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THE FIRE-PROTECTION PROBLEM 

Successful fire protection on the national forests or elsE:7!here re
quires the solution of four major questions. These are: (1) A lIeter
mination ancI statement of a specific objecti \'e; (2) determination 
of the speed or hour control necessary in attacking fires in order to 
hold burned acreage to the accepted objective; (3) determination of 
the size and distribution of man power and of fire protection im
provements required to attain the needed hour control; (4) the 
methods, technic, and training needed to use most effectively the 
man power and equipment after its arrival at the fire. 

FIXING THE OBJECTIVE 

·Without a clear-cut and readily measurable objective (2) and (3) 
can not be determined in a real way, and the difficult problems of fire 
finance can not be so handled as to obtain the maximum reduction 

217u"-30--1 1 
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in burned acreage per dollar expended. That is, unless a constant 
cheekil1g is carried on unit by unit and region by region, an inevitable 
tewleney will de\Telop for overexpenditure in certain units and 
regions in which the objeetive has been attained, at the expense of 
others in which high values are at stake and in which the goal has 
not been approachell. 

The silllpiest and most usable statement of the fire-control objecti,-e 
is in terms of acreage burned. For the national forests in the Cali
fornia pine region this is now set at an annual ayerage of o.~ per 
cent for the c0I111llereial and potential timber types and at 0.5 per 
cent for the nontinlbered types in whieh the principal value is for 
watershed protection and grazing. The figure for timbered types is 
determined by the length of timber rotations in the region and the 
loss which can be endured without disrupting sustahled-yield man
agem('nt plans. A similar line of analysis has been employed in 
cleci(ling 011 the objective in the nontimbered types. Possible future 
increasl'.; in tim bet· and watersheel values and a progressive refine
ment of management plans on the national forests may require a 
stepping up of these objectives. At present they are accepted as the 
needed and athtinable goal in fire control. To state the same thing 
in ~L single fi~~ire for the two f?rour~s of types, w.ith due regard to 
theu· proportIOnate representatIOn, It Ina.)' be saJCl that snc-eessfnl 
fire protection is attained for the whole region when not over 0.26 
per cent is burned annually. 

HOUR CONTROL 

The principal purpose of this bulletin is to answer the second of 
the major question!:) confronting the national-forest fire-control 
or<ranization in northern California, that of the speed of attack 
ne~cled in order to hold burned acreage to the accepted minimum. 
The speed-of-attack factor is usually term('cl "hour control," and 
incllldes tbe total time elapsing from the start of the fire until the 
first slIppression force!:) start work on the fire. It thus includes four 
generally recognized steps in the functioning of a fire-c-ontrol ma
chine: (1) Diseuvery, Ot· the time from start to discovery; (2) report, 
or the time from discovery until the individual responsible for first 
attack is Ilotified of ihp. fire; (3) w·t-away, or the time spent by the 
control force after the r('port i!:) rCf"eived Leforo actually starting for 
the fire; and (4) tmvel tim(', or the time consumed in getting to the 
fire. 

It has been urged that because of clifIiclIlty in determining the 
exact time at which some fires start. and because the time of dis
covery is (lh\'ays definitely known, hour control should ignore the 
time elapsing between stal·t of fire and its clisc-ovN"y (disc-overy time). 
Evidently any such procedure is erroneous and omits an clement vital 
to effective suppression i the fire is fipreadin~ from the very start, 
even if its existence is not immediately discovered. It is the total 
time during which tile fire has spread that is the important factor. 

It hus alI·ead'y been snfliciently established t that cover type rather 
than !lny geographical unit is the proper basis for analysis of fire 
pl·ohlem'S. The hour-control problem to be discussed in this bulletin 

J SHOW, H. 13., lind KO'roK, E. I. Con:n TYPE A);D FInE CO);TnOI, I); THE XATIO~AL 
,FORESTS OF );OWrrIElIlI C.\l·I~·OI\);lA. 1]. S. Dept. Agr. Bul. 1405, 36 pp., III us. 1020. 
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will be considered solely in the light of its relationship to the nine 
major types in the California pine region, namely, the western yellow 
pine, the mixedy-onifel', Dou!!las fir, sugar pine-fir, pure fir, brush 
field, chaparral, woodland, and grass. These are the types recog
nized and described in previous studies of the California pine region.2 

VARIATIONS IN HOUR CONTROL 

Significant variations in rate of spread of fires and hence in the 
hour control required have long been recognized in practice, and 
rtHigh measures of these variatiuns have been worked out by analyz
ing the history of many fires. The years of experience and the anal
yses agree in pl'oving that the major controls of rate of spread are 
(1) the ('ovel' type in which the Bl'e ocC'ms, (2) the character of the 
season during which it OCCllI'S, and (;3) the exact conditions of wind 
und atmospheric hllmidity while it burns. 

Of Hlese, the character of the cover type is relatively constant, 
whereas the othel' two vary enormonsly from time to time. In a 
very br'oad way, diffel'ellce's in rale of spread within a given cover 
type, as between It vel'y diflicult and less c1iflicult fire season, may be 
fully as gr'eat as differences between the more inflammable and less 
inflammable types in a given season, Likewise, diffel'ences in spread 
between vel'y dry, windy days and less elry, calm days, within a given 
type and season, may equal difrerences due to type alone, The highest 
rates of spread OCCUl' on Br'es Htal'ting on the worst days in the worst 
season in the most intlammn ble typeH, As n, matter of general prac
tice for tho. ('ntir'c region, the level of protection effort can not now 
attrrnpt to hold all slIch fires to n, small area, It should aim at 
controlling Bl'es under the aw:rage worst conditions as rept'esented 
by the most clilIicult years, rather than under the absolute worst con
rlitions as l'epl'esented by the most difficult days. Good organization 
will, however, include plans and machinery for sudden expansion to 
meet short-time emergencies beyond the capacity of the regular
organization, 

PRESENT En-'ORTS TO ESTABLISH HOUR CONTROL 

The statement of the fire-contl'O! objective in terms of an acceptable 
minimum of burned area (agreed loss mte in acres for a given unit) 
has been in effect fOL' many years, Variation in spread of fires and 
hence ill hour control required has also been generally recognized 
and has bern translated into mater'ial differ'ences in intem,ity of pro
tection in the several types, It has not been possible, however, to 
state specifically the hoUl' control necessary in anyone type in order 
to hold but'lled area to the accepted minimnm, 

This is a('counted for in several ways, For one thin!!, until now 
the enormous mass of accumulated expel'ience from which the an
SWCL' must come was not available for analysis, For another, a 
skeleton fire-control organization was all that the insufficient funds 
available for: this work permitted and hence no urgent need for an 
immediate determination of hour conh'ol has existed, In addition 
to these ('onditions the opinion prevailed up to 1923 that approxi
ITI<,teIy adequate pl'ot-ection had already been attained and could be 

• See nppendlx tor !lctuilcd dlsclI~slon o( types. 
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maintained. Beginning with 1924 the increasing severity of fire 
seasons and increasing use of the forests have re;;ulted in unaccept
.able losses. 

A simple and direct measure of the effectiveness of present efforts 
is obtained by determining the average pet'centage of fires attacked 
within one-half and one hour after start, for each major type. (Fig. 
1.) The average for the entire 6-year period from 1923 to 1928 is, 
of course, not fully representative of the speed in attack during the 
more recent years, because some increase in protection effort has 
since taken place. It is, however, a reliable general picture of com
parative performance. 

As will be fullv shown later, the attack necessary to attain the 
mIDlmum burned:Rrea objective must be most rapid in the yellow 
pine, mixed coni fer, brush, woodland, and grass types. In the aver-

FIRES ATTACKED FIRES ATTACKEO
COVER TYPE 

WITHIN Y2HOUR WITHIN I HOUR 

I I 
39 II 

I 
SUGAR PINE-FIR 

56 IWOODLAND 

42 IBRUSH 
I 

GRASS 

L 
241FIR 
I 

,·'0;': 281DOUGLAS FIR 

1 
351MIXED CONIFER 

I 
46JWESTERN YELLOW PINE 

I I 
40 20 o 20 40 60 

PER CENT 

I,'lOunFl l.-Pcrcentngc of fires under l",-hour nnd l-hour control in mnjor cover 
tn'('S, lU:!:I-Hl:.!8 

ages fOl' fires atblcked within onc hour, all of these types are rela
tively high and nendy all are high for fires attacked within one-half 
hour j but so is the sngar pine-fir type, in which it will be found that 
extreme speed is unnecessary. Apparently, however, the present 
averages represent not unnecessarily great speed in the sugar pine-fir 
type but inadequate speed in the others. At any rate, the sugar 
pine-fir tYl)e is relatively much better protected than the others. 

In the same analysis, the white fir type shows the lowest per
centage of fires reached within one hoUl', and this reflects in general 
the correct practice, since this type permits of the slowest hour con
trol of all. The Douglas fil' type ranks next to white fir, and the 
findings of this stndy show this to be the proper position. 

In general practice, therefore, the cUffel'ences in rate of spread of 
fires have been recognized, although apparently not to the degree 
or with the consistency that will here be indicated as desirable. 
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IMPORTANCE OF FOCUSING ON THE MOST DIFFICULT YEARS 

A glance at the burned-area records of the individual years (fig. 2) 
is sufficient to indicate the importance of the most difficult years 
(1924, 1926, and 1928) in the fh'e problem. Clearly, for the entire 
group of years, fire control has not nearly attained the specified 
objective in area burned. The existing level of fire-control effort 
can thus only be regarded as generally insufficient. It is equally 
evident that in the less difficult years (1923, 1925, and 1927), individ
ually and as a group, the objective has been attained. . 

Evidence that attention should be focused on the difficult years 
is found in the very large increase in the number of large fires in 
the difficult yeal's as compared to the number in the less difficult 

AVERAG!: AREA Of EACH FI REDACRES TOTAL NUMBER Of ALL FIRES 0 
YEAR AND . AND' 

TOTAL AREA BURNED oVER~l~~~ NUMBER Of CLASS C fiRES iW')j 

I 

I 365J1923 	 ~ 
45 ' 1'l"'~64~ 

1924- : l487 	 7381
·~~,J@".~r.~:228' 

1 
29 L b 3181 

9 fW42 
1925 

1 
1926 ~li:!f!.5~; ~241~ 	

7821 

I 
1927 	 172m = 409 


29~ !1a 63 
1 . 
1928 	 569 1,L~£~-tL I !4 iW&, 124'~ 

I 
AVERAGE IN lESS 176~ r.m 364 1 

DlrflcuLT YEARS 
 28~ ~56 I 
AVERAGE IN MORE 696J 

DiffiCULT YEARS p?:~7'~J!/ «195> 


I 
500 400 300 200 100 o 200 400 600 BOO 

~'lGUUfJ !!,-l"tll'x or character of dilferpnt tire YPllrs, yellow pine, mixed conifer, 
Ilud brush-liplli types, liJ:!:.l-l(l28 

yenrs, (Table 1 and Figs. 3 and 4,) These figures reflect not only 
the higheI' percentage of class C fires (fires that reach over 10 acres 
in size), but the greater total of man-cllused fiI'es. Detailed figures 
on the occurrence of large fires in the different hour-control groups 
are given in Table 2. The ratio between the number of fires of 100 
acres and over in the more c1iflicult and less difficult groups of years 
js Over 4 to 1 Tor the yellow pine and mixed conifer types combmed; 
12 to 1 for the Douglas fir; nearly 3 to 1 for the fir and sugar pine
fil' types combined; 4 to 1 Tor the brush type; 2 to 1 for gL'ass and 
woodland combined, For 1,000-acre fires, the ratios are even 
highet'-lO to 1 TOI' yellow pine and mixed conifer combined; 7 to ° 
for' Douglas fir'; 5 to 0 for.' tir' and sugar pine-fir; 312 to 1 for brush; 
6 to 1 for gmss and woodland combined. One way to state the 
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fire-control problem is to say that the number of 100-acre or 1,000
acre fit'es in bad years must be reduced to the number occurring in the 
less difficult years. 

TAnLl'll.-Data on average fire, C flrc8, flrcs of 100, 500, ai/l(Z 1,000 aeres, a'lId fires 
l'cq'uiriIlD over 24 hours to control, all, forests 

MORE DIFFICULT YEARS (l!)24, 1926, AND 1928) 

I 

! Average _"verage Average 500-ncre I,OOO-acre 2i-hourType ; fires C fires Iog-r~re fires fires fires 

Acres Acres Per CUlt Per cent Per cent PercentWestern yellow pine_ ..___________________ 157 751 12 6 4 6 
Mixed conl!er _ ------------ _______________1 545 I, Sit 23 H 9 16 

182 513 19 10 6 15 
00 652 7 2 1 4 

TIrush_____________________________________ 400 938 24 12 10 12~~~~~=~;==:=====:=============:==::::=:= 392 I,ISO 22 11 7 10 
SugllJ' pln. ________________________________ 
Woodland _________________________________ 

232 1,282 6 4 3 6 
387 1,677 12 S 6 6 

A veralle___________________________ ._ -----------
298 1,000 16 9 9 

LESS DIFFICCLT YEARS (1923, 1925, AND 1927) 

Western yellow Plne_______________________1 20 169 5 r I 1
Mlled conller_______________________..____1 l:J.I 855 9l 3 2 

2 
6§f~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, 11~ ill I~ r====i :=:=:===i= 

4 
3 

6 
WOOdland---------------------------------l 2:13 887 II , 5 4 3 
Sugar plne________________________________ 75 566 8 i 3 ---_______! 3 

Avera e_____________________________ --7-1-----:m----s-l 2 11g
j 

If fire conditions were never more difficult than they have been in 
the odd years thn fire problem could be regarded as already satis
factorily met. This is, however, an unwarranted assnmption; in
deed, it must be expected that years as difficult as 1924, 1926, and 
1928 will recur with some regularity. The problem of fire control 
for the region is, then, to hold losses to the accepted minimum in such 
years. It follows that, in analyzing performance and in determining 
the hour control required in the different types, attention must be 
focused on the critical years as constituting in effect the normal years 
in fire protection. The principal importance of the less difficult years 
is, then, to check and confirm the conclusions reached from experience 
in the normal years. 

Clearly, the fire-control organization must be gagecl by the same 
standard-the ability to cope with the situation in the most difficult, 
or normal years. It does not follow that additional effort will be . 
required evt'I'ywhere. Indeed, to justify additional effort it must 
be shown that each type as a whole, and each national forest as a 
whole or in part, is now inadequately protected. For example, in 
the analysis here presented, no attention is given to two national 
forests in the California pine region totaling 3,000,000 acres, where 
the fire-contI'Ol objective has already been consistently attained and 
total fil'e C'xp('nditul'es pel' acre are far lower than on any of the 
national forests here studied. 
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MORE DIFFICULT LESS DIFFICULTITEM 

YEARS. 1924. 1926. 1928 YEARS. 1923. 1925.192.7 

SIZE OF AVERAGE FIRE 

(ACRES)•••••• _ ••••• 
 /ii29B- i.~ 731 

--~----...-...-. 
300 200 100 50 100 


ALLOWABLE ANNUAL Bt:RN 

(1,000 ACRES)••_••••• ··-···---.-···••-·-.--·.···-••·-.·.-.-"50rs:~ 35] 

50 

AVERAGE ANNUAL BURN 


(1,000 ACRES)•••••• _ 
 ~g72.t~~ 371 ----------.. 
300 200 160 50 


PROPORTION OF C FIRES 

(PER CENT)..••_.•••. ---------_.. 
 ~2?,.;f~&i ~ 15.51 

30 20 10 5 10 15 .20 

NUMBER OF FIRES 

COVERING 1,000 ACRES 

AND MORE.__•• ___ 21
--- ...---- -------- ----------.- .--..~~~ 

COVERING 500 ACRES 

AND MORE_••_••••• ---- ... ------ ..-.?}.? 32 


REQUIRING 24 HOURS AND 
MORE TO CONTROL •••_ ---------- --------...- ------------ -.~.~~~ 45 


COVERING 100 ACRES 

ll8.....IiillbAND MORL••••••••.----------- ---------- --------

Ir149~1$ 1239FIRES••••••CLASS C ----------- ---------- -------

r274dW'%~ ~, 1543
ALL FIRES••••••••• ----

I 
3200 2400 1600 800 0 800 1600 

NUMBER 
FIGURE 3.-CompnriHon of fire history for difficult group ~)f yenrs (1924, 1926, and 

10:!8) and Ipss difficult group (lO:!3, 19:!5, lind 1U:!j) 

MORE DiffiCULT YEARS,( LESS DIFFICULT YEARS, 
COVER TYPE 

1924-. 1926 . 1928 1923. 1925 • 1927 

3SUGAR PINE·FIR 6M 0

WOOOLAND 9~~8 
5 ' 

190BRUSH ;~.{;W,t!~ b;1~1 

GRASS L~~ 

@j ptrfiR 
2 

2DOUGLAS FIR ~ 
MIXED CONifER r145 

, 8i 57 ;jJ';;:' .,e;:;:;:; "Je2f 
127 361WESTERN YELLOW PINE .421' )/f..1; 2 

ISO 125 100 75 50 25 o 25 50 
NUMBER 

D 100-ACRE FIRES V.'jl,OOO·ACRE FIRES 

FloUinJ 4.-NuIIJUer of filoes of 100 IIn(1 1.000 ncrps llnd over, by types, grouped by 
more difficult und leSs difficult years 
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TAnL~: 2.-Di8trib·ution of 100, 1')00, and 1,000 acre tires by type mill elap8ed 
time, lIll forests 

WESTERN YELLOW PINE TYl'E 

1924, 1926, Bud 1928 192'J, 1925, aud 1927 

Hour cobtr,,! 
l()()' 
acre 

5Oo. 
acre 

I 1,000
t acre 

Over 24 
hour~ 

1()()' 
acre 

WI}. 
acre 

11'000
acre 

O"or 24
hours 

I __ Il_re_s_ ~l~ coutrol ~~~ coutro! 

Number Number NumbtT' Number Number NU7llber Number Number 
Hnlf hour or less. __ •_________ • 21 7 3 6 2 1 1 1 
~ to 1 hour ___ •• _. ____ ._•• ___ . 2'l 12 8 13 12 1 1 4
1 to 2 hours .. ______ .. __________ _ 27 15 10 10 3 1 • _______________ _ 
2 to 3 hours •••••••••_________ _ 12 6 4 G 5 __ .______ _________ 2 
3 to·\ hours _______________..__ _ 11 5 2 8 2 _______ • _________ . _______ _ 
Moro thnn·\ hours ____._.___ ._ 3·\ 21 15 19 12 1 ._.______ 2 

TotaL______ •_________ .. 127 61\ 42 62 36 2 9 

MIXED CONIFER TYPE 

DaiC hOllr or less_. ____ ._______ 18 11 4 10 3 1 1 
~ to 1 hour __...____ • _______ ._ 28 18 10 15 4 1 2 
1 In 2 hours ...._..______ • ____ .. 21\ 18 12 23 0 2 3
2 to:l hOIlTS ______________... __ W 6 6 8 __________..______ 1 
3 to 4 hOUTS___________________ 9 9 6 8 _________ _________ 1 
Moro thun 4 hOllrs __ ._________ 54 2·1 19 39 12 5 5 4 

1-------- 
'l'otuL ____ ...._______.. _ 145/ 86 57 103 3() 9 81 12 

1 

DOUGLASFm TYPE 

t~u~~ 1:~~I1~~~~~::::::::::::::l !.1 ~:==:::=:1:· 3d,::::::)-_-_::._:-_-.:-_--_-:_ :_:_-_- -_- -_- -_-_::__: ::::::==1J to 2 hours___•___ .. _____ ...__ 

2 to:! hOllrs. ____ •• _._ .. _. __ ... 1 ,._..____ 3 , ___ •• ___________ .. _. ____ • _______._. 

:l to·1 hOuTS_. ____ • ______ .• ---- 3 ---..-.-- .----••• - 1 1_________ --------- -----.--- -- .---..
Moro thun·1 hOUTs ... _•• ______ • 14 7 I (; 1 9 . 1 _______ • ____ ._.___ 1 

TotuL..____• _________ • -!Mi~f--i-I--18-1--2-====---~ 

FlU TYPE 

HnlC hOllr or 10"-<_ ---.--.----.. :I ,_______ --' _________1_________ 1_________ _________1_______________.. 

nnI~I~r:~~~~ ~~~ ~ ~~~~ ~~~~~~~~~ __.___ jJ;;;;;;;~;';;;;;;;~;::::::::~:'I;;;;;;; ~r 1 

~~~~j~~~~~~~~~ ;;;;;;;~
More thu1l4 hours____________ 1\ : 2 i 1 5 1 !.. _______ :_________ 1 

'I'otnL ________________ .. --13----4i------71---21---------~===--2 
1 

GRASS TYPE 

UulC hOllr or loss______________ 2 _________L______________ .__________ -________ ---_______ _ 
~ to I hOllr... _____________ .___ 8 4 .. _________________________________ •• 
1 to 2 hours___________________.. 1 2 5 1 _________ 4
2 to 3 hours _______________ .. __ 3 1 1 2 1 _________________________• 
a to 4 hours _____________________________________ ,____________________________________________• _______ _ 
More thall 4 hours____________ 12 8 II 7 Ii 1 _______ •• 1 

Total ________ ._.. _______ ---29- ---1.;-'---12- ---15- ---12- ---2-==1---6 
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TABLE 2,-Distribution of 100, 500, alld. 1,000 acre fires 01/ type amI, elapsc(l 

time, all forc.yts-Continued 


BRUSH TYPE 


1924, 1926, "nd 1928 • 19Z1, 102S, "nd 1927 


-----~--.--.-~----- ------..,----,---
Hour control I(J(). 50/). 1,000-; Over 24 \ I(J(). 500- !"OOO- 0"er24 

acre acre acre! hours \ acre Here acre hours 
Ores Ores Ores' control I' Orcs Ores Ores control 

Nllmber Number Number Number _Numb.. Number Number Numbcr 
Rnllhour or less __ ..._________ 14 U 7 7 !._...••___ ._.____... __._... ___ '.'._

H to I hour ___ .....___ ._______ Ii Ii 2 3 3 I I 1

I to 2 hours •••• _________ ._____ 17 
 7 Ii R 4 4 4 3

2 to 3 hours ...______ •______.__ 6 2 2 3 4 2 _________ I 

3 to 4 hours ___.,, ___ ,. __ •___ ., 7 


I~ I~ ]~ .-••--j:i- -------5- -------3- -------7MO"l than ,I hours ..__ ...__ ... :12 


Total •••_____ .•. __ ...... DO 29 41 23 12 12 


WOODLAND Typg 

nB~~ ~o~~I~r.~~~_~~::::~:~:·;:~: -1- ~~'--i' ~:-:-::::::[=-~.- '~-=~--2- ::::::::: :::::::::1:::::::: 
I to 2 hours .... ____.. ____..___ 4 2 2 • 2 I 

2 to 3 hours •••______.. ___ ...._ I I I I I -------j- ::::::::: :::::::: 

3 to 4 hours ...____ .. _______.._ •••_••••. _____ ...... _______ ...______ I I ) __ ..__ __ 

More th"n 4 hours ..__________ 2 2 2 2 3 
 2 2 2 


Total ______..___________ --U- ~--6~-----9----8----4-,--3----2 

SUOAR PINE-FlU TYPE 

Iiall!1 to hour or 1 hour ......less __ _............ -......----- I ._.. 2',---------,---------• 1 ------.....• -.... 
2I ...-.·--·1-------.. _________ ____ .. -~-
I ____ ______ __ 

I to 2 hours_ ....... __ ......... I I ___.,,_.. I __ .. ____ .1._______ • _______ ....______ 

2 to 3 hours .....__ ............ 1 I i I _........ 1 , 1 ...._____ I 

3 to 4 hoUTs..... ___ ...._.............._ .........1......... _____ .... __ .._____ '..............__.. ______ __ 

More th"n 4 hours............ I I ~ I .. ______ I __ ..____ • ____ •______..... _ 


'I'otl1l. ..___ . __ ....__.... ---0,--4-!--3- ---3- ---2-)'--21==1--) 

ALL'l'YI)gS 

flail hour or Ic,,' •• _......... _. 11:\ 2R J.I 2 2 2

H to I hour __ ••• _.... _.... _._. 7(1 43 21; 4 2 7 

I to 2 hours .•. _... _._ ....... .. 8:1 48 32 8 6 12 

2 to 3 hours_ .... _. _•. , _._. _ .. . :16 18 15 4 S 

3 to 4 hours ... _. _... ___ ...... . 30 18 9 I I 1 

MOTU lhan 4 hours ........ __ __ 1M 82 62 H 10 18 


TotaL._........._.. __ .. _~3 __21~L _~57 ____ ~.~1t5i--3.;I--2-1 '-'45 


METHODS OF STUDY 

DATA USED AND METHODS OF HANDLING 

The determination of hOIll'·contJ'OI needs for n, type. group of 
typos, or region can olwiously best be made by analysis of widespread 
and abundant actual experience-that is to say, the detailed reeords 
of thousands of individual fires throughout the region, No prior 
basis exists fOL' such detel'mination, and even the most detailed 
knowledge of fnels and of combustion may be only indirectly help
ful in this respcc't. In the California pine region such recol'(1); have 
been made systematically by the Forest Service for many years, to 
include as soon as possible aftL'L' each fire the l's1:)ontinl. facts of the 

2175°-30--2 

• 
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fire, ineludingits orijrin, its history. the factors affecting its spread, 
and its cosr. This lllass of information, wlwll pl'Opedy assl'lt1blrd in 
signifieunt eategories. develops unmistakable trends that wonld 
often lie concealed in !('ss comprehensi \Te data. 

Another outCO[ll(> of this ussembling of abundant data is 11 great('r 
dependability of reiiults. In quality, accuracy, and completeness 
the dntu. collected were ('(>rtain to be fIll' from [wriect. Of the 
hundreds 01' illdividuuls who ha\'e b('en connected with fire control 
and who lu'e responsible fot' til(' data here ('Illpioyed, many were 
nnacellstollH'd to recording notes in the Lidd ot' to assembling facts 
on papel', The pn'ssurc of wOI'k made it impossible for many of 
tho fipld olTieers to prepare the repOl'tsfor some days after a Lire; 
and for Ihe same reason detaill'rl examination and survey of many 
largl' fin's has bl'en illlprac-ticnble, But such a study as this is not 
('onting('nt on perfection of dala. 'Vhere!ls c1llttl cleady inacclll'ute 
han' hl'('n diseanilld, it has bl'('n assllmefl with reason that the 
ordinal'y human ('ITOrs an' sllflieiently ('ount('rbalance<l in the mass 
to gi vc approximately true fiwtl ntlucs, This telldency toward 
com()(,Ilsatioll is It llIalll'I' of fad, as dl'l1lonstm/:('ll by test, and not 
Ol1P of assumption. 

Many of tlH' original n'polts did not specify thc types in which 
th(' fire origi IHlh'(). '1'0 delerllli nc the type with substantial accu
racy, the location of pa('h firp was ret\'rred to a llIap prepared ror 
the purpose showi ng the major fm'pst typeH. Although some errors 
in dl'tpnnining the type in whil'h particular fires hayc occurred may 
han' C'reptin, thcse ('tTOt's again are probably compensatory. It lUH; 
l)('en necessary to chnq.!e thc act'eag(' and cost of ('nch fire to the type 
in which it. Ol'iginatcd, This is not innlriably correct, as for ex
ample when a. fire starting in chaparral is controlled at tIll' edge of 
western yellow pine aneL burns 0\'('1' a, small area in that type. How
ever. with few ('xceptions the major run and charRcter of 'a fire arc 
delermilwd by the type- in which it started. A fire starting in brush, 
for ('xample, will ordinarily attain such size and such momentum 
that it will still be wry diflknlt to cOlnbat after it spreads into 
w('st('l'll y('llow pine timber or into woodland arcas, and clln be 
classified as chara('teristically It brush fire. The lIse of: the data 
ill Ihis mnllnel' probably afreets the figurcs for total area burned, by 
types, but is immaterial in oth('r relationships. 

Be'eausc thiH study is ainwd at It particular problem-hour con
trol as required in the major types-only part of the data on eaeh 
imlividlll),1 fire I'('port. wpre abstract(>cl an(1 used, 'l'lwse consisted 
of the following it('111S: Date and year of fire, class (A, B, or C), 
final area, an'lt when rcachl'd by snppr('ssion forc('s, elapsc(l timp. 
:frorn start of fire until snppression work Wus b('gun, travcl time 
going to the fire. tim('· to ('ontrol the fire, distance tmwled to the .fire, 
and means of Il'a\'('1 used, OIl a small p('recntage of the- in(livillt1al 
reports, one or anol'Jll'r of thesc items was not recorded, anel the 
totalnllllllwr of eas('s is thl'refol'c not constant in the different phas('s 
of: analysis, . 

Thes(' data lIn\'(' b(,l'n asst'lllblt'<Iin vllriolls ways, the covel' type 
nlways lwing Ilst'd as the majm' and controlling basis for classificll
I ion of til<' fads, In all. -1.2H:.I fir('s have been Ilsed. and these hll\'I,~ 
I)('(>n luk(,lI from 12 national fon'sls in the Califomia pine region 
for thc Jleriocl102;~ to 1028, inclusiye, . 

• 
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OMISSION OF LIGHTNING-FIRE DATA 

In this study aata on man-caused fires only have been llsed, and 
lightning-fire data haw· Leen omitted_ Man-caused fires were selected 
because they Occur in all the principal cover types of the region, 
they contribute the major share of the acreage Lurned annually, anel 
their records furthermore present homogeneous data covering the 
action taken by the first Ene of defense_ Common experience and 
previous study 3 show that lightning fireH, because of temporary 
fltyorable fire-weather conditions, permit of an hour control for the 
first line or defense materially longer than any limits that may be 
set up for man-callsed fires for a given type or region_ Also, other 
serious problems in control confront an organization because of the 
frequent bunching of lightning fires, which mny require auxiliary 
forces and u secondary line of defense_ 

TAnI.E 3.-C'ompari:wn Of elapscd til1lc em ma·1I-cnIt8C([· /lila lightning fire8, 
G'ali{orll ia. region, If)Z I a.lld 1922 

[nn!ll~, 1,7;;a mnn-raused ()I(') nnd ·14a Iighl;ning (L) fires) 

Disco\·cryDlscover;- Heport Oet-nwn;- 'I'r!lvcl Controlarrival 
Elapsed timo (step) '~-,-__I__-:-__ 

(culllulative) I I 
______ ~_____~(' ---=- ~I(' ~ Me ~ _\W ~ :Me ~ :MC ~ 

P. ct. P. ct. 1'. d. P. ct_ P. ct. 1'. cl. P. cl. P. ct. P. cl. P. cl. P. ct. P. cl.1.__________________________ :1.5 15 51 ·10 fil 71 32 S 40 24 43 41 
1 nnd 2_____________________ 40 21 67 06 SO 81 51 20 71 43 7fi 83 
I to 3.. ____________________ 02 2.<; 78 7f> 0·1 F7 70 af> Sf> 6-1 8·\ 00 

I to ·1.---------------------1 Sti 3U 86 82 08 93 03 77 01 73 00 051105 ______________________ un liS 100 JOO )00 00 !lo 87 03 75 JOO 100 
I to O. _____ • __ .• ___________ 100 100 ______ ______ ______ 100 JOO 100 05 82 ____________ 

Table 3, based all sOl11e 2,200 man-caused aml lightning fires oc
clllTing in the California region in ID21 and ID22, illustnttcs how 
impossible it is to eombine these two types of fires for study_ The' 
::'tep~ nlllllb~red 1, 2, 3, cte., are those adopted by the M:lther Field 
('onfel'('llee III l!HL~ 

Thirty-five 1)('1' cent of llInn-C'ullse(l fires nre discovered within the 
first period (0-15 milliltes), and but 1;) per cent of lightning fires; 

• Rno\\', S. fl., nnd KO'l'OK, E. r. FOHEST l'IIlES IX (,Af.lFORXIA, IDIt-!020: AX AXALYTICAL 
6Tt:!>r. L S. [)~l)t.•\gr. nrc, :!4:!, 80 pp., illus. l!l~:!. 

• '['he elapsed time intervalS as recognize(i b;' the ~[olher Field ('onferenre lire os follows: 

i:tep Disro\'ery I' Hepnrt Gct-oway I Travel I ('ontrol ~ds;~i~:;r 
. --- - j---' ,-
L.~ 0-15 minlJlcs.~! 0--:; mHllltcs ..... (H5 rninutos_.1 0-15 minutes..! 0-1 hour_______ 0-1 hour. 
2__ ", u;..ao rIlinut(.s,,/. f ... 15 minutes __ Hi-:10 minutes. If,-30 minutes.!, IH hour~. ___ 1+-2 hours. 
3____ :n minutcS-1 Ifr30 minutes_ :)1 minutes-) 3) minutes-I 0+-12 hours___ 2+--1 hours. 

\tour, hOllr. hour. 
·i • __ J.j--6 hOllrs ____ 31 rninlltes-I 1-1-2 hours •• __ 1+-1 holtrs____ , 12+--2·1 hours __ 4+-6 hours. 

hour. i5____ 0+-2·\ hours ___ , I+hours. ___ •• 2+--fi hours_. __ 4+-0 hours____ ' 2·I+hours ____ • 6+--8 hours. 
___ _______________ 8+--12 hours. 6____ 21+ hours .+ 6+--2-1 hours ___ i G+bours. _____________________ 
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and in the last period (over 24 hours), the difference is even 
greater-4 per cent and 32 per cent, respectively. This, of course: 
is due to the rccohrnized fact that many lightning fires hold over for 
hours or days before they show up, and the great difference between 
the two major causes of fires is certainly an inherent and constant 
one. . 

In report time no noteworthy differences appear, the slight differ
ential in favor of man-caused fires being due to the occasional going 
out of telephone lines on account of lightning strokes. 

In get-away time, action is faster on man-caused than on lightning 
fires, since it is recognized practice for control forces to 'wait for 
fairly complete reports on a storm, rather than to clash instantly 
to the first fire reported. 

Travel time, like discovel'Y, shows striking diffm'ences betweeIt 
the two groups. Of nU1Jl-caused fires 32 per cent ure reached 'within 
]5 minutes of travel, and only 4 per cent 'require more than four 
houl's to reae.h, whereas the corresponding figures for lightning fires 
are 8 per cent and 13 per cent. As a mattcr of pxperience it has 
been :fonnd that man-caused fires spread far more rapidly than 
lightning fires and consequently require a closer hour control. Also, 
many man-caused fires are along routes of travel, and are reached 
by automobile, whereas to reach lightniI1g fires typically requires 
horse or foot travel. 

The discovery-to-arrival figures show twice as high a percentage 
of man-caused fires flS of lightning fires reached within one'hour, and 
the difl'eren('e would be still greater jf all preliminary action from 
start of fire were included, 

Pl'eviol1s study, too, has shown that the rate of spread of man
caused fires in a given season is many times that of lightning fires. 
It follows then that an adequate hour control for man-caused fires 
for a given type or geographical un it will readily take care of 
lightning fires within the lightning zone in the same type. If large 
zones have exclusively lightning fires, an additional analysis of such 
areas may be needed. . 

SELECTION OF PERIOD FOR STUDY AND GROUPING OF YEARS 

In selecting the mateI'ial to be employed in this analysis, it was 
considered undesirable to go any further back than the year 1922, 
sinre before that time not all of the detaHed facts regarding each 
fire wet·c systematically collected and recorded. From 1922 on, 
however, the infOJ'mation recorded on the individual fire reports 
has been more uniform, consistent, and detailed, particularly in the 
elapsed-time steps. Stn.rting with 1923, these seasons have alter
nated jn intensity, the odd years being less difficult and the even 
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years more difficult. (Tab]~ 4.) This coincidence has furnished an 
IIdmirable basis for comparisons. By using the data for the three 
alternating pairs of years, anr material variations iIi intensity of 
organization and deficiency of performance are automatically dis
posed of. The gradual scaling up in both of these factors is pre
sumably-equally effective in both groups. '.rhe average scale of pro
teetion and efficiency for the less difficult group must be comparable 
to that of the more difficult group simply because the individual 
years have alternated. Similarly, several other major difficulties 
III the historical analysis of fire control are avoided at the start. 

TABLE 4.-Dist1'ib-lttian Df mlPn-c(l.lIscd fires by typcs lI'1ul [JrDups Df years, all 
forests 

I 
Moro <Iillleult years (1024, 1926, und 1923)1 Le.<s dilncult years (102"J, 19~5, und 1927) 

____T_Y_po___I_~~ C fires I~:;:;I A fir~: B fires C fires Total 

LVltmbt!T ~Vumber i.Vumhtr Per cent ,'lumbtrf:VulIlberlJr.w"umber ",Vumber!PtT cent Number 
We.,tern yolhllvI,ino_ ·I·IS 3iS 2/8 21 I. (Hoi 390 ~08 SO 12 678 
Mixed '·ollilcL______ 241j 157 227 36 0:10 172 103 51 16 326 
Dough.., lir._________ H 3U 44 3.1 12·1 33 24 6 10 63 
Fir__________________ 120 ·12 30 15 JUS 60 16 5 6 81 
Grass_______________ 2') oil 52 43 122 2tl 2U 24 30 79 
Brush_______________ 138 139 138 33 415 72 82 48 24 202 
Wooillund__________ (i0 61 2S 18 l.i.i as 18 20 26 76 
Sugar pine-fir _______ 25 15 12 Z'J 52 21 12 5 13 38 

'rotn!. ________ I.m-----sG9-m--;- 2,740 --8i'2f4u2 ----zi9M.5~ 
j

Further justification fOt' using the two groups of years is found in 
the detailed characteristics of the individual years and of the groups. 
An examination of the data for total area burned, average area per 
fire, total number of all (man-caused) fires, and total number of 
class 0 fires SllOWS (fig. 2) in ea,~_ particular an alternation between 
a low value in the oe1<1 year and a high value in the succeeding even 
year. An evident tendency for absolute values to decrease, par
ticularly in the even yean;, may be taken as evidence of the progres
sive improvement in performance which has been made during the 
period. In the further comparisons of these two natural groups 
afforded in Figure 3 for all types-number of fires of 1,000 acres and 
over, number of fil'(~s of 500 acres and oyer, number of fires of 100 
acres and o\'er, total number of man-caused fires, and number of 
fires requiring over 24 hours for control-the more difficult group 
ranks very much higher than the less difficult group. That these 
differences are due, not to variations in fire-control effort or per
formance, but to clilTerences in rate of spread of fire and in difficulty 
of control, is made clear by Figure 5 and Table 5. In this graphical 
representation of speed of attack 011 fires in the two -groups of years, 
it is evident that when elapsed time is taken group by group, the 
n verage speed is almost identical, the maximum difference in each 
group being 2 per cent. 
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TABLE 5.-0omparative s[Jeed ,in reac1~in!l fll'es, in 11Wr6 difficult and less difficult 
yea,r's, aU forests 

MORE DIFFICULT 'l'EARS (1924,1926, AND 1928) 

Percentage of fires reached In each hour-control period 

Type 

_______________-I__o-_~_~_I,-}5---1 ~~I~~ 'i'ota! 

Yellow plne_________.________________________ 25 21 20 9 6 19 100 
1vn~ed conifor_________ ._______________________ 19 15 20 10' 8 2S 100 
Douglas tlr________________ .__________________ 10 10 19 13 10 38 100 
:Flr ____ ••______________ •_____• __ ._____________ 13 11 15 14 9 38 100 
Orass.____•. __________________________________ 22 14 25 8 6 25 100 
Rrush._. ____________.._______________________ 23 19 20 10 7 21 100 
Woodlund ____________ ..______________________ 28 25 19 9 5 14 100 
8ugnr pino__________ ._. ____ .__________________ 23 15 12 6 8 36 100 

~--.----------------
J\ verago___•______________________ ._____ 22 18 20 10 71 23 100 

1,1,SS DH'FICUI,T YEARS (1923,1925, AND 1927) 

Yellow pine __________________________ ..______ 28 20 17 10 7 18 100 
Mixad coniCor___________ •___ ._________________ 20 16 20 10 9 25 100 

11 3~ 10 i~ 100g~~I~:~~!~~~~===============~==:~::::==:==:::=Ora.'s__________________ .._______ ._____________ 1~ 19 17 ~~ 1415 g 29 ~gg 
Drush_. __ •__. _______ .••._••_______ . ____ .. ____ 25 18 19 10 • 24 100 
Woodland_____________ •• _. ____ •• _____ .. __ .___ 40 22 18 7 • 9 100 
Sugnr (lill~___________ •• __ •• ____ •• ___ • ____ .____ 24 16 21 8 5 26 lCO 

Avorul:o____•.. __ . _____._••••••...••••_. --24-c-1o--18----1O----7-1--22--WO • 

FIRES OCCURRING IN FIRES OCCURRING IN 
HOUR 

MORE DIFFICULT YEARS, LESS DIFFICULT YEARS,
CONTROL 1924-, 1926 . 1928 1923. 1925 . 1927 

MORE THAN 4 HOURS 221 

3 T04 HOURS 71 

2 TO 3 HOURS 10 

I TO 2 HOURS 18 1 

1 

Yz TO I HOUR 191 


1 

l? HR. OR LESS 241 

20 /0 o 10 20 
PER CENT 

FIGURE ri.-Comparative sPe~d Of attack in difficult nnd less difficult years 

BASIC RELATIONSIDPS IN DETERMINING HOUR CONTROL 

The method employed in this bulletin to determine the hour 

control required to obtain specified burned-area objectives rests 

on two readily establishcd direct rclationships. These are (1) area 

bul'1lccl and perccntage of C fires, and (2) speed of attack and 

percentagc of 0 fires. Thcse have lbng been recognized as broad 

gencrall'elationships, but little use has been made of them in analyz.. 

jng the fire problem. 
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The chaiu of reasoning and annlysis used for establishing these 
two relationships is best illustruud. by grouping together several 
cover types having similar hour-control requirements. In this 
way minor irregularities found in the regular progression of values 
for u single type, with its relatively small basis of data, are 
smoothed out without curving. It Will later be eBtablished that 
the .yellow pine, mixed conifer, and brush types have identical 
hour-control requirements and can thus pmperly be grouped. 

RELATION BETWEEN AREA BURNED AND PERCI&NTAGE OF C FIRES 

The three types are first gl'Duped to bring out strikingly what 
the actual burned area has been in the several years of record and 
what the percentage of C fires has been in each of these years, and 
to determine whether a consistent relationship exists hetween the 
two. It is evident that, for this homogeneous mass of data, such 
a relationship does exist, and that, within reasonable limits of 
val'iation, if one facto!' is known the other can be calculated. 

That the I'elationshi p or area burned to percentage of C fires is 
a vel'y consistent and important one is indicated in Figure G. 
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Yf.'llow pllll', IUlxed cOllfrel', nlHI ul'uMh·tield tY[Je~ comhilieli 
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Evidently the area burned increases very much more ra,Pidly than 
does the percentage of C fires, and a small percentage mcr-ease in 
C fires means a large and significant increase in burned area. 
'rhus, C fires are important not only because they contain the large 
fires wlticll contribute most to the final acreage purned, but because 
they" are the simplest and most easily ascertamable index by which 
a fire-control oL·gallizution can measure currently its accomplish
ment and pel"formullce. 

RELATION OF PERCENTAGE OF C FIRES TO SPEED OF ATTACK 

The second important relationship is that between percentage of 
C fit'es, for u homogenous mass of data, and speed of attacking fires. 

Spt'ed in reachillg fires is the fit'st essential in fire control. This 
geneml relatiollship is amply illustl'llted by the fire records for 
1l.):Z3 to 1l.)~8 from the Shasta Natiollal Forest, (Fig. 7.) Here 

! FIRES ATTAINING FIRES ATTACKEDI ye,..,\R 

i 
 CLASS C WITHIN 1 HOUR 

rLESS DIFFICULT I I I 
1927 F:9:', "- 65/ 

I I 
1925 17' 58J 

! L 
1923 Ji 50 ILI5 

I Ij MORE DIFFICULT 
I ", 

55-'1928 IF7 
I I 

','122'1926 56 I 
I I I 

1924 123 511 

I 1 
20 o 20 40 60 

PER CENT 

!-'WI:UH 7. ··l'pl'(',1 fIr attlll'k ancl p"rl'entll~f~ or claHs C flr"H (1111 Illlln-l'lluspdj, Sbllstll 
Na tional F'Ol'e~tt 1!}~a-1028 

spl'p(l is l1leasurell by the percentage of all fires that were reached 
by suppression. forees within olle hour aftcr start of the fire, The 
dl'gree of SIICC('SS is ml':tHlired by the pCI'centage of class C fires. 
The n'eipl'ocal relation betwecn these two is cleudy evident. 'When 
!l\'l'l'll:;re speed decrenscs, a\'emge pel'centage of class C fires increases, 
and Vl('e Vel'SiL \Vithin l'eaRonable limits of variation, if one fuctoL· 
is known, the other can be calculated, Naturally, because of vIll'ia
tioll in weath('l'i'l'om year to year, no exaC't mathematical expl'es
sion of this relationshi p Can be gi \'cn, 

This i!lustmtion, typical of every national forest in the Cali
fornia region, ('stablishes a gencml relationship of the utmost sig
nifieancc in fire protection, The invlu'iable recurrence of this 
rplationsh i P, whethel' the basis is cover type, national-forest unit, 
an individual year, 01' a group of years, makes it generally useful in 
th is d iSClission, 

Thl" l'l'lntion between speed of attaek allll percentage of C fires 
is fUl'thel' illllstmh'd alld elaborated by u\'el'aging similtll~ types 
tOg(·t11l'I' for till' two gl'OlipH of difTklllt and leSH diflieult years. 
(Fig, H,) Examinution of this comparisoll leads to two conclusions. 
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They are: 
(1) With II. given speed. of attack, the percentage of C fires, and 

hence area bumed, cost, and damage, vary with We severity of the 
fire season. 

(2) Within II. given seas(lll or group of similar seasons, the per
centage of C fires, area burned, cost, and damage vary inversely 

FIRES ATTAINING CLASS C FIRES ATTAINI:W CLASS C 
HOUR CONTROL IN MORE DIFFICULT YEARS, IN LESS OIFFICULT YEARS, 

1924.1926.1928 1923. 1925 • 1927 

I I I 
MORE THAN t.HOURS r 3,7 ~./..;!'/!:~Jc:,>;;;{J?i;P%lf1f~;(;:p.!J'; 

I J 

I I 
2 TO 3 HOURS 

I I 
I TO 2 HOURS 

l 
I I 

~ TO I HOUR 

i HR, CR LESS 

40 30 20 10 0 
PER CENT 

Ji'WUllil S.-C()lIlpurnth'(' pI'r('('ntnge or ..IURS C fires in r.~lutIoll to elupRed time, diffi
cult uull kss 1I1fficuit groups ot y.!ars, average ot uil type" 

with hour control. Progressive slowing down in speed means pl'O
grcssi ve increase in percentage of C fires. 

The&e relationships substantiate the conclusion already discussed, 
that adequate fim control is a problem of hOllr control for the most 
(litficult seasons. Total areas of fires reached by present hour con
trol for the individual types and the ditlicult and less difficult year 
groups are given in Table 6. 

rI:\IlLl~ G.---':ArC(/8 /JIII'I/("d, by tJlPC8 and cl(lMC([ time il/terr:al, all forcsts 

;\IORE DIFFICULT YEARS (1924, 1920, AND 1928) 

TYll6--~'-~---'-'~-lo-!1 hour: ~-l hour' 1-2 hours 2-3 hours 3-4 hours: 4+ hours All t1re.~---- --~'------I ...Ie",. I~-I~ Acre.• ~l~~ 
Yellow/llne•• __ ..... _ .•• _. __ . ~~.3~0; 2:1,943 34,40l 1~,OI24 8,15U 63,789 163,q;~ 
.\Ilxeolconirer••• _._, ...... '-"f 33,5d. 5!J,2:l8 87,b7D 11,215 84,567 60,740 343,0,'1 
f)ouglus IIr ___ ..•.. _........... ' " BOO j BOO 6,065 2, 375 465 12, 089 22, 594 
Fir___ ._._ .. ~. " ..... ~.~.~~ 1,035) 2'2l B,3:17 138 16 3,761 19,5;.~ 
Or'~'s ... _____ ,... " .'. ~ ..... ' 11115: IS, 032 3,:151; 1,938 72 23,761 43,;:;:1
IIrush •• ~ •.•• ___ .• , •. _.. __••.; 37,$0:1 i 30,20:1, 14,2.'iO 13,OM 3,498 63,974 102,71'9 
WoMlund .' .,.~., ••••.• '_" , 425 I 82'J 1 12,:!SO 12, H5 25 10,085 :J5,Srll
liugnr plne. __ •• __ ••••••. _•••• ,,' 18,0:18, 575 I mj() :..._______ __________ 825 2O,12l:l 

'1·01.111 ••. _........ _ •.• ~.Im.;.87I' 134,741 I 17:l, WOI 59,930 I 06,8021 239,024 816,444 
Distrlhutlon ~.=l'~t'~('£!.'.':.: _ H 17 21 7 12 20 100 

LE$S DIFFICULT YEARS (192:1, 1925, AND 1927) 

Yellow piml•••_..... · •• --.- •••1' 1,~04 I 4,4117 1,105 1,055 240 5,307 13544 
Mbc" conircr _________ ...... _._ 2,6551 8113 4,265 B:ll 2,502 32,500 43:616 
Pough", tlr•• -...._....._._ ••_. __________ 100 440 25 21) flI2 I 197 
b'lr ••• , •.• _•• ____............__• 18 __________ I, OW ___________________• 300 I: 308 
On~"8_._ ••• _•• __ ._._._._ •• _______• _____•••j :116 1.042 577 50 6914 8899 
Hrush •• ~, ••_ .. _••• _._ ••••••__1 3110 5,410 8,8.,5 1,245 r.o 3:049 19:915 
Woodlnnd, ...... _._••••____ •• 175 227 2l:l5 970 I,OW 14,435 17,742
Sugar plno._.__ . _._.. .... , • .' .•• __.___ 200 __________ 2,WO __________ 1:J2 2,832 

'rot,'l/. . ~ ~. _-1~l'I,589l7.'042Ij 7, 2031---;,528 64,J.iil1OO:Jl:i
Dlstrihutiofl p~r cellI.. 4 : J I 16 6 4 59 100 



18 TECllNICAL BULLETIN :!09, U. S. DEPT. OF AGRICULTURE 

LEGITIMATE C nRES AS TilE BASIS OF DETER~n~ATION 

Before illustmting the method of determining needed hour control. 
the question must be asked whether all C fires became C fires eithl'r 
solely or principally because of lack of speed in attacking them. 

In using percentage and number of class C fires as a basis for 
determining require!l hOUL· control, it is essential to eliminate C 
fires which would not have reached this size pL'Ovic1ed the average 
best present suppression practice had been brought into use when 
they were first reached. 

'i'hrough inspection of goi ng fil"\~s, tht'ough detailed analyses by 
boards of fire review of action on fires, and from study and interpre
tation of data Oil the indi\'idual fir/! reports themselves, it is clearly 
(,stablished that some fil.'es which r<?:nch elnss C size could have been 
held to Class B (less than 10 a{~I't:\S in size), The most common 
I'PHsons forfaillll'p to hold all elm;~ A and 13 fires, as well as the 
~mallpr C' firps, to thl\ minimulll possible acreage nre faulty and 

HOuR CONTROL AVERAGE SIZE B fiRE t... t>1AGt: ,S,ZE: C FiRE 

I 
,.~, 

I 
~ HOUR OR LESS u 5JILoer Ii 

, I 
I 

.~ TO I HOUR 157 10.0. 

II 

I TO 2 HOURS 1i.61 192 I 
I I I i I 

2 TO 3 HOURS 195 ~6.51 

I I I i I 
J TO" HOURS 12.06 52.6 I 

I I I I I I I 
MORE THAN 4- HRS, 12.16 4/ 63.0 I 

c--. I I I I I 1 I 
2S 20 1,5 I,D 0.5 0 10 20 JO ~O 50 60 70 

ACRES 

1,'l(lI'tlloJ n,-Avcrn/:e Hize of clll~" B nllil (,lllSS C t1 I"S when rench<'ll by suppl'cssioll
f{U'('PM, we:itl'l"U Yt.·lIow piliP type, PIUUlll:J null ~hastll Nu tiOlllll ItorC'sts, lU:.!3-1H28, 
illchlsin! 

i Iladefjuate netion by the .first line of defense after reaching the lh'e: 
failure to ha\'e available 01' to use in the first attack spccial equip
nwnt sueh as back-pack pumps; and premature abandoning of patrol 
after the firc is sUL'l'otlI1ded. For the purposes of this study, those 
fires w('I'e eliminated on which (I('tuiled nlHl convincing information 
j n<Licated poor praetice in tlttack. 

This still left ~L btl'ge number of C fires, aIllong which, pt'esum
ably, thpre wel'e still It considerable number that might, with proper 
slIppI'cssionpraetice, have becn kept from reaching class C size. The 
most ('ommon i'nilul'(, to catch fires small occurs in eertnin very in
f1alllmable types, in bad ypars, Ot· on bad fire <lays, when fires spread 
rapidly fnHH the very start. Under these con(litions it is genemlly 
onl\' thoHc fires that arc I'('aehe<l within one hour of starting that 
:lI.'l:stilL small enough to give the first line of defense n ('hanee t'o hold 
thl'llI lis dass B, Fires which ha\'e spread for a !ongl't· pel'iod nre 
lI:-;lIltily ela:-;" C in size wlll'1I I'l'aelll'd. Ana Iysis of the ll1all-('aused 
firl'H ilHPd in this stud,\' shows that 011 th'e Plulllas al1(l Shasta 
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Xational Forests (both of which 11a"': hall a high level of fire-sup
pression fwcomplislllnl'lltL for the inflammable westol'll yellow pine 
type and the period of 192:) to 19~8, the a ,'erage size of the fires 
reached in half fln hour and held as class B fin:s was 0.82 aCl'e, and 
that the avemge size of those l'eachl'd in one-half to one hour and 
held as class B fires was 1.57 acres. (Fig. 9.) The avemge of th~se 
hour-control gron ps is 1.2 acres. 

Sin('e these are among the more rapidly spreading fires, on which 
the best type of sllDprl'ssion work must be done if they are to be 
('aught awl held as class n fires, it is reasonable to assume that 
lIeal'ly all fires in tllis and similar types that are reached when they 
arc 1 aCI'e or less in size should, with cOlTed snppression practice, 
be held to class 13 size. Thel.'efore, all C fires that were 1 acre Ol' 

Ipss when I'f';lciterl 'wel'e eliminatf'd from cOllsideration. 
TIl(' (' fin's 1'l'llwining after these two eliminations had been macle 

Ila\'(' bef'1l tel'med " legitimate class C fil·es." Thl'Y are those which, 
!>N'aus(' of '-l'I'Y rapi(l spread due to eondition of covel' or wcathel' 
('oIHlition!:;, 01.' because of longo-elapsed tillle from stal.-t of fire to 
1I ttncle bv ('(lllt!'!)1 fOI'('es. ('0111<1 not have bren held to a smallel' size, 
The tota'l 1llll1lbcJ' of dass (' fires alHl the nUlllber of legitimate C's are 
gi\'cll ill df.,tail in Table 7, 

'I'.\Hr.~; 7.-Di8/ribulirm. IIJJ t1lPc.~ and ('/011.'1('11 time 'il/lerml (hollr colltrol) , 
Ilclw("/'n ,~/(/rl of lire untL work bevu/!, ((II f()rc,~t.~ 

Y~:[.LO\\' 1'1:-.'['; TYPIC 

I9!!:J, IO:!5, und 1U27 

t ' 
A\I C /Ires , Legitimute (" A \I C fires ! Lc~itimato 

J [our control fircs /Ires I /Ires (' /Ires 
-- ,.,_~__I I_--;-__,~_-:-_ 

t I 
1Xllnt· ~ ~tnn- i Vcr Num- Per Kum- t Num- Per tNl1l11-1 Per 

her t bur ~ cenl ber cent her 1 her ecnt 1 bur cent 

:-1----/----·
f1nlrhourorie'$ ••• ,....... .oj ~I~d :H! Ia 10 ., 189, \0 S 0 3.2 
\J to 1 hOIlL.. ... .. .• ,.i. 21" I' -10 j IP :m 17 laS I ~O 14 14 10. I 
Ilo2hollr:;........ ~_ •._,' '!Jol 5ri 20 45 21 lUi fJ 8 0 5.2 
2 In :l hOIl"' ... -.... .. _, 90 2() I 2'1. l~ 20 (iti I

I 

8 12 Ii 9. 1 
:jt()4.h().lIr.i~~." ,~__ _ ..; tit! 2~1 ;!2 l~i ~ !U .)~ .~:~ r,7 ,;.I.~1 

~ior" th,\/I·I hO\lrs... , __ ......,~__"s_i.__-·_1 __"'_'•__--_~,_.::._--=-'__-6_~ 
TIltHL... : I, (}I·I I 2IH I 21 1,0 t 10 OiS' 80 12 ' (;5 II. r. 

MlXED (,ONIFEft 'ryPIC 
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TABLE 'j.-Di.~tribution by types and elapsed time interval (1lOlIr control), 
betweel~ start of (ire anlt 1vork begun, an forellts-Contiuued 

FIR 

19'.!4, 19211, and 1928 1923, 1925, and 1927 

illl LegItimate C All C fires ILegitimateC firesHour control fires fires fires C fires 

1--·1--.....--1---;---1---1-----,---;--
Num- Ntun- 1 Per Num- Per Num- Num- Per INum- Per 

her her cent her cent her her cent ber cent 

HaIr hour or less_______________ 211 --2- --8
1== == --15- --1- ---i1'--1U 

n to 1 hour.___________________ 22 . 4 18 4 18.2 3 1 33 1 33.3
1 to 2 hours___________________• 30 -4 13 3 10.0 22 2 9 2 9.1 
2 to 3 hours ____________•••__ ._.' 28 4 14 3 10. i 7 __ • ________________________ 

:\t~r! rh~~s4iiour;:::::::::::::: g ----iii-----2i- ----is- --2ii~ii- J -----i- -----a-I.-----il-a:4 
-------------I~ --

TotaL. _________ • __ •• _._) 198 30 ! 15 I 25 12. 6 81 5 ! 6 • 5 6.2 

Half hour or less_______________ 93 23 2., 12 13 50 6 12 8M to 1 hour____________________ 79 22 28 18 23 37 6 16 5 14 
1 to 2 hours____________________ 83 28 34 27 33 38 10 26 10 2tl 
2 to 3 hours________ •___ ._______ 43 14 33 14 33 21 7 33 33 
3 to 4 hours ______ •____________ • 30 9 30 9 30 8 1 12 12 
).,[ore than 4 hours_____________ 87 42 48 42 48 48 18 38 17 35 

TotuL ____________ •__ .___ 415 138 3:1 122 29 202 48 24 44 22 

WOODLAND 

..____ .1______HaIr hour or 1e.,<;S ____________ .._ 44 2 5 30 3---"0!--2 to 1 hour____ ._._~_ ......... ~ .... ~ .. 38 11 29 23. i 17 5 2tJ 5 29 
I to 2 hours ••_. __ •• _..._......_ 30 4 13 3 10.0 14 3 21 3 21
2 to 3 hours ______ •___ .... ____ .. 14 2 14 2 14.3 5 4 80 4 80
3 to 4 hours. _______ •__ ••• ___ ._. 8 1 12 1 12.5 3 2 6i 2 67 
~[orc thun 4 hours ____________ _ 21 8 38 8 38.1 7 5 H 5 il 

TotuL _____ ._.... ____ • ___ , 155 28 18 2S 14.8 76 20 10: 25 

SUGAR I'INE-FIR 

Ifal! hour or less •• ________ • ___ -' 12 2 Ii ___ • ______ . . 0 . ______ _• ____ .t....___ _____ _
H to 1 hour____ • __ .-_•• _.______ 8 3 38 2 25- 6 Ii .._______..._ 

~ :~ ~ ~~~~:::::::::::::::::::: 3 ~ ~~ ~ ~~ ~ ------- ----33- ------- ----33 
:Ugr! rh~:,s4il~iur;::::::::::::: I~ ~ ~ ~ ~ I~ ---"3- 30 ----"3" 30 

TotaL. __ .... _..._..______ --;- ----;-1----;;3 --0---17--as--,,-, --13- --4-!--1-1 

TOTAL, ALL TYPES 

Half hour or loss._. ___ .. ___ .... floo 101 Ii 44 7 371 24 6 15 • 
~ to 1 hour___ .________________ 4548?2 l~47 2529' l03i ~'51 29i 1~ l~ ~ 11I to 2 hours__________ -_______ .. ~ 1428
2 to 3 hours ____________._._____ 2119 60 ~'6 64 24 154 31 20 27 IS 
3 to 4 hours____________________ 192 57 30 52 27 109 Ii Iti 16 15 
~[or" than 4 hours_____________ 650 241 37 2'28 35 334 81 2·1 in 24 

Tot,,) ••• ______ _. ________ 2,7.iO ----m- ---;- ----;;J ---;a l,543 ----zjiJ ~I--;J~ 
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It will be evident from Table '1 tha~ even with half-hour control 
and the very rapid attack thereby represented, some C fires must be 
expected. These occur mainly on the worst fire days in the worst fire 
years. For the period 1923-1928 the average size at time of attack 
of C fires on the Shasta and Plumas Forests, when reached within 
one-half hour, was 11.5 acres. (Table 8.) In other words, they 

:J.'.\BLE S.-Rizc 'lolten reached of tho_~e fires i'n each hour·control grolt]} 101lich 
becallle d(lS8 G and clus8 n, toestern yellrl'lO pine type, P/'U/IIUS a'llll Sltusta 
Nuti(J//fll PareSis, 1!)28;-1928 

Class B fires Class 0 fire-< 

Hour control 
Average AverageFires Firessize size 

------------·-------1-------------
Number Aerts Number Acrts 

lillif hour or less.................................._•.•.•••.•••. 77 0,82 '1:l 11. 5 

70 1.57 25 10.6f'tI~(~ Ih~~~~=:.::::::::::::::::::::::::::::::::::::::::::::::::: 51 1.61 28 19.2 

2 to 3 hours .................. ,. ................................ 21 1.05 13 46.5 
3 til 4 hours.................................................. 18 2.00 8 52.6 
l\Iore thun·) hours........................................... .. 37 2.16 24 63.0 

were already 0'£ class C size, on the avel'Rge. For the mixed conifer 
and western yellow pine types, on all forests, the average was even 
higher. (TaLle 9.) 

'.rAllLE D.-Size' 'lrhcn I'ectchcll of those fl,re-~ 'in each hort/··control group 11'lIic1t. 
lieeCLIll1? el(/I!_~ e, -mixed conifer uncl 'western lIellolv 11illt: typel!, all. forcs/s, 
1 !lZ3-J928 

1024, 1926, nnd 1028 1023, 1025, and 1027 1923-1028 

Hour control 
Average Average AverageFires Fires Firessize size size 

rr~lf hour or les~.......................... 
IVumber 

fi2 
Acre8 

Ii. 4 
"Vllmber 

1-1 
Aer.. 

11.7 
Number 

76 Acr1~.:f 
~~t(} I h(lur .. ~ .. ,~_~~.~ ..... ~"' .... _.~ .... __ ~ .• _.... 
1 to 2 honrs. ••.•. .................... ..... 

75 
100 

10.2 
16.6 

27 
20 

12.7 
16.0 

102 
120 

17.5 
16.5 

2 to:1 hmlrs.............. ................. :16 2:1.0 14 42.0 49 28.4 
(}to'~ hOllrs~~~ ... _ ~ ..................... ~ .. ~ .. ~ 
Mom thnn 4 hOIlN......................... 

:'10 
118 

:10.4 
131. 5 

12 
H 

40.0 
73.7 

til 
162 

:12.0 
115.8 

For the purpose of deter-mining what speed of attack is necessary 
to attain n. I-ipecified percentage of class C fires, only these legitimate 
C fires are used. Otherwise, the .indicated control, and hence the 
transporta.tion find personnel needed to attain it, would be unnecos
sUI-ily elabomte, being detet-mined by average present practice mther 
than ayt'rago best present suppression practice, which should be 
~ent'r-nny attained in the future. The capital investment and annual 
('xp('l1se l't'quit-ed to build up transportatIon and protection improve
lIlt'nt to tilt' point of attaining Or even approaching the indicated 
hOllr ('ol1trols will nC('t'sr·;nt·ily be lat-ge, and they should not be dis
tended to ('(weI- class C fit-es, which with the best suppt'essioll prac· 
tice and til(' fullest use of special equipment might have been kept 
to eiaBB B size. 
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DETERMINATION OF HOUR CONTROL BY PERCENTAGE OF C FIRES 

The two basic relationships of area burned to percentage of C fil'es 
and p('l"('entage of C fires to speed of attack must ue dnarly under
~tood before any definite answer to the question, "'Yhat is adequat<:: 
houl" control ~" is attempted, The method used for determining 
hour control, a graphic method of analysis, is illustrated in Fignre 
10 fOL' three similar types combined, Since the area of the COtn

uined t.ypes is 10,171,000 aCTes, the allowable burned an'a pel' yenr 
may be set at 25,000 acres, or 0,25 per cent, It is then e"ident from 
the chart that in only two of the six years has the oujectin~ been 
attained, '\Then the pCl'centage of C fires for each yeal' (left side 
of ("halt) is plottecl opposite the bmnecl area f )r the snme year, an 
"allowablc pel'cenblge" determination inserted in the same re1atin~ 
position liS "allowaule nCI'cage" on the other side falls at approxi
mately 1,) per tent. The exact position of this line must be deter-

YEARS FIRES ATT,AINING CLASS C TOTAL ACREAGE BURNED OVER I1' __ '_____..- I . 
ALLOWABLE ALLOWABLE , I PERCENTAGE ACREAGE .,- ILESS DIFfICULT I 

-' ~;" ~ 
1927 Ifl4 , 291 1, i 

i 
I ! ,J 

I
113 

! , 
1925 

II 1 i 
117.5 451 I1923 

MORE DIf'fICULT I I I ! 
122 11411928 1I f I I 

, [30 1851 
: 
i 1926 j 

1 1

I I I 
 I ... 
13'1 365 I 

ii 
[924 

I I I I I 
35 25 15 5 01.'5 100 200 300 400 

PER CENT M ACRES 

F'I(a~(nJ IO.-Il(\lu1'iOIl htl lW(I('11 J)C'r('Prltn!!C' ()f ('In~~ (' fll'('f{ and urf'U hl1l'l\(\'l, wp;;tern
'" lIow pim" JIIiXed COll'irt'I'~, IIml 1.11 lI~h·nl'ld types co",'blnell, 1 0,1 j I.OII!) aCI'l",
11J:!;l-lU:!l:i 

mined by imlpection of tho chart, by jlldgment, and by balancinl! 
the qllantities outside and insi(\(' of the allowahle-acreage lim', i\.::; 
l-O fixell, howevC'r, it ('ollstitutes It vcry genel'Hl statement of an objec
tin' for the group of tYP0S in tltis ['egion, This figme, or a lower 
one, indiea.tes sllccessful protection; It higher figllreindieates that 
tilt' 11III'ned-ltrr:L objl'('tin'is not attained, 

This figure (for the data being dis('ussed) answers the qll('stion, 
",Yhat pC'r('('ntal!(' of ('lass C fires will represent attainlllent of the 
1>lll'II('(\ area oujecti\'e? " 

.\. i'(,(,(tfHI (llIl'stion 1I111st tlwn bp answ(')'(,(I: .. ""\tat hOllr ('ontl'ol 
is 1l(-('('SSlll'.v to attain the allowable perC'entag(' of elass C fires? " 
1'11(' Ill-xt step-using the snme <lata-i~ to det(,l'Inine what speed 
of attaek, or hOll!' (:ontroL willl'eslIlt ill 1:') pel' e('nt 01' less of class U 
Ii rl'~, 

In t1lP grotlp of llifli('uit ,Years fOt, similar types ollly R jll'l' ('pnt 

of til<' fin's rl'a('I\('(\ in n, half hOlll' aHl'!' start shollld l)('(;ollll' Il'giti
IlInl<- ('lass ("s as showlI by shaded bat'S in Figllrc 11.. Thj~ is well 
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within the allowable limit of 15 pel' cent and indicates that 1,t2-hOlll' 
contl'ol will not be generally necessary in these types, Of the fire::: 
I'Nwhed between a half hour and one hour aIter start, 20 per cent 
ut'C:oll1e da!:;s C's, and thus something less than I-hour control is 
needed, Three-qullrter-hom control evidently will closely fit the 
data, and will I()l' the entire area of the types insure a realization 
of the minimum burned-area objective. Subject to later analysis 
of the indi vidual types, this figure can be regarded as correct. 

By way of contrast, in the same gronp of types in the less difficult 
group of years, anything up to 4-hour control gives sa,tisfactory 
results. 

The importance of m;ing only legitimate class C fires is well iIlus
b'ated in Figure 11. by comparing these fires with all class C fires. 
The opeJl bar!:; standing for all C fires would :indicate that even 
half-hollr control is not rapid ellough in the difficult years. To 

FIRES ATTAINING CLASS C fiRes ATTAINING CLASS C 
HOUR CONTROL IN MOFle DIFFICULT YeARS, IN Less DiffiCULT YeARS, 

,, _____.--+__ 192...., 1926, 1928 1923, 1925, 1927 ___j---.:.:~~::....:.::_.:.:...___1__~_~___ 

8 2. .,.' '.N.",131
I ) 0 ",;IO~ 

1 1 -r 

45 35 25 15 5 0 5 15 25 35 
peR ceNT 

o ALL CLASS C FIRES [":1;,1 LEGITIMATE C FIRES 

1"101'''11 11,-- H,,1:1 tiou. of P('I','ontll;':" of 1('!!itimllt~ nlH1 all CIIlKH C fil'(>H to spcptl of 
ultJ\('k, we:-;tel"ll Yf·IIOW pill\~, mixNl CUllIfer, HtH.l brl1sh~ficld typps combiup\l, Itl2::J
1:12,'; 

a('('('pt sl1ell n. eonell1sion wOl1ld jnyoln~ either a willingness to accept 
Imise!:; ill bad yl'H I'S gl'l'at('l' than the agl'ep<i-ll pon minimulll, 01' the 
1H'('(>s!:;ity for building IIp all Ilnneeessarily elaborate and costly fire
eontl'OI plant and ol'gan;zntion. 

~\ m01'e dil'('('t ('olllpal'ison for til(' mon' difJieult and less difficult 
yt>nl.'!:;, anti. I'Ol' hOllr ('ontl'ob up to two hOlll'S iH shown in Figure 12. 
ThiH makes it ('I('al' that tile l'plntion betwct'n aercage burned by 
firC's within an ilOlll'-('ontrol gl'OUp awl the pel'(,l'ntage of C fireH 
within till' same group is dircet and c'onsistent for both groups of 
yearf;, 

DETERMI:->.-\'fJON OF HOt:R CONTROL BY Nt:MBER OF C FIRES 

Esti mati ng tilt' fi I'e-('ontl'o] pl'obIPlll in t('I']))S of ppr('entagc of 
(' fin'!:;, as ha!:; just be(,1l \lone, tt'IHh.; to clil'(,ct etl'ol't towlll'(l speeding 
lip attal'k Oil firc}-:, sinel' speed is the prinl'ipal (;ontrollal)]e factor. 
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fiRES ATTAINING CLASS C ACREAGE BURNED OVER 

(LEGITIMATE) BY CLASS C FIRES 


HOUR CONTROL 

rALLOWABLE ALLOWABLE :i 


PERCENTAGE ACREAGE 

I I t 
126 401 TO 2 HOURS ~4;' 

I.1 3.": 

20 24 I~ TO 1 HOUR r'q%2?@: 3.i 
I 

13,5J~ HOUR OR LESS '~ 11~,5X: flt I 
30 20 10 a 10 20 30 40 

PER CENT THOUSANOS Of ACRES 

D MORE DiffiCULT YEARS f;;.;'.::j LESS DiffiCULT YEARS 

FW(JRfl 12,-ComllnrlHon or pPl'centnge o! legitimate class C fires with ncreage
burned ovel' IIndet' vllrylng hour control In mort! dUllcult and less difficult yelll's 

Another equally realistic way to think of the problem is in terms of 
number of C fires. This approach tends to focus attention on reduc
tion in number of fires as well as on speed. A.lthough the consistent 
relation between speed of attack and percentage of C fires is used 
generally in this bulletin as a basis for determining needed hour con
tl'Ol, the relation between speed of attack and number of C fires could 
be used equally well. 

As an example of the latte1' relationship, Figure 13 presents data, 
for the yellow pine, mixed conifer, and brush-field types combi.ned for 
individual yeul's, on acreage burned and the total number of C fires. 
Here it appears that, in order to attain the burned-area objective, 
the number of (1 fires must be held to about 50 per year. This figure 
is determined by the same method of inspection of graphic data 
previously used. 

YEAR fiRES ATTAINING CLASS C TOTAL ACREAGE BURNED OVER 

,..ALLOWABLE~kgrNt2~f -. ACREAGE 
LESS Dh-FICULT 

1927 Li$?i~ 124- i 
i 

1925 ~PI 
1923 Ij~ 461 , 

IMORE DIFFICULT 
1928 W~ 1151 

I 
V!'Y":< ;:<'@ 18711926 ~ 

1 I 
~~ 36511924 

I I I 
300 200 100:;0 0 25 100 200 300 400 

/!lUMBER M ACRES 

FIGURE l:l,-n..llltion l!et.Wl'en totul number of c1n~s C fire~ lind nrcn hllrnl'l1, western 
yellow pine, mixed conltcl'. lind brush-field types combined, lD23-11l28 
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The total allowable number of C fires for the group of three most 
diffh:ult years is thus 150. 'With 1f2-hour control (fig. 14) the num
ber has been 86, and with I-hour control, 182, for this group of years. 
Three-ql1urter-hour control would thus most nearly insure holding 
the number of C fires to the desired minimum. If instead of the total 
number of C fires, only the number of legitimate C's is used, the 
allowable number will be less than 50 pel' year. It will lie between 
32 and 36, and the total for the 3-year period will be between 96 and 
108. This objective is not attained with I-hour control (fig. 14), 
where 114 legitimate C fires occurred, and is more than attained with 
1h-hour control, 'with only 37 fires. This points to something between 
1/:!-houl' and I-hour control us needed, a :::onclusion identical with that 
reached by the other methods of analysis. As in the other method 
also, 4-hout' control appears generally satisfactory in the less difficult 

"OllP of years. 

! FIRES ATTAINING CLASS C FIRES ATTAINING CLASS C 
,HOUR CONTROL IN MORE DIFFICULT YEARS, IN LESS DIFFICULT YEARS,L_._______I________�9_2~ __ ________~____19_23 ____~__.1_9_26 .1_9_28 __.I_9_25_,~19_2_7 

..-AL~8i'Y~·kBkE __ . -: ! ~~ 

i AI.L FIRES ~477 .>153W I 
9 

1 I I I I I I, 
: 4 HOURS OR LESS ~3i6·:.)< 'i~9:SV"~
I 

I I I I IlI 
I 2HOURS eR LESS I I 1~22~i' I 62~r 
: ,","R.,,'" I i!!"_+ ," ··ctl :1 
i'HO"RO"m,J~ IW:C~:: I I


600 500 400 300 200 100 0 lao 200 
/lUMBER 

DDALL CLASS C FIRES LEGITIMATE C FIRES 

F(;l"HFl J.I,-H~lllti()n h,'tw~ .. n til" lIumb"r oC legitillllltf· dnss C flr~s nnfl ~pecd oC 
II tl.wk, we~t('l'n J"~II(l\\, pin(', 1lI1x"d conifer, Ilnd brush·tleld types cUlllhlnctl 

There is 110 apparent reason to repeat the confirmatory process 'for 
all the indi"ic1ual tYJ>Ni. On the whole, the use of number of C firl's 
as the basis 1'01' analysis will lead to the same conclusions as if 
[lel'tl'Jltuge or C fin's ,¥ere usell. 

DETER:\IIXATIOX OF HOUR CONTROL FOR DIFFERENT TYPES 

WESTERN YELLOW PINE TYPE 

rsing the graphic methocl previously illustrated and explained, 
d!'tel'lnination of }weded .houl' contl'ol for any distinct type is made 
by the two stl'PS aII'C'udy d('scribed: (1) Determination of the per
('pnlage of C lires that will attain the burned-area objective, alllI (2) 
tlie sp('ed or atlu('k necl'!5sary to hold the percentage of legitimate C 
fln's to th h; figllre. , 

In the W('stPI'I1 )'l'llo\\' pin(' type' (fig. 15) the total area is ;kf>:W,OOO 
:lcres n nd till' n11 II lin I u Ilowable burned acreage (O.::! per cent tUL' 
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tjmber types) is therefore about 9,000 acres. This acreage was at
tained in three of the six years, in which the corresponding C-firs 
percentages were 10, 11, und 17. The C-fire percentages for the three 

YE:AR FIRE:S ATTAINING CLASS C TOTAL ACREAGE BURNEO OVER 

MORE DIFFICULT 

1928 

f*Z3~~,M}ik raj;§:f7<C4;~~Uj{f 4811926 
I 

1924 
I I I 

25 15 5 o 25 75 125 
PER CENT M ACRES 

FWUltE 15.-1teluliOIl b('t\vccn nt'en burnell una percentage of cluss C fires, western 
y('llow pine types 

veal's in which excess acreage was burned over were 16, 23, and 26. 
:1\.pparently the best approximation of allowable percentage of C fires 
is 15. 

The comparison between speed of attack and percentage of legiti
mate C fires (fig. 16) shows that with Ih-hour control the percentage 

"RES ATTAINING CLASS C FIRES ATTAINING CLASS C 
HOUR CONTROL IN MORE DIFFICULT YEARS. IN LESS DIFFICULT YEARS. 

1924. 19Z6. 19za 1923.1925.1927 

Z. TO 4 HOURS 

1 TO 2 HOURS 

72 TO I HOUR 

Yz HOUR OR U:SS 

35 25 15 505 15 25 
PE:R CENT 

o ALL CLASS C FlRE:5 P'-2,;q LEGITIMATE. C F"lRE:S 

FIGUUH l!l.-lh'lulion, or perl"Pll tngl' f)f 11,,,-1 Omn tp n nil nil cl!lsR C tires to sneed of 
nttnck, western 'yt'llow pine type 

of C fi.,cs in dimcult yenrs is 4, and with '~~-ho\u' to I-hour it is 17. 
The requircd hOllr control. is thus between these two, and '%-hour 
contl'Ol is the best approximution. If the percentage of aU C fires 
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were used, a similar conclusion would be reached. In the less diffi
cult group of yeRl's, on an average, 4-hour control is adequate. 

lIlIXED CONIFER TYPE 

In the mixed conifer type, with an acreage of 3,207,000 ac!'es, the 
allov,'ablc. annllal burned area (0.2 per cent) is approximately 6,500 
acres. Thi~ has been attn,inecl (fig. 17) in two of the six years, with 
l1- percentage of C fires of 12 and 17, and has been exceeded in four 
years, with percentages of 18, 24, 39, and 40. The allowable per
centage of C fires is at or about 15, possibly 17.5. 

The compar'ison between speed of attack and percentage of legiti
mate C fires (fig. 18) shows that with %-h0111' control the percentage 
of C fires is 12, and with 1/z-houl' to 1 hour control it is 24. The goal 
of 15 pel' cent of legitimate 0 firf's will be llttained 1vith %-hour con
troL Here the percentage of all C fires (2-:1: per cent) for liz-hour 

YEAR FIRES ATTAINING CLA55C TOTAL ACREAGE BURNED OVER 

r-A~k8~~~~~ r A~~OR~~~fE 
LESS DifFICULT b'2.J§#O/, 41927 

r 
1925 r1.i~-0:r{;5?::;;;f, 1 


1 


192.5 K@tit~~ 391 

I ~ 
MORE DIFFICULT 

~.2f~g%,~;:;:: 3511928 

I II 
1926 

I~c ~': "~l/;;;;;:;;;' z;:;/:c;2;;~?~ 961 

I II 
4\,;;;:#A~0!ff/&@J&j!#f,~ 21511924 -r rr 

35 25 15 5 0 2S 75 1205 175 22S 
PER CENT M ACRES 

ll'IGUIiE 17,-Hellltlon between nrrn bnrnl'd and l1<'rppntngc of class C fires, mix~(l
conifer type, HI:!:J--ID28 

conb'ol jll the more difficult years wonld give a false and unnecessar
ily exaeting idea of the hour control needed. In the lers cliflicult 
group of years, l-hour control is) 011 the average, snfficient. 

BRUSH-FIELD TYPE 

The area of the brw;h-fiehl type is 2,4;38,000 acres, and the allow
able anllllal acreage (0.:2 pet' cent) is 0,000. This goal has been at
tained according to Figure IV, in two of the si.x years; in the other 
four yenrs the C pel'centages were 28, 28) 36, and 41, an excess 
acreage burned. The detailed relation between percentage of 0 
fires and area burned is not so consistent as in the yellow pille and 
mixed conifer types, bllt holds suflieiently 'well to permit all estimate 
of 20 as the allowable percentage of C fires. 

Helation between speed of attack and percentage of legitimate C 
fires is consistent j n both the 11101'e difficult HIlll less difficult group 
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of years. (Fig. 20.) In t,he more difficult years less than i-hour 
and more than 1J2-hour cOlttrol is required to hold C fires to 20 per 
cent, and %.-hour control is indicated. In the less difficult years 

fiRES ATTAINING CLASS C "RES ATTAINING CLASS C 
HOUR CONTROL IN MORE DifFICULT YEARS, IN LES~ DiffiCULT YEJ';RS, 

19Z4, 1926, 1928 1923, 1925 • 1927 

ALLOWABLE 
PERCENTAGE~ --. 

MORE THAN 4 HRS_ ~~44;<-'ifd~@'~~~~~!~20 
I I I I 

2T04HOURS 314i!8WYf,%'{fil11'ZY$.$*,wJJ: W~~J@"IS~z." ~7... / 

I I J I 
> 

\1"02 HOURS 
ZL3ri' ";r;W'F~ff~" (if:,3ZW~7--: /",~ 0. v, -, .w.,;.at~,; ,dt~';~0'}:;qqI9q t9 

I I I 
,hTO I HOUR 35 

~Z4;··~:,'f;W;?'f:";%m :Y'7~, I I 
hHOURORLES5 1124 

I 
i% ' 91;12fi'J,;~ A(H-~ 

I I 
45 35 25 15 50S 15 2S 3S 

PER CENT 

D ALL CLASS C fiRES [1;':*1 LEGITIMATE C FIRES 

FIGURm i8.-Relatlon of percentage of class C fires to speed of attack, mL'ter conifer 
type 

anything up to 2-hour control is adequate. Use of all C fires would 
lead to the unwarranted conclusion that something even more rapid 
than 1J2-honr control is required in the brush-field type. 

TOTAL ACREAGE YEAR FIRES ATTA!NING CLASS C BURNED OVER 

ALLOWABLE . /LLOWABLE
I'" PERCENTAGE ACREAGE 

LESS DiffiCULT 

1927 ~2B~~4P'~ 114 
, I 

1925 ~p~~~.M 11 

I ,Is
1923 I~1~~Wt;rffY~~

-II
MORr DlrrlCULT 

1928 r36.~.$g~ff&,~A',if;';1"i%%'~'!i:WffiX.&b£,j!d%~ 601 

I 1 
1926 ~41_~.7ff,ifigj.t#g~;igffPif~i~'ii"W4d'~~MP44 421 

I I I 
[28 ~i:ifoj:~~fJk&ff4$ff£~#~%~~?i 6011924 

I r I I 
40 .'30 20 10 0255075 

PER CENT M ACRr::S 

FIGUnm 19,-Relation of nt'en burned to p~l'c"ntnge of class C fires, brush-field type,
1923-1928 

This detailed analysis of the yellow pine, mixed conifer, and brnsh
field types shows unmistakably that all have the same requirement 
for %-hour control. The earlier combination of these types, in the 
discussion of the methotl fOL' determining hour-coutrol needs, can 
thol'OfOl'e be accepted as proper and the conclusions as valid. 
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FIRE:S ATTAINING CLASS C FIRES ATTAINING CLASS C1
HOUR CONTROL IN MORE DIFFICULT YEARS, IN LESS DIFFICULT YEARS, 

1924,1926. 1928. 1923. 1925,1927. 

r-- ALLOWABLE 
PERCENTAGE ~ -1""48 38_ 

MORETHAN 4 HRS 1r48"-'l ~ 51~, 1 ,l 'I r I T 
2. TO 4 HOURS 32.l?32. 2.811I , , , , I , I I I 

28 

I TO 2 HOURS 3t[[32 ~dffd 26 ~26 

I T I 1 I I 
!i TO I HOUR ~8.-{2.3 I4J JI6 , I I I I 

25J.2 HOUR OR LESS 

I 
13 , 8~ I I I I 

45 35 25 15 5 0 5 15 25 35 
PER CENT o ALL CLASS C FIRES _ LEGITIMATE C FIRES 

FlGunlll 20.-Relntlon ot percentage of lelrltlmate class C fires to speed of attnck,
urushJleld type

{ 

DOUGLAS Fm TYPE 

The area of the Douglas fir type is 1,145,000 acres, and the allow
able annual burned area (0.2 per cent) is, roughly, 2,500 acres. The 
figures for foul' of the six years (fig. 21) have been at or below this 
figure, with C percentages of 8, 8, 11, and 26, the last-mentioned 
corresponding to an even 2,500 acres. In the other two years with 
excess acreage, the percentages have been 36 and 48. The allowable 
percentage is thus about 20, or possibly a little higher. 

TOTAL ACREAGE
YEAR FIRES ATTAINING CLASS C BURNED OVER 

~ ~t~g~-'t~~E t"'A7.LfR~~kE 
LESS DIFFICUL T t---,---T---I-...!....::.!.!.:::."i~r;~8;J.<;;;:;:;::;·;;:;;;fd:j-ot.t2""T==-T~ 

1927 .. . .. I 
1925 "'" W8%'M 0.5

~~I 
1923 WBP'. ''( 

MORE DifFICULT 

1928 13 I 

1925 

19.0'4 
I T 

SO 40 30 20 10 o 5 10 IS 
PER CENT M ACRES BURNED 

FIGURIII 21.-Relatlon between aren burned lind percentage of class C fires, Douglas
fir type, 102~1928 
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The speed of attack necessary to hold legitimate C fires to 20 
per cent of the total number in diflicult years is clearly indicatecl 
as 2-hour control. (Figo ~:!.) There should be no C fhoes among 
those I'cached within a half hour after start. In the less diflicult rears. 
anything up to 4-hour. Or ('\"(>n longer, control is sufliciently rnpi'do . 

In the I"('('ol"(ls fol' the Douglas fir type only a very few fires could 
be eliminated because of (IUcstionable suppression practice. This 
is perfettiy natuml in a type where fires spread slowly. The great
est chanec fotoa mistake in initial attack on It small fire occurs when 
the fire is sploe:l<ling rapidly and there is usually only one chante 
to do the right thing, whith mllst be done immediately. The 
problem of attuinin.g the bUI"II('d-arca objecti \Oe in the Douglas fir 
type is therefore alnlOst entirely olle of adequate speed of attuck. 

nil. AND SL'GAR prNE-FIR TYI'ES 

A detailed unalysis of the fir type and of the sugar pine-fir type 
show('(1 that the two ha\"(~ similar houl'-tontrol needs, and they have 
therefore been combined. The acreage of the two types is 2,1:20,000, 

, 
U:GIT1MATE C FIRES IN LEGITIMATE C FIRES IN 

HOUR MORE DIFFICULT YEARS. LESS DIFFICULT YEARS,
j CONTROL, J924-0 192601928 1923.1925.1927 

r---ALLOWA8LE PERCENTAGE -----.....I , 
! ALL fiRES 137 10 


i I I 

30 'im:t·rA,'. ,,, 91I~ HRS.OR LESS 

I 
3 HRS. OR LESS I 26 91 

1
12 HRS.OR LESS 20 III 

!I 
t I HR. OR LESS 112 7 1 

\ ~HR.OR LESS o 0I 
40 30 20 10 0 10 20 

PER CENT 

li'IGUltfl :!:!o-Ht'lntion hetwePll p('rcpntn.~f.· of Ir)!itimntl' c1nsg C fires nnd speed of 
attnck, UoUgluH tlr, l!):!:I-l!):!S 

and the allowable annual burn is thus about 4,500 acres. (Fig. 23.) 
In tlH(>e of the six ycars this figure has been attained, with corre
sponding C fire perocentage::; oi 8, 9, and 100 'l'he 1928 record, with 
120;) pcr eent C tin's and 14,500 a('re::; bumed, is clearly out of line 
with the records of the other years in this and the other major typeso 
The reason is thnt two poorly handled fire::; in 1928 bllrned It consid
emb!o~.Jl(:l"!>ag(>. 'I'lIking the datil itS a whole, the allowable pelocentage 
of C fires ma.y be fixed at 150 

The pertentage of kgitimatc C fil'l:::; (fil!. 24) is low, regardle::;::; of 
~pec>d of attack, cven in the more difficult I!roup of years. Assuming 
that future rate of ::;pread of fire will be 110 greater than in the period 
under re\'iew, 4-hour control i::; mpid enough for these typeso 

GRASS AND WOODLAND TYI'~;S 

Thl'se two types ('jlll PI"OP(>r\y be gl'OupNI, fOlo in both the sploead 
of fire I::; very mpid and fllds alld wt'atht'lo condition::; are c!isentially 
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alike. The total aCI'eage involved is 1,506,000 acres, and the allow
able annual burned al'ea is 7,500 acres (0.5 per cent). Pt'evious in
ycstigation and general experience combine to show that a system 
of fire lines and fire bI'eaks is generally needed in adclition to hour 
control if burnecl area is to be held to a reasonable figure. 

YEARS 	 ! FIRES ATTAINING CLASS C TOTAL ACREAGE BURNED OVER 
I 

! ,-.ALLOWABLE _A LLOWABLE 
PERCENTAGE r· ACREAGE 

LESS D\ffICULT!----t......:...--=~,....,.,....,.-".._+_r.__:::_Ir__-__,--_r--r_-_j
f9Z7 	 iIO::.:;..)'.·'.' 11•5 

1 
19Z5 	 1'>9;/:':. ;':'j{ 11 0 •5 

• I 
1923 

~10RE DifFICULT 

14.sl
,928 

1 1 
SI1926 

1 
1924 120\' ..... / ' ..~;;~ , . > ZII 

~______~'___I I I II T I 
20 15 10 5 0 S 10 IS 20 ZS 

PER CENT M ACRES 

I,'loUnE ::!3.-Helatlon between ncrl'Ulle burne.l unll perc!'ntnge of class C fires, fir and 
8ugar pine,fir type>! combined 

The existence and use of a partial system of fire breaks in these 
t."p~>s has somewhat obscured the relation between area bU1'lled and 
pl>rc(>l1ta~e of C fire::;. Supedicil1l1y, this relatioIl is fllirly consistent 
(fig. ~5), aIlll it appeal's that the best approximation of allowable 

LEGITIMATE C FIRES IN LEGITIMATE C FIRES IN I HOUR 
MORE DiffiCULT YEARS. LESS DifFICULT YEARS.CONTROL 

1924. 1926 . 1928 1923. 1925. 1927 

ALLOWABLE PECENTAGE 
> 

4 HRS.OR LESS III.: '.:: 61 

I I ,I 
.3 HRS.OR LESS 112 7J, I I 

2 HRS,OR LESS 114. " 6 I 


,.9 I ] 
I HR. OR LESS 	 6 -, 

-i HR.OR LESS opl
II 

15 10 5 o 5 10 IS 
PER CENT 

FmCfttl :!4.-ItCllltiOIl lJ~tw.~~n IlP'·cpnh./.:c of class C flrrH IIIId sp!.'etl of attack, fir 
1111(1 sugllr (llne,lir tY[ll'~ cOUlbin('.) 

percentage of C fil'es is 20 pel' cent. This figlll'e is out of line, how
e\'el', with the 15 pel' cellt limit dete)'min(>(l i'm' the western yellow 
piliP tyP(>, eharacterizl'd, like' the ~l':lss and woodland types, by rapid 
!-;[ll'ead of tiyes. It. :;('('111,.; lI1uch safeI' to say that 15 pel' cent should 
be the gOitl 111 all of these types, 
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The relation between speed of attack and percentage of C fires is 
fairly consistent and regular. (Fig. 26.) For the difficult years 
something between ¥.J-hour and l-hour control is needed-%,-hour 
control best fits the data. III the less difficult years 2-hour control 
will be generally adequate. 

YEARS f"lRES ATTAINING CLASS C trorAL !>CREJ>I:,£. BURNED OVER 

~~OWABLE ~~LlOWABLE 
RCENTAGE '!>CREAGELESS DiffiCULT 

t),IOW__
1927 J4 

I 
1925 ~21~ W$.@%~f~ 7 

1 
1923 f£31~~M'J~ rtil@'p'ff$~$g. 16 I 

MORE DifFICULT 

192B ,f&74~~~W:~~M'~ 451 
I 

1926 fii:;7_f7$~_i'@%~/~ 24 I 
1 

1924 n30J%;*&'.~ ~~ 151 

1 1 
45 35 25 15 5 0 10 30 50 

PER CENT M ACRES 

FIGUnE 25.-Relatlon between urea bllnled al\(I percentage of class C flres, grass
and woodland tYPI!S combined 

ALL TYPES 

The detailed analysis of individual types leads to the conclusion. 
that %-hour control will 011 the average be required for the yellow 
pine, mixed conifer, brush, gmss, and woodland types; 2-hou1' con-

LEGITIMATE C FIRES IN LEGITIMATE C fiRES IN
HOUR MORE DIFFICULT YEARS, LESS DiffiCULT YEARS,

CONTROL 
1924,1926,1928 1923,1925,1927 

,-ALLOWABLE PERCENTAGE.... 

4 HRS.OR LESS 26 J 
I 1 1 1 


3 HRS.OR LESS 20 J 

I I I 

2 HRS.OR LESS 141 

1 1 I 

1 HR. OR LESS 


~HR.OR LESS 

25 15 505 IS 25 
PER CENT 

FIGURE 2G.-RelatioD bt'twt'en percentllge ot c1ns8 C I1rl's lind speed of attack, 
graMS nnd WOO!lIIlIl<1 typt>s cOll1bll1~d 

tl'ol for the Douglas fir type; and 4-hol11' control for the sugar pine
fir and fir types. 

It should require little argnment to justify the statement that 
under the conditions whereby detection and gUIll'{l forces, protection 
improvements, and transportation systems are actuully planned ancl 
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put into effect on the ground, inflexible adherence to these hour
control standards will be impossible and undesirable. 

For one thing, each of the major types embraces a multitude of 
local variations, and these differences can and should be recognized. 
Obviously, the detailed local analyses to accomplish this do not come 
within the scope of this bulletin. 

It would, however, be It serious mistake to regarcl these proved 
hour-control needs llS merely a rough guide to general jUdgment. 
Regardless of the fact that local variations'in hour controL llmi per
eentnge of aren covered will have to be taken into account, the figmes 
represent the safest available guide in making fire-control allot
ments. 

TIME ALLOWANCE FOR TRAVEL IN SETTING UP HOUR CONTROL 

Hour contml, by definition ana as used in this bulletin, means 
total time elapsing frolll start of fir'e until suppression work is 
started. It therefore includes, as mentioned earlier, discovery, re
port, goet-Ilway, und tmvel time. 

In the process of translating hour control for each. type into It fire
contl'oL orgllnization capable of delivering the specified protection, 
it is neC'essary to Rubdivide the total time into its elements. It is 
particularly lIrgoent to know, fOI' example, what part of the three
qUlU-tl'l'S of an holll' set up as the objective for the western yellow 
pine type must be Ilsed for the discovery, report, and get-away 
steps, 'Vhen this allowance is known, the local oflicers can use the 
remaining timc as the basis tor planning the transportation system, 
Ilnd detel:mining the numbel' and placement of fire· guards. It will 
ob"iously make It vast difl'el'C1l('e in mileage und cost of the trans
portation system whether tt half hour will be available tOI' travel or 
ollly Ui llIillutes. 

The pl'oulcln can best be statecl by asking the question, "'Vhat is 
the a vcrage mi nimlllll allowance needecl for c1if:'covery, report, and 
goet-awny tillle'?" This qllestion may be further restrictpd by not
ing that wlH'n these stepB combined ha \'e totaled more than three
qlllll'lel's of an hOllr the 0ppOltunity for %-hollr ('on.tl'oL has passed. 
On mnny fil'es r1iseo,'l'I'Y tillle alone is over one hour. 

Evidently, when :Yl-hoIU' contt'ol is the objective, the time allow
ancl' for the dis('o,'el',\', l'epol't, and god-away st.eps should be based 
on the n ,'('rage best of PI'('spnt pt'l'fol'lrianee, 'l'his would mean di
rt'C't "isibility, and ('onseqllently shol't discovel'y time; an eflicient 
telephone systC'm, and t'onst'quently sholt I'eport time; an alert and 
IH'epal'ed glll\l'(l fOI'ce, and ('ons('quently short gf't-awny timp. These 
conditions an' Illt't on those fires whi('h, with the existing organiza
tion :tnd lH'otl'ction-impl'ovement system, have been reached within 
one houl' a Hel' silll't. 

The :l"('I'agc time IIsN1 in tl'Uwl has l)('en determined for the mixed 
('ouirel' and wcstcm yellow pine type;; 011 the Shasta and Plumas 
National li'OI'l'st5, fOl' ('a('h 01' thl' hOIlI'-('ontrol grollPs, (Table 10.) 
A sepal'ate liglll'l' is giv('n JOI' (':teh of the two gl'OllpS of years, as 
\n,ll a!; the a\'l'l'age fOl' the six yeal's, Similal' figllres for the pine 
type alone arc presl'lIled in Figul'l' 27, Ex('ept for the tnt\'el time 
011 fil'l~s which were not reached until three hours or more after they 
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started, the figures are practically identical for corresponding hour
control steps in the two groups. This shows, again, that the me
chanics of fire control have been practically the same in the more 
difficult and less difficult years. 

TABLE to.-Travel time ,in each c!apsell-timc uroupilt tlCo 3-ycnr Uroll/JS, Shasta 
alld ,P/'IWUJII Natiollal Porests, 'western 'yellow pi,/LC alld mixed conifer tYlles, 
comiJilled 

lUZI to 1928,1924, 1926, 1928 19Z1, 1(125, 1927 inclusive 

The avemge travel time going to ull fires in the %-hour or less 
and Ih-hollL' to l-11our control groups wus, respectively, 0.14: and 0.32 

'- .-
TRAVEL TIME IN TRAVEL TIME IN

H.oUR 
M.oRE DIFFICULT YEARS, LESS DIFFICULT YEARS, 

CONTR.oL 
1924,1926,1928 1923,1925,1927 

I I I I 
3 TO ". H.oURS I~()·§~:: , >">~', .0.4.0 I 

I 1 
,: '2 T.o .3 HOURS IiO:60~' " 0.55 I 

I I 
J'1 TO 2 H.oURS Lo.56 ; .0.52 I 

J I 
}T.o I H.oUR r.o,.33 .0.31 

I I 
~ HR, .oR LESS [.0,14, .0.13 JI I I 

.0.7 .0.5 .0,3 .oJ .0 .0.1 0,.3 D,S 0.7 
HOUR 

FIOUR'1 !!7.-C'olllpltrnUv,' dlstnnce trnvI'Jed In IJlI\"'r~llt hour·control I(roups hy 
IIUlo nflll by foot, western yelluw pine tYPe, Shilstll anti Plumas Nntlollill l?or
es LS, .I U:!:I••j U:!l5 

hOlll', In'('I'agil1g 0.22 hour. The avel'llge total l'lapse~l time from 
Stlll·t of fit'(1 to wOI'k b(lgulI cOl'responds clos(·ly to th(~ IUNliall values 
of 0.2:3 and 0./:3 hour fOl' the 2-holll'-control groups, or 0.50. 

Th(~ difl"C'I'('II("C betweell tl'llvel time Illld hOIlI' conb'ol for the two 
groups, 01' 0.2'8'liout', is thus tile Ilv(,L'age best time tOt· the combinetl 
disco\'cI'Y, I'l'POl't, llIHl get-awa,y steps. This 111ll0Ilnt!; to 17 minutes, 
or approximatciy one-quarter hoUl'. 'Yith %-hour control, there
fore, it ('an be eoncludC'(], thut It half hour is available tor tl'avel 
tillle. The road und tt'u,il system lind the. protectiQl1 personnel in 
types where %-hour control is needed call, therefore, be planned on 
this bllSis. 

http:CONTR.oL
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The figures given indicate clearly the truth of the generally rec
ognized conclusion that travel time is by no means the only factor 
contributing to delay in teaching fires. Among man-caused fires 
reached over four hours aiter they startec1, travel time is in fact, on 
the average. not the major facto!". The principal delay is in discov
ery time. Though it is not proposed to discuss the detection system 
in detuil ut this time, it is well to note that the increased speed in 
reaching fires attainable through .increased mileage of roads and 
trails is not by itself the com
plete answer to adequate hour 10 

(·ontl"Ol. If the median time is I~ 
tuken fOl' (·nch of the control " 

.....:.steps 110<1('1' four hours, the fol- 8 ~ ~ 
lowing \'nitws nrc expresscd in 
hOlll'S: 0.:2;>. 0.7:), 1.5, 2.5. 3.5, '~!I>~Q

-·0 . 

and {ho corresponding tm vel / 
/ 

.....:.~ 

tin1('s as 0.13, 0.32, 0.00, 0,(;:), c!" 


and 0.7 hOllr. Th(~ percentages ~ 

of tm vel tillle in eHch hOlll'-con- ~,
~iz .--trot group are thus 52, 43, 33, ~ . ~ 
:W, !lnd 20 per {"ent, respectively. I.. 4 H"/The tl"llv('1 time oll\'iollsly is ~ 
hlCn'llsingly more important as ~ 3 f-JV 
higher hour-control standtll'ds 2 

II I'e set. 
I 

i 
i 

, i 
-CONDITIONS AFFECTING TRAVEL TIME 
 ~~r:-i- ',OaT 


a 
002'5 050 150 2.50 3.50The linw cOl1iitllned in trtwc! TIME SPENT IN TRAVEL ("OURS) 

J:-l goyt'l'lwd by two majoL" fac Fmenfl :!8,-Rrllltion betw('cn mPllnH ot 
tOl"S, the d isUulc(> cOYered and the tl'il\rpl IUlll (lisrunce covcrNI. weMteru 

y,'lIow phil' II nil 1II1"'~11 conlf"I' tyPl'Hmeans of tnmspol-tation. ~ome <:olllloill('I1, 1111 ":lliolllli fllI'C~l~, H):!:!-\\J:!S 
('onsid('I'ation of til('se is desiL"
able us pad of the pres~'nt study. The a vemge distances coveL"ed by 
the four major meanH of tmvel, foot, horse. auto, and auto-foot Ill'C 

given inF'ig\lre ~i{ ilnd 'L'able 11 for fil"(;~s in ench of the hour-control 
gl'OUps lind. C(i\'cring tl)(' weHtem yellow pine and mixed conifel~ types 
nn ull national fOl'('sts jO!" the yen n; 192:3 to 1928. The expected rela
tionshi ps betwPt'1l I'elnti v(' speed and nwthocl of h'uvel e\'idently exist 
ill pl':lNic('. ".'ilh auto the IlYel'a:re ciistance that was ('o\'ered in half 
an houl', or the allllwan{"(~ for %-holll" control, iii appl'oximately 5V-i 
miles, wilh horse neady :3% mil('s, unci on foot about one-half mile. 

FlIl,thel' analysis of the cOl1lparatiY(> n\'erage distance covered 
where auto and foot tmvcl nrc used in the w('stel"l1 yellow pine type 
on til(> Shasta and Plumas Nationnl Forests COnfiml!i the mngnitude 
of tht'fil' ditfel"('llc('s. (Fi~. 29.) The auto incrcut;et; the distnllce 
that is ("O\'('I'NI in a givcn tilll(> withill the smaller hour-control 
I!I'0nps :from ten to twenty time;; the di:;tllnce covered by foot tmvel 
alone. 
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TABLE 11.-Comparatiove (liatanca traveled, 1oe.~tern yellow pine, miwcd conifer 
tupell, all fOI'Clltl!, 1923-1928 

By auto and foot By horse By foot 

Hour control 

--------1----------------------
Number .\/iI.. Number ~/iI.. Number .\/iI.. Numbtr ~/ile.

Ila\f hour or le..'_____________ 251 3.(}l 15 4.3 7 2.7 149 0.17 
~1 to 1 hour __________________ 212 5.32 H 4.6 7 3.0 61 .49 
1 to 2 hours _______________"__ 202 7.8 54 6.4 19 4.7 43 .80 
2 to 3 hours._________________ 90 9.03 26 7. i Q 4.4 28 .60:I to 4 hours_ _________________ 54 8.4 24 9.0 10 8.0 8 1.0 
More thall 4 hours___________ 16l 10.4 81 12. j" 23 7.2 35 1.24 

To determine whether' thcse avemge figures ('Ull be accepted as 
('riter'ill. of attainable distances for a given hour control, a further 
analysis was l11ade of distances ('overed by auto in the less than 
%-hour control group. (Fig. 30,) This shows that the distance 

TRAVEL BY AUTO AND TRAVEL BY 
HOUR CONTROL BY AUTO AND rOOT rOOT ONLY 

I I I 
., 

MORE THAN 4 HRS, 19 .i ' ..'j" 2.6 I." 
I ~ ..; .... : .,I TO 4 HOURS Ij·o 

, 
10.89 

I I 
~ TO I HOUR Is.1 10 .56 

~HR. OR LESS L2.,)
I 

0.15

I I'---. 
10 8 6 2 o 2 4 

MILES 

'PIOlJltE 2!)_-Compnrnth'c !lI~tnnc~~ trn,,~le!l In ditT..rent hour-control groups by 
~tl~:I:YO~J)Y Coot, WI'Mt\'rll ydlow pine type. ShaHtn aui! PlulllnH ~atlonal FOrl!stM. 

traveled was less than 5 miles on 84 pel' cent of the fires handled in 
the lcss than 1h-h01l1' contl'Ol group for the two forests and two 
types, and below two miles on GO per cent. The avernge distances 
shown in Figur'c 28, therefoL'l', represent reasonably usable averages 
of pel'fo~'mance foL' the types of road now generally available. 
Changes III mad stanclul'C1s would change the speed, 

The aveL'fige area covered by a fire guard in a given length of 
time will VIU'y about as the square of th.e speed per hour: Using 
the figures derived here, the comparative areas within oue hour of 
travel time would be as follows: 

Acres 
Foot traycL______________________________________________ 0.25 
HOl'se traveL____________________________________________ n.o 

A'·crllgc__________________________________________ 4. (j 

Auto nnll fooL ___________________________________________ 13.7 
A uto ____________________________________________________ 18. 5 

Av(>t'ngc __________________________________________ ] G. 1 

• TIlIH IH Il rough nplll'oxlmatioll of tlw r~llltioll or rndhl~ and Itrl'1I ItIH] will nnturally
Yllry wlthlu It gll"'11 gUllrd uult. 
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On an average, where roads were available and autos and auto 
and foot could be used, the index was 16.1 (the average of 13.7 and 
18.5) as compared with,..an average of 4.6 (the average of 0.25 and 9) 
where trails only are available and horse or foot travel must be used. 
On an average, therefore, the existence of a road system multiplies 
by nearly four times the area that a guard can cover In a given length 
of time. In the data, the exceedingly slow time for foot travel is 

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 ~ 8-9 9-10 10-15 15+ 
MILES TRAVELLED 

FIGUnE aO.-Cornpnrntlvc percen'tngc of nlI fires, renched within one-hulf hour nfter 
Htllrt, In which dlfl'erent dlstllnc("s were traveled by uuto, we~terll ~cllow pillfl 
type, Plumas Ilnd Shllstll Nationul Forests, lD2:.1-1D:!8 

probably due in the main to absence of both roads and trails and 
the consequent necessity of cross-country travel through heavy cover. 

The OleaHS of travel used to reach man-caused fires during the 
(I-year period ha\'e been segregated for five of the mOl'e important 
types. (Tables 12 and 13 and fig. 31.) From these data it appears 
that the western yellow pine type is at present the most accessible, 
having a highcl: pel'centage of fires reached by auto than has any 
other type. The mixed conifel' is somewhat behind it, and the 
DOUgltl~ fir, fir, and bl'ush-field types form a third group consider
ably lower in the scale of accessibility. This explains in part why 
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major variation in speed of attack exists in the different types (fig. 1), 
for obviously where the automobile can be used speed of attack as 
governed by travel time is greatly reduced. 

TABLE l2.-Fircll reached by 	clftrerent tupical means of travel, by t1lPes, an 
forests, 1923-1928 

AUlo nndAuto Horse Foot Other Totalfoot 

Type 
Num· Per Num· Per· N'um~ Pcr· Num- Per· Num· Per· Num.. 

ber cent ber ceut ber cent ber cent ber cent her -
Western y.llow pine............. 926 58 259 16 i8 5 318 20 22 1 1,003 

Mixed conlf.r_.................. 413 42! 155 16 131 13 258 2i 16 2 !li3 

Douglns fir.... .•••••.•..•• .••••. ·12 2i' 37 23 34 21 H 28 1 1 158 

Fir.............................. 8.1 32 i 44 17 49 19 81 31 3 1 2tlO 

Drush field ••••...,.............. 105 26 i 96 26 52 14 \05 26 8 2 366 


Tota!...••••••••••••••••••• 1,.569 --:t7l5ii\~3.i4-Wrsoo----;!~--1 3,300 

TABLE l3.-Fires reachc!l by differcnt typical mea·n8 of tra·vel, 10cstcrn ycllolo 
t1illC, mixed· cOllifer, alld brulih'ficld types combined, all forests 

Auto andAuto Horse Foot Other Totalfoot 

Year 
Num· Per· Num· Per· Num- Per· Num· Per· Num· Per· Num· 

ber cent ber cent ber cent ber cent ber cent ber 

1923............................. liS 48 65 18 50 13 72 19 6 2 371 
1924... •••• •••••••••••.••••••.••• 394 M 1M 14 is 11 131 \9 14 2 724 

l~~::::::::::::::::::::::::::::: !&:l, ~ g l~ ~ g 1~3 ~ ~ i ~ 
192i............................. 28.'; I 52 Il9 18 2i I 5 135 24 • 1 550 
1928............................. 269 j 49 121 22 28 5 126 23 8 1 552 

Tota!...•••.•••••••....•••. I.7sSfS550415261i--8681121---;---1-a,;s 

PER CENTTYPE. 20 40 60 80 I~ 

MIXED CONifER 

DOUIiLAS FIR 

FIR 

BRUSH FIELD 	 " 
[ I I 

COMBINED TYPES 

~ AUTO AND
_AUTO 	 WkJHORSE'. DOTtiER~FOOT 

FIOUIlIl 31.-Compnrntlve percentnge of fires reached by ,lifTprrnt menns of travel for 
lil!l'crellt types, nil ll.ttional forests, lU!!3-1U28 

Thcre have bccn progressive ehnnges during the G·yenr period in 
the relative proportion of fires l'cached by the different means of 
travel. (lTig.32.) .A. slow increase in the pCI'ccntllgc of fil'CS reached 
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by auto and auto and foot combined has. about absorbed the slow 
decrease in percentage of fires reached by horse travel. 

These figures alone probably do not give a complete picture of 
changes in travel during the period. For one thing, the progressive 
spreading out of recreational travel has meant an increasing percent-

PER 
GENT 

80 

AUTO AND -.!l AUTO ANDTRAvEl.. 9'< F" OOT 

~ 
60 

40 

:-- ALL 

i-
 OTHER TRAVEL. 

20 

1"R4VEL 
81" HORSE ( It-lG\..UOE( . IN -ALL OTHER') 

o 
1923 1924 )925 1926 1.927 1928 

FIOCIIPJ :\!!,-Comrlllrison or auto and auto and toot with nil other modes of travel 
in (J~rC"fltuJ;c or nil tlreg so rellched, we~tern yellow pine, mixed conlter, and 
hr\f~h-tlt'hl tYJl~'~, lU:!3-1U:!8 

afTe of smoker' Ilnd camper fires in inaccessible ~ritory. .As between 
absoilltely comparable gr'oups of fires for th~ years 1923 and 192~, 
the percentage reached by auto would llave Increased more than IS 
indicated above, . 

FACTORS AFFECTING APPLICATION OF METHOD 

The h01l1' control nc('ded for cach major type us determined in 
this bulletin and the portion of that time that can be devoted to 
travel, obviously clIn not be fixed inflexibly. 

In studying an individuaillational forest or an indi\Tidual ranger 
distl'iet several sp('cilli considerations would have to be taken into 
account. These would include: 

1VhetJlPt' the cntire urea was subjected to risk, liS indlelltt'(l by occurrencc 
of lIrc;;, If, If;; is ('onlillonly the case, considerable IIrens have hnd no fircs 
for a neriod of 5, 10, 01' more yenrs, no imliledilltc necessity woultl e.'Clst for 
Ineiwling ttll'JlI within the hom'-control nt'r. 

Whether 10m! rllrinbility exi;;t::; within the type, If, fOr example, areas 
of ('ut-on~l' lam! nre ,I('t'SPllt within the westel'll ycllow pine type it Illny bc 
neet'ssa I'y to pIn n for e,'PIl hp/.tcr t han a %-hour cOlltrv!. 

'Whethel' an'as of !>)leeialiy hi/!h risk, hazard, 01' ralups arc present, which 
should be gh'PIl a!lp<juatc protection lit lIil costs, ~~he existell('c of such arells 
woukl pI'ohahiy tlietatp ea I'll' constl'llCtion of the needetl protection improl'c
nIl'nls l'Iltht'l' than u chllnge in hOlll'-('vutl'ol stalll!ar(]s, 

WhNher I(wnl wPlltllt'I' cOlillitiOllH intli('ute nel'!l fol' rnrilltioll ill llOur 
('ontl'OI. H, rot' eXfllllpl(" II purt of the Douglas fir type is within the fog 
belt, whel'() tin's CVIlSl'Il11ClltlJ' SPI'l'11l1 1Il0l'e siowl~' thllll the 1I1'el'llge !'atc for 
thc tY)IP, a 10Wl'I' Ullin IIl'prllge lioul' contl'oi lIlay gil'c satisfactory rCHults, 
01', if. a )lol'floll of tlic WI'Rr('I'1i yellow pille tnlC lie::; ill II ba::;iJI whit'h is It 
wind gllp, 1111(1 ('onsP(]Ill'utiy fil'ps llHllllily Slweali more rapidly than thc lty
(,l'llgC fOr lbe tyVc, tl faster than ll\'eragc hOur control nlily be indicated, 
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Wbetber complete dependence must he placed on the first line of defense. 
H, tor example, because of the complete absence of potential fire fighters, 
fires 11\"('r It large arell must be handled by Forest Service employees alone, 
a Sl' ','~ty fuctor ~n the form of faster than averuge hour control may be 
desl';llb 1e. In such situations the alternath'c" are ordinurily to catch fires 
smaH \\'lth the employees present, or to accept very huge and costly fires, 
on which labor Illllst be Illlported from long' distunces. 

All of these local factors can be determined and their importance 
and significance weighed by analyzing the local fire history for the, 
particular area. It is unnecessary and generally undesirable to 
meaSure them by assumption. 'rhe general approach to local 
studies should be that the average values for hour control, which 
are based on all ayailable data, are correct for individual situa: 
tions, except where definite demollstrable and sufficient reasons for 
departure exist. These c1epartl1l'cs are likely to be less numerous 
than the agn>ements. 

In using this method the entire allowable burned acreage in each 
type has been assigned to man-caused fires. 'l'he assumption has 
therefore bc('n that the detection, communication, personnel, trans
portation, and suppression practice that will deliver the hour con
trol indicated for each type will ut the same time hold lightning 
fin~s to u negligible acreage. This assumption very clearly leads to a 
conservative dctermination of hour-control needs, but is proper and 
correct to the de~ree that lightning and man-caused fire zones coin
cide, and to the degree that human failure in suppressing lightning 
fires can be eliminated in the future. In this region are only a few 
large zones in which Ij~htniIlg is the sole risk. On such areas an 
analysis of lightni~ fires can readily be made to determine the 
needed hOlll' cont1"01. 

Obviously, even after average hour-control objectives have been 
h'anslatecl into local objt'ctives to meet the needs of particular areas, 
fudhet· work must be (lone to determine' the exact protection 
jmpl"()vements nnd protedion pet·so,.mel needed to attain these 
objecti yes. A method or technIC for translating the hour-control 
obj(>etive into a transportation and personnel system has been 
(/ev('loped by 'I'. 'Yo NOl"c,'oss, chief engineer of the Forest Service, 
but has not y('t becn published. The systematic use of this method 
will insure the most economical and best balanced fire-control 
organization. 

CONCLUSIONS 

Continued ad\'ance toward the ultimate solution of the fire prob
lem on the national forests and elsewhere requires additional pro
tection, additional knowledge of how best to use the resources obtain
able, !lIld bette,' execution of known steps and jobs. The fire problem 
can no longer be ,·egarded as a simple proposition for which a ready 
solution in terms or things to be do lie can be set forth. It is, on the 
contrary, an exceedingly eompl('x group of ovedapping and intet·
twi,wd problpms, and each of these must be isolated and a separate 
solution worked out before fire-control organizations can guarantee 
reasonabltl Ullel systematic success under every set of circumstances. 

The bNit: and, indeed, the oIlly method by which phases of the 
whole problem can be examined and by which specific needs, financial 
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and other, can be met is that of test and analysis. Actual experience 
is the only guide. But experience, if it is to serve adequately, must 
be analyzed critically and systematically. Otherwise, important and 
critical relationships which would furnish leads to more successful 
performance may easily be obscured. 

All fire-control organizations now collect and record more or less 
detailed facts regardin~ each fire that they handle. These facts 
furnish the indispensable basis for analytical studies, such as this, 
dealing with one phase or allother of the fire problem. Further, 
such studies as this accentuate the importance of a sustained and 
systematic effort to obtain and record accurately the complete facts 
regarding each fire. Great differences exist in this respect between 
different fire-control organizations. It is to be doubted whether 
full understanding of the fire-control problem either regionally or 
nationally will be attail1ecl until the complete facts on each individual 
fiI'e are systematically recorded. 

But it is to be doubted whether full use is being made by any 
fire-contl'ol agency of the recol'us of experience that are now steadily 
accumulating. Certainly it appears that snch an available and useful 
tool for a comprehensive attack on the fire problem should be more 
generally employed. Indeed, a clear obligation rests on fire-control 
agencies, both to determine thei r complete needs by means of such 
analyses, unCi to control expenditures and direct them into the most 
profitahle channels by takmgfull account of !lnalyzed experience. 

Whether the eXllct method of analysis developed in this bulletin 
would be applicable to another !UlU different region is a matter of 
conjectme. Only scientific llnalY!:iis of adequate records can answer 
that question. 

APPENDIX 

COVER TYPES OF NORTHERN CALIFORNIA 

The rf'glon studi{'d Is onp of vuric(l and rough, bt'oken topography with a 
gl'cnt: runge In elevation Vlll'~'illg from] .000 fcet above sea level in the valleys 
to 14,000 feet at the crest of the Sierl·a!'. Cover type consequently val"ies enor
rno\H,;ly. l.'he nine mujol' cover types employed in this study are those used in 
natiollnl-fol'est nlimillistratioll. (Taull' 14.) They may be summarized briefly, 
liS inclUllillg (1) the western yellow pille type, of which western yellow pine 
(Pill/t,~ /lol/dcroli/t) is the principal tree, and (2) the mixed conifet· type, in 
which western ~'ellow pine grows in mixture with sugUt' pine (P. /al/tberlial/u,) , 
IIlId in which Douglas Hr (P8cllrl~t.~ItUIl twei-folia) , incense cedar (Libocedrlt.~ 
([ccllrroIl8), Hnd whit'e fir (Abic,~ concnirw) occur as IIssociate trees in varying 
proportiolls. Douglns tlr also occurs as a di~tinct type (3). 'rhe sugllr pine-fit· 
type (4) is composed of white and red fir (A. COl/color lind A. tnauni{ica) In 
mixture with sugar pine. In some places Jetfrey pine (Pi-nils jeffreyi) takes 
the plnce of' the westel"ll yellow pine in tll(' stnnds 01" mny grow with it ill 
mixture with other silecies. Till' pure Ill' typ!' (u) illclUlI('s white fir, mixtures 
of whit!' unci red firs, 1111(\ l'l'd IIr ulone. "Within the timber uelt It tellll)()rary 
ussociation, the hrnsh lIeld (n), has ill mHny places captured the lund following 
the dE'stl"Uctioll of' the fore~ts by li1'l', logging, 01' both. 'rhis tYlle is ill general 
cOllslderell separutely from tIw even less promising chaparral type (7). 
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TABLE 14.-D18tr'ibut ion. of rover-type areas fn natio-na1-forest uro'ups 1 of 
northertJ< Oalifornia 

[Thousands of acres; I. e., 000 omitted) 

All forestsNorth SouthNorthern EastsideCover type 	 Sierra Sierraforests forests forests forests Total Per cent 

------------1------------------
Western yellow pine ______________________ 1,491 1,244 1,049 770 4,554 30.2Mixed conifer_____________________________ 

1,328 138 635 1,026 3,127 20.7 
1,101 6 35 3 1,145 7. &

Douglas fir________________________________ 
Sugar pinorfir _____________________________
Fir________________________________________ 91 43 341 475 3.1 
Grass _____________________________________ 341 266 567 470 1,644 10.9 

105 277 76 97 555 3.7Chaparral________________________________ 
258 38 12 95 403 2.7W oodland _________________________________ 248 332 39 332 951 6.3 

1,045 213 385 500 -2, 239 14. 8 
Ali types____________________________ 

Brush_____________________________________ 

6,008 2,557 3,139 3,389 15,093 100.0 

1 Northern, Klamath, Trinity, Shasta, and California National Forests; east side, Modoc and Lassen 
National Forests; north Sierra, Plumas, Tahoe, and Eldorado National Forests; south Sierra, Stanislaus, 
Sierra, and Sequoia National Forests. 

Grouped for the sake of simplicity and because of similarity are several wood
land types (8), including the oak (QuerrOItS tWuulasi-i), oak-digger pine (Pinus 
sabiniana) amI lUgger pine of the western Sierra Nevada slopes, the juniper 
(J1t1~iperlls oceidentalis) and juniper-mountain mahogany (Oercoca'rpus ledifo
lius) of the eastern slopes, and the California black oak (Q. kelloggii) and ma
droilo (A1·/)'ltt"/t,q menzicsH) mixtures of the nOI·th Coast Ranges. The grassland 
type (9) includes areas on which occur sage (Artem-esia tridentata) , bitter brush 
(Kuntzia- tridontata), and the rabbit brushe;; (Ch:l'ysothamll-8 sp.). The alpine 
and subalpine types are practically free from fires and are not considered. 

In a broad way the major types succeed each other. On the Sierra foothills 
are grass mid chaparral; eastward, oak and digger-pine woodland, followed 
by commercial forests of western yellow pine, mixed conifer, sugar pine-fir, 
and pure fir; then across the summit are scattered alpine protection forests; 
lower on the east slope, pure fir, commercial mixed conifer, pure western yel
low and Jeffrey pine forests and junipel' woodland; and on the eastern plateau, 
sagebrush and grasslund. An exception is the Douglas fir type, which is 
largely confined to the northern group of forests. Locally the types follow no 
simple successive altitudinal arrangement, but, because of minor variations 
in topography, aspect, or soil, are intermingled. The normal zonation is fur
ther upset and in places obscured by the presence of brush fields. 

The important l)hysicnl differences between cover types in climatic factors, 
fuels, and behavior of fires-particularly the compOsition of the commercial 
timber stands and forage types--exhibit great variation within the region, and 
indicate the complexity of the fire problem amI the extreme flexibility nece;;
sary ill a control organization desIgned to cope with the problem. Even the 
individual types, because of site differences and effect of previous fires, vary 
enormously within themselves. Density, height, and age of the timber; degree 
and direction of slope; amount and character of associated vegetation; and 
presence or absence of young growth, all vary at times from acre to acre and 
hence affect the spread and severity of fires. With given fuel, slope, and 
soil, the spread of fires also varies greatly from time to time as the moisture 
content of the fuel and the velocity of the wind vary. The behavior of fire in 
each type is controlled not only by the amount aIHI kind of fuel, but also 
directly by the climatic elements of which the type itself is an expression. 

DIFFERENCES, IN' TEMPERATURE, SOIL MOISTURE, AND PRECIPITATION 

An investigation' conducted by the Forest Service, which covered the rela
tion of air temperature and soil moisture to the principal timber types, except 

• No compreh~nsive study of typrs and climate has been completed for this region. The 
only Pllblish"d stu<ii~H nrc: VARNEY, B. 111. MON~'HLY \'ARIATION 0", 'l'RE PIlECIPI'L'ATION
AL'l'ITUDE IlEll,A'l'ION IN 'l'IlfJ CEN'l'IlA!. SIEllItA NI!l\'ADA REGION OP CALIli'ORNIA. U. S. Mo. 
WCllther Hev. 	48: 048-050, illus. 1!l20. 

___ SEASONAL ;'IlEClPI~'ATlOli IN CALIFORNU AND ITS VAlllATlON. U. S. Mo. Weather 
Hev, 53: 148-1011, 208-218, 111us. 1925. 
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Douglas tir, In the central portion of the Siena. region, has brought out the 
dUferences between the ullper amI lower portions of the commercial timber 
belt. (Table 15.) The frostless season ranged in length from 91 days in the 
fir tYIles to lG2 days in the western yellow pine and length of the growing 

TABLE l5.-0limatological dutft from stations characteri8tic of 1,,'/lrious forest 
types 01~ Plumas National .l'ore8t, 1914-1911 

Hours during
growing sea· Mean Soli SoliEleva· Frost- Grow-I 80ntemper- temper- mois-Cover type tion of Aspect less inguture, ature, ture,station season seuson3.ugust August AugustAbove Above 

8so F. 70° F. 

Fut OF. .Dau. .Davs No. ltlo. OF. Per. cent 
Western yellow pino.. ____ South_____ 74.4 162 200 498 1,396 72 3 ___do_______ } 
Mixed conller ____________ {~:~ ___do_______ .

5000 70.4 158 ISO 262 1,070 69 5
North_____14:000 ___do_______Sugar pine-fir____________ 5,000 60.5 lOS 155 84 841 C6 6 

lo'ir, white____ --____ •____ { 6,000 South----'i}Nprth. ____ . 60.3 104 150 14 300 63 86,000 
Fir, red.._______________ { 7,000 South_____!} e_. _____

7,000 North _____ j 51.1 91 135 1 219 ----.--

season from 135 to 200 dllYs. But neither length of frostJess senson nor that 
of the gl'owillg season can be regarded as directly controlling the length of the 
tire season; rather, each Is a useful Indicator thereof. The difference between 
the two extremes, G5 days for the frostless season and 6" dayS for the growing 
season, both exceeded the difference between the same types in length of fire 
season, which is 42 tlays. (Table lG,) 

TABLE l6.-Arcrage lel/gth of fire seasolls by typea' 

Opening Ciosing Length Opening Closing LengthType Typedate dnte in days date date in days 

---11--------1----------
1M Grnss_________ • ______ Juno 10 Oct. 20WllBtern yellow pino_ May 20 Oct. 3l 132Mixed conirer ___________do________do_____ 1M ChaparraL__________ May 20 Nov. 10 174DoughLS tic___________ ___do________do_____ 1M Woodland____________ June 10 Oct. 20 132

Sugar pine-fiL _______ June 10 Oct. 10 122 Brush _________ •______ May 10 Oct. 31 174'j,'ir______________ .. ___ •__ !Io____ . ___do____ _ 122 

I Ba.~la: Occurrence of fires at rate excec(ling 1 fire to 100,000 acres Jler 10 days, 12 timbered forests. 

The samc study gave further illfo1'llmtion on type differences. The mean 
tpmpCl'ature for AUgUHt, a lleak month of the lire season, ranged from 58.7° F. 
in til' to 74.4° ill w(,stern yellow [line. 'i'he tempemtm'e differences between 
tyPf!S Ill'e also expressed by the comparative number of hot hours (over 85°) 
during the growillg sea~on, whiCh rUllge fr0111 8 in fir to 4[)8 in w('f;tern yellow 
pine. 'l'he direct effect of tempernture on spread of fire has not been fully 
allalyzed, although uudoubtetlly it has some effect. In so far as tempemtl11'e 
mollities reiati,-e humidity, it has a direct beal'ing on the spread of fire. 

Soil moisture is importllllt because of its effect on moisture content of the 
litter, and hence on IlltlUl1lllHIlJility and rate of spread. Expel'iments in Cali
fornia T alld ldnlto' iudicute that witlI It littct· moi;;ture content of over 8 per 
cent (Ull un air-dry basis) fires tlo not f;tllrt readi Iy [rom sparks or mutches, 
llnd with ovel' 25 Per c('nt litter Illoisturc evcn bonlin's do not sprclld. In the 
fil' type t.he low soil-moistUl'e content for the seaSOll is reached in August at 
8 [ler C(>Jlt; whereas in the western yellow Vine tlH~ moisture dl'OPS to 3 per 
cent during the SlIlIle month. 'l'hw; CVCll at tile peak of the tire season the 
high-elevation tiJnber type;.; \10 not tlry out to the degree that the weslet·u 
yellow pine type doe:<. The litter in the til' type hecomes dry enough SI) that 
fires sturt I'eadlly, hut do lIot !<llr('at1 ~:::l rtlViclly u:; :l\ ·H,e.. western yellow 
IIIne /tUl! 'are Dlore reudily controlled. Direct measuremcnts of jit~~r moisture 

T Snow, S .. n. Cr.r~IATE .\XO ~'OIlf:!;T FII<~:H IX XOItTHEItX CAl.IFOItXI.\. Jour. Forestry
17: {It;;'--!l7!l, 11111$. 1!!.1!J. 

• (HlIIIOI:ItX~l, II. '.r. l'PlIl'llllW ~·()It~:H'r-nltl:l O.\:-;OEII IN NO[ITllCIt:i IDAHO. U. S. Dept.
Agr. MIHC. Pull. !!(), IH IIp,, II\\I~. l!):!B. 



44 ,TECHNICAL BULLETIN 209, U. l? DEPT. OF AGRICULTURE 

are 80 fragmentary that the ditrerences.between types are by no means certain. 
Those available indicate that for the period from JUlie to October the mois
ture of the litter In fir and sugar pine-fir types was higher than the danger 
point (8 per cent) 40 per cent of the time, as compared to 29 per cent of the 
time In the western yellow pine aJl(I mixed conifer types. 

TABLE 17.-Scasollal mul annual ra;nfall. (llUi le"1lglh, of rainless 8eas(}l~ at 
northerll O(flifon~;a statiollH 1 

! Seasonal~ Period of Annual precipi Duration 
Type Station precipl· tation, of dryret,ord tation 	 May to season 

October 

----------------11-----------------1------1--------------
lnchu Inch .. DaUI 

Orass••••••••_••••• _••••_.•••_ Sacramento VaHey (2 stations). 1874-1923 29.01 2.65 123 
ChaparraL ••_. _. _•••_••_____ 33.18• {MOkelumne Hill. •.•.•..•_.... 188~J....1922 

Shingle Sprlngs. __ ••••• __•• ___ 1849-1012 3. OS 122 
Woodland._••.• _•• ____•• ___ •• Sonom. __•___ •• , ••••• , • ___•___ 1887-1922 35.02 4.51 121 

rlacervllie••••••.••••.• - ••• - •• 1874-1922 
Georgetown....... 1872-1923
4 ..... _ ............. ___
Western yeHow plne._ ••. ___ •• 	 51.30 6.43 lOSGmss Vnlley '_" •• ____ •.•••• __ 1872'-1923 }
Nevada Clty._._ •••••••••••_•• 1863-1923 

jCISCO••.••• __ •••••_•• ,. _"" .•• 1876-1916 
CoIrnx.,__ • __ .•••••••. _•••••••• 187{H923

1,llxed conlfer._ ••••_._ ••_••••• lown 11111. •••••••••• __ •__ ••___ 1879-1910 51.56 7.03 105
North Bloomfield •• __ . __ . ____ • 1870-1923 
Emigrant Oap••••••.• __ ••• _•• 1888-1923 I

Fir•• __• ___ •__ .••__ •___._••_._ {Summlt._••••••••••••••••••••• 1870-1923 59.93 8.26 87Bowman's ·DaU1~._ ..... __ ~ ...... ,. ... _~ 1871-1916 } 

I From Bummllry of the climntologicul <llltu for the United States, U. S. "'eather Dureau Stations 14 and 
15. 

The long·period records of the l:nitl'd States Weather Bureau (Table 17)' 
show that totnl annual preCipitation is least in grns.<;land (29.01 Inches), 
followed by thnt in the ehuparl'al and in the woodiand, with u substantial 
Increase of aPPl'oxima tell' 22.::; inches in the western yellow pine amI mixed 
conit'el', and a further inerense of O\'er 8 inches in the fir type, '.rhus the total 
prl'cipitlltion at highel' ele\"lltions (59.93 inches) Is over twice as great as in 
the grasslands of the foothills, 

Of even grentel' importance from the standpoint of fire control Is the 
amount of precipitation during tlle fire season (l\Iay to October, inclusive), 
The quantities l'eeeh'ed rangell from 2.fJ5 inches in grassland to 8.26 inches in 
fir, fin Increase of 200 pel' cent. 1m'l'eases in precipitl\tion in the interven· 
Ing typl'S \\'el'e ill the SIIlIIe order us those fur tutul precipitation, 

~rhe length jff the fire season,. liS well as the ease of stal't find spread of fires 
during that timl', al'e determined quite as much by the duration of the rainless 
seuson 	as by the totnl annual T,recipitation. The n\"l~rllge length of ruinle;;;; 
lieaSOn 	a:; given In Tahle 17, mnges fl'OIlI about 123 days for grass, chaparral, 
and woodland to 87 days for fir. This, when coupled with the temperutUl'e 
dUTel'ences and the greater totnl ami seasonal precipitation already noted, 
expluins the shorter fire season at the higher elevations, 

F{;gLS AND m~HA\'IOlt OF nug 

The nine major types in this region fire recognizable as well by the clmr· 
acter oC associated hel'baeeous nnd wood~' plants as by the principalke~,·tree 
species. AlI of this piant life, together with the accumulation of partially 
decllyed vegetahle mattei' in the flll'm of mulch, dulY, lind humus, determines 
the amount and chnrllcter of the fuel. 

'Vlthin the commerciul timhpr belt the densl'st stands '!II'e found near the 
upper edge. where precipitation is greatest, in the fir tY)les; and the most open 
forest Is found at the lower edge, where precillitatlon is least, in the western 
yellow pille type, In heavy stands, the antlllal fnll of needles nnd twigs soon 
becomes eOlllp,,':: .. ,}· ilrttl !l dense Illyer of dulY, POQ~rl~' aeruted IUld Tt)Oi~hlrc· 
retllining. '('1ose stands of timber, moreover, prevent the growth of annual 
plllnts, hruiih, and tree reprodlleticm, so that the dulY rl'main:; the Ilrincipal 
fl\('1. Tn the ruol'e ollen western yl'!low )line stallds the dillY is less compact, 
dries out 111111'1.' rllpidly, lind Is h~'ttel' IICl'ated, Becllu!'e of the general opl'nnesS 
of this forest, the subordinale n"getation of tllIlluals and brush is relath'ely 
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allUndnnt HmI In late summer, when the plants dry out and hurn briskly, 
becomes an ill!portallt element in the slwead of fire, Young tree growth also 
may be present to add to the fuel. HCllce, whereas fil'es generally creep 
slowly ill the fir type, where dulI is the chief understory fuel, in the lline type 
tIIey spread rapidly through the cOllsidemhle understory of ,'egetation, The 
fOI:m ill whieh the fuel OCCUI'S is often more important than the total quantity 
in ("ontl'ollillg spread and se,'erity of fire, 

The mixed conifer type is usually lin aU-aged forest, with a considerably 
hea"ier "olulIle 1)('1: aere than is genel'ally found in the western yellow pine 
type, The fon'st forms au irrcgui;ll: ClllIOpy, rlien'cd b~' inllumerable snags, 
which are a SC!"iOllS s(luree of trouhle in the contn,L of fires, '1'his t~'pe is 
dellCJ' in sf'('llnrlary vegetation thall the we;;tPI'n yellow pille or fir types, alld 
opening;; are rapidly oceupied by hrush spedps, thcHe forming the nuclei of 
future hru~h 1Ip:((s, Disintl'gratlon cof J'allpn lea \"('S and humus llroceeds 
ullIlo;:t a~ rapidly as in the W('Ml'I'Il ~"ellow pille type, hut on the wltole the 
lllixptI ('onifl'r tYlle hn~ a Rlightly higher fuP( content than has the westem 
yellow pille type, Rurface ami ground fires al'e characteristic of this type, nnd 
crown fir('s UJ'e UI1("nJlIIllOI1, 

The al1l0llJlt al1d kiuel or fuP! present in the Iyoodland type vary grently, 
In the <lriPI' situations the oaks, tll(' principal slll'eies, o("cur as isolated trees, 
with wi(\('spreadill!; crownR, This .f('nn of woo(\land type merges with the 
grai;,;lall(\ type throughout its ral1;.:e; t.he grolllui is cat'pered with grasses allli 
weeds in Llrofw;illn, and thl'se forlll the prilleipal fuel. Fires, as in the grass
lalld tYllC', spread with ;.:rcat rapidity 0'"('.' the surface, thou;.:h rarely running 
up to th(~ tree (:rOWII,;, Where IH'peipitation is hl'a"iel', the wood lund type 
.forms Il elo::;e canopy 01' Illany hnnlwllod s(lpde:;, lind the ground. is heavily 
co\"en'(\ with It larl'I' or: dried anti lleeHre<l leal"cs, and la('ks U1IY understory 
of gI"aSHl'!; aIHI w('('ds, I-'ires in the dcuspr stands eat their way slowly through 
this sl'llli('oll1pat'tP<l !lla~s of organie matl'rial, flaring up occasionally through 
tile treeli ulltll'r ill('rea:<('(1 wind ,"plo('ity, 

[n till' hJ'u~h lipl(\:;, whpJ'e lirPs ha"e \)pen exeludNl, new ('ouiferous stands 
aJ'r making a !;tart, amI a 1I(':!,'y laycr o[ hUlllUS lWcl duff forms U!ulet' the 
clfl>w(\ ('allflpy or the hrush, TIll' llnl,;h lipIIls ha"e tile highe~t fuel content of 
any tYIlt.', II JICI lin'!; !;w('('[J tilrou~h thpm \\'ith gr('at fury, Also, the progress of 
any gll'pl1 fir(' ill fa r more 1111('el'tain anti ditlkult tn ('heck than in the chaparral. 
In the' !Jnlsil lipids thp IW:1 ,','" la,w'r 01' hUlllus I'l'tains slllouidcring cmllel's for 
Inng p('rillds, an(\ the,;e lIare up at the first wind that may arise and start a 
new ('ontlagration, 

In til(' C'h:lpllrml the (\PllHity and height of stand dcpend mainly upon the 
frequ(,Il!")" with wiliell PH!;t tir('~ hayt.' f\\\"ept the an:-a, '''II('re tire!; huye heen 
Hh;;pnt rOI' a 11('I'II(le 01' Illore there iH all unintprrupted, impenetrable co,'er of 
multilitt'lIlnH'd iJl(Ii\'idunl shnlbs, The [lI"ill('ipal sfJp("it'S b('ill); eYel'!,'l'('('n and 
smllll-IC'Hn'(\, ('OJI1(Jarlltin'ly smail qU:lntit·i('s of {(PHd material .fall to the 
ground, a II!I till' (\('I1S(' ~iladp (JI"en'rIts the estahlhihrnent of. gr:1s;;es and weed!;, 
Fir('s J'a('(' with fury thl'ou~h this ullhJ'ol,ell ("allnp~' of ('lraparral wh('n hi/!h 
wind;; nJIII 10\\" hUllliditip;; pr('\"flii. On the othN' halld, fires suhside quickly 
dul"ing (';lIm w('athpr ;11111 ri~illg hUll1iditie;;, ancl finding little Ih'e-holding fuels 
011 til(> !;lII'raet', rrc!(upnti," hurn thpIJ1St'''"P'; out. Thus, a fil'e in ehaparral may 
at nne mOl1lpnt hp a mgil1f.; C'I"OWI1 tir(> llIlIl the next all1lnHt ('omplctel~' suhdued, 

'rill' tlirpe maj(JI" kill(l;.: of foreRt fin's-those in the 1)I'anches and tops of. 
forest tn'ps, OJ' crown firps; those ('onlined to the f;uhordinate co,'er of gr:lSli, 
w(,Nls, aIHI littpr, 01' >'lIrra('(' tin'H; and rhose that run through the ChIlI, or 
~r(JIlIl<l tirps-o(,("llr at timPH ill ail tn)('s, Xel'('rtliplcss, without oyergpneraliz
In;.:, eHeh ('o"er typ<, may he eha raet('J'izpr\ ill fire control by the .frequent 
O(,('lIrrpI]('e of OI1P kiml of fil'P, in the following manner: 

('rown fire;.:: 
('hl1pllrml type, 
BrUSh type, 

~urfn('1' fir('s: 
(; I'nsf'; rypp. 
'\'(lo(\llIllrl tTPP, 
W('stprn .\"('lIu\\" piliP type, 
;\ii,,,ed coni 1'1'1' trpc, 
1>ougla;; fil' tnle, 

(1rOllIHI firp~: 
Sugar pin<'-lir typl', 
VitO type, 
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Fires whi('h rllce through the crowns of dense stllnds of bl'Ush or clilipllr
ral hll ve very properly been classified as crown fIres in this region, although 
the term "CI'o\\'n fir('" has been almost entirely restricted in other regions to 
fires which !'Un through the crowns of trees, Crown fires develop where a 
eontilluous closed canopy is found, und tile chapllrrlll IIml brush types are 
distinctly of such character, Only rUl'ely in the duytime, more commonly lit 
night, do fires burn as surface fires in these types. particularly the chaparral, 
mai then only to bUI'st into crown fires with the fin;t considerable decrease in 
I'elatl\'e hUlllidity or in('rellse in wind velocity, Crown fires sometimes occur 
in the \'irgin-forest types, hut if so they are localized, except in the se\'erest 
:tire yeal's; they are more (,Olllmon in s,'coml-growth forest. Crown fires gen
ern lIy s[lI'PIIII the most rapidly. surface fires less rapl!Ily, and groul1(} fires 
least I'llpidly; and the degree ()f dlllllnge is ordinurily in tIw same sequence, 
Thl': rapidity with which crown fires sprelld is indlcllted by the average of 55 
Hcres [ler hour In the cha[)lIrntl type, 1111.1 by 13,70 acres in the brush-field 
type, in hol.h of whieh mo;;t fires are crown fires. 

SUI'fll(,C flrc',; gt'nC'rally devclop where un irregular low canopy of fiash fuels 
l'xists, su('h liS characterizes the gl'uHS, woodlund, w('stcrn yellow pinc, mixpri 
cDnlfel', IllHl Douglas fir types, In the first two of these, grasses and wCells 
arc the 1ll0l-;t importnnt fuels, and the Ilvera;.:e rate' of spread is /.,'Teater thl1l1 
In the cOlllmelTial tlmbcr types, ",lwrc Ilt'cdles and twigS lire the importaut 
fuels, This dlf[PI'ence In fuels II-; rellcete<l in the Il\'erage ratrs of sprelld of 
17 and 5,3 IIcres per hour, res[l(!cth'cly, for the grass-woodland ami timber 
groups, 

Ground fires occur where a compact IIml lloorly lIerated layer of humus and 
!lull pCl'lllitl-; only Il sll1ulI supply of oxn;en to rCII('h the fire and where there 
is It !i<'lll~city of f1a!;h fu('ls, Umlpr normal conditions ground fircs ('at their 
WilY slowly. 'l'lw ol!l't'I'\'cd "III'e of spread for the sugar pine-til' type is 4,3:~ 
iL<:n's per hour, and for the fir, the lowcst ill tile cntire scalc, 1,07 IIcres per
hour, 

, 
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