foreet Sup o r y l:;or';7 indeclive	 orders to tho Regional Purchasing Agent relativ.a
of addItlohal ooldrtieni	 to the fire.

Proce(!are for Overcoming Deficiencle::

1. I lo itor training of a]1 personnel for fire duty.

int-nsive transportation systems.

Core available mechanical fire equipment.

4. More orderly planning and precision of execution in conformity with the Chief Forolteros
(165) fire suppression policy letter which urges s peedy, strong, and thorou gh control
action in dan gerous fire weather. If speedy control cannot be attained, then the sltua-
Ilan de7ands a review so that or gani?atIon can be perfected within the first work period.
The letter emphasizes the objective of keeping the size of the fire small.

f3--Gross area burned, 660 acres.
	 CEMENT GULCH FIRE

NUIR OF EXTRA PERIODS IN WHICH FIRE EXTENDED PERIMETER—None.
TOPCaRAPHY—Very ragged with fire starting at the 3,200 contour and rising to a 5,200 foot elevatt._)n

within one mile and advancing up a gulch which served as an Ideal chimney for generating air cur-
rents to help the rate of spread of the fire.

FORIT3T TYPE--Of the area burned, 100 acres was white pine type and the balance brush t ype, the result of a
previous severe burn.

RIF.I.--Rate of spread medium (M) to high (H) and resistance to control low (L) to medium (M).
iIRE DANGER FACTORS—For the ten days previous to the inception of the fire, the fire danger ratirl

averaged class 4, with one class 6 day among them and several class 3. With class 1 repreaentIg the
lowest fire danger class, and class 7 as the highest, the danger class was only moderate, Ott lash

of the herbacous material had dried out to the point where it probably aided the rate of spread
rather than retarded it.

CAUSE--The flames of a burning mine building spread to the forest.
TIC ms's OF INCEPTION-72:30 p.m. (?), August 29.

The fire was not actually discovered, however, until 1:00 p .m. because It originated I- e 1t:,.o
"blind" area which was not directly visible to the lookout who was located fourteen miles 7,auttwoct
of the fire with the wind taking the smoke up the gulch and away from the observer. It was noToosary
for the smoke to rise nearly 600 feet before it became visible to the observer who detect'-'l It.
The lookout estimated the size of the fire at one-fourth acre at the time he first obsernd It at
1:00 p.m-

FIRE PEHAVIOR--The fire made Its first big "run" on the afternoon of the day on which it started. Thave
'wan considerable tendency to spot, as shown on the map, but with only 100 acres of the 660 marls up of

which would spot it miles away into adjacent watersheds. With the numerous spots on the north side,

a forest type which would produce crown fires readily, there was no great danger of making a run

however, much man-power had to be expended in controlling apparent spots as well as actually looking

systematically for spots which were not apparent but which might get out of control unless the were
quickly detected.

CONTROL. TECHNIQUE

A. Elapsed Time Periods

(12:30 p.m.-1:00 p.m.)1. Discovery--30 minutes

(1:00 p .m.-1:10 p.m.)Reporting--10 minutes

Get-a-way--12 minutes
	

(1:10 p.m.-1:22 p.m.)
Travel--3D minutes
	

(1:22 p.m.-2:00 p.m.)
5. Control--20 hours
	

(Aug . 29, 2 p.m.-Aug. 30, 10 a.m.)
B. Man-Power Dispatch and Deployment	

August 29

2:62 p .m. —Initial action taken by a 25-man crew of CCC enrollees with one foreman in charge. Upon
arrival at the fire, the size was estimated at 50 acres.
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iorcemeats arrived, 17 men.

':orcements arrived, 45 men

. ,:rcomento arrived, 300 men
,ilsvircher and the ranger in charge of the fire had sized up the situation accurately and

Thrly. The large reinforcements which arrived late In the afternoon were messed and

dorm for the ntOlt to he available for early action the following morning.

shown on the map, fire camps were also strategically located for effective man-power de-

,meat, with approximately equal man-power strength in each camp.

AUGUST 30

einforcemonts arrive, 200 men

.e corralled, mopping up commenced

Lembor 11--Fire patrolled.

'N-POWER

FIRE BOSS

DISTRICT RANGER

Camp 11 Camp 12	 Camp 13 ee•

District Ranger
	

District Ranger	 Junior Forest

Adjoining District
	

Adjoining District	 Supervisor's Office

CCC Project Supt.
	

CCC Project Supt.	 Blister Rust Control

Foreman

Brush Disposal
	

E 11 A Camp	 Blister Rust Control

Foreman
	

Foreman	 Foreman

Prevention Project
	

Blister Rust Control	 Blister Rust Control

Contact Man
	

Foreman	 Checker

10 CCC and E R A
	

10 CCC and E R A	 8 CCC and Blister

Rust Control

200 Firefighters
	

200 Firefighters
	

150 Firefighters

(CCC and E R A)
	

(CCC and E R A)
	

(E R A)

t.iae overhead on fire line--Four Forest Officers with Ranger status and Supervisor and

Srpervisor for inspection and liaison.

Ired the construction of 658 chains of line and the expenditure of 6,600 man hours.

mop-up man for approximately each five chains of held line.

1, ,,,:Ack and parallel methods were used chiefly. Indirect attack was used to a very limited

fire showed the value of a fire plan and the ability of the Dispatcher and the District Ranger

the situation accurately and execute the plan.

• factors were directly responsible for the low control time. These were as follows:

yic location of fire camps

Cear-cut responsibility assigned to sector bosses

rienced forest officers as sector bosses

y dispatch and deployment of man-power

rvatIon of man-power strength for early morning attack

t arrival of equipment

morale

outside help required; all overhead and firefighters obtained from the Forest itself.

e tendency of the fire to get out of control after It had made its first rapid run on the
rnoon of the day on which it had started.
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red by each sector boss. Close liaison was made !possible between the fire boss and

presence bf a radio in each camp, in nearby taxers, and in the Forest Headquartera

r:rtunate in having abundant man-power available, but without excellent organization

Th-power might easily have remained out of control for several days because of the

, c.'1 .aprri which made suppression work difficult. With a higher Fire Danger Rating, such
7 (ny, it is questionable whether the Rangers from adjoining Districts could have
3233. The availability of men of this calibre without question elevated the morale
eve the average for so large a number of men on one fire.
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Chapter XIV

FOREST FIRE ECONOMICS

Fire Control Policies

A - The Responsibility for Protection from Forest Fires

in private ownership eenetitto,h a much larger noreenio.-•e
• eeht tire , b: t o le	 the Federal and State Governments, relatively little In

protection from forest fires. It is not the purpose of this dlocuosion to 	 .'!.,o,o!
o	 coodl t ion , but rather determine whether the expenditure of funds for prot o ot] oo "rive

I fiable,	 aid If It is, just who should be responsible for the protection and to what 	 extent F 1:	 s
olHo be fO.10 available and expended for the purpose.

For at teat, two or more decades, the national forests have been managed from the standWot
d yield. The personnel which constitutes the United States Forest Service which adminirtern the

= onoal forests is dominated by men who have been technically trained in forestry; cons0000ntly :jo7o,
plan, aid act to improve the composition and productivity of the timber ntandr en the ne.tiehr!

heir viewpoint is not dominated by economic stresses. They need not ennare	 1fOVI

hrecirle decade, or the current, or next decade, they must produce a certain cosh l000•7^.
Of the Forest Service is geared to the period of time which is reaulred to prod000 a creo er

In rP years in some regions, 300 years in others. Because of the long time vlowroin'o reehr dal
Hither production and difficulty of replacement, the forest capital must be protected from doo,r%ol

one of which is fire. With protection from uncontrolled fire, forestry Is nossiblo;	 ,
try is Impossible.

l;l eh an	 Increasing Interest on the part of private owners to practice forestry, orotoctioo	 'ire
ore of the first problems which confronts them. No private owner, once he has comol h ted	 ihO

of investing capital In timber growing, is willing to jeopardize his investment y beimd l tiho fire oo
s t ray it.	 Fires, because of their destructive nature, are intolerable to this type or eemer ar 1 ho
ill • ta'nes stops to control their inception on his own land. There are, however, larLie hrhes
o hied 0 	 which there is no protection. If a landowner with a second crop of tin)" on	 le,

a forotit on which no attempt is made to control fire the protected lands are conetar tly e
:lnli produced by being located adjacent to an area where fires may occur fre q uently aryl H:nn

) !n ted. In urban areas, there are organizations maintained by the public for the irredlao,

	

' f'res oh all Improved property, but In forest areas, each land owner must assume 	 rehherlt!''
if, coicept for those few states where protection Is afforded uniformly or In those coup t .ioo v`.11:-

late whore there is countywide protection.

Ilegardless of whether the fires are man-caused, as in the East, or predominately 117A
ii the West, tho problem of their suppression remains the same. The fires may start anywhara at any h17-p
r . rdless of whether the owner is interested in protecting the area, or indifferent to It. 	 nnor

iryes are caused by some agency over which the owner has no control. Where a menace to Im proved oro:)o
oxists, such as floodwaters from the Mississippi River In Louisiana, or dust storms In the 'lreht
a ver which the owners of the land subject to the danger have no control, public funds have b oo n • oo
:.callable for the protection of the property lying In the exposed regions. Similarly, private 	 o-o

individuals are unable to cope adequately with the problem of forest fires. There is a ;”.1r)i!---n
elbillty for the control of fires on private lands since the problem is too large for an 	 co, !or

handle. The forested States and the Federal Government, as public agencies, have asslmnd some of
resporsibility to varying degrees through the passage of legislation which enables those auncieo to 7O-
c;)era'::e with private owners in protection.

In California, the farmer who depends on water for irrigating his lands Is vitally conoro
control of fire on the watershed which supplies the water for his irrigation ditches; but the
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y help control

of Callfornla

of farmers wo

welch they de-

lad 19,000,000

not recernieod

remaining

3 of miles away so that It is impossible for him to personal]

d even though he definitel y has something at stake. The State

its people are. If a fire menaces the water supply of a group

ee ire, teey have a right to demand that their source of water, upon

eree,
e, receive protection from some public agency (120). California

land protected from fire in 1925, but in that year, the state had

cy, should contribute something
 toward the protection of the

fon::] fire.

or the Clarke-McNary
 Law by Congress in 1924, the Federal government assumed some

he protection 'of private forest land from 
fire. The law specified that, for the

the private forest land from fire, a sum not in excess 
of $2,500,000 could be spent

xeenditeres had to be made through the several 
state agencies set up to administer

further specified that in no state could 
the sum spent by the Federal Government

be greater than the combined funds expended 
for the same purpose by the state and

fates Forest Service has set up what has 
been referred to as the 25-25-50 ratio, whereby.0 Ratio

- erected to furnish not less than 2511 of the funds 
for cooperative fire control, the

e3 than 25C:,, and the Federal government not more than 50%. This ratio was an ideal

In 1425, the private expenditure in the Northwester n States was in excess of

t aeodecine the funds expected of them (121). The reason, moreover, that there

on the tart of the private owners was due to need for protection of cor.T
.,ercIal mincer

,d for speculative purposes. Their interest 
did not lie in the protection of yowa;,

or in sustained yield for a continuous cutting operation, but; /either in merchantable

ed to save from conflagrati ons
 for future exploitation.

the Forost Service, resnonsible for the policy of the Bureau in the allotments to

(7'2) stated the policy which formed the basis. His contention was that fire control

;aetceest. Merely because a state was a large contributor of taxes to the Federal Govern-

k end lierte Carolina, did not necessari ly mean that the Federal expenditures within

en a pro rata basis. Those states which are in 
greatest need of the funds in order to

or fire control are the states which should receive the greatest amount from thn

1;n; us 
the amount provided by the Federal Government did not exceed that produced

	 the

eeivotes owners. The largest areas of forest land lie in the region eolith of the Fotccac,

'1 Rivers. It is in this region that most of the damage is being done by fires because or

t^u ao for protection.
 With the protection of timber, a renewable natural resource, of

t the Federal Government would, accordi ng to Morrell's policy, be justified in spending

:tats in this region than in any other region because of the greater losses there.

are fortunate enough to be very wealth y
 in comparison to some others which are relatively

have large forest areas requiring protection
. Morrell figured out ratios between the

r.t;e and the estimated sun required to give reasonable protection; the former figure 
or state

,
ey ahe latter, or forest area needing protection, produced the ratio which would serve as

e the relative amount of assistance a state should receive from the Federal Government for

of private forest lands. The lower the ratio, the greater was the state in need of

nle data In Table 36 are a few examples.

of the data in Table 36 Florida would be entitled to a larger ratio of Federal funds

e	 listed; Ohio would be given the least. Althoug
h the ratios as prescribed were not

In the distributio n
 of Federal funds, they at least served as a guide.

etates such as Oregon, which In Table 36 is listed as contributin
g 15;,, and New York as

epent for protection Is the "fates, actually tatcb of Inn tatoll contribution roes

eaten of state lands rather than private (124).

omponeht of the cooperative arrangement is 
the state or the private owner. Whether It
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bTal 36
RELATIVE NEED FOR FEDERAL ASSISTANCE IN PROTECTION OF

PRIVATE FOREST LANDS FROM FIRE

Region	 StateRatio	 Source of Funds In Percee,.nee

South	
	  State- Private_ Preleyti_

Florida	 2 881
Northern	 __Fp __Idaho	 3	

25	 ____

	

431	 7 10

1	 21Northeast	 Maine	 5 867	 0	 /4

Central States

	

	 17Ohio
35

It/O former or the latter is generally determined by the region. In the West, the private 0 ,-er cDn-tributes 44 of the 
funds while in the South, only 20%, in the West, the states put 

UP :',1,"11 	 In the7P:. The State should 
actually be the strongest cooperator in that It has a 

cons/dere:No s tontrol. It can	 r.ko inpass legislation which will be an aid to protection It	 an/	 po	 !
aree sonts which encourage or discourage the practice of forestry; it ha

;

s police rower	

e li	 /e	 ea):

 vfs I J!11	 -1 ,1 Y
r eeler cannot possibly exercise; it should be Interested in	 wch will	 1:p Its -weland resources. Because of these factors, the states, more sany

o than

activit

any

y

 of

hi

the other buildco-operators	

yiealta

,	 should
redeem their responsibility fully.

FIRE CONTROL OBJECTIVES
In Chaptor 

II, under the head of "Effect of Fire", there was a 
d iscussion relative to thoer protecting forest land, with or without merchantable stands on it, from uncontrolled fire. n owhich results from unco

ntrolled fire in stands of timber may occur In direct form. Before the f:re thero;).:7 be :30 cords of p
ulpwood per acre, after the fire there may be 15. The 

difference in due to	 n factat 15 cords were Consumed by the fire. The r
emaining 15 cords, because of their charred cond I tion, can-not command as high a price at the mill as clean material. The value of the remaining 15 cords, there-oro, in less than before the fire.

/enes of a less 
direct nature also occur. Burned watersheds have less ability to out 	 77'aeff.he absence of 

forest cover over the watershed supplying water to a dam, silting taken 
p lace rqi-)Idl,.ned areas also are of loss value for recreational purposes than unburned areas.

	

l,oIn 

c onnection with the matter of protection of forest land, this (mention lrJay 	 rier ro ction worth	 ri or how much Is the owner justified in spending for the protection of his	 ere:,tIn COPP fire control p lanning, the composite objective has been set to 
control e ach firo

j	 wh were

srh	 n ecl u'within the first work period, or before 10 a.m. subsequent to Its inception. If this obectivea
ttained, the number of fires which produce such tremendous losses by burning lar

	 arwould be lowered to a point where timber losses would be much less than they have
goboon.eas of forest land

Table 37
RELATION OF LARGE ACREAGE BURNS TO LOW EXPENDITURE FOR

FIRE CONTROL PURPOSES ON FOREST LAND PROTECTED FROM FIRE

Ratio of Actual Burn
to Allowable Burn

Within
National
Forests

2.78

1.02

0.85

3.78

1.03

0.015

Outside
National
Forests

14.19

4.96

6.36

2.70

2.97

1.84

North Rocky

Rocky Mts.
Mt a.

0.70
0.87

0.56

0.99
South

Pacific Northwee	 Oregon	 5,855 

California	 Californi
Northeast	 21_Now Yor

Expenditure Deficiency, per Acre
per Year Basis

Outside Na-'1
Forests

Actual
___

• • •
7.730
	

0.88$'
5.564
	

1 . 47$'
10.26$'
	

1.12$'
9.30$'
	

1.030
7.50(
	

2.32$'
6.79$'
	

0.80d
1.56d

Region

New England

Piddle Atlantic)
Lake

Central

South

Pacific Coast

Defic-
iency

4.0q

0.06

Actual Parte-
iency

1.94$' 0.92/

2.77$'
2.01$' 2.231

0140 215;(_
0.43$'	 I 5,00,1:L
3.28d

6.90, 2.49,d. _
0.89 0.501_
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Table 40
DISTRIEUTION OF EXPENDITURES POR FOREST FIRE CONTROL

n-Deer nm 1 nc

supp cession
(P)

Suppression plus Loss
(S plus	 L)

Total Coat
(P plus S plus	 I.)

5.4/ per acre1.4i 1-r acre

3.0 4.7

4.1

I.e ',	2 3.8

1.1: 1.6 3.4

. 1.2 3.2

00

Least cost expen-
3.1	 diture for pre-

suppression

0.8 3.1

0.8 3.2

0.E 3.3

0.5 3.4

' 0.3 3.5

lir situation has been shown by Coyle (125) to exist in New Jersey. For each $100 value of

riii theh cities in New Jersey, 49 was expended by the municipality for protection; this was

..hney spent for the same purpose by private owners. For the same property, losses were 42t

For the city property values, the pre-suppression, suppression, and loss totalled

valht, The Uev; Jersey Forest Service expends 31 per $100 of forest value, but there is

for the same value. From these data, it may be assened that if the expenditure

eion on forest values were more nearly in line with that spent for the same purpose for city

toss wound be materially less. For city values, the sum of fire control expenditures plus

hthly	 of values protected; for forest values, it is 2.81%, or almost triple.

eed.able to conclude, therefore, that with more money spent for pre-suppression purposes

':n of forest values, the losses would be reduced.

etors in the economic formula is "L" or loss; it is this item which exerts a considerable

thc cesult produced by the application of the least cost theory. The item of values destroyed

In which there is considerable room for extensive study. Loss can occur through (a) damage

;,renont and future, (b) lowered site values, (c) difficulty of stand regeneration, and

:!award. In Flint's calculations, Item (a) above, or timber values only was considered.

ec	 cc.Ild include lowered values for forage purposes, recreational purposes, and stream flow

eLJ :Ight be large or small. It is generally recognized that the influence on stream flow Is

to date no satisfactory means has been devised whereby its effect could be converted in-

J!ra hilo. For this reason,' foresters have been compelled to use such tangible valuations as

actual or potential stumpage prices of timber destroyed.

'Idoration of the economic formula In fire control planning, Hornby recognized that "L"

derable influence; he stated that the higher the values at stake, the greater is the

r quick, effective action, or for expenditure of P funds, so that each part of the peri-

fires Is under control before burning conditions become worse. To further Illustrate the

(t) showed that for two time periods for the same region, by the doubling of the supprea-

_,11 fires and quadrupling the cost of large fires, the size of the average burn was ro-

t acres to 31.5 acres. This merely meant that with stronger initial action and prompt rein-

JupiTession crews, the result became apparent with lower size for the average fire.

EXPENDITURES	
t*6.

htlatlishment of the Civilian Conservation Corps, there has been expended for forest fire

.y which has made a much better quality of proteclon possible. Some question may

.tds to the genuine economy of some of the spending, i.e., whether the money spent has



,e in line 
wits too values at stake. A conclusion regarding the economy of the Ci

v il!Corps forestry spendlne can never be arrived at because, fund amentally, the orl g irel e ')e e e , 'v(ti t an Ceeeerve? ion Corre wan the conservation of human values; that, this was acc eeel!l re'stry pru.t feed wds qne n dy a mean; to an end. The fact remains, however, the'.	 ele!"!e , 1 Corps nen .add e enesftlo the forestry I mprovements necessary for more, euceeeefut fe e 'loo 	 FeellipTee rer the d e t ection of fIrce, for communication of information on fir es, eee
onnerneed.

in nf tmn- e n.i.'cr and equipment for suppression, have, In some l	
d.localities been doubled, le,d'le,

ann 1no s tandpoint of economics In the practice of forest fire protection, the CCC 	 IeeP-,a,!edc. If e xpenditures made for forest fire protection by the Civilian Conservation Ceres an ! P!")'t.0 Janie wore balanced against the values protected, instances could be found where tee funee eeero. R'c lection were in excess of the productive capacity of the area. Because the productive, eaeaciee ef, e e leweveine areas cannot be raised, large expenditures for the protection of these valuer !a ;e,er
of tee forest land.

e eeenm• Thome 
has been little or no effort made to correlate CCC protection expenditures Al.r inn 'aloe

Rdcanso Eme rgency Conservation Funds have distorted the expenditures for forest, fire pretectioa.ee! en money epont for protection prior to the e s t ablishment of the CCC will he used in this 
d%ecussion.

D istribution of Expenditures
Yrom the reports p

ublished by the various Federal, State, and private forestry agencies 
o ne-i,e;!e eminist	 r1

ration of forest land, it is difficult to determine the relationship which exiets
s ec eding for prevention, pro-suppression, and suppression work. For the period 1 926-1920, i1nee13 spent annually $1,604,148 for prevention and pre-suppression, $1,780,840 for improverent 	 MIC11
aeeS ! e, roads, and other items, and $1,852,610 for suppression. Unfortunately, there was no seearationp revention and pre-suppression items.

A re petition of terminology at this point Is desirable to avoid misunderstandings. "Peeve',- - e sacts of action taken whereby fire inception is lessened. "Pre -Suppression" Is concerned 	 kennlrii;
l eo size of the fire small by action in anticipation of the fire. These Items include 

detection nyntoryieeerely the fires are discovered within a few minutes after they start and a communication 
and ie=sportn-! an nystem 

to place men on fires quickly to permit man-power to arrive for suppression w
eak he fere thesakes a large "run".

The Cap Cod Fire Prevention Experiment proved that prevention and pre-suppression exaereiteree na1 7 dividends. In the three-year period covered by the experiment, the burned area wan redneed:11fli oxpenditures for all three phases of forest protection from fire 20% lower than far ! t,lethree-year period when emphasis was placed'on suppression.

One year's results of a special man-caused prevention project on the Coeur D'Alene ilatierele e chewed that with the exp
enditure of $2,760, the number of man-caused fires were reduced 

by n x,ircx1-i)ey 
half. For the period 1931-1935, 54% of the Coeur D'Alene's fires were 

man-caused. In ln,76e	 endman-caused fires were reduced from the previous 54% average to 24%. In the case of tee 
Coehre 'eleee's prevention expenditures, it might be pointed out that the construction cost of an 1,-O. a e i,R	 eeZ'S° , s':out tower, with quarters In the cabin, would have cost a

oee approximately the same amount bee hi len the aced nothing in the p
revention of fires. It is not unlikely that there has been too much 4	 eaenspast on pre-suppression without s ufficient attention to prevention.

A s o
uthern state forestry department has for several years used the 

budget-making policy of (eeve!:ieof its fire protection budget to fire prevention projects. The policy is commendable, but the nt7tNrIteoHlti well be raised to 15% or 20% of the total protection budget.

On a western national forest where the values at stake, the hazard, and the risk ere 
hinh, and theine'e area

y 

protected approximately 800,000 acres, the forest fire protection costs have avera •rd 	 pernor	 ear, 
On western national forests, where the values, risks, and hazard are low,

n ay he as low as 1.021 
per acre per year. On others, where all the items are high, 

the cc:iie meybo ae high as 14.164 per acre annually.
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Capital Investment Average Annual Charges
Cost Per Acre Per Year
(Sum of columns C,D,E)

Maintenance PersonalIon Minimum Obsolescence and Opera-Maximum
tion

Services

(A) (B) (C) (D) (H) (R)

rl

s $ 4,500 $ 1,925 $ 450 $	 50 $	 50
1,680

3.23

1 time
ects

1,000

ion
out

6.735i

6,500 5,000 300 25
540

, each

nu and re-
4,000 1,500	 230 150

2,200 1,500	 200 60
iigh speed 4
) mi.
trail,

48,000
12,000

	

10,400	 400

	

3,600	 450

240

500
c,	 one 1,200 900	 300 200

900 60 60
1 -2500 miles 7,500 3,000 3,000

m
---n 2.04

,s,	 two 2,000 1,200	 400 600
track 1,600 1,100	 250 200

: : al.	 equipment
hCalby	 COVS

1,800 300 150 30
.	 ____ . 450 .....

1.95¢

/3 services) 1,200
ccher	 (1/2 750 __

I I	 13.95E 

C'y

e-

LVevent10

Y.:1

3 M'
-en 50

e line

"Jun
11, 8
truck

city truc
, three

100
,j 	 east

Pirc.
, up/

Table 41

DETAILED PROTECTION COSTS PER 100,000 ACHES PRIVATE FOREST LAND
VALUES PROTECID,RISX, AND HAZARD BETWEEN AVERAGE AND MAXIMUM big

Table 41, are theoretical detailed protection costs for a tract of private forest land

.5 protected, the risk, and the hazard are higher than average. The total annual protec-

t to 1:3.956 per acre gross. The net protection costs, dependent upon reimbursement from

ant through the Clarke-McNary Section 2 funds, might be 76 to 126, dependent upon the

property is located.

._:,;Leaf region, where full protection can be conducted on a part-time basis, the cost per

(co..; since It appears advisable that longleaf stands in the grass stage he burned over with

e periodically. With longleaf out of the grass stage, it is believed that periodic control-

ay 	 preferable to complete protection on some sites. Accurate accounts of controlled

large scale are difficult to obtain, but it probably can be practiced for approximately 36

it	 that the area requires burning only every third year.

Costs

s of suppressing fires are generally expressed in terms of dollars required to pay fire-

fAnds are included for the depreciation and operation of equipment incident to fire-fighting.

1%; 
is probably due to an almost total lack of equipment in pioneer fire-fighting. With all

effort becoming merchanized, forest fire control has followed the general social pattern

ression costs are in some regions chiefly chargable to mechanical devices, but for

oses, suppression funds are listed as having been expended for labor only, especially In

where mechanical equipment is seldom used.

f fire suppression varies considerably with the size of the fire. On an acre basis, small

sive to control and large ones relatively cheap. Fire suppression costs, however, should

frees the standpoint of total costs rather than on a per acre basis. If suppression costs

In tens of perimeter units, such PS chains, large fires will cost considerably more to
ones, because large fires generally are worked on in some degree of confusion which

efficiency.
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len costs will vary t •emendennly e ven on	 nrl classee of fi
Iplo, where local resident's are .7(n-tonally relied upon for all action, ,

A and Clans	 P (Iron sill be relatively hint., comcnt.ent
where finned of Initial attack Is low because

ly for tae eurpoee. In the case of a temporary organization,
she	 ;7reater. In the cane of large fires where rapid runs

ef 1000 dcre n burned, temrerary organizations will accumulate less cost
y hoonlio they do not have the facilities to mobilize much
to keep costs low.

	

In an eastern state organization where local residents are employed at a per diem or 	 tow' rate
fir ftro-fittn7, with the hourly rate of pay -anging from 25E to 50E per hour, the follewi e - were the
Jc'ni -e co.ts In

SiT,e Class	 Total Cost	 Size Class	 Total Cont.
0-10 acres	 $ 7.54	 100-500 acres	 5110.26

(1.g120

	

	 500-1000	 220.0720.07
44.38	 WO4.24

The above costs represented expenses for labor, warden supervision, auto hire, and itir-,h e r	 7.b.,
ldn,,er fires. For the average fire, of 99 selected at random, the costs per acre we re as foile••,•'
(a) warden hire, 7; (b) helper hire, 3.70e;	 (c) auto hire, 3.8e; (d) lunches, 0.2Ce.

The total expenditures In any single year for su ppression will vary greatly from the aver;,.,,
,Tevions years due to the many variable factors involved. The ratio which Is produced by divId r-t- the nnm
of the prevention and pre-suppression costs Into the fire-fighting costs is low for some tr-t-etttn
•e•eaniations and high for others. 	 If the least cost theory discussed previously can be re1Ied
ndro money which is spent for prevention, the less money is required for suppression. Ex..!ni.!o
considerations, some organizations spend more for fire-fighting than for 

prevention and nne-entidnonsioa;
e .,.:ors a;-end four times as much for pre-suppression alone than they spend for fire-fimhtirm.

Expenditures for suppression should be considered as a part of the whole fire protection T.)17.nre.
rfrf".' are of the opinion that strong initial suppression action Is justifiable when

[take. When there are low values to he protected, fire-fighting expenditures rhoeld ho eet.
evel. The most economical action may be to send as quickly as possible to each Piro enotrt stn	 ik1dne

all nartn of the perimeter under control before worse weather conditions occur.

A correlation between accumulated excesses in air temperatures, suppression corh, ael
-. : : e st fires has been worked out by Gray (82) for California. In 1907 an accumulation of nt,'c	 ni. t.t . psrettre excesses commenced. Those excesses levelled off in 1923 and since then, thov
" fished. The same situation is displayed In loss and suppression costs. The period fr ,- t)-

hov e•	sixteen years. Unfortunately this period does not conform to the sun-spot eleven yea-	 ()r
: • r e cipitation seven year cycle, so no immediate conclusions may be drawn from Gray's inventi(7atints nntil
!,here is a repetition of the temperature cycle and further confirmation of the damage and sup•ress:on costc orrelation with it.

SUB-MARGINAL FORESTS

If the economic or "least cost" theory is to be taken seriously, it is necessary.'e ree--
a 'o "sub-marginal" forest land, just as within recent years there has been att e ntion I'd' , '0 -	 to
loaf agricultural lands. There has probably always existed this type of farm land, ba. ,	 , 1-
acutely conscious of its existence until recently. Attention has been focused to the r e "ttlit..
'0 existence of sub-marginal forest lands and questioned the advisibility of raflr 	 1-'
- for their protection from fire. Koch (126) reasoned that if there are no real forest il l '
o j estification in protection.	 His attitude was prompted by the Selway conflw- rr,f on I-

' 11 7 conflar,ration occurred in the "back-country" in the Northern Rocky Mountain i inc7'en ^-
Loss of timber by fire on 186,000 acres of national forest land. Gonflagrailor , . ' ve

periodically In the Solway from 1910 - or maybe before - through 1934. Large fires h ave t

	

yrc I lbly continue to occur there. The results seem to be approximately the solve re c: q rd3-:"	 n	 'of non available or degree of organization. In 1910, 1919, 1929, and 1934 there were conflra r ionl •
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t one occurred with fires starting in the v cinity of lookouts and with 2,000

an "old timer" in the region, Koch is of the opinion that conflagrations are

	  tly there should be a limit to the expenditure of funds for protection in the
sed for serious consideration the entire withdrawal of protection funds from the

values predominate.

on the same situation is expressed by Loveridge (127). He has stated that the

wus due to sluggish initial action, inexcusable under the circumstances. That poor

cl_rred In the Selway under extreme fire danger was a Matter of chance. The initial ec-

hoers instead of one hour which the conditions demanded. There was also poor din-

:.-•) .wer end poor fire-fighting judgment. All-of these faults, however, are due to human

accl;r not only on the Selway, but everywhere and are likely to occur again on the Solway

anless the human factor can be eliminated. In spite of the economic formula, possibly

.Pld be ilvon to the "back-country" from the standpoint of protecting watershed values,

taut a Conflagration in the "back-country" will lower visibility to such an extent

of high values that the detection system will be seriously impeded, thereby expo;-

try" to serious danger of a conflagration.

a tendency to ignore values insofar as fire protection expenditures are concerned on

It appears that forest values can be ignored so long as. public funds are plentiful, but

ation of funds, they may again be observed. This policy is open to question when viewed

of tLe economic formula. If there Is no economic justification for the expenditures of

.0	 ,2, there is certainly no justification In 1935 if values are still the same.

given to any property should be commensurate with the values entailed.

:its are justifiable as long as their expenditure protects high values which are ox-
rik and hazard. In the absence of real values, high protection costs are not warranted.

wich result in a low rate of return, high protection costs are uneconomic. When the

ta loardize the rate of return or profit from forest land, they should be reduced to a

are in line with the productive capacity of the property.

stry practice might be used as a guide for protection expenditures in the United States.

low interest rates are used, 6-1/4% of the gross annual cost of production is applied for

forest fires. This amounts tb approximately 25i per year (128)

FOREST FIRE INSURANCE

Ire insurance as used in this discussion is an agreement between an owner of forest

i•serance company whereby the latter agrees to indemnify the former, if and when standing

y ea In whole or part by fire. Insurance against forest fires probably will become popular

tL,..ee Is a considerable acreage managed for the continuous production of timber; this will

A for protection against the loss of forest capital, just as any other business today tries

f	 ist losses.

d States, forestry Is going through a transitional phase. Capital was at one time in-

- °:c. p a,, lands purely from the exploitation incentive, characterized by the "cut-out and get-out"

operations. Some forest land exploitation companies, commonly known as "lumber" corn-

',in recent years changed their viewpoint In that the capital which was reclaimed or re-

,:r orllnal investment was reinvested In some other wood-using industry which required the

of their forest land for the production of raw materials. Private capital which pursues

today, however, represents only a small percentage of the money invested in forest land, but,

l,Atl in amount, it definitely Indicates a change of attitude of forest land owners to the

1,0:fla degree of forestry is practiced. This is evidence that some forest land owning companies

tse speculative phase and have something at stake in reproducing their cutover lands and

aeacnd crop from fire so that the utilization plants will be assured of a supply of raw

ticior crops produced are conifers, which are susceptible to crown fires in the younger

t	 be especially desirable, from the standpoint of the owners, to Insure their invest-

aainst loss, either in part or entirely. An enterprise, such as paper manufactur-

-,tar which can be grown on a short rotation with attendant dense young stands, would
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eartien'eely 1 ,1 need of ineuring ageine t I n c a . Th e re ere rte;, reteree	 ".•
e xeoee te e 1r leveeteree ft	 timber to te l ei	 Ten whi e e Is fr e ee e e	 eeeele,e'

: L ela, eite ihe	 er forestry, teerereee, leeneeree, eealtee 'eye	 e,
ee, eel . .e for	 ••ee1',1	 inverted In r ereet 'o i l	 w eed for grewine cram	 thehee.

comra r ! or alit 	 nro net	 financially ab le te rIt.h reend a e e rioun leee of eheete.
If eree' f l r(1 Insurance were available at a low ra r e, so that private c.14!.ril

o '`	 ,fiord to purchase this protection, a large hurdle in the financian of 	 rereel.
I be :eeeed. Aeyeeo •ciao	 Invests capital demands some protection against Its sodden lIeeie

e e it fereet fire insurance,	 capital invested In stands of umber Is exposed to this enprer'ee
Hatiee.	 The besinens of making forest fire insurance available, however, is deeerdee l- ee 'eee

.• enirl eeattere e rinks. Today private capital will	 avoid commitment where the rich ar

eert, le poeeIble.	 On the other hand, insurance is not possible at low rater ant. 	 I. a ceee'e
.1 for insurance is evident., Forestry practice, and sustained yield in particeler, would e e e'e

eierably by having forest fire insurance available. This would reduce th e reek of caettel lees con-

To a lendow''er such no the Federal Government, with its risks spread over a lame
'It, self insurance is practicable, but with an Industry which has Its timber lande

part of a region, exposed simultaneously to the same hazards and of the same	 Irnur-
rhould be hiehly desirable. Murphy (111) states that owners of large tracts of forcer

heast feel that there Is too much risk involved to practice forestry without protecteen te
•'ecnt in the form of timber Insurance at a reasonable rate.

eemo Principles of Insurance

All. besinere enterprises are concerned with overcoming risks which may be fear or eleee
the business, and vary greatly in magnitude and character. In order to reduce 	 the eeeei! , ''' ,

a forced to discontinue operatiOns because of some loss of capital in the corn or lee'ree,-
manufactured goods, merchandise, or raw materials such as cotton In a wareeouee er

ee yard, those forms of capital goods are generally insured against loss. In els dieceee'en at'
Hereert	 (17?) stated that private capital could hardly be attracted to growing tireee ee e e 'ee

'Led in the enterprise are constantly ex posed to high risk.

tee whole business of insurance is based on wide spread of risks. The greeter the eeeeee
e.e erd tee greater the geographical spread, the greater is the stability afforded, Cr', [:11

12 l ee probability of• heavy lees to the insurer at any one time.
rasa,.,' of the desirability of wide spread In the possible losses, one form of 	 Hee eee c -

ee	 MUt12111, Is not desirable. The success of the mutual is largely basod o 	 enelat •
eeee e coats with attendant small area coverage. Limited geographical distribution, 	 i.e..

confined to a small geographical radius, the greater the likelihood of loss from tha
live of high hazard. When there Is high hazard due to meteorological conditions 1r ear''i

for r xampla, there Is high probability that western Wisconsin and even the northorr. pr,:nr,r
:	 are cepoeod to the same conditions. If the risks could be spread so that Rare weele ee

the Leke States Region, some in the New England States, and some in the eastern Cell' ;117a1or.
Th ar° In northern California, there would be less probability of high loss in any one year ttJ if

eicee were concentrated within a single region.

L•veley (118) has	 stated that the theory of insurance assumes that there will ho firer,
NI71: cause damage, and that the number of fires and resulting damages can he sLatIgt1to1'i

premiums can be charged which will conform to the probable losses. There to en eeeee'ee'
between insurance and protection costs. Admittedly they must both be levied nga!h1 "7!

-e feroet, but they are by no means identical- Insurance provides indemni t y In uw .nt hI
eneection given a property by a fire control organization reduces the losses,

felen for roinbursement for loss incurred because of fires. The costs of a f i re r
r rta) legitimate costs of the business of growing timber, just as much so as Inahnamoo hra

and the maintenance of suppression devices by a manufacturing plant. Insurance againt pit
fires does not eliminate . the need for a protection organization. A satIsfiltnr7r
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Ii,ie only after an effective protection organization Is operative.
oompanies may have some form of protection against fires, it would also to

insurance against loss at reasonable premium rates. Precedent for
amo many business enterprises which not only carry Insurance against loss but
a too local fire department for suppression of fires. Merely because a suppres-

, does not mean that tire possibility of loss is eliminated; It is merely a
d the reduction of the stio of the loss. Insurance costs cannot he classed

Tire suppression organization because the latter Is merely a factor affecting the
'god for Indemnification In event of loss.

a serious undertaking of the matter of Insuring a stand of timber against forest
:y difficult not only because of a distinct lack of good risks, since there was very

on private lands, but also because of a decided lack of data on rio t s, relative
and understanding of good and poor fire control practices, and the effect of forest
us forest types and age classes within the individual types. Certain variable factors

red In rating the liability of a forest area to loss by fire. Liability, as used by
uists of a combination of probable cost of suppression plus the liability to loss.

he was concerned with the two factors just mentioned from the standpoint of planning
I not with loss alone, he was concerned with the problem of pegging the point of

in	 protection organization costs.

tharct,ln study of forest fire insurance has been made by H. B. Shepard of the United
e. Tte results of Shepard's investigation were recently published. Becanse of the

publication, it will be referred to frequently in the (11:;ttGlott below.

11.e.:tt hurdles to overcome before forest fire insurance is generally accepted, is the
of timber. There can be no indemnification without agreement between the parties con-

values rov • od and procedure for determination of values destroyed. When the timber is
:jag , !here exists a good means of establishing stumpage value based on the local market.
t:urket value of stump3i7e will be affected by current conditions such as the establishment

nearby roads or railr o ads. There Is considerably more difficulty, however, in fixing
•• :one-growth timber which is more susceptible to damage or complete loss by fire than in

or merchantable stands. On the West Coast, whore Shepard's study was conducted, a
aroed as the size class between merchantable and non-merchantable. This arrangement

JvIclui there Is no market for smaller material and there exists a sawiog market only.
o.th its numerous pulp mills, timber five inches in diameter at breast height is regarded

definite need for the insurance of second growth stands, regardless of whether they were
t Tully or planted. Forestry practice implies continuous use of forest soil; this demands

on of young trees which, although not merchantable, are progressing annually toward
oovoloptental stage, young, unmerchantable stands of timber represent tangible value

aot be profitably liquidated until it reaches "merchantable" size. Shepard (119a) has
vale() assigned to second growth, unmerchantable stands be equal to what the owner had
them. The value of the stand would also include cumulative maintenance costs with ln-

Unupard used a procedure which was a departure from the usual method employed by fl re
as In determining rates. The accepted procedure is the trial and error, or "experimental"

lac:table volume of data on forest typos, damage by fires, frequency of fires, as well
It seemed desirable to avoid the accepted method for determination of rates, chiefly

titer of safety which insurance companies required in making up rotes for now types
.Sire element Involved to secure a satisfactory statistical base on ualoh to make
..nine calculations. Timber growing enterprises, however, are not sufficiently

earl y safety factor demanded by the trial and error method. With the available
rates could be fixed without going through an extol!ded waitin period to

a	 tisfactory rates from an lacu •ariCe standpoint.
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le hie report, Shepard hae used nem te • minelomy eeleei in nee ,	H. the meeele
Th e re	 Is weed I pevelee:	 heeerd" In referri e e to "11-, Or V1r,O, lereley, eoreel,

or rrorm, topo. ro;	 :0),1 lorine d eerle p reeeel., P ell!t:e heeerd" In 't-
noel	 en ee!etlee iHr! . 11t,y, preelpietee, rat	 elr nei e e!ent, et,

on flit 	 "causetive haeurde" ee , i.11r g reu P:, of	 rInkfi ; M"Tiflm7flIll•
0 P re ' le1:11.: of laei Te fires exemplified by the 11:iaeook and Melway. The last neeee

e	 •erd", produced	 jointly by the "physicel'' and "climatic" hazards. Is o f 0",7—H
t o, flee Insurance e e eeuse large reserves have to be accumulated by insurance cemean:re

'Ift!!: situations which periodically develop in seno of the best efforts of rood pretecelee feteee.
ef eeneed with this situation, an insurance company covering timber must set aside a considerable part of

rce.1.1ers eo teen care	 eech contingencies.

at Has Eeen Done and Experience Gained

The insurance of standing timber in the United States was started In the form of a 771;t2J,
Tohire in 1217.	 The company was formed for the primary purpose of Insuring timber; it wa 	 :newe ee
eir	 Metual Fire Insurance Company. Business was conducted for two years at a flat rale yeeyiee

to 1: •1, of the values insured. The enterprise was short-lived;	 In 1912 the heele r:se 9r
eee liquidated and the business acquired by the Globe-Rutgers Company of New York City.

As principle mover of the original. mutual, W. R. Brown (114), of the Brown Company of Ferlie,
nire, has listed several points relative to forest fire Insurance which wore gained from hie

elence with the Timber Lands Mutual Fire Insurance Company.

hurt on forest fires are not accurate enough.
Bleh premium rates which small companies are obliged to charge are not; attractive, ev e n et lee of
the value of the insured timber.

e) T:100 having immature stands were most Interested; with Insurance coverage, ther m
oc.16 for financing purposes.
Merchantable timber Is a much better risk than immature timber because of high palvege ealee.
Picks should he scattered in relatively small units.

f) Rates should vary with the seasonal hazard; in extremely dry periods, the rates eho 	 be n!7'1
than for periods with normal precipitation.
Where risks are high, coverage should be avoided.
T • e rates should vary with the degree of hazard and risk which exists.

e a t	belief total If standing timber Insurance is to be effective on a
tPe Packing of either immense capital, or be subsidized by the state or federal ;7:omrn7r,r1

:; ed of time to make It a going concern.

In the boom days prior to 1929, the United States Chamber of Commerce showed an interest 	 e
e extent of appointing a committee to investigate the possibilities of forest fire inserence i n

scouting timber. Tho committee submitted its report to the Commercial Forestry Conference hele n.

Chicego in November, 1927. Several recommendations were made (116). These have been listed eetew:

a) Determine whether landowners are interested in protecting holdings with forest fire
cove:az°.

1)) Investigation to be made of those factors which affect forest fire insurance so that o ei	 bla
rates can be devised.
The investigation for the above facts should be limited to that part of the country where Macr o
has been real interest displayed in forest fire insurance.
Whore there is a favorable attitude toward insurance, the insurance companies should Breeee l
make an investigation and confer with associations of forest owners.

Cebeequent to the report of the Forestry Conference committee headed by Kant, there wee liete week
toward developing facts relative to forest fire protection until Shepard commenced hie

cd States Forest Service regarding insurance in the Pacific Coast Forests.

In 1B3G, approximately ten years after Mr. Brown made the above pronouncements, Emmr.ri
the opinion that lack of forest fire insurance is due more to poor understanding on the part of 41'
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r than to prohibitive conditions; furthermore, that insurance in the Douglas fir

whene ,:er the owners really want it, at rates comparable to the cost of fire in-

property; also, that successful forest fire insurance could be conducted at an

e of 48i per $100 of insurable timber values. Based on his investigation,

Lhat ;'crest fire insurance in the Pacific Coast States could be profitable and feasible.

aaotancy he fixed at 0.082 percent per year, but he recommended an average premium rate

The vide spread between normal loss expectancy and the recommended fixed premium rate is

fration to those variable factors such as conflagration hazard and safety margins in-

se. With a business volume in excess of a quarter million dollars per year, the
, ed eJ1Jstantially. The suggested rate for the Pacific Coast Douglas fir type is detailed

.1:IFC3 for probable normal losses 	  4.7U per $100

yirofits 	  4.7i

;,1 on reserve 	 13.8e
gin 	 26.8e

50.0

tries other than the United States have tried forest fire insurance. In Japan the

effect is quite limited. In 1931, only 0.36 percent of the forest area was in-

at area could have been insured, but there was excessive caution displayed in the selec-

by	 Insuring companies. Yatagai (116) states that the slow progress made in the in-

ther in Japan is due to (a) the necessity for the accumulation of large reserves

) done by fires, (b) incomplete fire statistics, and (c) high rates. The rates
At:cag len, type, and age clasp. Hardwoods have lower premium rates than conifers and

a loner rate than young stands lose than 10 years of age. Rates for conifers in the

3.375;L as against 1.35% for hardwoods. Some localities have a much lower risk

c,hr3.	 This is reflected in the rates. In one district, hardwoods of 50 years and up
or .03')3. In another locality the same timber type and age class has a rate of 9.3%.

,• Ian countries have an unusual amount of insurance in effect and are probably more ad-

forset regions not only in their forestry practice but in such attendant matters as

reports that approximately 50% of insurable forest land in Sweden and Finland Is

o L..o insured value. As the risks have increased in number and the volume of business

rates have been lowered. An inovatlon in the Swedish insurance is the paid up

insurance. The premium may be paid in a lump sum or may be spread over several

Ltallments. Low rates are available on the perpetual coverages because of the reduc-

a ac;:ossary in renewing the temporary insurance. Perpetual insurance, however, is pos-

.ta.,m1:3 ore operated on a sustained yield basis.

Is

1 or damages caused by fires is as Integral a part of Sorest fire insurance as is the
atab. La a part of the procedure preparatory to the insurance against loss by forest

followed in the determination of damage is of tremendous importance to the assured

of the coverage of loss sustained. The damage appraisal procedure is important to
any from the standpoint of paying the assured what is equitable rather than an amount in

te of the timber.

.ssion In an earlier chapter, "Effect of Fire", it was pointed out that fire damage is not
t a week, a month, or even a year after a fire. In some timber types, a considerable lapse

.ch,aary to arrive at the true damage done by fire. This procedure would be particularly to
..;c of the assured. Because of this principle, quick adjustment is of no great benefit to the
	  adjent procedure on the part of the insurance company is commendable only when the

on Mich the adjustment Is based is accurate. For the Pacific Coast Region, it has been

appraisals based on examinations conducted at the end of the growing season which follows

tto tire occurred. If a fire occurs in August, 1936, for example, the examination for

cone,ctcd in October, 1937. For young stands, less than twenty feet tall, the elapsed
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In his discussion of principle: red-rlyIng damage appraisal, H. H. Chapman (1,g)
'e arTraIned on the basis of (a) r i )Ital. value, (h) cost value, and (c) mark,t.
0 method Is undesirable 1 -47)R • also	 der-lids on e stimating future valurh7 and Ir ohn , ):-11r, T ''	 •.	 In spire of Mie obj ncti eus, It has ly-en tn,n most popular, e specially In dotormini!,-

dame rchant:Ode : : needs. The cost value method Is predicated on ex p erl onco • i t !s!e!fl
eosls can	 1,,I4'RT1100d With r olvldnratdc d ,:g ree of accuracy, ond the gehral pr)cr,,H!,,

od by 101	 ferul e s concerned. Since this et.liod, however, yields a oremIum for
I10!ITmS the thrifty timber grower, it, too, has undesirable elements. The mardc,a:

rchwitable timber is destroyed, Is the most satisfactory since it is ap proximately coal

Tile appraisal of damages sustained by an unmorchantable stand is a complicated one I .11 RI-r,0,,w;)Ich consider a stand of timber as part and parcel of the land. When Oa7age aherol,iHs
.antabla stands can be conducted, as suggested by Shepard, as separate entirely fr o m	 .7n.1Y .dole procedure of valuation becomes relatively simple, provided the method has born
rirties of the agreement. Chapman (155-p.166) cited an excerpt from a law ease ar,
no value von separated from the land, the only cause of action which arises from their
e for damages for Injury to the land, the measure of damage in such case being 

1-o

0 of the land before and after the injury". Obviously, a tract of land WI 1111 P stlni 3f1
!ngs, although not of merchantable size, Is worth more than bare land devoid 

of tre e
:a; land sales so scattered and infrequent, going market values of land, with young tIv ,e r as
1 part of It, can hardly be equitably established. Because of this, the capital valde rethod for lin-

r:',:hantable stands Is the most desirable.

in the case of merchantable stands, damage appraisal Is relatively easy. 71r.
the fire can be determined from the policy agreement. A cruise of the timber' to determln o	 e

vane can be made by any experienced regional cruiser. The salvage value subtracted from ':? h r vaih tini erto Inning, Is the amount of damage sustained by the assured.

Adthoen the United States Forest Service has made estimates of damages caused by fires on	 :7,.!-”721oIc st lands for many years, the procedures used were numerous and produced questionable voli.ies.
'lief Forester (154) set up a procedure designed to standardize damage 0.01)M5P010. The ms.,!

for appraising young stands was the capital value method. The value at maturity of
is the product of average yield for the type and estimated future stumpage for the reg!en.

'ho value of young stands Is based on the actual rate of interest earned on expendltnrer
In the case of the United States Forest Service, the regional. protection and al,Jnrtree

o rliihros for the period required to start new stands form the basis. Regional tabis of v.mein foryoung r.=-.ands were prepared on the basis of the procedure given below:

a = Annual administrative cost and protection charge

n = Rotation and regeneration period
y = Cross yield

.eo.	 Interest rate

( a ) (1.0p11-1) Y =

Timber Type

Ponderosa Fine	 $2.00 $3.50 $7.00 $2.00 $3.50 $5.ROR41.03
Douglas and mixed fir 2.00 3.50 6.00 2.00  5.00 5.501 I.`0
Lodgepole Pine 1.50 2.50 4.50 1.50 2.50 4.50! 1,71'
Woodland	 1.50 1.50 1.50 1.50 1.50  1.50 i 1.1r: I
Protection	 1.00 1.00 1.00 1.00 1.00 1.00L 1.7n 1
Grass and brush	 30X 	 1101

1,I0 ose of the above procedure has resulted in the construction of tables of value for unTe	 -721,-
in the several western regions. Table 42 above has been prepared by R-4, the in t ermounta!r reeHnef tne United States Forest Service and has been included in the Region's Fire Manual.

Table 42
VALUE PER ACRE OF YOUNG CROWTG

INTERMOUNTAIN REGION, U.S. FOREST SERVICE (147)

.op
X = Present value,

nnmerchantable stands
U = lresent age,

unmerchantable stands

x - ( a ) (1.opM-1) 
.0p
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