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FOREST FIRES IN CALIFORNIA, 1911-1920: AN 
ANALYTICAL STUDY. 

By S. B. Snow and E. I. KoToK, Forest Examiners, Forest Service. 

INTRODUCTION. 

The fires that spring up each year in the national forests constitute 
the most difficult task confronting the Forest Service-a task that 
in some years severely taxes its ability, its energy, and its resources. 
On the solution of this problem the service has spent much money 
and thought. Forest fires1 like epidemics of disease, leave as a 
by-product a mass of statistics which are useful in analyzing the 
nature of forest fires and the measures that must be taken to check 
their devastation. 

Forest fires differ from one another in speed, in destructiveness, in 
their susceptibility to successful attack, and in many other character­
istics. Each fire seems to have its own individuality, to call forth 
new efforts of intelligence and skill from those who seek to check it. 
Each fire is a new experience, in which, it seems to the fire fighter, 
the only invariable elements are thirst, fatfgue, and s~oke. So it is 
natural that even seasoned fire fighters :ought doubt 1f the methods 
of scientific investigation can be used in studying phenomena so 
temperamental, so unpredictable as forest fires. 

Nevertheless, enough has already been done in fire studies to show 
that much can be learned from them; Unless we can determine cer­
tain facts about the behavior of fires, and unless we can use those 
facts to determine the objectives aad the scale of fire protection with 
a fair degree of accuracy, we must fall back on personal judgment, 
changeable and _prone to error. 

In the light of the recorded experience of 10 years, are our protec­
tion forces too large or not large enough~ Are they stationed where 
they are most needed~ What light does the frequency of occurrence 
of fires throw on the relative hazard of the different forests, on the 
disposition of the lookout force, on the allotment of funds~ What 
effect does the bunching of fires have on the quality of protection, and 
at what stage does it cause a breakdown m the protection force i 
What risks do we run in deliberately cutting down the protection 
force on a forest or the crew on a fire in order to save money, or to 
eke out insufficient appropriations i 

These are merely samples of the kind of questions that urgently 
need answering; as every administrative officer of the Forest Service 
knows; and it is to questions of this sort that this circular attempts 
to supply at least tentative answers. . 

OBJECTS OF STUDY. 

The objects of the J>resent circular fall into two general groups: 
1. A stU<ly of methods .-An attempt to develop methods of analyz~ 

ing data in accordance with recognized statistical practice, and to 
derive from them some of the underlying principles and tendencies 
of which the recorded facts are merely tlie visible expression. 

1 
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2. The application of the results of the stud,y in practice, particul,arly 
in organizing the fire-protection /orce.-For example, an attempt will 
be made to determine the relative need for protection in the different 
units, and to work out such methods for· the allotment of funds as 
will J?lace all units on an egual footing. In addition, a critical 
exammation of the results of two of the theories of protection is 
pr()posed. 

From such studies it should be possible to establish standards and 
to determine the relati,e quality of performance on different forests. 

SOURCE OF DATA. 

The data used in this investigation are derived from reports made 
by forest officers on 10,499 fires 1 that occurted from 1911 to 1920, 
inclusive in the 12 timbered national forests of California as distin­
guished from the brush-covered protection forests. It is sufficient to 
note here that it has been the practice to record as soon as.possible 
after each fire the essential facts: Its origin, its history, the factors 
affecting its spread, its cost, etc. The progressive changes in the 
recording forms have been made so as. to improve the quality, to 
facilitate the use, and to increase the scope of the data recorded. 
Of the hundreds of individuals who have been connected with fire 
protection and who are responsible for the data on which this study is 
based, many were unaccustomed to recording notes in the field and 
to assembling facts on paper. In many cases the pressure of work 
has made it impossible for field officers to prepare the reports for 
some days after a fire; and for the sf!,llle reason detailed examination 
and survey of many large fires hal"0 been impracticable. It must be 
recognized, therefore, that in quality, accuracy, and completeness 
the data are far from perfect. But such a study as this is not con­
tingent on absolute J?edection of data. Data clearly inaccurate have 
~een discarded, and it is prob?,ble that o~dinary errors are compensat­
ing, so that masses of data give approximately true values. 

METHOD OF HANDUJ!ITG DATA. 

In the analysis of the 10,499 fires in 12 of the national forests 
of California 2 from 1911 to 1920, certain of the figures from the 
?riginal ~ndividual reports were abstra~ted, simply as a convenience 
m handlmg. For each fire the followmg were recorded: Date of 
start, cause, location, acres burned, class of fire, cost of suppression, 
elements of cost, type of cover, degree and direction of slope, length 
of time from outbreak of fire to attack on fire, and for the years 
1918-1920 the length of time from discovery of fire to attack. 

These data were then assembled in various ways-by causes, by 
size of fires, by types of cover, etc.~and studied in groups. In 
general, the pnnciple of averages has been used as the oest method 
of expressing the essential facts. 

This investigation is therefore based on the analysis by statistical 
methods of masses of data instead of individual bits, and it atteml?ts 
a critical interpretation of the past performances of the Forest Sernce 
in fire protect1on in Calif omia. Although the study is local in scope, 
the methods evolved may prove to be of more general application. 

1 See Appendix B for an early and a recent report. 
• Th(! Angeles, Cleveland, and Santa Barbara (southern California), and Inyo and Mono (east side) 

are mmtted. 
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THE TWO MAIN: THEORIES OF FIRE PROTECTION. 

For the purposes of this paper it is sufficient to assume that fires 
cause damage to timber aµd other resources, and, as a corollary, that 
the object of fire protection is to prevent or reduce these potential· 
losses. But just what ideal is to be sought in preventing damage is 
a debatable question, two principal theories having been formu­
lated to express the objective. These, briefly stated, are: 

1. To prevent damage by fires or to hold it to a reasonable, accepted 
minimum. 

2. To keep the total cost (the sum of the costs of prevention,3 
suppression and damage) to a minimum. This is the so-called 
economic theory, and considers the value of the resource only in 
relation to the cost of preserving it. 

Under the first theory, the major emphasis is placed on reducing 
the area and hence the damage; under the second, greater attention 
is paid to the cost of prevention and of suppression, and in actual 
practice this has sometimes led to an· undervaluation of potential 
damage. 

DEVELOPMENT OF FOREST SERVICE FffiE PROTECTION. 

Up to about 1911, modem protection as we know it was not in 
existence. The lookout system of detection was in its infancy, and 
methods of communication were very poorly developed. Coupled 
with this were the inadequacy of funds for fighting· fires and- the 
i.nco:mplete knowledge of the nature of the problem and of the kind 
of organization necessary to meet it. Broadly speaking, individuals 
had to rely too much on their own resources-a f allure of coordina­
tion which inev:itably reflected itself in large fires. 

From about 1911 to HH3, more and more emphasis was placed on 
adequate protection, the lookout and the communication s~tems 
were developed, and the ideal of reducing damage to a minimum 
expressed in small acreage was dominant. This was essentially an 
individualistic period; and as a rule each unit or national forest was 
encouraged to develop along .its own lines, with relatively slight con- . 
trol from the central agency, the ·district office. It was a period of 
large-scale experimentation. 

Following a critical study by DuBois in 1913 the best features 
developed by the individual forests were knitted together into a 
fairly well-standardized type of organization; and in 1914 centralized 
control was inaugurated. 

DuBois's protection manual 4 is the expression and result of this 
study. 

THE ECONOMIC THEORY. 

Under centralized control, which continued until 1917, the ideal 
of minimum damage was at first held and efficiency of organization 
was largely measured by the acreage bum~d. Then a critical study 
of the protection theory led in 1916 to the issuing of Headley's SuJ?­
pressi'on Manual, 5 which for the first time expressed the economic 

• For the deftnitlon of this and other terms used In more or less special meanings in this study, as well 
as for the classification of causes of fires, see Appendix A. 

4 DuBois, Coert. Systematic Fire Protectfon In the California Forests. U. S. Department of Agrlcul­
ture Forest Service. 11114. 

• Fire Suppression Manual, District 5, 1916. Issued to all forest officers in the California district. 



4 Circular 243, U. S. Department of Agriculture. 

theory in full and insisted that the costs of prevention, suppression, 
and damage (or on individual fires the costs of suppression and 
damage) be a minimum sum. It was believed at that time expendi-

. tures for prevention and suppression were too high. Because of the 
lack of knowledge of damage, it was natural that this factor should 

. in practice be appraised at too low a figure. Just as tlie minimum­
damage theory had been tested before 'by increasing the protection 
forces, so now from 1916 to 1919 the economic theory was thor.:. 
oughly tested by progressively reducing these forces as the most 
easily controlled factor. As a corollary the idea was expressed that 
where low values were at stake large suppression expenditures were 
unwarranted and that fires in cover of low value tmght be allowed 
to become large if the cost of suppression could be thereby reduced. 

In principle the economic theory of protection may seem to be 
sound. In practice it has three grave weaknesses: (1) The difficulty 
of appraising the true ultimate damage caused by forest fires; (2) 
the danger that any fire, unless attacked with the utmost vigor, may 
become a disaster; and (3) the risk that any relaxation in the speed 
and vigor of assault on fires may have a bad effect on discipline. 
Even if the theory were sound the Forest Service could not, on the 
one hand, urge on the public the utmost care with fire and, on the 
other, condemn itself for failing to follow its own _preaching. It is 
obvious that the element of damage is not controllable at will and 
that it does not necessarily increase in a mere arithmetical ratio as 
protective effort is reduced. 

Up to 1918 critical studies had been made of individual fires and 
of individual protection units, but no general examination of the 
entire field of protection had been attempted. Such a study, using 
the great accumulated mass of data, resulted in 1919 in a start back 
toward the more intensive _protection of 1914-1916. The period of 
1919-20 has perhaps been characterized by an increase in our knowl­
e~e of fire damage and an appreciation of its importance. With 
this cha!].ge in the theory of protection has come a study of the 
various factors affecting the efficiency of protection, 

Essentially the past decade of fire protection in California has been 
an experiment on a tremendous scale to determine the relative 
importance of the various factors affecting sound practice in protec­
tion. Progress has been made, but continuous study is necessary to 
isolate these many factors and to raise the standard of accomplish­
ment. 

NATURE OF PROTECTION PROBLEM. 

As defined by DuBois, the protection pr-0blem is subdivided into: 
1. Indirect control-the reduction of fires. 
2. Protection finances-the proper distribution of fire-protection resources between 

units in proportion to the relative·fire danger. • 
3. Direct control-assembling and orgamzing available resources up to the point of 

actual fire fighting, so that the minimum time will elapse between st.art of fire and 
start. of fight. 

4. Suppression-putting out every fire that occurs. 
5. Determination of need for protection. 

This circular will undertake, by a study of past performance, to 
point out certain of the controlling factors in successful protection. 
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THE INDEX OF COST AND DAMAGE. 

In determining the cost and damage of fires some common unit of 
measure must,be adopted so that results can be uniformly expressed. 
The obvious unit is the dollar, as all the factors can :finally be expressed 
in terms of money. 

The three main factors of cost are prevention, suppression, and 
damage. Cost of prevention may be expressed in cents per acre, 
cost of suppression in terms of fires of gjven size, and damage either 
as so muoli an 'acre or for total acreage. Further, as will be later 
s!iown1 the tota! damage of a group of fires varies with t~e propor­
t10n 01 class C fires to the total number of fires or accordmg to the 
size of the average fire. 

As criteria of effective protection, the acreage burned, the size of 
the average fire, and the percentage of class C fires will be used. 
The reasons for the employment of these standards will appear later. 

PERCEN:TAGE OF C PIBES AS INDEX OF COST. 

Throughout this circular, the statement is frequently made that 
the total burned area, the total damage, and the total cost of sup_pres­
sion vary as the percent~e of C fires. An analysia of past perform­
ance bnngs out very clearly the essential facts. (See Fig. l and 
Table 1.) Using each year as a unit, it is found that the 10 years in 
the record can be conveniently grouped into those with 11-15 per 
cent C fires, 16-20 per cent, etc., up to 31 per cent or more, each group 
representing two years. There was then tabulated -for each year the 
number of fires in the A and B classes and in each 6f the subdivisions 
of the C class adopted for the study of unit costs; that is, 11-20, 
21-40, 41-80, etc.• 

One feature developed is that the percentage of B fires is nearly 
constant, ranging only from 32 to 34 per cent, so that in effect a 
failure to suppress fires while in the A class means C fires. ApJ?ar­
ently the same factors which tend to push A fires into the B class m a 
bad season also push B fires into the C class, decreasing the propor­
tion of A fires while increasing the proportion of C and holding the 
B fires stationary. 

AVERAGE SIZE OF PIBES. 

},._ study of Table 1 shows that in the years with a low percentage 
of C fires (Group 5), the bulk of the fires are under 300 acres in size, 
the proportion m the different size-classes falling rapidly as the sizes 
increas~ and :practically disappearing at the 11000-acre class. In 
years with a high proportion of C fires (Group 1), on the oth_er hand, 
the percentage m different size classes falls very slowly, with a fairly 
high percentage in the large-size fires (1,000 acres and over). Any 
of the intermediate groups falls between the two extremes in position 
and form of curve. 

The table and the fig11re show that in Group 1 (31 per cent C or 
more) 33.-6 per cent of all C fires are over 300 acres, whereas in Group 
5 (11-15 per cent C) only 14.4 per cent, or a:pproximately two-fifths 
as high a proportion, are as large. Considermg all fires, in Group 1, 
10. 7 per cent and in Group 5, 2 per cent are over 300 acres. The 
intermediate groups again show progressive decreases. 

• For classification of fires, see Appendix A. 
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Anyo~her limiting size can be used with_ essentially the same results. 
Comparmg Groups 1 and 5, the per cents of all C fires over 1;000 
acres are 14 a,nd 2.3t respectively; over 2,-000 acres, 8.1 and 1.2; over 
5,000 acres, 2.3 ana 0.8. Expressed simply, this means that in a 
year when about one fire in three is allowed to reach the C olass, 
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FIG .. 1.-Relatlon 6f percentage of Class C fires to distribution of fires in different s1ze· classes. 
(Based on Table 1.) Notice that in years with low percentage ofOlat!\! Cfires (Group 5) a high per­
centage of the fires are stopped 1n the smaller size groups of 11-20, 2140, and 41-80. acres\._;w~~hfle a 
very small percentage beoofue lanre Class C fires of over l,<XX> acres. Conversely in years of LUgU per­
cenm Class C iire,s (Group I) a mueh small. er number are caught.as small ClassCfiresanda 
mueh er percentage become large Class C fires before they are controlled. The percentage of 
Class B es rll]llains nearly constant regardless of percentage of Class C fires. 

about one-seventh of these C fires (or about one-twentieth of all 
fires) will exceed 1,000 acres, and about one-twelfth of the C fires 
will ~:x:ceed 2,000 acres. If the protection force is so goo~ or climatic 
conditions are so favorable that only about one fire m eight reaches 
the C class, then 'the chance of haying big fires is much smaller-only 
about one fire out of every 43 C fires will reach as much as 1,000 
acres and only about one out of 83 as much as 2,000 acres. 
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In practically all years a few very large fires occur, due either to 
errors of management or to unfavorable weather, and these occur in 
years both with low and with !ugh percentage of C fires. No system 
has yet been d'eveloped that will eliminate the possibility of fires of 
over 5,000 acres in the northern half of the State. Occasional 
breaks have occurred ~d P!obably will O<_lcur again jf only for ,~he 
reason that forest fires u'l then- very nature mterpose great·difliculties 
itt the way of attaining perfection of attack. 

The greater the proportion of C fires1 not only the more fre9.'1ent are 
the very large fires, but the smaller IS the number of small C fires. 
Conversely, as the proportion of C fires decreases, the average size of 
all fires decreases from a maximum of 285 acres to 32 acres, and the C 
fires themselves drop from 840 to 215 acres. 

After costs of suppression for the various years are reduced to the 
same basis by eliminating variables, as explamed elsewhere (seep. 40), 
the average cost of all fires is found to be closely related to the pro­
portion of class C fires. From the highest to the lowest the average 
cost of SUJ?pression per fire declines steadily from $91.50 to $29.40 m 
direct ratio to the percentage of class C fires. From this relation 
between the percentage of ,C fires and the cost of suppression, a rule 
of thumb can be worked out as follows: The cof'\t of suppression of the 
average fire is equal in dollars to the product of the percentage of C 
fires multiplied by 2.5. 

As Table 2 shows, th~ average number of fires annually is 1,050, of 
which 250, or 24 per cent, are C fires. If this can be reduced to 20 
per cent, or 210 per year, a -difference in cost of suppression per fire 
of $10 may be expected ($60-$50), according to tlie above rule-a 
total saving of $10. 500.in suppresion bills. 

At least for C~ornia, the proportion of C-:fires is a good criterion 
of the effectiveness of the protection for?0. _ Of course, 1:ven with a 
very low percentage of C :fires an occasional large fire 1s bound to 
"get away," but the reduction of C fires to a low proportion of the 
total is an important and practicable objective. . 

THE FUNDAMENTAL NEED. 

In all study and discussion of the protection problem, the f unda­
mental fact revealed by the history of California fires is that success­
ful protection consists not in_putting out big fires, but in catching the 
fires when they are small. Il it were possible to get one or two men 
to each fire in the class A stage, probably C fires would be the excep­
tion. Though this objective maY!9be out of reach for the present, 
owing to ~he cost compared with tl'ie meager scale of appro_priations, 
the experience of a. decade shows that, at a reasonable cost in protec­
tion, C fires can be held to about 15 per cent of the total number of 
fires, and that with this standard of performance, considering the 
district as a whole, the burned area per year will be a ve-,y ~all part 
of the t<?tal :forest area: These facts cle_arly point out the danger !)f 
any policy of protetition that emphasizes low costs as the mam 
obJective, for tllis policy may not merely lead .to a larger proportion 
of class C fires, and therefore, of damage, bu~ may defoat its own 
purposes by greatly increasing the least controllable element of cost­
that of suppression. 



8 Circular 2.f.3, U. S. Department of Agriculture. 

CRITERIA OF ORGANIZATION. 

It may be stated as an axiom that regardless of what theory of 
protection is adopted-whether of holding the burned area to an 
accepted minimumt ~r keeping the .cost ?f preve!1tion, suppression, 
and damage to a mmunum-sliccess requ1res conS1Stency of perform­
ance. As _forest crops require many years to reach maturity, it fol­
lows that even an occasional year of large fires may nullify the results 
of yea~ of adequate protection. A primary _aim in. b}iilding up a 
protection machme must therefore be to provide adequately for ,the 
emergen~ies which experience shows are certain to occur, either be­
cause of the concentration of large numbers of fires at one time or 
because of very unfavorable weather conditions leading to an un­
usually rapid spread of fires. 

To build such an organization requires, first, a knowledge of what 
results can be expected from a. given organization, .and, second, knowl­
edge of how far th«;i o~anization tends to break down under serious 
emergencies. An analysis of the various factors affecting the results 
norm~lly expected ?f an org~izf!,tion is essenti!l-1 to the main _ _purpose. 

It 1s not the obJect of this cirCular to go mto the details of the 
methods of administrative checking of a protection organization. 
It will be sufficient to examine to what degree actual performance 
departs from a theoretical standard, and to what extent, therefore, 
human fallibility m,ust be accepted as one of the factors in the 
problem. 

SUMMARY OF RESULTS, 1911 TO 1920. 

Table 2 gives a general summary of results in protection for eMh 
year of tlie decade under consideration. At present only some 
of the more obvious relationships will be pointed out in order to give 
a general background for the detailed discussions in succeeding 
sections. 

First, although there are fluctuations in the number of fires from 
year to year, five of the ten years are very near the average of 1,050 
:fires and only one year, 1917, was materially higher, with 1,573, 
The low totals for 1911 and 1912-616 and 565, respectively-are 
probably due iJl part to incomplete reporting. Figure 2 shows a 
great variation in the number of lightning fires throughout the 
decade, from 181 in 1919 to 794 in 1917; and mdioates that lightning 
fires are chiefly responsible for the marked fluctuations in total fires 
from year to year. Man-caused fires show a ra_pid rise up to 886 in 
1915, were practically constant t}wough 1916 and 1917, and since then 
have decreased. The low figure- for 1918 (363) is unquestionably 
due to three causes: First, systematic law enforcement; second, 
reduced industrial and recreational use of the forests on account of 
the war; and, third, the fact that much of the incendiary element was 
employed or left the mountains temporarily. The general downhill 
trend of. mah-caused fires in the past three years 1s probably due 
mainly to law enforcement. From these figures of fire occurrence it is 
apparent that the average volume of protection work is fairly well 
known. 

Figure 3 contains a large amount of data and raises several inter­
esting speculations. The various groups of horizontal bars indicate 
the relation or lack of relation existing between the total number of 
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fues and percentage of C fires, between the total number of fires and 
area burned over, and between the intensity of protection (expressed 
in terms of men in.the protection force) and the percentage of C fires 
and the area burned. It will be noted that in theleft and right hand 
groups the bars, representing in one case the _percentage of C fires 
and m the other the burned area, are arranged m order of number of 
fires per year. The left-hand group indicates apparently that an 
increasing number of fires does not increase-or perhaps even 
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FIG. 2.-Number of fires by years separated into various causes. N otlce the rapid drop In camper fires 
from 1916 to 1918, probably dp.e to education and law enforcement. In 1919 the heavy influx of visitors 
naturally caused another increase. In incendiary fires there is likewise a heavy qrop In 1918 and a lesser 
drop in 1919 and 1920. If Incendiary fires\were cJiieflY!lttrl)mtable to visit.ors instead. of lo local.resi­
dents, this curve would follow the camper fire curve for 1919 and 1920. The curve for "nnknown'' follows 
the general conrse of other m!m-caused fires rather than Of lightning fires thus Indicating theirhuman 
origin. Industrial fires (logging,...rallroad1 and brush. burning) hold a fairfy level course, though show• 
ing a fairly sharp rise in 1919. (.tSased on Tables 2, 7, ll, and 14.) 

reduces-the percentage of C fires. In other words, the normal 
•organization can absorb a large number of fires and put them out in 
the A or B stage. Only in exceptional years-as when 1,573 fires 
occurred-is a point reached where the organization can not handle 
the bulk of the fires when they are small. 

The right-hand group-comparing numbers of fires with total area­
indicates no apparent relationsliip between the.'le two factors, 
fluctuating widely from one extreme to another, but showing again 
the disastrous effect of a breakdown in organization, as with the 
large number of massed fires in the last group. 



INTENSITY OF PROTECTION. 

In the central group it is apparent that the percentage of C fires 
and the area burned hold a fa1rly consistent and d~:finite ratio to the 
number of men in the protection force. The fluctuations are wide 
when less than 400 men are employed, but with more than 400 men 
the area and the percentage of C fires drop rapidly. (See also Fig. 4.). 

Obviously, also, a close relation exists between percentage of class C 
fires and total burned area, as can be seen in the relative proportional 
sizes of the bars at the right and left sides of Figure 3. Where the 
percentage of C's increases the area increases, and vice versa. 

One further qualifying factor not shown in Table 2 mav be men­
tione_d. The variation m climatic factors from year to year is an 
important element,· but discussion of this is reserved until later. 

Likewise, between area burned and cost of suppresion the correla­
tion is close, particularly if the latter be .corrected to eliminate the 
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FIG. 3.-Belation between total number of fires and percentage of Class C fires by seasons, between the­
number of fires and area burned by seasons, and between number of men in the fire protection organiza­
tion and the percentage of Class C fires and area burned, 1911-1920. (Based on Table 2.)_ Notice that 
there appears to be no consistent relation between number of fires and either percen~e of Class C fires 
or area burned. Some of the very best records were made with high numbers of fires m one year and 
someoftheinferiorrecordswith relatively low numbers. Between number of protection menandper­
centage of Class C fires and area burned there appears to be a fairly consistent relation. Both percent­
age of Class C fires and area burned decrease as intensity of protection measured by men employed 
increases. 

in.creased commodity and labor prices, as will be done further on in 
this pa_per; The relation between the percentage of C fires and the 
size of the average fire (Fig. 5) is also worthy of note. _ 

With!m~ attempti!)-g to prove (hat intensity of pr?tection h~ been 
the basic influence, 1t may be pointed out that dunng the period up 
to 1916, during which it has been shown that relatively intensive 
protection was given, the percentage of C, area burned, and costs~ was 
strikingly lower than the average. Conversely, at the low ebb_ oi 
protection forces in 1917 epd 1918, the largest proportion of C and 
acreage burned are found. (See Fig. 4.) In 1920, with increase in 
"protection, reductions in percentage of C and acre~e occur. The 
high cost of labor for fire fighting throws these out of line, especially 
for the past three years. 

Whether or not mtensity of protection has been the cause of the­
progressive changes· in the results of protection, there is unq_eniably 
a close correspondence between the two sets of factors. Leavmg pre-
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vention out of the question, the correlation between the percentage of 
C's and acreage burniid, and hence also suppression costs and damage, 

· can not be overlooked. At present damage must be assumed to vary 
as acreage burned; more detaile'd discussion of the subject is post­
poned. 

With this general summary in mind it is proposed, first, to study 
the behavior of fires grouped according to cause 7 and as affected by 
climatic conditions; second, to analyze the costs of fires; and third, 
to analyze the results of protection as revealed by the fires of 10 years. 

The first question to be answered is: Do fires from different causes 
behave differently; and if s9, how do these differences affect the 
scheme of protection~ As will be shown in the next three sections, 
the various groups differ markedly and profoundly affect the problem 
of protection, so that a clear understanding of these differences is 
vital. 
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Fro. 4.--Chronological Yiew of ·fire damjl~ in relation to intensity of protection. Note particularly 1917 
and 19.18 when the "econmmc theory" was In full sway. (Based on Table 2.) 

LIGHTNING FIRES. 

It has already been shown that lightning is the most important 
single cause of fires, being responsible for 4,362 out of 10,499, or 41.5 
per cent, of all fires for the decade. 

The zones of lightning fire shown on Map 1 were determined l!v 
plotting· on a large-scale map the starting point of every lightni:Ig 
fire. We are not concerned with lightning zones in the meteorological 
sense, but only with those areas in which fires start from lightning an:d 
~equire action by the forest Service. Much o! the high Sierr9: country 
1s m a heavy hghtmng belt; but the occasional fires resultmg from 
lightning are not handled by the Forest Service, as they do-not spread, 
because of the character of the ground cover and the hei.vy precipi­
tation accompanying storms. Consequently, such a region is not m­
cluded in the lightning fire zone. 

Well-marked zones of occurrence and of concentration appear on 
the mapj and considering for the present only the mam zones, 
Table 3 gives the pertinent data. For comparison, total forest areas 

7 ·For the classification of causes of Are, see Appendix A. 
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and total areas of hazard (defined as total area in and adjacent to 
national forests in which fires from all causes occur and require 
action) are shown. In some cases it will be noted that the total 
hazard area is larger than the total forest area. Considering groups 
of forests, it is seen that in the northe:rn grouJ> (1) 67.8 per cent of the 
total hazard area is in the lightning zone; in the north Sierra (3), 66.3 
per cent; in the east side (2), 79.2 per cent; and in the south Sierra (4), 
86.3 per cent. In other words, the lightning zone increases in relative 
area from north to south. 

SLAMAT5.-• 

(1) j 
NORTtttRN ·TRI NtTY 

' GROUP SHAST\ 

CALIFORNIA 

MAP NO. I 

LIGHTNING FIRE ZONES 
}N THE NATIONAL FORESTS 

OF CALIFORNIA 

$CALE Of' MILES 
0 ;al "° 1'I IOO 

PLUMAS] 
(3) 

TAHOE: NORtHt~N Sl!:RAA 
GROUP 

ELOORAOO 

CONCENTRATION. 

l 

In concentration, which may be defined as fires per 100,000 acres 
of lie:htning zone, the reverse is true, concentration decreasing from 
nortli to south. (The California National Forest is out of line as com­
pared to other forests in Group 1, but is placed there for geographical 
reasons.) In addition, lightning fires per 100,000 acres of total hazard 
area were computed and were found to decrease from north to south. 
In other words, the farther south one goes, the larger relatively be­
comes the zone of outbreak of lightning fires; but, on the other hand, 
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these fires are spread out much thinner on these larg9r areas. The 
object of this analysis is to determine the demand made on protection 
forces by ~htning fires; and as the protection organization handles 
fires from all causes, the total hazard areas must be considered. .· 

Taking Group 4 (southern Sierra)-the group with the lowest 
number of fires per 100,000 acres of total hazard zone-as 100, the 
relative concentration, and hence demands, are: 

Group 4-100.0. 
Group 3-101.5. 
Group 2-105.2. 
Group 1-118.5, or, excluding the California Forest, 125.2. 

In other words, for lightning fires alone, the demands on the pro­
tection force average 18 per cent greater in Grou_p 1 (northern) than 
in Group 4 (south Sierra), with the other groups mtermediate. 

INTENSITY. 

These, however, are average demands, and it is common experience 
that it is the emergency demand, when very heavy lightning storms 
occur, that tests the organization most severely~ To determine th6 

Per Canf of C · fires 
40 30 20 10 0 0 50 

Acres or average fire 
/()0 150 200 250 300 350 

11111 ---FIG. 5.-Relation of percentage of Class Cfires to size of average fire by years. (Based on Table2,) Notice 
that size of average fire varies rather uniformly with percentage of Class C fires. 

effect of these emergencies, or ~hat _may be called intensity, or number 
of fires per storm, the data given m Table 4 have been worked out. 
(See also Fig. 6.) The number of fires set by the three heaviest storms 
in the past decade have been added by forests to secure figures repre­
senting maximum intensity. Here again it is found that the de­
crease is from north to south, with the east side group (2) somewhat 
out of line, and the northern group (1) averaging 54 per cent higher 
than the south Sierra group (4). In average demand Group 1 is 
18 })er cent above Group 4; m highest demand, 54 _per cent. 

These two lines of study raise the 9uestion of whether to organize 
for average or for maximum demands. 

One further expression of the effect of maximum intensity in light­
ning fires may be mentioned. Ta-Me 5 shows average acreage burned 
for storms of different intensities, expressed as fires per storm. (See 
also Fig. 7.) Up to 250 fires per storm, the percentage of C, average C, 
and average fire are practically the same. With from 251 to 350 
fires per storm (based on storms of JuJy l6, 1917; June 12, 1918; and 
August 4, 1920), the percentage of C's more than doubles, the average 
size C nearly trebles in area, and the average fire is seven times greater. 
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Of the total area burned by lightning fires during 10 years, 66 per cent 
was due to the three heaviest storms and 80 per cent to the 19 general 
stonns (that is, those affecting more than one forest). Occasional · 
intense local storms in the 0-50 fires class cause some trouble, but the 
most severe demands the organization has to meet-the demands that 
are mdst likely to strain it to the breaking point-come only from 
very severe general storms. 

The unusual damage resulting from these big storms occurred 
almost entirely in the northern California and northern Sierra groups 
(1 and 3); slightly in the east side group (2); and not at all in the south­
ern Sierra group (4). In other words~ the intensity data shown pre­
viously (Table 4) indicate clearly what may be expected. 
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FIG. 6.-Relative concentration of lightning fires, 1911-1920, and relative demands on protection forces 
during heavY individual lightning storms. (Based on Tables 3 and 4.) Notice the greater relative 
demands on _protection forces in the south and north Sierra groups of forests as compared with the other 
two groups. ' 

ADJUSTING ORGANIZATION TO MEET EMERGENCIES. 

To meet this situation, which can not be ignored, three alternatives 
present themselves: First, to- improve the organization so that it is 
capable of expand-ing to handle these recurrent emergencies; second, 
to increase protection forces to the point that fires per man for the 
anticipated emergency will be reduced to the known safety factor, 
with present effectiveness; third.I to fully organize potential coopera­
tion, so t4at a second line of detense may be counted on. 

Obviously, progress in improving the organization and in organizing 
cooperation may be expected to take up some of the slack; but un­
questionab):Y_ in places additional protection must be depended on. 

A point likely, to be overlooked is the necessity for continuity of 
protection. In so far as timber crops are concerned, consistency is 
perhaps the major goal to be attained. To put the matter most sim­
ply, :protection fails if in even. 1 out of 10 y-ears large fires destroy 
the trmber grown-during 9 years of successful protection. 

Viewed in this way, the extreme importance of meeting emergen­
cies is apparent. Considering only California, the occurrence of 3 
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emergencies in 10 years is certainly deserving of careful study. It 
must be recognized that organizing on a scale adequate to meet 
emergencies., compared with the organization needed for normal 
years, will oe a seeming waste of money, whereas organization for 
only the normaJ volume of fires· under the same conditions will appear 
to be a temporary saving. In the long•run, it is at least an open 
question whethe,r the extra cost of carrying additional protection to 
meet emergencies will not be more than offset by the losses that occUl' 
if organization is only for normal seasons. • . 

EFFECT OP INTENSITY ON PROTECTION FORCES. 

It has already been shown that in ligh,tning storms of an intensity 
up _to abo~t 250 fires per storm for a group of forests, the organization 
satisfactorily meets the demand, wliereas beyond that pomt a very 
large acreage is burned. It may next be profitable to study the 
influence on the protection forces of specific emergencies on individual 
forests. 

Fire:,, per 
Percent 6f ·c· fires :,,torm Size of average ·c· fire - ctcres ,. ,. ,. . t~ .

1
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FIG. 7.-Tbeeffectof concentrlitedootbreaksot"firesdnrtng heavy lightning storms. Note sharp increase 
In the percentage of Class O fires and In the size of average :lire after the number of fires per storm passes 
250. .(Based on Table 5.) For the present type of organbatlon and present intensity of protection 
about· 250 dres per storm represent the maximum number that can be effectively handled. 

For each of the 12 forests the three .heaviest lightning storms were 
selected for study, and the number of fires set by such storms divided 
by ~he number ?f protection men on duty at the height of the season, 
givmg for specific fores ts and storms the average fires handled by 
one:rnan. 

Table· 6 gives a summary of results. (See also Fi_gs. 7 and 8.) Up 
to an average of one fire per protection man (which includes lookouts, 
stationary guards, patrolmen, and district and assistant rangers), the 
individual storms are handled successfully, onl_y 1 case out of 17 
showing a. ~rcentage of C fires and size Qf the average fire anywhere 
near those for· the higher intensities. Beyond one fire per man t~e 
percentage of C and · the size of the average fire increases rapidly, 
showing clearly that on the average the size of the burned-over area 
is p~opor~ional to the number. of fires. ~andled :{>ex: man. . 

Lightmng storms are peculiarly smted to this form of analysIS for 
two reasons: (1) They exhibit the intensity factor more than do fires. 
from any other cause; (2) lightning storms are usually accompanied 
by rain, so that for a period of several hours the rate of spread of fire 
is slow, and different storms on the various forests can safely be com­
pared because the factors influencing the fires set by these storms are 
very similar. Only one dry lightn~ storm of consequence is known 
in California during the 10 years; this has seven values in the table, 
of which three exceeded the one-fire-per-man figure, and one fell in 
the 0.5 to 1 group with ~her than normal acreage. 

470990-31--2 
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HANDLING UGHTNING .FIRES. 

In handl~ large numbers of lightning fires, those that are reached 
by the mornmg of the day after the storm can usually be controlled 
while small and at low expense. It is the fires that can not be 
reaclied for one or two days, because the entire force is already 
busy, that become large before any work is done. In C9lifornia, 
lightning fires are often ina:ccessible, and it is difficult and costly to 
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F1G. 8.-The rapid increase in percentage of· 011188 C fires and in sioo of average fire as the number of fires 

handled per man lilC1'8111!8S during any one lightning storm. (Based on Table 6.) 

mobilize crews for their suppression. During emergencies it has 
been the practice to send out all available cooperative forces; but 
experience shows tha.t without supervision by forest officers1 such 
volunteer crews often fail to make the fires safe. Local residents 
often have other business to attend to, or through lack of. super­
vision and organization may fail to do a thorough job of suppress10n. 
For that reason, in handlim? emergencies, experience indicates that 
forest officers must reach all' fires with rea.i.<:mable promptness. 
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A study of the data show£ that a higher percentage of lightning 
fires gets away after work has been done than in the case of fires 
from any other cause, particularly during emergencies. This is 
probably due in part to unsupervised work by cooperators; in part 
to the fact that protection men had to handle several fires and hence 
were unable to do a safe job on the earlier ones, being compelled to 
take a chance and go on to the next. · 

It is undoubtedly feasible to increase the number of lightning 
fires that can be handled per man by the better placing of men, and 
perhaps by a more general use of special tools for felling snags. It 
seems probable tha~ in tlll:1;e the fi~e could be raised 50 per cent, , 
but beyond that pomt special proVISlOn must be made. . · 

There is no accurate correspondence between the total number 
of fires on a given forest in a given year and the number of pro­
tection men-in other words, the size of the protection force is not 
determined merely by the number of fires, for it appears to be true 
that within the range of the volume of protection work so far en-
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FIG. 9.-Relation of percent.age of Class C lightning fires to size of average fires. A chronological vie"·· 
(Based on Table 7.) 

countered the total number of fires is of less importance than their 
concentration in time. So long as :fires.occur evenly distributed in 
time, good protection can be expected. The breaks come with 
large numbers of fires occurring at one time; and, to attain a high 
standard of performance, provision must be made to meet these 
recurring crises. 

ANNUAL VARIATION. 

Coiisidering annual variations in lightning fires (Fig. 2 and Table 
7), the first noticeable fact is the great fluctuation from year to year. 
The extremes are 794 fires in 1917 and 181 fires in 1919. The per­
centage of C fires is roughly proportioned, not to the total numper of 
fires, but to intensity as measured by the maximum number of 
fires per storm for given years. Again, it is to be noted that acreage 
burned, and hence cost and damage, is a function within limits of 
the percentage of C fires, modified, of course, by the number of such 
fires (See Fig. 9.) The size of the average C fue except in 1913, and 
of the average fire varies also as the per cent of C. (See Fig. 10.) 

From 1911 to 1916 there is an excellent record even in years in 
which the danger point of .250 fires per storm was approached. 
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Probablv this m-µst be considered in connection with the number of 
protection men, and possibly with e:ffi.ciency: . of organi~ation. The 
1919 record of 16.6 per ceu.t C fires, with only 70 fires m the worst 
storm, probably- reflects-a defective ()rganization. · (See also Fig. 11.) 

The figures m Table 7, showing the percentage of the total light­
ning fires of the season occurring in the worst single storms, are 
eloquent proof of the extreme intensity of this . cl8.!3s of . suppression 
work. On the average, 42 per cent of the total lightillilg fires re­
sults from a single storm. 

FIG.10.-Percentage ofClass C fires1 average fires, and t~l 111'811 burned 1 separately by years for ligpming, 
camper, incendiary, and other nres. Note how each group retains 1tli own characterist!c throughout. 
These incendiary flies inve.ri\lbly lead in ~tage of Class c·.fires. This parallelism. of dlff01ent groups 
is brought out more clearly by the lines jl)lninir the barn representing percentage of Class C fires from 
the dlff01ent ~uses. The parallelism holds good also in avj!rllg0 fir~ and total ¥e3 burned, and 1!1di­
ca~ und01Iying faotor11 each season (probably climate and Intensity of protection) that give a simi­
larity of behavior to all fires of whatever origin. (Based on Tl!bles 7, 11, 14, 16, and 19.) 

SEASONAL DISTRIBUTION. 

In studying fires from individual causes, seasonal distribution is 
an exeee~mgly important factor. 1:}le essential . data for lightning 
fires are given m Table 8. (See also Figs. 12 and 13.) On the average 
only 3.6 per cent of all lightning fires occur in May and October, and 
7.6 per cent in September, leaviilg 88.7 per cent in June, July, and 
August, with 77 .3 Rer cent in the two latter months. Thus a . tre­
mendous concentration of lightning fires comes in the most dangerous 
part of the season when the forests are dry and inflammable. Fires 
from all causes, it will be shown, reach their climax in August. In 
the percentage of C fires the high figures for June reflect partly one 
heavy storm and partly the occurrence of lightning storms in some 
years before the protection force was mobilized. 

The tota:l acreage burned, and the size of the average c.:fire and of 
the average fire, especially during the unfavorable months of June, 
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July, and August, point to tp.e fact that as yet the handling of 
emergencies has not been successfully solved. The May and October 
:figures are also high, but .the relatively small number of :fires makes 
special provision for :protection on account of lightning :fires un­
necessary. Either an mcrease in the number of men employed or a 
greater effectiveness of organization, or both, may meet the ISsue. 

SUMMARY OF UGHTNING FIRES. 

They are extremely concentrated both in place and in time. Both 
the zones of occurrence and the time of greatest danger are clearly 
defined by a study of the data. With . the present strength of the 
protection force the danger point is reached when 250 or more fires 
are started by one storm. 
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:rm. 11.-The number of fires tu worst sln.gle lightning storm each year. The extreme gravity of these 
concentrated outbreaks Is Shown by the dashed curve; giving the percentage of the total ftrilS of the season 
caused by these single general storms. (Based on Table 7:) 

Because of their slow spread at :first and since they occur chiefly 
in timber, lightning fires are more easily controlled than 'fires from 
any other cause. The danger from them comes chiefly from the 

· massing of large numbers at one time. 
Accessibility is more difficult than for :fires from any other cause 

because many :fires occur on high ridges. 
Successful protection must be built on the following principles: 
Study of maps so as to correlate placing of men with heaviest concentration of 

fires. 
Proper season of employment of guards. 
Either an adequate first line of defense must be organized to meet emergencies 

which experience shows will occur, or a supplementary second line must be J?rovided. 
In handling lightning emergencies, extra rapid attack is not eo essential as for 

man-caused fires. The important thing is to get one or two men to each fire with 
reasonable promptness. 

A study of the data for the past indicates that if C :fires do not 
exceed 15 per cent of the total, lightning fires may be regarded as 
having been successfully handled. 
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CAMPER FIRES. 

During the decade camper fires have totaled 2;239 out of 10,499, 
or 21.2 per cent of the total number. This cause, therefore, ranks 
second to lightning in numerical importance. 

The acc@mpanymg maf (No. 2) is reduced from a map showing 
the start~ points of al camper fires, these points being inclosed, 
with a boundary line of the zone in which such fires may be expected. 
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Well-marked zon~s of occurrence and. of concentration ap_pear on 
the map, and cons1dermg only the roam zones, Table 9 gives the 
pertinent data.' For comparison, total hazard areas are also given. 
Considering groups of Forests, it is seen that Group 1 (northern) 
·averages 43.5 per cent and Group 1 (east side) 48.2 per cent of total 
hazard area within the zone of camper fires, or below the general 
average, whereas Groups 3 and 4 average 76.6 per cent and 60.8 
per cent, respectively, or above the general level. In other words, 
the relative rmportance of the ~amper zone increases from north to 
south. 
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CONCENTRATION. 

In concentration, or fires for each 100,000 acres of hazard area, 
Group 1 (northern) and Group 3, (north Sierra) are above average; 
the others below. Certain Forests, notably the Shasta, Plumas, and 
Tahoe, show strikingly high concentration. This, as Map 2 shows 
clearly, is due to a combination of main-line railroads and main 
automobile highways. The Eldorado and Stanislaus have main-line 
roads, but no railroads. 

In/eneral, as is indicated on the map, camper fires are concen­
trate along routes of travel and on recreation areas, with scattered 
fires in belts adjacent to these centers. This fact points to special 
, protection for the areas of chief danger. The concentration of this 

Number Tol<1/ ~rea 
or /',res burned,acres 

2000 ..----~--------------,-----200,000 

EIG. 12,-Number or lightning fires and the area burned by months. (Based on Table 8,) 

class of fires in accessible places makes them easier to attack than 
scattered fires. A mobile road patrol has proved to be an effective 
method of handling camper :fires. 

INTENSITY. 

In contrast to lightning fires, camper fires show a very low factor 
of intensity; that IS, the're is little tendency for fires to occur in 
large numbers in a 13ingle day. More than fires from any other cause, 
they occur regularly distributed throug!i,out . the season, merely 
showing a seasonal me and fall. (See ,Fig. 13.) This feature, of 
course, makes for ease of control, as only extreme concentration of 
fires, or adverse climatic conditions, cause a break in the protection 
organization. 

Contrasting the forest with highest concentration, the Tahoe with 
28.2 per cent, and the lowest, the Modoc with 8.9 per cent, there is 
evidently a considerable difference. Where a relatively high con-
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centration occurs with a high percentage of total hazard area in the 
camper zone, as on the Tahoe, even with lack of intensity or bwwhing 
of fires special provision niust clearly be· made in protectic;m plans 
for handling these fires. 

ANNUAL VARIATION. 

In studying annual variation in camper fires (Table 11 and Fig. 2), 
the first noticeable fact is the rise in total number from 1911 to 1915, 
the fall until 1918, then the rise in 1919 and fall in 1920. This mu.st 

ftJr---~--"'T'"---r-----.----,---..,..----,,-----------. 
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TOTAL. •••. -·••· J(),4-99 

be considered in cGnnection with such factors as increased volume 
of travel, educational propaganda, development of camping places, 
and enforcement of fire laws. Considering first the volume of travel, 
Table 10 shows the number of visitors to the Yosemite National 
Park 8 for each year from 1916-1920, inclusiv~. The tremendous 
increase in the use of the park, which is a fair index of a corresponding 
increase in the use of the national forests, shows 2.06 times as many 
people in 1920 as in 1916. During 1917 and 1918, the war years, the 

• Data fumi.'lhed through the courtesy of the Superintendent of the Yosemite National Patk. 
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increases were very slight, but during the past two years the volume 
has grown immensely. In 1916 approximately 33,000 people visited 
the park and practically the same number m 1917 and 1918. In 1919 
and 1920 the number of visitors rose to approximately 58,000 and 
69,000, respectively. . 

Up to 191&, broadly speaking, the number of camper fires probably 
increased in &bout the same ratio as travel. Beginning in 1916 the 
number of fires decreased, while travel continued upward. The 
cumulative effect of prevention measures is clearly indicated in Table 
10 and Figure 14. The risk figure-that is, the number of fires that 
are likely to occur for a given number of people-is being gradually 
but steadily reduced, from 8.16 fires per 1,000 people in 1916 to 3.49 
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Fm.14.---Camperftres by seasons, 1911-1920. From 1915 to 1918 there was a sharp drop, traceable to public 
education and law enforcement. The rise in 1919 was at least partly due to the enonnousinorease in travel 
after the war. The dashed curve shows the increase in number of visitors to the Yosemite National 
Park. Assuming that a proportional increase held good in the national forests1 it is arparent that 
decided headway was made hi 1920in offsetting this new risk. (:Based on Tables 10.and 1 ,) . 

per 1,000 in 1920, a drop of 57.2 per cent. (See· note to Table 10.} 
The cumulative effect of public education, the preparation by the 
Forest Service of safe camping grounds, and systematic law enforce­
ment have clearly borne fruit in this reaction. The number of camper 
fires per 1,000 travelers expresses the success of the various measures 
to induce the public to be careful with fires. 

IMPROVEMENT IN RECORD OF CAMPER FIRES. 

The next important feature (Table 11 and Fig. 15) is the . very 
consistent and creditable record in acreage burned, in the size of the 
average C and of the average fire, and in cost of suppression. The 
foregoing discussion of camper fires indicates that continuous study 
of the camper fire problem has been made, both in prevention or 
indirect control and in the placing of protection forces with reference 
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to areas of concentration. The excellent records of the past two 
years appear to be at least in part a corollary of law enforcement. 
As every effort has been made to apprehend persons guilty of allowing 
fires to escape, the resulting promptness in reaching fires has ;naturally 
resulted in keeping them to small size, cost, and damage. . 

A study of Table 11 indicates that so long as C fires are held below 
20 per cent, no serious situation is to be anticipated. With a rise in 
the proportion of C's, the area burned, costs, etc., rise also, as for 
fires from other causes (Fig. 10). An occasional bad fire is sure to 
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FIG. 15.-Camper fires 1911-1920. Total area burned.and avei:agesize offtre. (Based on Table 11.) 

result even with a, low percentage of C's, but the cumulative experi­
ence.of 10 ;years shows clearly that, for. the district as a whole, nothing 
serious is likely to happen as long as C fires are kept down to a small 
proportion of the total. 

The correlation between percentage of C fires and man power is 
perhaps worthy of note, as in the case of other causes. (See Fig. 16.) 

From the stand:point of p. rotection, the important fact i;;hown m the 
table is that contmuous attention to this difficult problem, both in 
prevention and in suppression, has gone a long way toward a satis­
factory solution. 
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SEASONAL DISTRIBUTION. 

The seasonal distribution of camper fires (Table 12 and Fig. 1-3) 
is strikingily different from that t>f lightning, as is clearly shown m the 
:figure. Both classes of fires assume iml)ortance in June, and both 
reach their peak in August; but while lightning fires then drop to a 
very low figure, camper fires are important in September and even 
in October, or up to the end of the hunting season. The concentra­
tion, as well as the intensity of camper fires, is thus materially lower 
than for lightning, and dangerous emergencies from camper fires 
alone are not likely to occur. . 

Except for the month of June, reasonably low average C and 
average-sized fires are found, with a tendency towa:rd a decrease in 
average size of camper fires toward the end of the season. The 

·high June :µgures. are due to late placing of protection forces in a num-
ber of the years lil the record. . 
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FIG.16.--Camper tires 1911-192.0, Relation between intensity of protect.Ion expressed In number of men 

on protection force and the percentage of Class C tires (compared with total camper tires) and the total 
area burned by camper tires. (Based on Table 11.) Notice as in the case of all llres the relation of the 
Intensity of proteetion to the percentage of Cla;is C fires and the area burned• 

SUMMARY OF CAMPER FIRES. 

Camper fires tend toward a regularity of distribution in time. 
Zones of occun-ence are well marked, and a large proportion of these 
fires, occurring as they do along routes of travel, are the most acces­
sible of all fires . 
. Vig?rous law enforcement, naturally !eading to eft: ective suppres­

Sion1 1s apparently on the way to solvmg thIS particular problem. 
In addition, education and the development of public camp grounds 
should be able to hold camper fires at least to the present annual 
number, in spite of the anticipated great increase in travel in the 
Forests. 

Special protection for areas of unusual danger must be more and 
more depended on as t,he volume of travel increases in the national 
forests. Special restrictions such as closing of hunting season, pro­
hibiting smoking, or building of fires may also be necessary at times 
in regions of particular danger. 

INCENDIARY FIRES. 

Incendiary fires rank third in numerical importance for the decade, 
with 1;749 fires out of 10,499, or 16.7 per cent; but, as will be shown 
later, incendiarism is the most dangerous individual cause of fires. 
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The zones of incendiary fires shown on Map 3 were determined by a 
careful plotting-of all incendiary fires in the decade. Some instruc­
tive relations appear. 

CONCENTRATION. 

Several very strongly marked areas of concentration occur. The 
main zone follows in general. the lower or foothill edge of the forests, 
with occasional interior cen_ters of incendiarism. Broadly speaking 
incendiarism is most common in large brush areas, such as are foun~ 
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along the western edies of most of the forests; that is, the princiJ>al 
motive for incendiansm appears to be the desire to burn off the 
brush, probably in the hope of securing easier grazing conditions. 
At times, of course, other motives actuate the "fire. bug"; but J>rob­
ably the irreconcilable grazier has been the greate!:lt offender, both by 
direct action and by preach.in.£? fire propaganda. The proportion of 
total hazard area included in the incendiary zone (Table 13) is much 
less than for either lightning or camper fires; but average concentra­
tion in the zone, or fires per 100,000 acres, is even greater th.an for 
lightning fires-43.7, compared to 40.3 for lightning_ and 27.1 for 
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<',amper. The fore~t groups rank, in concentration, 1, 3, 4, 2, w,ith 
Group 1 far in the lead. 

The high concentration C>f. fires from this cause has worked in two 
-ways for a control of the- situation: Fll'$t, the actual handling of the 
fires has been,much easier than if they were widely scattered; second­
ly, the bunching has usually narrowed down the law-enforcement 
problem to a small community or group of-mountain dwellers or even 
to an individual. Th will. be seen. later that the placing of men for 
law enforcement with reference to the centers of incendiarism has 
resulted in conspicuous success in reducing such fires. 

INTENSITY, 

Incendiary fires, like lightning fires, show a marked tendency to 
-occur in considerable numbers at a given time. For example, on 
the Klamath as many as 46 and on the Trinity. as many as 32 have 
been set in a day on one ranger distr,ict. This feature, together 
with tµe fact th,at incendiary fires are usually set during-dangerous 
fire weather artd in heavy brush, makes them either as groups or ~ · 
individuals the most difficult of any fires to handle. They are started 
:frequently when the protection force is engaged on other fires. 

The demands on the protection organization by incendiary fires, 
indicated by the number of fires per total ha.2ard area (Table 13), 
vary greatly with individual f or~ts. The Klamf!,th1 f ?r example, 
shows 2.4 times the demand that the Shasta does within. its own gen­
,eral group, and 16.9 times as much as the Modoc, a unit in which the 
incendiary problem ui almost lacking. 

ANNUAL VARIATION. 

Iii studying annual variation in number of incendiary fires (Table 
l4 and Fig. 2) the first noticeable feature is the sharp rise from 1911- · 
1915, the practically constant :figure for 1915-,-1917., and the very 
rapid declme durlne: the past three years. In analy-%ing camper fires 
it was. found tha_t the peak was pass~d in 1~15, ed.ucation and con­
struction of public camp grounds havmg started the downward trend, 
which was merely accelerated by the initiation of systematic law 
enforcement in 1918, Evidently only law enforcement can meet in­
cendiarism; and though one must be cautious in attributing the entire 
decrease since 1917 to this activity, it seems certain.that much of the 

.
success in mee~g th~_probleni has b~eii _due to it .. Al~hough_ in. the 
~-?ng run education will probably assISt m prev~ntmg mc~ndiansm, 
the .s~rong arm of t1:R3 law. must be depended _on m the mam. 

As m the case ,of camper fires, a systematic study of the problem 
and the, concentratio~ 6f me~ures for prevention. 'Y~ere they were 
needed hll,ve resulted 1n conspicuous progress toward its solution. 

mGH PROPORTION OF LARGE FIRE& 

The per cent of incendiary C fires a~er~es over twice as high as 
for camper fires and _over ~liree tim~s .as ¥ig~ as for lightnin_g fires. 
In other words, the mcendiary fire 1s mtrlilS1cally the most difficult 
suppression problem we have. The reasons for this are found in the 
general practice of incendiaries of setting fires in the most d~erous 
pa.rt of the season, on the hottest days, and in brush areas of highest 
haza.rd, and often with a knowledge of the position and movements 
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of the protection force: Except for the very heavy lightning sto~s, 
no element of our suppression work approaches this in difficulty. 
The average area of incendiary fires is two and one-half times as large 
as the area of lightning fires and three times as large as that of 
camper fires. The total number of acres burned during the last 
decade is practically the same as for lightning, with about 40 per cent 
as many fires. (See Fig. 17.) The acreage burned during the past 
two years has declined to a fairly satisfactory total. One large fire 
mars the 1920 record. The percentage of C fires has been high 
throughout, with a fairly close relation between this figure and the 
size of the average fire. (See Fig. 10.) 

The average cost per incendiary fire is about 60 per cent greater 
than fo! ~am_per or fo:r_lightning fires, which is another way of sa}'."ing 
that this 1s the most difficult and hence costly part of fire protection. 

The major effort of systematic law enforceltlent has been directed 
against incendiarism, and from any point of view both the policy and 
the results appear justified. 
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Flo. 17.-Total hazard area, total burned ar~ 1 and total estimated cost of the various classes of fires frolllt 
1911 to 19:.ru. (Based on Table 18.) 

SEASONAL DISTRIBUTION. 

The seasonal distribution of incendiary fires (Table 15 and Fig. 18) 
is strikingly different from that of lightning or camper fires. The very 
strong- concentration in August 1 September, and October is unique 
among the fires from the various causes. Only 7 per cent of all incen­
diary fires occur before the end of June, so that the need tor adequate 
protection late in the season is clearly indicated. The large number­
of fires in the fall is indirect evidence of the responsibility of stock­
men, as their practice in pre-Forest Service days was to burn the 
range after the stock had been driven out. Fires during the sum­
mer months are set by prospectors, by men who want to make 
money as fire fighters, and by various persons actuated by motives 
of revenge, or tlie desire to see the country burfied. With an active 
incendiary element, late season protection appears essential 

The proportion of C fires is above the average during the months 
of heaviest concentration. With dry open weather in October, fires. 
burn almost as readily as during August, and this, coupled with the 
premature disbanding of protection forces in some of the ,years of the 
record, accounts for a large part of the October acreage (Fig. 18). 

SUMMARY OF INCENDIARY FIRES. 

In.cendiary fires have the greatest concentration of fires from any 
cause, and rank next to lightning in• intensity. Well-marked. zones. 
occur, determined in the main by the presence of brush. The locali­
ties of danger and the class of people responsible are pretty thoroughly 
understood. 
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Incendiarism is the most dangerous individual cause of fires. 
A vigorous campaign of law enforcement .as explained &hove offers 

the best chance of meet~ dangerous incendiarism. 
Extra protection late in the season is needed if1ncendiary elements 

are active. 
Because of the rapid spread of the fires and their usual occurrence 

in brush, quick discovery of and attack on incendiary fires are 
essential. 

OTHER MAN-CAUSED FIRES. 

Included in t~ group are fires f~om lumbering, sawmills, rpilr?f!,ds, 
and brush burmng, and fires of IlllScellaneous and unknown ongms. 
It seems ce:rtain that the great majority of unknown fires are man­
caused, as the curve- pf seasonal distribution corresponds exactly 
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FIG.18.-Number of inoondiary ft.rllS and the area b~l!(l 1 by months. (Based on Table lo.) Notice 
espeeiapy the large nUi:llbllf of flns,jn Septeml)er and uewner .aftl!l' ni;ost of tl:l;e,d~. of ftres from other 
causes 1s past. 

to that for man-caused fires, and differs decidedly from the lightning 
curve. (See Fig. 13.) Likewise; in Figure 2, ~ving fires by years, 
the curve from unknown fires follows in general the curve of man­
caused fires rather iihan the curve of lightning fires. Unknown fires 
are therefore considered as of huinan origin. 

LOCAUZATION OF INi>USTRIA.L FIRES. 

It has appeared ~ecessary to work out hazard areas for fires 
from any of these mmor causes, as all except "unknown" are of 
relatively slii?ht importance, and arise from industrial activities the 
location of wliich is well known in advance. 

L~bering fires, for exam:{>le, o~ur only when lo_gging operations 
are m progress or along logging railroads. True railroad fires occur 
only along ~hts of way of opei:f!,ting railroads. B~_sh-burning fires 
occur only m clearing lands. Miscellaneous fires ongmate from what 
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may be classed as freak causes and are fairly widely distributed, but 
only a few occur each year. . 

Generally speaking, where logging and railroad fires are of impor­
tance, sp!)cial prote~tion me~ -must be Assigned to coyer the. hazard 
areas which are always localized. A patrol along railroad rights of 
way, or a stationary guard (often a scaler) o'n lumbering-operations, 
can usually handle the · situation. To secure air.,tight protection: 
specii:il prevention measures., such as prepared fire lines and disposal 
of debns, are necessary. 

ANNUAL VARIATION. 

Table·l6 gives the data for these minor causes, showing the number 
of fires by years. Alto_gether these fires number a little. less than 
camper fires and only about ,20 per cent more than incendiary fires. 
The railroad and brush-burning fires for 10 y,,ears are less than the 
number of fires set by a s~le lightning storm. Brush-burning and 
miscellaneous fires. are relatively constant in number from year to 
year, whereas logging and railroad fires combined show a tendency 
to increase. It seems probable that railroad fires at times are re­
ported as caused by logging or logging. fires by railroads, so that the 
two should be considered together. Unknown fires are higher than 
usual in 1919 and 1920, but average only 6 per cent of the total. 
This increase is probably due to the increased travel in those years, 
thus thr.owing these fires not only into the class of m~-caused 
~es, but _prc;bably into camper. fp'es rather tli&n ~cen!3iary. (See 
:Fig. 2.) The total fires from all mmor causes were lower ID 1918 thsn 
in any other year, partly because of the low stage of industrial 
activity, partly perhaps becaU$e of law enforcement. 

SIZE AND DAMAGJil. 

In percentage of C fires, the class of min.or ~auses as a 'group is 
hlghei- than camper a:pd lower than incendiary: fires. (See Fig. 10.} 
Tlie high percentage of C in "unknown" is probably due to the fact 
that fires that are large when fire fighters arrive are diffi.c\J].t to 
classify as to origin. The low figure for logging fires ·probably 
reflects the fact that men acc~stomed · to fire suppression are u.sually 
n.ear by, whereas brush-burmnt fires show a mgh pe, cent, due 
frequently to the carelessness · ol ranchers or construction foremen 
in starting fires in unfavorable weather and to their lack of knowl-
edge of fire fightitlg tactics. · 

Of acres burned (Table 17 and Fig. 17) the minor causes have been 
responsible for 287,350 acres, or over 100,000. acres more than camp. er; 
and 140,000 less than incl\hdiary fires. The average fire of 134 a.cres 
and the average C fire of 446 .are obviously very high, ranking be­
tween .camper and incendiary fires, p,s does average perce:r:itage of 
C fires-22.9. 

The annual ~hanges in percentage of C, acres burned, and average 
fires are essentially .the same as for ot:qer causes already studied­
low •es for 1911-1916, a sharp rise ID 1917 and 1918, and a de­
crease in 1919 and 1920. It maybe pointed out once more that some 
factor or factors have operated alike on ·all· fires, whatever their 
origin, fro!U ye~r to yeai-: (See _Fig. _10.) · '.l;'hough each of the minor 
ca.uses ID 1tselhs of relatively slight importance, together they make 
up an average of 20.5 per cent of all fires and 22 per cent of the 
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acreage burned. Hence as a group they are distinctly worthy of study. 
Camper and incendiary fires, as has been sho'!ll, can be de.creased b.Y 
such means as enf orcmg the law and educatmg the public. But 1t 
seems clear, from a study of fires from minor causes, -that relatively 
little progress has been made in reducing their frequency. Fires from 
industrial c-auses have generally increased, and careless brush burners 
still are responsible for about as many fires as ever, A decrease in one 
year is generally lost the next. 

SPECIAL PBOTEC'l'ION NEEDED, 

From the standpoint of organization the proportion of C fires 
from such special causes as railroads, logging, and brush burning 
must mean that protection men have not always been located with 
reference to the particular class of fires they must handle. As a 
rule, where· fires from special causes are important, special protec­
tion must be given. One of the values of fire studies is to determine 
accurately the location and importance of these special ca.uses in 
relation to the protection program. 

Because of the great damage causwl by fires in slash, logging fires 
are particularly da;ngerous, and per!aps require attention ahead of 
any_ other special class. . 

The tendency to shift responsibility for fire fighting to owners on 
whose land fires originate has often led to delayed action in attack 
and consequently to fires of large average size. The present fire 
laws probably need revision and eit.J.argement for the State as a whole; 
but, nevertheless, even in their present form their vigorous enforee­
ment would do much to reduce man-caused fires. 

ALL FIRES. 

The preceding four sections have attempted to isolate the chief 
chara~teristics of fires grouped by causes, and to indi~ate the mQst 
eff ect1ve methods of handlmg each group. · These might be called 
problems of tactics. But above and overshadowing these differ­
ences b_etween groups and the res~lting diff etences in the. tactic~ of 
protect1Qn are certain broad questions, affectmg all fires, .tn.at might 
be compared to strategy. What, after all, are the aims of fire pro­
tection,, and how nearly in the light of 10 years' recorded experience 
have tnose aims been approached i ·A brief review of all the data 
will throw some light on these questions. The data so far presented 
show an average of 131,292 acres burned each year, or 0.9 _per cent 
of the total hazard area.. Part of this is in brush, part suffers only 
slight damage; but studies in fire damage show that an average 
loss of at least $3 per acre is a conservative estimate. Fires in· the 
pine belt of California; rarely destroy the forest over any considerable 
area; but just as rarely do they fail to cause considerable, though 
often inconspicuous, damage. It is the absence of spectacular 
damage that has tended to an undervaluation of damage. (Map. 4.) 

COST AND DAMAGE. 

It is clear that at the estimated rate of $3 per acre, damage averages 
about $390;000 a year. Suppression averages $68,000 (Table 2), 
and prevention, a,s nearly as can be determined, $150,000 p~ year. 

47099 Q-c-31-3 
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Of the $680,000 spent on suppression in 10 yea~ $86.,500, or 12. 7 
per cent, has consisted of the wages of forest orucers. Thus it is 
n~cei3sary to deduct an annual average of _ $8, 700 of prevention to 
offset an equal amount contributed to suppression, leaving a net 
amount of about $140,000. If the principle is accepted that the 
sum of the costs of prevention, suppression, and damage should be 
a minimum, it is at once evident that the first and most important 
problem is to reduce acreage and hence damage. Reduction in the 
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cost of suppression will naturally follow a reduction in acreage, for 
it has already been shown that the cost of suppression varies as to 
area bul'Iled; moreover, as the cost of suppression averages only 
17.4 per cent of damage, the emphasis must be placed on the factor 
of damage, although this in no way removes the obligation to handle 
suppresSion economically. 

IDB ROTATION AND TIMBER ROTATION. 

The need for reducing acrea~e, and hence damage, is great; but 
of greater importance is the difficulty of even the crudest form of 
forest management if the average fire rotation is practically equal 



Forest Fires in California, 1911-1920. 33 

to the average forest rotation. Whatever standards may have been 
advisable in the past, as some form of management is introduced, 
the necessity for more intensive protection increases. 

It has been shown that the burned area, both by causes, by years, 
and by forests varies as the percentage of C fires; therefore a reduc­
tion in acreage will come with a reduction in the ratio of C fires 

iuGH PROPORTION OF MAN-CAUSED- FIRES. 

Man-caused fires as a major group are far too high. The most 
dangerous single cause-incendiarism-has been measurably met _by 
law enforcement, and considerable progress has been made with 
camper fires. Probably more vigor in enforcing the law would also 
greatly cut down the fires from minor causes. 

There is evident need for improvement in the sup:eression of man­
caused fires, and how this m.ay be accomplished will be considered 
later in the present circular. 

UGHTNING THE MOST SERIOUS PROBLEM. 

Lightning fires, however, form _Probably the biggest problem that 
must be met. As individuals or m small groups, such fires ar&-very 
easily handled; but in large groups they result in high acreage, cost, 
and damage. Even with the vecy best success in preventing man­
caused fires, a serious lightning problem must still be met, and an 
area of nearly.: 11,000,000 acres, or 74 per cent of the total hazard 
area, must still be pr~tected. 

Table 18 shows that in total cost (prevention, suppression, and 
damage) lightning is far and away the most important individual 
cause. (See also Figs. 17 and 20.) Next comes incendiarism, of 
which it has been shown that a grasp of its danger coupled with 
aggressive attack has led to some success in stamping it out. 

· The present emphasis in law enforcement is on camper fires, but the 
minor causes as a group are evidently of somewhat greater importance 
than camper fires. 

SEASONAL DISTRIBUTION BY CAUSES. 

The ~eat diff~ren~e in seasonal di_stribution of fires from different 
causes .lS shown m Figure 13, In this, fires from. ~ach cause are con­
sidered as 100 per cent, and the percentage of these occurring in each 
month are computed. From the forms of these seasonal curves it is 
evident• that there are five groups, ·as indicated in the upper corner of 
the chart. 

FACTORS OF CLIMATE. 

It is now/roposed to treat of weather conditions as affecting the 
methods an results of protection. . 

The first important question to be answered is the length of the 
season of fire danger, or, in other words, the average opening and 
closing dates. In deriving these data, which a:re iiven in Table 21, 
the dates of the first and of the last fire have been taken for each forest 
and year. It is recognized that the date of the first :(ire is not neces­
sarily the dates when special protection forces become necessary, and 
t,he same is true of the closing date. 

• 
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OPENING AND CLOSING DA'PES OF PIRE SEASON. 

Considering. first the individual forests and grou_ps as previously 
defined, it _is found that the openini date is earliest in Group 1, 
6 days later in Group 3 16 days later m Group 4, and 21 days later in 
Group 2. This doubUess is an expression of the fa.ct tlia.t in the 
first group the forest boundaries generally go well down.into the foot­
Jµlls where heat and drought ca.use early fires; in Groups 3 and 4 the 
boundaries a.re progressively farther back; and in Group 2 the low 
west slope is lacking, giving this group a larger proportion of area at 
high altitude and consequently a lower fire danger. 
· 'The average closing dates a.re practically in.dentical for Groups 1, 

3, and 4, and even for the individual forests, though Group 2 has a 
closing date 13 days earlier than the others, ag,'l,m because of its 
la.ck of low country. Usually seasons are simultaneously ended by 
state-wide storms, regardless of geographical position.. The average 
length of the season thus decreases by ~ups in the order 1, ·3, 4, 2. 
For the allotment of protection funds, the relative positions of the 
forests and groups can be a.cceptei:l as indicative of the comparative 
length of the season to be expected. Different forests and groups 
will have different opening dates, but about the same closing dates. 

'The time of putting the special protection forces on duty is largely 
determined by the occurrence of considerttble numbers of fires. 
Table 20 shows only a few scattered fires in March and April, less than 
3 per cent of the sea.son's total in May, but over 10 per cent of the 
total in June. The bulk of the May fires a.re in Forest Groups 1 and 
3, with opening dates earlier than the average. In these groupl:l, 
some protection is needed late in May, but for the other groups the 
average opening date is about June 1. 

The considerable number of fires in October clearly indicates the 
need for protection late in the season. The mistake is sometimes 
ma.de of tak~ off protection forces after · the first rain ( usually in 
September), with tlie risk of serious fires jf a period of warm dry 
weather follows the rain .. The earliest closing date of the 10 yea.rs 
has, been October 1, and it is safe to say that the average of October 
23 is not f a.r wrong. 

The length of sea.son, as shown in Table 21, has an extreme range 
of 44 days, 1918 having had the shortest and 1919 the longest season. 
No formula. can be given by which the judgment of local officers on 
the opening and the closing dates can be replaced. In allotting pro­
tection funas, however, the differences between forests a.re apparently 
worthy of c~nsidera.tion. · 

EFFECTS OF ANNUAL VARIATIONS IN WEATHER. 

' It is well known that differences in weather, and hence in the 
diffi.cultY'of eontrolling fires, occur from year to year, but giving the 
proper_ weight to t1'-ese seasonal ~fferences has proved to be an 
exceedingly complex J>roblem. Usmg large numoers of fires as a 
basis, it se,ems probaole, on th,e one hand, that the percentage of 
fires attacked within a · ~given elapsed time.....;.ga.y, o-4 hours a.f ter 
start-that beco:nie class C will be constant from yea:,; to year, provided 
physical: and weather conditions remain. constant, and that, on. the 
other hand, the percentage of C fires will vary as these condit10ns 
vary; that is, if in 1914, 20 per cent .of all fires attacked in less than 
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four hours became C and if in 1919 age.in 20 par cent is the figur-e, 
it seems safe to say that there was no significant difference in seasons 
in these two yea.rs so fil.r as rate of spread is concerned. 

Conceivably, considering all man--ca.used :fires as a group, there are 
at least three faciors that ID&J' iniuence and tend to nullify the 
assumption that, other factors being equal, the percentage of C fires 
will vary with weather and physical conditions. The first is the 
undoubted increase of inflammable material on the ground, which 
would tend to make suppression more difficult from y:ea.r to yea.r. 
The second factor is the possibility tha.i the technique of suppressio.n 
ma..y _have changed during tl).e period, so that if it has improved, a 
certa.m percentage of fires will be caught as class B which formerly: 
became class C. The lhird factor is tlie variation in the behavior of 
fires from diff er~nt causes and consequently: 'the important effect of 
the relative proportion of fires from tlie various ca.uses from year to 
year. 

The effect of the second factor, that of human efficiency: can be 
minimiz~d by using the percentage <?f class 4-fires instead of_ class C, 
because an A fire IS so small that Its remaining an A fire IS much 
~ore likely to be due to weather and <>,ther natural factors ~han to 
Jmproved technique of suppression. Figure 19 1?ased on _about 
2,000 fires on four for~ts, reJ>resents the seasonJ differences m the 
rate of spread of fires. It i:loes so indirectly: by .giving the per­
centage of fires that spread to the C class in different seasons in the 
same ela:psed time from start of fire to at~k. For insta.n.ce in 1914 · 
only 24 per cent of all fires attacked within four hours after start 
reacl1:ed the C stage. In 1917 this rose to ,39 per cent, thus 
sho~ that the latter year. was more -fa.vo:rable to large· fires than 
the fo:m1.er. But, as shown abov~, improvement or deterioration in 
fire protection from year to yea.r may seriously affect the validity of 
the ~es by decreasing or mcreasing the proportion of B :fires that 
become C fires. Therefore class .A fires a.re used because they a.re 
so small (one-fourth acre or less) that clin:la.tfo factors md c6nse-
9.uently ~he ease or <lifficulty _:with which ;fire sp!ea.ds a.re much more 
likely to influence the proportion of A fires than.is the speed of ·attack 
by the _I>rotection :force. . 

It will be noticed that the seasonal difliculty increased from 1914 
~ 1917, then dr(!pped, and in~reased ~a.in in 1920: If ,this method 
IS a correct one, It must be evident that seasonal differences are one 
of the major factors in determining the results. of ·protection.. 'l'he 
values for 19!5, 1916, and 1917, already discussed1 may ~onceivab!y 
have been rtUsed by the, great preppn:derance of mcendi~ fires m 
the man-cause4 group, and these have been shown, of all fires, to 
have the highest coefficient of danger .. The values fQr19l9 and 1920 
may have 'been correspondingly reduced by the sma.11 number of 
inc~ndiary fires. . 

Taking the same Forests used before, Figure 19 shows also the 
seasonal factor derived fr9m camper fires,alone .. The C curve shows 
that, the problem being thus 'narrowed down, the course from ye~ 
to year has been essentu1Jly the saxne ~ for all man:--0aused fires, and 
that the. seasonal factor is rresponsible for a. maximum of 10 per cent 
of class C fires, provided the technique. of· supJ>ression hBB remained 
the same.from year to :year. This maximum is determined·by the 
difference between the highest and lowest points on the curve. 
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PREDICTION OF EMERGENCIES. 

Up to the J>resent time, studies of individual climatic factors as 
affecting fires have not gone far enough to· permit discussion of this 
important subject. Studies now under way give promise of devel­
opmg methods of predicting impending fire emergencies a short time 
in advance, so that the necessary expansion of the protection force 
may be made before, rather than after the emergency has occurred. 

~0----,-----,--------------------
Percentage of all man-caused 
fires attaci<ed in O to 4 hour:, 
which we_r-: suppressed a.s ---+-----+-------1 

class ::.4 
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cause fi 
in O to4 . 
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FIG. 19.-Sea~onal factor. Based on study of elapsed time of man-caused fire on Klamath, Shasta, Tahoe, 
and California National Forests. In a bad season, such as 1917,.the fires spreaq more rapidly. Conse­
quently a higher percentage of those attacked within a givenJength of time became Class U flies than in 
a relatively good year, such as f914. For.the same reason a smaller percentage of fires are fought as Class 
A fires. The relative po3ition of these index figures for the different years may measure seasonal differ• 
ence. 

ORGANIZING FOR EMERGENCIES. 

At this point the question may be raised as to whether organization 
should be for average intensity or for maximum. So far as can be 
seen, a successful record in an· extremely bad season, such as 1917 or 
1920, must be made, other things being equal, by a quicker attack 
on fires, in order to overcome the e:ff ect of climatic or seasonal factors 
on the rate of spread of fires. Average performance will serve in an 
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approximately normal year, but in a bad year qwcker work must 
be done or a greater acreage will burn.. Perhaps the situation can 
best be ?»et by _combini~g the impr<;>vement of ~he existing protectio.n 
force with an. mcrease m the scale of protection. It seems .an un­
sound practice to build an organization capable of handling the nor­
mal situation, with the probability that one bad season may vitiate 
the results of years of successful protection. 

Although it is important to determine after a season i~i_ over that 
it was better or worse than average1 the most pressing need is for 
some method of foreseeing periods ot exce:etional danger and for an 
organiza~ion large enough and :8-exi;ble eno~ to meet cri~cal seasons. 
When. cnses can be foreseen, it will be possible to orgamze for them 
within the critical period without the need of constantly maintaining 
emergency forces. 

DAMAGE. 

The preceding sections have dealt with the inherent characteristics 
of fires of various origins and with variations in climatic factors as 
affecting fires from year to year. These are the ultimate p_l_iysical 
factors that det~e the. nature of t~e fire problem.. ~e following 
two chapters will deal with certam unportant financial aspects of 
fire-first, the element of damage, and, second, the cost of suppression. 

The reports on individual fires give estimates of damage separately 
for timbm-, reproduction, and range. These figures are·lmown to be 
inaccurate, as most estimates are of necessity made immediately after 
a fire, when the extent of damage is difficult to detetmine. 

For 12 forests in 10 years the a.verage damage to timber, as r~turned 
in fire reports; was 525 board feet· per acre burned, a figure certi,.inly 
much too low. Intensive studies of direct fire damage to timber 
have been made on 7 large fires on 3 forests, with results shown in 
Table 19. The average damage on these areas is about 2,000 board 
feet per acre, or four times the average damage originally returned. 
With an average stumpage ra~ of $1.50 per thousand board feet, 
the average damage is thus about $3 per acre burned, a figure suffi­
ciently conservative for general use. The use of a flat r3te is recog­
nized as an unsatisfactory expedient, but until more accurate figures 
on damage in different forest types are available no other course is 
open. 

No one doubts the fact of damage to reproduction and merchantable 
timber, but the tremendous loss to brush fields in California is per• 
haps a more serious. blow to economic welfare than the loss even of 
m~rchantable timber. Differences of opinion on the exact method 
of valuing the damage from brush fires do not alter the fact of damage. 
Such loss is analogous to the comJ.>lete wi__ping out of timber stands 
with no reproduction following, as m the Pacific Northwest. Again, 
as an expedient an.average value of $3 per acre-certainly a conserva­
tive figure-is used in expressing this loss. 

DAMAGE THE MOST IMPORTANT FACTOR. 

Excluding entirely the indirect damage to watersheds and the 
destruction of forage, and using only minimum figures for damage to 
timbeP and reproduction, the point to be remembered is that damage 
is the most important factor to be considered in any study of the 
fire-protection problem. On the present scale of protection, damage 



88 Circular 249, U. S. Department of Agriculture. 

is over 50 per cent of the total cost of :fires in the formula preventioq., 
supJ?r~on, ~d dam.age, a~d is the :final criterion to be used in deter­
m.imng mtens1ty of protection. 

COST OF SUPPRESSION. 

Although damage is the largest factor in the total cost of :fires, the 
cost of suppressio~ is of great interest and i;mportanc.e, both ~t~si­
cally and ~use 1t offers one of the few t~ble standards for Judging 
the difficulties of fire :fighting and the qq,ality of performance in the 

,,,differeat .. J?Oll'8St.s ed r~onal groups. The cost of .su.ppressing class 
A fires may be taken as an~· dex of these difficulties.· 

FU'St, unit costs of suppr sing class A lightnin_g fires and class A · 
fires from other causes a.re en separately in Table 22 (~ also )figs. 
20 and 21), based on an eight-year average. The cost per A fire is of 
high significance. Beginajng with the highest, the Forests rank: 
Klamath, Trinity, Shasta, California (northern_group) with an average 
of $5.77; Plumas, Tahoe, Eldorado (north Sierra group) with an 

PER CENT OF TOTAL NtlMBEfi'OF Fl/?£S PER C£/'IT OF TOTAL Alf'EA BURNED 
60 fO ~O .30 ,?0 /0 0 0 /Q ,?Q JO -#0 $0 60 70 

L16HTNIIV6 

1 
M;fN•CAUSEO,;'\-

CAMPER 

IIVCCNOIAfi'Y 

l/MKIV0JPVN 

i.066ING 

BHVSH suHIV1NG 

RAILHdAOS 

Fm. 20.-Relation between number of ft.res 'from various causes and total area burned and between 
llm=and man-caused fires as major group. s. (Based on Tables 16, 17, and 18.) The intrlnsio danger 
of111 . Ares, shown by large area buried relative to number of ft.res, poin:ta to extreme need tor 
control of cause. · 

average of $4.44; Stanislaus, Sierra, Sequoia (south Sierra group) 
with an average of $2.61; Modoc and Lassen (east side group) with 
an average of $2.35. The average for all is $4.38, which is tlie same 
as for the Tahoe. 

What does this striking and consistent grouping mean W It seems 
to indicate clearly that the figures represent inherent differences 

' between the fo'rests in ease of transport and travel, the average dis­
tance of travel, and the influence of cover on the amo:unt of work 
needed to corral a small fire. Efficiency enters into the futures only 
to a very ~ht extent. To be sure, the peroentages of A'. :fires on 
two forests giv~ a COil!,parison of the relative efficiency (?f suppression, 
but cost per A 1s not influenced by the element of efficiency. If one 
man or gr?UP of men persistently.too~ .crews to small fires, it wou!d b_e 
reflected m costs; but an exammation of the range of costs mdi­
cates that all forests have h,td A fires costing over $'50 as well as 
fires costing very little. A small fraction of the differences may be 
due to this cause; nevertheless, it appears to be true that A costs 
really reflect the relative difficulty of suppression on the several 
forests. The gradation from north to sout,h is too regular to be 
accounted for on the ground of coincidence. 
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EPFlroT OF BBUSB FIRES ON AVElblGE COST. 

Table 23 sh,ows for the three years 1916-1918 the percentage of 
fires in various-forest groups classed as brush fires. (See also Fig. 21.) 
Fires in brush under timber are included because they are essentially 
like pure brush fires in difficulty of suppression. In the northern 
groups· 55 per cent were brush fires, in the north Sierra 59 per centt 
m tlie south Sierra 35 per cent, and in the east side 40 per cent. 
Evidently the character of the cover is an important factor in deter­
mining the cost of A fires.,1 thougli other factors, such as ease of travel, 
also-~nter into the problem. . 

This table also grves the cost per fire of timber and brush fires. 
(8"e also Fig. 22.) The muq_h J:tighei:J>~rcentag~ of C fires in brush and 
the greater amount of work m.building _fire lines are both reflected 
in the greater average ~ost per fire: Of all fires in brush 42.4 per 
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cent became class C, w;hereas in timber only l8,3 per cent were C's. 
(See Table 23.) In cost of suppression, the contrast is even greater­
$98 as against $~4 a fire. 

'Studies !)f unit co~ts on camper incendi~,. and all fire~, show the 
same relative gradation from north. to south with an occasional value 
out of line 'if only a few fires are represented. There appears to be 
no need of pres~nting the data in detail for each separate cause. 

COST OF C PIBES. 

. The costs of cl~ A fires are m<?re important as indicatini the indi­
vidual characteristics of the vanous .forests than on then- own ac­
count. 'l'he. _great bulk of, suppression money goes for the C fires. 
In studying these it is at once necessary to subdivide into size groups, 
as a C fire is any fire over 10 acres. This has been done by forming a 
rough geometncal progression: 10-20 acres, 2o-40, 40-80, 80-160,. 
160-300, 300-500, 500-1,000, 1,000-2,000, 2;..000-5,000, 5,000-
10,000, 10,000--20,000, 20,000-50,000 or tnore. uosts were grouped 
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according to this plan for each forest and year, and:finallycombined 
in Tables 24 and 25, giving 10-yell,r averages for each forest and each 
group. 

VARIATIONS INC COSTS IN DIFFERENT GROUPS. 

An examination of the table shows at once that both for the indi­
vidual forests and for groups certain values are either high or low 
with reference to adjacent values. It is also evident that costs in­
crease more slowly tlian areas from one size group to the next. 

In order to determine whether any general tendency exists, the 
assumption is tested that on the average cost of suppression should 
vary as the sq{\are :root of the acre.iige. That is, it seems probable 
tbJtt a relation analogous to that between the perimeter and the are& 
sli>uld exist. · In actually testing this assumr.tion with a large num­
ber of class C fires, the assumed law .holds stnkingly true up to a size 
o(t1,,300 acres. (See Table. 24 and Fig. 23.) From that point costs 
mount more rapidly than they should according to this rule. One 
of1;;:two explanations for this is possible: Either the rule does not 
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FIG. 22.-Iniluenee of cover type on percentage ot fires in various classes and on suppression costs. (BIISed 

partly on Table 23.) 

apply because, o~ the increasingly irre~ar shape of large fires, or the 
standard of performance for large fires 1s not so.well worked out as for 
smaller C fires. -

Up to fires of about 300 acres, the increase in unit cost is fairly 
1'egular, but above that it fluctuates widely. It serons probable that 
on fires of 300 acres or less the matching of re.sources to the 'job is on 
the average pretty thorou~hly standardized, whereas beyond that 
point the difficulty of handlmg a more complex organization becomes 
increasingly apparent. Possibly lost fire hne is also a factor. 

In order to express differences in costs between fores ts and groups, 
the cos~ of fires for the size classes 10 to 300 acres are averaged. 
It seems that Group 3 has somewhat the highest cost, $126; Group J 
next, $112; Groups 2 and 4 pretty nearly the same, $80 and $76. 
On the whole, there is a fairly close relation .between the class A 
costs and the class C costs. (See Fig. 24.) 

Further study.of the .table shows tha.t individual forests"within a 
gro.up (for.· ex:~ple, the Califonµ.a an.d ~ldorado) do not corresp. ond 
as closely as mign.t be expected m the umt costs of C fires. It se~ 
that certain forests have more nearly learned to match resources to 
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the joWthan have others, and ~hat on many of the forests the general 
scale of costs could perhaps still be reduced. · 

Great fluctuations in costs of individual fires as compared to the 
average for the size class have occurred and certainly will continue 
to occur. Progress in the matter of unit costs is likely to come 
through a careful comparison by_ each man of his own performance 
with reference to the averages which he himself has helped to create. 

ACRES 

~ 
~ 2/ ro 40 ... 

~ 4/ TO ,!JO. { 

~ i;:;::;:;:;;;;i,= 
: 8/ TO ✓60--{ ' 

~ /6/ ro Joa{ -~ 
~ JO/ TO .soa{ 
'<: 
~ SO/ T0/000 

·'­
} ,ooo ro.eooo{ 

,2tJOOT0,5QO&l{ 

1'/ TO .?O. ·-{ 

C/ ro 40 ·{ 

\ 
1 ~ 4/ ro 80 ·{ 

I:, 

~ e 1 TO /60 -{ 

' ~ /C/ ro JOO. 

:• ! JO/ TO .SOO { 

~- so, ro ,ooo} 
~ l 

/OOOT0..?-000~ 
l 

?000 "TO 5ot'O { 

AVCl'fA<it: COST PE:l'f l""IRE: -DOLLARS 
200 ,!00 400 -~00 600 700 8()() !JOt? ~(?00 //00 /,M/() 

FIG. 23.-Relation of actual suppression costs to costs as computed by general law. (Based on Table 24.) 

COST OF SUPPRESSION SUBORDINATE TO DAMAGE. 

To establish standards in costs of suppression without reference to 
more importaht considerations is likely to be dangerous. Costs of 
sup_press10n have, on the average, been small compared to damage, 
and to put the emphasis on low costs of suppression without refer~ 
ence to the areas burned is .putting the- cart before the horse. High 
unit costs often reflect a safety factor in taking oversize crews to fires, 
with the primary object of saving acreage and damage rather than 
att~ low costs. Considerable latitude should probably be 
allowed m this respect, the ideal of attainment being not low unit 
costs of suppression but a low totiµ of suppression cost plus damage. 

There is a great opportunity for improvement in the technique of 
suppression, and contmued study may be expected to result in both 
lower costs and lower damage. 
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A!_fflUAL FLUCTUATIONS IN UNIT COSTS. 

The Forest Service h~ suffered from the rise in the prices of com­
modities and of labor. Table 26 shows for each year in the decad& 
under consideration the a-v-erage cost of :fires of th.e different size­
classes up to 300 acres. 
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Considering first only the more obvious features of Table 26 (see 
also Fig. 25), from 1911 to 1913. unit costs were practically constant 
with an average of $100. In 1914 unit costs almost doubled, fell 
somewhat in 1915, and dropped sharply in 1916 nearly to the 1911-
1913 values. In the preliminary discussion it was pomted out that 
the DaBois protection manual issued early in 1914 laid down as the 
goal aimed at the principle of low acreage as contraste<l with low cost 
of suppression. That this policy resulted in the general practice of 
taking oversized crews to fires with the object of insuring a large 
enough factor of safety is clearly reflected in the unit cost of 1914. 
Conversely, the suppression manual of 1916 insisted that suppression 
costs were too high and that m<;>re emphasis must be placed on red1.1-c-
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FIG. 26.~Effect at policy and changes in commodity priees on unit cost of suppressing fires. (Based en 
Table26.) 

ing them. However, as the knowledge of damage was limited, this 
factor was in practice rated very low m the protection formula, costs 
of prevention, suppression, and damage. In other words, unit costs 
are definitely influenced by policy. In 1917, in spite of continued 
insistence on low costs, they began to rise with the beginning of 
increased commodity prices. 

Since 1918 costs have risen steadily as the prices of commodities 
and labor have increased, and the funire for 1920 is two and one-half 
times as high as for 1911. Much of this increase is due to the general 
rise in prices, although a part of the 1920 rise is probably a reflection 
of policy. 

It is clear that in studying performance from. year to _year, sup­
pression costs must be reduced to comparable terms. The period 
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averages for 1911-1913, 1914-1917, and 1918-1920 are therefore used 
in subsequent discussion, with the average for the middle period as 
the base. 

An examination of the truble also shows that in the early years of 
t.he record the costs fluctuate considerably from size class to size 
class; but later from year to year the costs show less and less fluctua­
tion, and it seems probable that the practice of fire fighting has 
become more and more uniform, so that on the average the resources 
employed on fires are better gauged to the job than in previous years. 

ELEMENTS OP COST OP SUPPRESSION. 

Table 31 shows for the different years the total cost of suppression 
subdivided into its component parts. (Stle iilso Fig. 26.) 
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Fla.26.-lnthe_variouselementsmakingupcostofsuppression-notethattemporarylabor,as~- tage­
of the total, has remained fairly constant. Forest officer labor has decreased · ortiona , though 
absolutely it has increased. Tools and supplies have increased rather-steadllnBased on able 31.) 

Temporii,ry labor has been relatively constant, averaging 52.7 per-
cent of the total, with extreme values of 49 to 58 per cent. 

While the proportion of total expenditures made up of forest 
officer labor has declined steadily, its absolute value has risen. There 
is every indication tru,i.t forest officers spend mote time on fire sup­
pression now than fo:tnierly. It is also ciear that on the average 0nly 
a,bout $1 of forest. officer labor for $5 of temporary labor 1s now 
applied, compared with a 1 to 2 ratio in the earlier years of the 
record. This is perhaps merely an indication that supervision of 
temporary 111,bor 1s not now so close as formerly, which may be good 
or bad. 

The percentages as well as the amount of expenditure for tools,. 
equipment, food, and transportation have risen rather steadily, the 
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year 1914 being out of line. In general, the decrease in the percent­
age of forest officer labor has been offset by the higher cost of tools 
and equipment. The increasing use of the automobile is probably 
reflected m this item. The 1920 costs for tools and equipment appear 
relatively somewhat too greatt though, as shown before, this is 
largely due to- the high cost of a1l commodities. 

The analysis of these elements of the cost of suppression indicates 
what, on the average, the pr~portional cost of the various items has 
been. Any marked departure of one item from the normal position 
should be regarded as deserving special study. 

CONTINUITY OF PROTECTION. 

T:5.e analysis so far made of fire statistics indicates that in actual 
performance there have been considerable changes from ye11,r to year 
m the area burned, consequently in the damage, and less important 
in the costs of suppression. 

Comment has already been made, or will be made later, in this 
paper on various physical factors in the protection problem-th~ 
mfluence of emergencies, the effect of speed or lack of speed in reach­
ing fires, the effect of individual bad seasons, the charactetistics of 
fires from different causes1 the effects of some of the methods of 
indirect control (such as law enforcement) in reducing fires, the 
various causes that may be responsible for breaks, and similai: 
factors. 

The fact has been insisted on, an,d is wor,th repeating, that con­
tinuity or consistency- of _protection is the goal to be aimed at,. a goal 
which can be attained only by reaching fires when they are still small. 

ELAPSED TIME. 

Grantjng the difference in behavior of fires from different causes, 
or in different types of cover, or under varyi}!g conditions of weather, 
there is one element of protection that clearly indicates whether the 
organization is effective or ineffective. That element is speed of 
attack as expressed by elapsed time. The question of elapsed time 
is at the very heart of the fire problem, and no phase Qf protection is 
more worthy of careful study. 

Elapsed trme is defined as the time from the start of the fire to the 
first attack on it. For more detailed study, the following subdivi­
sions of elapsed time are rooognized: 

DiscovefJ! time.-From outbreak of fire to discovery. 
Report time.-From discovery until report is received by attacking force. 
Get.-away time.-From receipt of report until attacking force leaves for fire. 
Travel time.-From time of leaving for fire until work is begun. 

The time of outbreak is necessarily an approximation on most 
fires, whereas the time of discovery is generally definitely known from 
the lookout record. A comparison of data, u.sing these two points 
for two important forests, indicated that one point was practically· as 
reliable as the other; that is, errors in reporting the time of outbreak 
of irrdividual fires compensate when groups are used. As figures for 
elapsed time from outbreak to attack: are more readily available than 
from discovery on, the former have been employed in this circular. 

In the study of elapsed time, only man-caused fires are used, as 
many lightning fires lie dormant for hours or days and hence are not 
so susceptibl& to analysis. 
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In this study of elapsed time, it is not sufficient to use a si!igle 
average of elapsed time on all fires as a few fires with very long 
periods will distort the average. Therefore, the method used is to 
regard the total number of man-caused fires in a given Forest in one 
year as 100 per cent, and to compute the fires attacked in 0-1 hour, 
1-2, 2-3, etc., as percentages of the total. 

Figure 2-7 shows, for representative forests, the annual variations 
in elapsed time (as above defined) for each year from 1914 to 1920. 
The data were not recorded before 1914. On the same chart is shown 
the percentage of all man-caused fires becoming class C. 

SPEED OF ATTACK AND PERCENTAGE OP C PIRES. 

It is clear that a close :reciprocal relation exists between the speed 
of attack and the area of the fire. From 1914 until 1918 the average 
elapsed time increased with a corresponding increase in the propo.r-
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FIG. 27.-The relation of elapsed time to the proportion of Class C fires (man-caused). The total number 

of man-oansed ftres In one year ls r!!Prded as 100 per cent. The curves show,· then, what percentage of 
tilese total fires were attacked within 1 hour, 2 hours, 4 hours etc. Thus in 1914, 99 per cent of man• 
caused ftres were attacked within 2, hours, whereas in 1918 o'iil.y 82 per cent were so speedily attacked. 
The lowest curve, percentagl! of Class e firesJ consequently rises from its lowest point (22 per cent in 
1914) to 51 per cent in 1918. This shows the ruose connection between speed in attack.and percentage of 
Class C !\res. As· has already been demonstrated, there ls a close connection between percentage of 
Class C ftres and area, and consequently cost and damage. 

tion of C fires. An increase in speed in 1919 resulted in a decrease 
in the percentage of C fires. In 1920 practically no change in either 
factor took place. 

Figure 27 indicates the trend of events for the past seven years. 
Fi?ures 28-30 for three individual forests represent the various 
types. of data that are met. Figttre 28 shows a forest with a long 
gradual slowing down of speed, followed by sharp recovery. Figure 
29 represents a Fo!est with rela~ively sµ_ght changes_ in speed from 
year to year and with correspondmgly slign.t changes m the percent­
age of C fires. ~e 30 sliows a forest with wide fluctuations from 
year to year and with no long-continued trend in one direction. 

An examination of all these charts indicates that regardless of the 
efficiency of the fighting force after reaching fires, the speed of .attack 
on the average fire determines whether a protection organization 
delivers satisfactory or unsatisfactory results. It is obvious, of 
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comse, that mere arri:val at a fire means nothing unless effective fire 
fighting is. doneJ b~t, nevertheless, the first essentia;I is to get there. 

Expressmg the mtportance of speed of attack m another wayt 
Figw:e 31 shows the· size of the average fire in relation to the speed of 
attaek on the Shasta National Forest. Again, it is evident that, 
regardless of evecythim? else, there is a perfectly clear-cut relation 
between speed and nesults. The same relation can be dem<Jnsirated 
in other ways: By the percentage of C in relatibn to speed, or by the 
cost of the average fire, or damage per fire in relation to speed. 

INCREASED SPEED OP ATTACK NBEDED. 

Detailed studies of elapsed time indicate in gen~ral that efforts 
should be concentrated on cutting down discovery tim_ e "?I. lookouts, 
and get-away and travel time by the men going to fires. High report 

Ji'iG. 28.-Therelation of elapsed tlmetothe:IJi:oportion of Class C fires (man-caused) on the Shasta National 
Forest. Th81111 curves show a gradual declin:e in sJ)eed of attack to the low poiQ.t in 1918, and then a 
sharp recovery In 1919 and 1920. Coincident wipi this abrupt incresse in SPeedthere ls'an egually abrupt 
and striking drop in percentage of Class C fires. ;(Basis, 516 fires.) Notice that the speed of attack for 
the years lltll-1913 could be computed with a fair degree of accuracy. A complete cycle of protection 
and the start of a new cycle Is epitomized on this chart. 

time is found where Mmmunication: facilities- are poor. Local studies 
along these lines are invaluable in isolating the particular factors or 
men at fault, ~d ~htnild be made currently on every protective unit. 

It may be s&1d lil general that an adequate study of the data on 
elapsed time is equivalent to a study of the entire ~otection organ­
ization. Such factors as putting men in the wrong ptace or in having 
too few of them to handle :fires show up clearly in such a study, and 
unquestionably have a direct relation to elapsed time. 

TWO FACTORS AFPECUNG ELAPSED TIME. 

Elapsed time is affected in two ways: First, by the action f~r 
which individual p_rotection men are ~esponsible, _such as. sl~w. get­
away; and, secondly, by_ faulty pl~ ov~r which the md1v1dual 
has no control, such as mcorrect J>OSit1on with reference to hazard 
areas or having more fires than can be handled by one person. 

47099 0-31--4 
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Starting with the final result, damage, expressed in terms of acreage 
burned, it has been shown that this is a function of the percentage 
of C fires1 and that percentage of C fires is a function of speed of 
attack, with the character of the individual season and the bunching 
of fires as factors modifying but not upsetting the b:road fundamental 
relationships. The enormous importance of elapsed time is therefore 
apparent. 

BREAKS. 

In studying the performance of a large organization like the 
Forest Service~widely distributed, worlQng under pioneer condi­
tions, compelled to fight :fires under the greatest difficulties of trans­
port and communicat1on, and usually at a distance from a sup{)ly of 
labor-it is natural that the actual execution of a job of fire-fighting 
does not always measure up to a theoretical st;mdard. Many fires, 
viewed after the event, could. have been handled at a lower cost or 

JO t-----+-----+----+-----+------+-----1-------l----+----------"I 

FIG. :ae.-The relation of elapsed time to proportion of Class C fires (man-cause,d), Tahoe National Forfflt. 
These curves show only slight changes In SJleed of stt!ICk from year to year and relatively slight changes 
in proportion of Class C fires. 

with lesi;i damage than they were handled; but any complete criti­
cism of such a :1_>erf ormance must be based on a lmowlooge of the 
peculiar difficulties under which the pocticular attack was handled 
and carried out; and it is in the light of such allowances that this 
section must be interpreted. 

DEFINITIONS. 

A "break·' may be de:fjned as the occurrence of a fire or a series or 
group of fires, which. (1) with the resources avcailable at the time 
could have been handled at a lower total cost (suppression plus 
damage); (2) with additional resources could have been handled at a. 
lower totali (3) could not have been handled with any possible 
resources. -.. 

The first group may be spoken of as breaks in local organization, 
or faults of execution; the second as breaks in general organization, 
or faults of planning and preparation; the third as catastrophes, or 
faults of circumstances. 
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CAUSES OF BREAKS. 

Group 1, as above defined, may be subdivided as to cause into-
1. Carelessness, poor work in suppression, f allure to follow instruc­

tions, etc. 
2. Doubtful decisions; with two or more possible ways of doing a 

job, perhaps the wrong way was chosen. 
3. Influence of minor emergencies. 
Group 2: . 
1. Emergencies; insufficient men to handle fires. 
2. Unfavorable weather, overtaxing an otherwise adequate force 

organized for average conditions. 
3. Incorrect placmg of men with reference to occurrence of fires. 
4. Indefinite policy; loss of time in determining how to proceed. 
S. Leaving to the men on the ground too much latitude of decision, 

with the result that relatively inexperienced men may make costly 
errors. 

Group 3: 
1. Extraordinary climatic conditions. 
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ANALYSIS OF BREAKS. 

Within the experience of the Forest Service in northern California 
it is doubtful if any of the breaks can be charged to Group 3, though 
it has been shown that climatic factors are an important influence 
in fire protection. An examination of the limited available data 
may perhaps help to decide on the relative importance of the other 
two groups For this purpose there will be used detailed analyses. 
of all C fires on one forest for two years, in 1917 and 1920. In making 
the analysis, it has been found that occasionally several factors have 
contributed in certain fires, but almost without exception .one domi­
nant factor can be _isolated. Ta'ble 27 gives the data for both years 
combined. (See also Fig. 32.) 

Coming under Grou_p 1, as defined above, 11.8 per cent of C fires 
were due to poor tactics in fire fighting and resulted in 9.8 per cent 
of the total burned area and 32. 7 per cent of the total cost of suppres­
sion. To this must be added 7.1 per cent of ~ :tires caused by too 
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slow a get-away, making a total of nearly one-fifth of all C fires for 
which breaks in the local organization are responsible. 

Falling in the second group are the fires, totaling 13.4 per cent, due 
to the lack of men to send; mother words, to unaerorganization for 
e:rnergencies. Slow detection on account Qf i;µnoke is often erolonged 
by the failure to organize an emergency patrol, but this failure may 
frequently be due to the difficulty of securing competent men on 
short notice. Slow detection is responsible during the two years 
mentioned for 26 per. cent of the O mt,s on this forest. 

The policy of overemphas~ low cost of suppression and under­
emphasizing the element of damage was responsible for 7,9 per cent 
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of the fires an!1 the high total of 52 per cent of the area. These figures 
once more pomt out the danger of the low cost theory. 

Failures due to poor work by cooperaters, · chiefly employees of 
lu:rnber companies operating in the national forests; form 8.6. p~r 
cent of the totalnu:m.ber and 10.6 per cent of the acreage. This m 
the main is a question of finance-relY4ig on men: outside the organi .. 
zation because funds do not permit placing special men at known 
points of danger. 

Finally, 25.2 :(>er cent of these O fires can be classed as satisfactorily 
handled. Leaving. out these 32 fires and the 10 traceable to the 
policy of low costs, the balance, numbering 85, are made up of the 
15 unsatisfactorily fought, 11 poorly handled by cooperators (making 
32 per cent which were reached with reasonable promptµess, but on 
which better tactics could have been emJ>loyed), and 58 fires (con­
stituting 68 per cent) _due essentially to slow attack, either because 
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of slow detection or of insufficient men to go to fires. That is,, con- · 
sidering only number of fires, speed in reachl,ng them is of primary 
importance. Moreover, a clear-cut and definite policy of putting 
out fires while ·they are small is essential. 

SWWNESS OF A'ITACK. 

Using these data as typical-and they undoubtedly are-slowness 
of attack is reponsible ·· for twice as many poor results as incorrect 
action after men get there. It should never be forgotten that almost 
any fire can be handled if it is reached soon enough. As fires become 
larger, .the opportunities for mistakes become progressively more and 
more numerous. The great majority of the fires classed as poorly 
fought were reached only after they had attained class C size. 

It is a point worthy of note that of the fires employed in this analy­
sis of breaks, those which were attacked in the class B or small class 
C st~es rarel_y reached a large size. 

If fires are la:rge when attacked, it often happens that hasty action 
is taken and· that one mistake leads to another. Particularly when a. 
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FIG. 32.-Causes of Class C fires. (Based on Table '¥1.) 

fire is so large that several crews must be employed at different 
points of attack, the organizing ability of the officers in charge is 
.sev~rely tested, so that the organization of the attacking forc~s may 
easily be a,t fault. A lack of competent foremen to supel'V1se the 
crews has also sometimes resulted in poor jobs of fire fighting. 

The major facts to be remember-ed in studying breaks are: 
1. Prom}?t arrival of the attacking force is.of the greatest importance. 
2. Unsatisfactory suppreBBi<>n occurs :inainly on fues already large when attacked. 
3. Human fallibility must always be taken into account as a poBBible weak spot in 

the best plans. 

Some breaks must, in any event, be anticipated from carelessness 
or blundering, or other causes. Only by training of personnel ean 
they be reduced to a minimum, though it is dou]?tful if they can ever 
be entirely eliminated. Improvement in this respect is an import-
ant part of the fire problem. · 

PROTECTION BALANCE. 

The attempt so far has been to separate, weigh, and analyze 
individual factors in the fire problem. All these factors combine to 
determine the total cost expressed in terms of prevention, suppres­
sion, and damage, subject always, however, to two other factors of 
major importance whose exact values are hard to determine: First, 
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the climatic factor; second, the bu.nching_ of fires. Comparisons 
of intensity of protection, applied in different units and years 
over an extended period, require the use of a common denom-. 
inator. M;an power approa?hes this _lllost nearly and is _therefore 
used. It 1s granted that differences m character and skill of ad­
ministration will reflect themselves in the final outcome, but for long 
periods or for groups of administrative units these differences will 
not greatly distort the values. 

Suppression is expressed directly in terms of money. 
Damage, as has been shown, is directly proportional to the area 

burned, which in turn can be expressed in terms of money. 
The next step in weighing intensity of protection is to compare 

man power with results of protection. 
For each of the four groups of forests, a balance sheet has been 

prepa,red, showing the total cost of prevention, suppression, and 
damage for each of the years. Prevention and damage have been 
figured at the average flat rates for the period, and costs of suppres­
sion have been reduced to a uniform basis, as explained under unit 
suppression costs. These are given in Table 28. For each group 
(except No. 2) the years are subdivided into three classes, according 
to the number of men in the r.egular protection forces: (1) Below 
average; (2) average; (3) above average. 

Conside~ first group (1), it will be remembered that 1917 and 
1920; on the basis of rate of spread of fires, were the worst years in 
the record. It will be seen that 1917 has the highest total cost within 
class .1 (below average) and 1920 within class 2 (average). Although 
it has a total cost much greater than 1920, the year 19.18, which falls 
in class 1 (below average) was a relatively easy yE\ar-so far as rate of 
spread is concerned. Likewise, 1916 (class 2) was practically the 
same in difficulty as 1914 and 1915 (class 3), but the cost in 1916 was 
about 10 per cent greater than in the other two years. From a study 
of the balance she~t for this groul? of ~ores~s ~t seems probable that 
the scale of protect10n should be within the hm1ts of class 3, or around 
220 men. 

Group 2 has had relatively slight fluctuations in man power, and 
with the exception of the two bad years, 1917 and 1920, there is only 
a slight difference in total cost in the two groups. Probably about 
50 men is the proper scale for this group. 

q-roup 3 has had consi~erable fluctuations in man/ower, _ 1917 
fallmg m class 1 and 1920 ,m class 2. Each of these ba years IS the 
highest within its respective class. Here the evidence indicates that 
satisfactory results have come from the man power of class 2. 

In Group 4 there has been considerable change in man power. The 
balance indicates that good results are obtained with manning as in 
class 2, say, 115 men. 

Summing up, 225 + 50 + 110 + 115 men, or 500 in all, seems to 
constitute the ~orrect man. power for the district. 

Taking only the district total (Table 29), it is seen that 300-400 
men gives the high average cost of $823,200; 400-500 men gives 
$415,000; and over 500 men, $393,000. In the upper class, saving in 
d~mage and suppression is nearly offset by increase in costs of pre­
vention. (See .l:1'1g. 33.) 

Clearly, this type of analysis is based finally on the valua,tion of 
damage, and it lias been frankly recognized that the present data on 
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damage are incomplete and inadequate. There is ever_y reason to 
believe that further study may result in the change of this factor in 
the formula for various forests (and finally for forest types), but at 
present even this very inadequate study is at least better than nothing. 

LOCAL STUDIES. 

The analysis of fire data so far discussed has aimed primarily at 
the broader state-wide phases of the problem: The determination of 
relative needs of different units and groups of units; the isolation and 
study of fires from individual causes; the relative effects of season, 
man power, etc., on performance; and the relative hazard areas. 
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Fm. 33.-The relation between man-power and comblned cost of preventiQ.n, suppression, and damage. 
The lower bars are for the four groups of fore,ts and the upper bars are for the whole district. In the 
district figures, it should be notej th~t the high coitsiall in the years 1911, 1917-18-19 1 and the low costs 
fall in 1914--15. In other words, the high total costs coincide with the period. when tne low cost of sup­
pression theory was dominant and the low costs coincide with the period of In.tensity of protection. In 
each set of data, the average cost per year is used. (Based on Tables 28 and 29.) 

VALUE OF GENERAL STUDIES. 

Considered in their broad aspect, such studies make it possible to 
determine the relative importance of· the fire problem on different 
forests, and therefore to allot money consistently to them; that is, so 
far as intensity of protection is concerned, to put all on an approxi­
mately equal footing. Whether avail9:ble means .are used effectively 
or ineffectively shows up in studies of elapsed time, in the analysis of 
unit costs of suppression, in the number of fires successfully handled 
per man, etc. 

Many questions of district policy can finally be !l,nswered only by 
an analysis of these ~ata. For examJ?le, the effe?ts of the policr of 
low cost of suppress10n, or, the quest10n of fightmg or not fightmg 
fires adjacent to the forest or on private land inside, are cases in point. 
Success or failure in the prevention of man-caused fires by means .of 
law enforcement can be determined by such studies. They are, 
moreover, an administrative necessity. Even the most careful study 
of an individual forest may fail to isolate the trouble unless there IS 

some way to check it against other forests. 
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NEED FOR LOCAL STUDIES. 

Just as general studies are essential to an understanding of the 
relative needs and the relative accomplishments of the various fores ts, 
so more intensive local studies are necessary to determine the effi­
ciency of the local machinery of protection. It is therefore now pro­
posed to discuss the existing data that can be advantageously studied 
on individual forests. The results of such a study on one of the 
forests in California will be used as an e:x;ample of wliat is needed and 
what can be achieved in studies of this kind. 

As the allotments to various forests depend largely on relative 
hazard areas, which are determined by plotting aU fires and drawing 
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zone lines, so the distribution of protection men on an individual 
forest or ranger district must depend primarily on where the fires 
occur. 

DETERMINING FIRE ZONES. 

The first step in the local study is therefore the plotting· of the 
· location of the starting point of each fire. Map 5 shows these _points 
after the zone lines have been drawn. In this case four well-defined 
zones of intensity occur and are segregated on the map. 

Zone 1.-Fires at the rate of 4 per 1,000 acres for IO.years. 
Zane ~--Fires at the rate of 1 to 3 per 1,000 acres for 10 years. 
Zone $.-,-Fires at the rate of less than 1 per 1,000 acres for 10 years. 
Zone 4.-No fires. 
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This should not be confused with a map showing areas burned. 
Such a map is essential in showing the particular areas in need of 
most attention, just as in a district study the forests with highest 
burned areas need most attention. In practice, dots showing the 
starting points of fires will be the most satisfactory method of show­
ing these data on maps. 

RELATIVE RAZARD OF AREAS. 

The relative hazard of fires once started can be shown on the 
ma_ps of occurrence by natural units, based on proportion of class 
C fires. 

Cl,ass 1.-AreaJJ with 0---20 per cent C. 
Cl,ass 2.-Areaa with 21-40 per cent C. 
Cl,ass; 3.-Areaii with 41 per cent C or over. 

Areas of class 1 hazard, experience indicates, have good protec-­
tion; those in class 3 can at once be isolated as needing immediate­
attention. It will be found that areas in this class are those that. 
will also show up most conspicuously on the map of bumed areas. 

ADEQUACY OF DETECTION. · 

Obviously the first essential for successful protection is that 
detection shall be adequate, particularly in zones l and 2. and classes 
2. and 3. The neX;t. s~e_p in a local study, therefore, is. the prepara­
tion of lookout vis1bihty maps (Map 6). Here, agam, a natural 
subdivision can and slfotlld be made. 

Visibility zone A.-Areas directly seen by lookouts in which class A fires• can be­
detected . 
. V'wibilif:y zone B.-Areas in which dass B fires can be detected. 

V'wibility zone C.-Areaii in which only C fires can be detected. 

Areas covered by regular patrol· as well as by stationary lookouts 
should also be shown. Compatj.ng the :fire-occurrence zones and 
visi~ility zone maps it is found for t~e. p_a;rticular f~rest under dis­
cussion that much of the class A v1S1biht-y falls m areas where, 
experience shows, no fires occur. Conversely, part of the fire-­
occurre!1ce zones are not directly seen by any lookout. 

The ideal system would be for all the zones of fire occurrence to 
be covered by class A visibility from two lookouts, thus permitting 
quick detection and accura~e location by cross sh?ts. Such an_ideal 
probably can not be attamed, because mountam peaks available 
as lookouts are naturally not always situated whe:re they are needed. 

In comparing the two maps, areas in which fires occur, particu­
larly- zones 1 and 2, but which fall into class B and C visibility, are· 
indicated as needin~ an immediate study of detection. Particularly 
if high hazard, as mdicated by percentage of C fires, is sliown, 1t 
will be necessary either (1) to use ·an additional or a diffe.rent peak 
as lookout, (2) to establish a moving patrol to supplement the look­
out,•or (3) to organize cooperative detection, such as ranchers,. 
stockmen, et.c. Which of these is advisable can usually be deter­
mined with little difficulty. The main point is that before con­
sidering any other phase of the protection problem, adequate detec­
tion must be provided. 
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Analysis of the data shows that the greatest loss in time is in 
discovery-that is from the start of the fire until it is detected. 
The importance of good lo9kout visibility maps can not be over­
emphasized. 

EFFICIENCY OF LOOKOUT MEN. 

The stu.dy above outlined measures the e:ff e.ctiveness of lookouts 
as to position. The personal efficiency of the individual lookout 
men can easily be determined once· tlie visibility areas are estab-
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lished by currently checking the fires actually discovered and 
reported against all those occurring within, for example, the zone 
of class A visibility. In practice, personal efficiency will be found 
to vary considerably, and only by a current check can poor lookout 
men be weeded out of an orgamzation before they are responsible 
for a break. 

Within the fire season, smoky air may put any o:c all lookouts out 
of comm~ssion for a shorter or longer time, during which the emer­
gency must be met by special patrol. But successful organization 
demands the development of detection as above outlined. 
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PLACING THE SUPPRESSION FORCE. 

The placing of . the men who are to handle suppression is next to 
be studied. In these days of automobile travel, distance in itself 
may mean little, as it is possible to go 12 or 15 miles an hour by 
motor where a few years ago with horses a speed of ohly 4 miles was 
possible. 

Next, using the data on individual fires, a map is prepared showing 
the point from which men left to handle each fire (for as many years 
as can conveniently be shown on the map) and the number of hours 
trav,el time. Strrught radiating lines from a ff}ven. station to the. 
individual fires make possible the drawing of 'hour contours," or 

MAP NO. 7 
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closed lines surrounding each guard station, showing how far with 
the best available means of conveyance men can be expected to go in 
one, two, or more hours. 

HOUR CONTOURS. 

On any forest certain points, such as district ranger headquarters, 
are logically the points at which protection men will be placed. Map 
7 shows, for the particular forest under discussion, the one and two 
hour contours from points at which it is certain guards will be placed. 
The strong influence of the method of travel on the area covered is 
at once apparent. For example, where only horse trav;el can be 
used, a· radius of 2 to 3 miles per hour is all that can be counted upon, 
whereas, by automobile, where roads are passable, as much as 15 
miles can be attained. 
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Comparing this map with that showing zones of occurrence, it is 
seen that practically all of zone 1 (heaviest concentration) is covered 
by- the one-hour contour; in other words, the protection can be con­
sidered adequate. Large areas of zones 2 and 3, however, ar€ found 
to be beyond the one-hour and even the two-liour contour. Heret 
again, as in the study of the lookout system, provision must first be 
made for zone 2 areas of high hazard (20 per cent or more C fires), 
and later for the other areas. 

Considering the east half of the forest in question, it is seen that 
much of it has a very. high hazard (40 per cent or more C fires), 
whereas the west half has in general a low hazard. The number of 
additional men that funds can be provided for will be fixed for the 
Forel!lt by the district forester. No formula can tell just where these 
men should be placed. The study so far made will show clearly the 
areas most in need of protection within the one or two hour con­
tours, and if any chances must be taken, they should be in areas of 
low hazard (less than 20 per cent cla.<is C) within zone 3 (few fires). . 

ZONES OF l'IRES, BY CAUSES. 

One further set of maps (not reproduced) will be found invaluable 
in deciding on the position of the men. These maps show separately 
the zone of lightning fires, the zone of camper fires, and the zone of. 
incendiary :fires. It has been shown previoqsly that incendiary · 
fires are the most dangerous group. They occur in -weU,:marked, 
concentrated ,zones on this forest, just as they do for the whole 
district; and once the zones are shown on a map it is generally eas1 
to isolate the tn>e of incendiary and of ten, by circumstantfo.l evi­
dence, even the mdividual. Thus in the southeastern part of the 
forest, stoc1mien burning the range are obviously th~ _responsible 
persons. In the western part of the forest, the pos1t1on of the 
mcendiary zone strongly indicates prospectors as_ the ~ilty persons. 

In placing protection men, · therefore, such special considerations 
must be weighed. Likewise, the location of the communication 
system will influence the positions of the men. In fact, the final 
s~lection of po_ints' ~ust beloverned ~y the balancing of a number of 
different cons1derat10ns. lthoug_h Judgment must always play a 
part in this or any other system, 1t is certain that maps of this kind 
isolate some ar~as as needing attention and eliminate others as being 
adequately provided for according to the existing scale of protection. 

SUMMARY. 

This study ~as singled out and discusse~ the m~in factors-physical 
and human-m the J;>roblem of protection agamst forest fires. It 
has examined the vanous theories of protection; has analyzed varia­
tions in fir~s from divers causes and the effect of these variations on 
means of control; has' traced the great seasonal fluctuations in the 
intensity·of fires due to climat'ic changes; and, finally, has pointed 
out certain weaknesses traceable to flaws in organizat1on or to weak 
spots in the personnel. From this whole discussion certain definite 
conclusions emerge, which may be formulated as follows: 

The development of successful protection depends on a critical 
study of past performances. For -this purpose the importance of 
accu,.rate and complete records of fires can ·not be overemphasized. 
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Such stui:l~es as the present one depend absolutely on data se?ured 
over a penod of years, and though paper records are not the arm of 
fire protection, they iire a by-product which should not be overlooked. 

A careful analysis of fires from different causes shows that · each 
group, based on cause, has special characteristics in seasonal distri­
bution, location, and manner of occurrence, as well as in'the rate of 
spread and difficulty of control as expressed in per~entage of. (?'s. 
The measures needed to prevent man-caused fires of different ongms 
or to meet specific local outbreaks usually become fairly clear· once 
such detailed studies are made. · 
. Local studies (that is, studies of individual forests) based on past 

performance and following the frinciples discussed in this circular, 
point_ the way- to ~he best use o existi?g means of proteci";ion, ~ter 
1solatmg the relative needs of the vanous smaller protection uruts. 
A current check of paper records may be expected to prevent at 
least a part of the brealis which have charactenzed the record of the 
past decade. 

The determination of relative areas of hazard on different forests 
and for fires of different causes is an essential step in analyzing fire 
problems, particularly as it affects the allotment of protection funds. 

The problem of man-caused fires is not solved, though measurable 
progress has been made in thei!_.prevention, especially in the case ,of 
camper and incendiary fires .. -The reduction of 'man-caused tires 
through education and law enforcement is all the more essential 
because of the need of freeing the organization for unavoidable 
emergencies. Cutting down preventable fires is equivalent to in­
creasmg the force. 

Successful protection is reached at the point where the cost of 
prevention, suppression, and damage is a minimum. This p.oint is 
known within a reasonable limit of error for the existing type of 
organization and for existing physical conditions. 

Successful protection demands first of all a clearcut, definite ob­
jective. This may be expressed as the reduction of C fires fo a low 
percentage. The area burned, and hence the costs of suppression 
,and damage are expressed indirectly in percentage of C fires. With 
not over 15 per cent of class C fires, a small area burned may be 
expected. 

The percentage of C fires, other things being equal, depends on the 
· speed with whicb fires are attacked; in other words, on elapsed time. 
The character of the individual season modifies this rell:1,tion to some 
extent, but does not obscure the principle. 

As . a J?ractical _measure to de~ermme 1:1-ow well the organization is 
functiomng, studies of elapsed trme are mvaluable. Broadly speak­
ing, speed of attack has varied with intensity of protection-tliat is, 
with the number of protection men. This i:elation has been modified 
to some extent by occasional 'weak spots in the organization, or by 
such physical conditions as a smoky atmosphere, which may put 
lookout& out of commission at times. However, the basic principle 
is well established. 

As contrasted with poor performances on individual fires, f allures 
in protection (that is, failures due to actual breakdowns of the pro­
tection force) have been more frequently due to emergencies than to 
any other cause. As forestry is a long-term enterpnse, so that an 
occasional bad season may vitiate the results of years of successful 
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proteotion, the w.eat problem to be solved is consistency of protec­
tion. The elasticity of organization needed to meet these occasional 
extraordinary emergencies has not yet been attained, and just wh&t 
type and scale of organization will be needed to meet them is open 
to question. 

The analysis of individual questionable class C fires shows that 
faults of local management are an important factor, but that incorrect 
or indeterminate polic_y and slowness in reaching fires are the two 
major causes of "breaks" in individual fires as contrasted with fail­
ures of protection by reason of a breakdown of the force during 
severe emergencies. 

Studies of unit cos~, allowing for fluctuation in the value of money, 
show that the handling of fires up to about 300 acres in size is fairly 
well standardized, but that in the suppression of big fires there 1s 
room for improvement. 

Stated in general terms, the major problems in fire protection are: 
Holding the costs of prevention, suppression, and damage to the 

minimum, with full weight to the element of damage. 
Consistency of protection-that is, preventing outbreaks in bad 

seasons from nullifying the results of protection through several pre­
ceding years. In practice this means developing an organization 
capable of handling emergencies under severe conditions. 

To develop this elasticity reguires also the development of methods 
of predieti!ig emergencies withfu....the fire season. • 

Critical local studies to determine the best use of available means 
of protection. 



APPENDIXES. 

APPENDIX A. 

DEFnolITIONS. 

Certain terms are used in a more or less technical sense and are 
here defined. 

Pre1Jention.-Preliminary organization, placing of men, allotting 
of funds, and activities and costs up to the point of beginning work 
on actual fires. Thus, cost. of prevention consists of money spent 
in hiring lookouts and fire guards (except time on fires), and of a 
portion of the cost of telephones and trails as well as of administrative 
overhead. 

Suppression.-Extinguishing fires. Cost of suppression includes 
hiring of men, transportation, tools, suf plies on actual fires, and 
wages of prevention force when on actua fire fighting. 

Classes of -/ires.-A, 0-¼ acre; B, ¼-10 acres· C, over 10 acres. 
C fires were further subdivided on the basis of damage. 

Lightning. 
Railroads. 

Sparks from smokestack. 
Sparks from fire box. 

Causes of tires. 

Matches or tobacco thrown from trains. 
Fires escaping in any manner from section gangs, from telegraph or telephone 

line crews working along the right of way, or from crews engaged in the con­
struction or repair of railroad bridges or other works. 

Fires caused by trackwalkers, 'whether railroad employees, tramps, or migrating 
laborers. 

/Jrush ln£rning. 
Fires esea_ping from clearing land for any agricultural purpose-for cultivation, 

for fencmi, or for beehives, buildings, ditches, or sites for irrigation reservoirs. 
Fires escapmg from clearing land for developing power-reservoir sites, trans­

mission lines, power-house sites, or conduit and pipe lines. 
Fires escaping from power-construction crews, at work or in camp. 
Fires escaping from cleaning up and burning litter about small towns and mining 

camps. 
Fires escaping from smoking out animals, insects, or reptiles. 

Oam'f'_ers. 
Fires caused in any· accid~ntal manner {unextinguish~ match~s, tobacco 1 or 

camp fires) by travelers m the mountains for recreation:, hunting, or fishmg, 
whether by foot, horseback, wagon, or automobile. 

Fires caused in any accidental manner by other travelers-stockmen, prospectors, 
business m,m, etc. 

Lumbering. 
Fires occurring in connection with lumbering, whether from individual members 

of a crew, or from donkey engines, logging railroads, sawmill engines, woods 
camps, traction engines, or hoisting engines, or from blasting in connection 
with logging. . 

Fires caused in any accidental ~anner by wood choppers, shake makers, pole or 
post cutters, or free use permit.tees. 

61 
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lmendiary. 
Fires calculated to sprea,d, intentionally set for any: motive, good o.r bad, Under 

. this head would be included light burners, Indians, prospectors (when they 
intentionally burn off cover), drunks, lunatics, children, or hunters (for the 

. purpose of driving game), as well 88 the malicious incendiary. 
Xvcellaneous. 

Fires which do not come under any of the foregoing heads-fires from spimte.neous 
combustion, or b.ottles ·~ .as lenses, fires escaping from burning buildings 
or automobiles,· ehott-circuited electric wires, etc. 

Cover Cla&ses. 

. Timber.-Mature an51 im.ma.ture timber !11',ands with ground cover varying from 
litter of needles to grass, reproduction, and scattered brush. 

Bru.,k.-Ranging from pure brush fields with no timber to heavy ste.nds of brush 
1mder open stands of timber. 

Cut OtJer.-Logged lands on which slaeh has not been.disposed of. 
Sagebruak.-Limds on which sagebrush and simi~ species form the principal cover. 
In the present study no attempt has been made to segregate timber into types. 

mapsed Time. 

From start of fire to beginning of suppression, or 
From discovery of fire to beginning of suppression. 

Hazard MN. 

The area on which experience shows fires occur. The term hazard area was for­
~ei:Ir defined 88 an~ on which special_p:rotectio1;t forces are necessary. A further 
d1VJJ110D. may be made mto z<»1es of mtensity according to the average numder·of fires 
l)9l' 100,000 acres. 
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Fwnn offir4J r4lport used up to 1913. 

Class ••••••••• Form 874-6. 
(Supersedes Form 944.) (Supervisor will tll' in A, B, or C.) 

FIRE REPORT No • 

. . · ................................ ., ...... , ............. . 
(Place.) . (Date.) 

To supo·viaor . • . . . • . . . . . . . . . . . . . . National Forest: 

I submit the following report on a fire which was discovered .......... the forest and 
(On or off.) 

· which threat!'ned national forest lands. Location of starting point ................. . 

~~-~;;;;i· i,;; .-.-.-.-.-.-.-.-.-.-:·.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-~i· _. _. _. _. _. _. _. _.:::::::::::::: 
(Name.) (Hour.) 

on ... : .................................... reported to Ifie at ................... . 
(Date.) (Hour.) 

on ......................................... Wm·k commenced at .•............• 
(Date.) (Hour.) 

on ........................................ ; finished at ......•.................• 

on ................. <~a~·!. . . . . . . . . . . . . . . . . . . Number of men emJt~J ........ . 
. (Date.) 

Fire C&lll!ed by ........•........................................•.......•...... 
(Outline briefly, with names if pOSSl"ble.) 

··············· ............................................................ : ........................................ . 
. . . . . . . . . . . . . • . . . • . . . . . . • . ; ... action ..•.•....... recommended. 

(Civil or criminal.) (Is or Is not.) 

National ~J:f: 
forest. forest. 

Lands 
puts(de 
forest. 

Forest ofllcer's labor ••••••••••••••••.••••••••••••••••••••••••••••••••••••• It ....... •• $ •• • • • • • • • I.········ 
Cost of tools, supplies, transportation, ete. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. , ..... . 
Cost of temporary labor.... • • • • • • • • • . • • • • • • • • • • • • • • •.• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••• • • • • • • • • • • • • 

Total ••••••••••••••••• , •••••••••••••••••••••••.••••••••••••.••••••••• •••••••••• •••••••••••••••••••• 

ABBistance without pay was rendered by .............•...........•.........•... 
. (Names.) 

to the amoµnt of ............ . 
(Hours.) 

National forest timbered lands burned over ...................••....•.•. 
Private timbered lands in forest burned over .•..............•........ 
National forest lands not timbered burned over .......•...••••.•.••..• 
Private lands in forest not timbered burned over .•••..••.•..••..•..•.. 

Total area burned over ..................•...•.•................ 

470990-31-5 

Acres. 
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Form 874-6-Contlnued. 

National forest. Private lands. 

:==ictt:it:--i~:!:'fi~:::::::::::::::::::::::::::: :::::::::: !::::::::: :::::::::: !::::::::: 
Total stand before fire •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,. 

Amount merchantable grean timber after lire. •••••••••••••••••• =:::::-:-....... , ..................... . 
,unount merehantable dead timber after fire. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • ••••••••• 

Net 10118 by fire •••••••••••••••••••••••••••••••••••••• ; •.••••••••••••••••••••••••••••••••••••••••••• 

(To be filled in by supervisor.) 
NOT11:.-Damagea green timber which will die should be classed as dead. 

Before After Average 
fire fire age. 

(acres). (acres). 

Area of burned tract (national forest land only) satisfactorily stocked 
with young growth •••••••••••• , •••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••• - •••••• 

Amount of S<lBttered young growth on burned tract (national forest land 
only) expressed in acres of satisfactorily stocked land. ••••••••••••••••••••••••••••••••••••••••••••••• 

Total ••••••••••••••••••••••••••••••••••••••••••••••••••••••• , ••••••• •••••••••• •••••••••• •••••••••• 

Estimated value of young growth destroyed, $... ... . ... .. ... .. . . .. Acreage of 
(To be filled in by supervisor.) 

rangebumedove~ 1 •••••.••••• aCl'ell. Type of range, •••••••..•.• ; CIP'lj'ingcapacity, 
•••••••••••• ; a.utnorized grazing season from ••.•.••••.• to ...•...... ·... Number of 

(Date.) (Date.) 
days use of range lost, .•.•••.•.••• days. Estimated value of forage destroyed, 
$ •••••••..•••••••••••.•.•. 
(To be filled in by supervisor.) 

Please inform me if you require further information on this fire . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
Forut Ra:nger. 



---- ------- --

Form F2a. 
[Present form of fire report.] 

[United States Department of Agriculture, Forest Service, District 5.) 

INDIVIDUAL FIR'E REPORT. 
Forest ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

r~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Date. •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , 192 
· (When report ls made.) 

Na.me of fire... • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Class, •••••••••••• 

~

ightnlng.................... ••••••••• Class of persons responsible, as tourists •••••• , 

CAUSE or FmE ~:::::::::::::::::::::::: .:~~~::::::~~::::::~~~:::::::: 

Persons responsibl&-Known •••••• , suspected: ••••••••••••• 
Names and addresses: 

(Check proper one,) ~=;e'tc::.~~.~::::::::::::: ..................... ~~~=~····· ............... . 
Mlscellaneous ••••••••••••••••••••••••• 
Unknown. •••••••••••••••••••••••••••• 

(Probable cause.) 
ELAPSBD TDm RBCOBD. ........... M 

Fire staned ................. . Known •••••••••• , guess.......... Location.................... Bee,........... T.......... ·R •••••••••••••••• 
(SUbdiv.) 

....•......... l( ............. . 
(Date.) 

Fire discovered •••••••••••••• 
Fire reported. •••••••••••••••• 
Report rec'd ••••••••.•••••••• 
Left for fire •••••••••••••••••• 
Arrived at fire ••••••••••••••• 
Work started •••••••••••••••• 

•••••••••••••• :M •••••••••••••• 
•••••••••••••• :M •••••••••••••• 
•••••••••••••• :M •••••••••••••• 
.............• l( •............. 
•••••••••••••• :M ••••••••••••• 
.............. l( ..........•... 

litii?Ji I?I?i??IiII · lti?tii?itit~ ~;fi~~~~~~~~~~~~~~~~ 
If not a-iorest offl.cer, who?. • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • What? ••••• , ••••••••••••••••• 

(As rancher, miner, cattleman, etc.) 

==~~:::::::::::: :::::::::::::J:::::::::::::: Ng:gI::::rr:.-.::::::::::::::::::::::::::::::::::::::::::::::::::.::: ~:i:f1Ce~::::::::::::::::: ---
Further details of act1on,u any, before arrival ofl~::-ciiiicer:. ~~: ~~.~~:~~.-. :: :: :: ::::::::::::::: :::::::: :::::::::: ::::::: ::::: ::. :~.1'.'~-~'.'::: ::: :::: :: ::: :: .. ::::: ::::: 
Approximate area fire had covered when first man arrived ••••••••••••••••••••••••••••••• '. •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

• A fire ls controlled when definite-fighting stops; lt ls extlngulshed when the last manleaves patrol as a steady Job-



Form F 2 a-Continued· 
CILUU.CTEII OF AREA BUBNl!llt. 

(Check as follows: "S"--scatteted, "M"-medium, "D"-dense.) 

Oonr'?Jpe1: Tmeu-YP ........ ; YP-SP ........ ; YP-F ........ ; fir ........ ; woodland .•...... ; reproduction ....... . 
BIIUSH-Chaparral ........ ; ch@mlse •••••••• ; sage ........ ; mixed ........ ; grass •••••••• 
GJ!PUND COVEii 'UNDEII TIKBE-Brush ...... ·:; bear clover·: ...... j needles ........ ; grass ........ ; reproduction ....... . 
GJtbUND COVEii UNDER BIIUSH-Grass ........ , litter ........ , reproauctlon ....... . 

Wla4: BLOWING FBOK-N ........ ;NE ........ ;E ........ ;SE ..•..... ;S ........ ;SW ........ ;W ........ ;NW ........ INTENSITY-Calm ........ ;gentle .. L ... ;light ........ ; 
• fresh ...... ; brisk ........ ; high ........ ; gale........ · 

Toi,oaraplap: !hon-Level ........ ; rrentle ........ ; moderate ........ ; steep ........ ; verysteep ........ ;mlXed ....... . 
EXl'O'!UBE-N ........ ; NE ........ ; E ........ ; SE ........ ; s .....•.. ; SW ........ ; w ...... ,.; NW ........ ; mixedt ...•.... 
8u11uCB-8mooth ........ ; broken ...... • .. ; outcrop ........ ; looserook ........ ; varioust ....... . 

Jlllel ot 11.W. UM f... .. ...•... .. .. .. .. . DiftleUlty of oonstrueting !bl& .................................................................... · ..............................•........... 
( Ollly for fires over 100 acres.) ( Proportion classifmd as easy, medium dlfflcmlt, or very difflcult ;) 

t In case of mixed ~ ot v~ surf&CI\ checlt als<> prevaping one. 
Heid line Is actually constructed 1me which holds the ftre. Natural ~s do not count. 

AJIEA 'BUllNED. 

How much of total arM is-

Status of land. Timbered. 'N()Utimbered. Total. 
Reproductlou.1 Used range. 

Inslde: 
National forest ..................... , ......•..•..............................•.. _ ............................................................................................. . 

Cooperators ••••••••••••••••••••••••••.•••••••• ' ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

N CJDCOOpel'ators. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • •••••••••••••••••.••••••••••• 
Outside: 

Cooperattlr!!-. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................ . 

Noncooperaters ........................................•................................ , ......................................•................................. ~ ........... . 

Totals, ........................•................... ······························ ······························ ······························ ............................. . 

. D..UUGJ!i. 

Timber, $ ...... , ..................... ,..... Reproduction,$.. . . . . . . . . . . . . . . . . . . . . . . . . . Improvements,$.......................... Total, S . ......................... : ........ . 
(This report ls final where damage ls-under $25. See note at foot of page;) 



Form F 2a-Continued, 
COST 01' FIRE. 

Inside boundary. Outside bqunde:ry .. Forest officers' lime-
Items. Natl.forest 1 ____ -,------1---------1 

land. Totals. 
Coops. Noncoops. Coops. NonCQOPs. Names. Hours. 

Temporary labor....................................... $ ....... .,. $.......... s .. ,....... $.......... $-......... $ ......................................................... . 

Equipment, supplies, iransportation, etc.• ..................................................................................................................................... . 

Total FFF ........................•... , ............. , ........................................................................•................................ , ............ . 

Forest off. labor ...........................................................................................................•... · ........ , ........... , ....•......................... 

Total cost ............................................................•....................................... a •••••••••••.••••••••• : • ••••••••••••••••••••••••••••••••••••• 

Value of cooperation (free service) .... --------· --------- --· -· · --· · · · · · · · · · · · · · • · · · · ·•·······I············ .. ··········· · · · · · · · · · · · · · · ·· · ··· · · · · · · · · · · · · · · · · · · · · · · •· · · · · · · · · · · · · · · · · · 

~~ ~~~~ -~- ~~-~~~- ~
1~~~!-~.8:'. ~~~~,~::::::::::::::::::::::::·::::::::::::::::::::.::::::::::::i: io.tiie iimouiit. or:.-:::::::::::::::::::: iiiaii-iioois: · · · · · · · · 

LAW ENl'OIICEllJ:lff. 

Clues found ............................................................................................................................... · ......................................... . 
Gravity of offense .........................................................•..... : ............................................................................ · ....................•. 

(How dangerous where tire-was built, what care used to extinguish?) · 

~~=~e:l~~~~~?.~~~:~~~:~~~:~~~~::-:-:-::-::::::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Supervisor: I will reexamine this area (damage o'l'er 125) and submit Form F 2-b not Report made by ..................... , .........................•................ : .. 

~~~·:.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- .. , ................................................. , 19'l · 'f.~:: :: : : : : : : :: : : : : : : : : : : : : :;: : : : : :: : : : : : : :: : : : : : :: : : : : : : : : :: : : : : : : : : : 
N. B.-Thls report must be, prepared as SQOll as possible alter each lire. 

• Include auto mileage to and from lire as shown under heading "Elapsed time." 



APPENDIX C. 
TABLE 1.-Relation of percentage of (J fires to distribution of fires in different liu claBaes. 

Per cent of C tires. Per 
cent Ratio 

Total Size of Size of oftotal of cost Per Per ntun- aver- aver- num- Cost per cent Group. cent of Years. ber_of age 
C,:e. 

Over Over Over Over ber of S:r tire to ofB Cflres. fir!ls e. per fires. fire. 300 1,000 2,000 5,000 over centO tires. 
acres. acres. acres. acres. 300 fires. 

acres. 

Acre,. Acre,. 
1 ....... 31+ 1917,1918 2,465 285 840 33.6 14.-0 8.1 2.3 10.7 $9L50 2..96 33.4 
2 ••••••• 26-30 1911,1919 1,514 100 482 24.6 6. 8 3,2 1.1 7.2 68.40 2.48 34.0 
3 ••••••• 21-25 1916,1920 2,309 120 536 18.2 6.1 3.0 1.8 4.3 52. 70 2.32 34.0 
4 ••••••• 16-20 1914,1915 2,353 51 258 15.8 7.6 3. 7 .9 3.0 36.60 1.96 33.6 
6 •. •• , •• l1H5 1912,1913 1,858 32 215 14.4 2.3 1.2 .8 2.0 29.40 2.12 32.0 

TABLE 2.-General 8'/.CTfl,maTy (all Foresta except Angeles, (J'leveland, Santa Barbara, Inyo, 
and Mono). 

Num- Num- P-er Per Total Aver-
ber ber cent of Total Area cent of Per Su11pres- protec- age 

Year. man =: lisht- num-· burned. Aand cent s10n tion acres 
caused. rung. ber. B. ofC. costs. force. s::. 

1911 •••••••••••••••• 370 246 40 616 44,006 70.0 30.0 18,746 346 71 
1912 •••••••••••••••• 361 204 36, 565 24,772 81.9 18.1 10,197 447 44 
1913 ................ 602 691 53 1,293 35,152 86.5 13.5 26,782 479 27 
1914 •••••••••••••••• 759 413 35 1,172 :•= Sj).8 19.2 46,611 563 65 
1915 •••••••••••••••• 886 295 25 1,181 79.6 20.4 45,625 537 38 
1916 •••••••••••••••• 777 388 33 1,165 109:986 78.9 21.1 41,498 429 94 
1917 •••••••••••••••• 779 794 50 1,573 413,075 67.8 32.2 121, 7f/1 365 263 
1918 •••••••••••••••• 363 529 59 892 ~~ 63.5 36.5 114,986 313 326 
1919-••••••••••••••• 717 181 20 898 71.9 28.1 101,433 343 120 
1920 ••••.••.••..••.• 523 621 54 1,144 167,706 76.2 23.8 152,851 428- 146 

Total •••••••• 6,137 4,362 .... 42' 10,4119 1,312,923 ··1s:ii" ··u:r 680,336 4,250 .... i25 Average. ..........• 614 436 1;050 131,292 68,034- ········ 
TABLE 3.-Lightning zones (areas in thousands of acres). 

Number Number 
Per cent Number• offiresiJ,er of firesiJ,er 

Total Total Total total of~t- 100, 100, 
Forest. area. llazard lightning hazard ning es, IICrellof acres of 

area. zone. area. 1911-1920. lightning total 
hazard zone. area. 

Klamath ••••••••••••••••••••••• 1,744 1,659 1,110 67.0 684 61.5 ·········· ~Y.::::::::::::::::::::::::: 1,724 1,493 1,042 69.8 4119 47.9 ........... 
1,585 1,972 1,}:g 58.0 558 48.8 .......... 

California ••••••••••••••••••• ·- •• 1,063 838 89.4 165 22.1 ........... 
Total northern groi,p .(1) • 6,116 5,962 4,046 67.8 1,9116 4'P 32.0 

Modoc •••••••••••••••••••••••••• 1,9!lli 1,106 895 80.9 334 37.2 .......... 
Lassen •••••••••••••••••••••••••• 1,321 l,438 1,118 77.7 389 34.8 ·········· 

Total east side group (2) ••• 3,226 2,544 2,013 79.2 723 35.9 28.4 

Plumas •••••••••••••••••• -••••••• 1,433 1,438 922 64.2 483 52.4 .......... 
Tahoe ••••••••••••••••••.••••••• 1,= 1,400 1,032 70.8 312 30.2 ........... 
Eldorado •••••••••••••••••••• _.. 691 425 61.6 189 44.5 .......... 

Total north Sierra 
group (3) ••••••••••••••• 3,491 3,589 2,379 66.3 984 41.4 27.4 

Stanislaus •••••••••••••••••••••• 1,104 747 628 84.2 164 26.1 ·········· Sierra •••••••••••• : ••••••••••••• 1,663 819 6H 82.4 250 37.1 .......... 
Sequoia ........................ 2,022 1,207 1,090 90.3 336 30. 7 .......... 

Total south Sierra 
group (4) ••••••••••••••• 4,789 2,773 2,392 86.3 749 3L3 27.0 

Grand total •••••.••••••••••• 17,622 14,8118 = 10,830 72.8 4,362 40.3 29.4 

68 
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TABLE 4.-Intensity oflightning fires per storm. 

Forest. 

Number Total 
light · Number 

0
~• zorre~ Intensity Relative . of men Fires per Relative 

heaviest groups,m factor. demand. mprotec- man. intensity. 
storms. 1:r~· tion force. 

Klamath....................... 174 . . . . . . . .• . . . . . . . . . . • . . . . . . . .• . 132 
Trinity......................... 172 . . . . . . • . . . . . . . . . . . . . . . •. . . . • . . 118 
Shasta.......................... 179 .......... .......... ......•... 111 
California ......... _ . . . . . . . . . . . . . 87 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

1.32 
1.46 
1.61 

,, 

.99 
J-----1----1----1----t----+----+--

Total, Group 1........... 612 4,046 51.1 154 449 1.36 143 

Modoc .......................... 1====7=4al= .• = .. =.= .. =.= .. F.= .. =.= .. = .. =.=I.= .. =.= .. = .. =.= .. '1===5=5=!====!c== 1.34 
Lassen.... . . . . . . . . . . . . . . . . . . . . . . 82 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 .75 

!---+-----f----f---1------1-----+--
Total, Group 2..... .. .. ... 156 2,013 7. 7 79 164 .95 100 

Plumas ......................... 1====11=7=J,.=.= .. =.= .. = .. =.F.= .. =.= .. = •. =.=I.= .. = .. =.= .. =.= .. '1====98=a!===~=== 
Tahoe .......................•. · I 95 . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 105 

1.20 

Eldorad,p................ .. . . . . . 96 • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • 61 
.91 

1.57 
Total,Group3 ........... :--30-8+---2,--37--9-+----12--.--4-+-------1--27-+----264-->-----,---1.16 122 

Stanislaus. . . . . . . . . . . . . . . . . . . . . . 55 . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . 85 
Sierra. . . . . . . . . . • . . . . . . . . . . . . • . . 62 . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 68 
Sequoia .................. : • . • . . . 117 ..........•....... , . . . . . . . . . . . 93 

.65 

.91 
1.26 

----1----1-----f---1-----:----t---
Total, Group 4 ........... ··J 234 2,392 9. 8 100 246 \ .95 100 

TABLE 5.-Summary of lightning storms. 

Num-
Number offtres. 

Per Aver• Aver-Fires per storm. berof 

I Total. 

cent Total c.1 ageC. age 
storms. A. B. c. C. ~. 

Acres. Ac,:es. Acru. 
0-50 .•..................... (?) 916 571 199 1,686 11.9 83,478 419 49 
51-150 .. ······•············ 13 674, 372 118 1,~~ 10.1 33,988 288 29 
151-250. ·················•· 3 366 190 71 11.3 21,153 298 34 
251--350 ................•... 3 332 319 234 885 26.5 275,937 1,178 312 

Total .•......•....... ------·-2,288, 1,452 622 4,362 14.3 414,556 665- 95 

1 Area B ftres negligible. 

TABLE 6.-Fires per member of prouction force during individual lightning storms 
(three heaviest storms on each of 12forests). 

Fires per man. 

0-0.5 .................•.........................................•.•...........•...•... 

ttt::::··········································································· 
ktt:::: .......................................................................... . 

Per cent Area of 
c. a~ 

Acre.,. 
8 31 

14 49 
21 166 
26 275 
26 200 
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TABLE 7.-Lightmng fires, 1911-1920 .. 

't,;: 

Num- Total Total Area Num- Per Protec-
ber Num- Per area . Area Cost berof cent tion 

Year, of A ber cent num- burned aver- aver- Total 
K:. fires, of force-

and ofC. C. berof by C agef!. age costs. worst total number 
B. fires. fires.I fire. storm. fires. ofnien. . 

Acru. Acru. Acru. 
1911 ........ 211 35 · 14.2 246 7,637 218 31 f,149 13 116 47 346 

190 14 6.9 204 1,231 88 6 ,290 6 89 43 447 
1 ........ 669 22 3.2 691 2,534 115 4 4,548 1 214 31 479 
1;········ 

1 4 ..... ~ .. 387 26 6.3 413 2,408 93 6 8,4fi7 21 108 ;l(i,.. 563 
1915 ........ 295 269 26 8.8 2,204 85 8 5,798 20 94 
1916 .......• 361 27 7.0 388 9,063 336 23 4,297 11 233 
1917 ....•... 637 157 19.S 794 155,363 990 196 54, 7110 69 339 
1918 ........ 367 162 30. 7 529 134,019 828 263· 63,009 119 255 
1919 .•...... 151 30 16.6 181 8,932 298 49 9,234 51 70 
1920 ....•.•. 498 123 ,19.8 621 91,175 . 740 147 72;527 117 295 

Total .. 3,740 6221 14.2 4,362 414,556 666 95 227,119 52 1,813 

I Area B fires negligible. 

TABLE 8.-Lightning fires, 1911-1920 (seasonal distribution). 

Month. 

~::;::::::::::::::::::::::::: 

e;.i:i)~~:)~:~~:~~;~ 
Tetal .................... . 

I Area of B fires negligible. 

Total Number Per 
number. of<J. cent C. 

109 
498 

1,436 
1,939 

331 
50 

20 
135 
153 

. 258 
42 
13 

18.3 
27.2 
10.6 
13,3 
12. 7 
26.0 

Per cent Total 
of total area of 
numbel'I C fires.I 
of fires. 

Acres. 
2. 5 1_7,048 

11.4 103,4411 
32.9 141,001 
44.4 132,269 
7.6 9,461 
1.2 11,331 

Size of 
average 
C fires. 

Acres. 
853 
761 
922 
512 
225 
S73 

1-----'----L.----11----..,_ __ ....... __ 

4,363 622 ·········· 100.0 414,556 666 

TABLE 9.-Camper fire wne areas (areas in tlif>u&and acres). 

32 
00 
43 
48 
39 
48 

4! 

537 
429 
365 
313 
343 
428 

4,250 

SiZeof 
average 

fire. 

Acres. 
1S6 
~ 
98 
68 
29 

227 

95 

Forest. 
Total 
hazard 
arlll\. 

Total 
camper 
zone. 

Number Number 
Per cent Number offir~er of fir~ 
~ offires 

1:..is 1:es · 
area. 1911-lll'lO. camper total 

zone. hazard. 

Klamath ........ , ....................... . 

~::::::::::::::::::::::::::::::: 
1,659 636 
1,493 710 
1,972 857 

838 38.7 

38.3 167 
47.5 181 
43.5 334 
46. 2 109 

26.3 10.1 
25.5 12. 1 
39.1 16.9 
28.2 13. 0 

1----:----1----+---+-----+---
5,9621 Total, Group 1. .................. . 

l===='====I==== 
Modoo ..•............... , .............. . 
Lassen ................................. . 

2,590 

1,100 I 590 
1,438 635 

43.5 791 

53. 3 l 98 
44.2 167 

3o.5 13.2 

16.6 8.9 
26.3 11.6 

1-----1----1-----1----:----+--­ I 

265' I Total,. Group 2 •••.••••••••••••••••• 

Plumas ..•.•............................ 
Talloe .•...........................•...... 
Eldorado ............................... . 

i=======l=======r-===I 
2,544 I, 221}.- 48. 2 

1,438 1,041 
1,460 /1,= 691 

72.5 
86.3 
66.6 

21.6 1().4 

ml 
lOS I 

27.6 20.0 
33.0 28.2 
23.5 15.6 

1-----1----1-----1--­
T oial, Group 3 •••••••••••••••••••• 

1======'=======1,,===l==='====I,=== 
Stanislaus .............................. . 

3,589 2,746 76.6 soo I 29.4 22. 4 

~!;'oia::::::::::::::::::::::::::::::::: 
l----+----1-----+--­

T o ta l, Group 4 •••••••••••••••••••• 

Grand totai ....................... l=====l=====l====I=== 

747 480 
819 415 

1,207 794 

2,773 1,689 

14,868 8,250 

64.3 
1251 50. 7 105 

65.8 147 

60.8 377 I 
55. 5 2,239 f 

26.1 16. 7 
25.3 12.8 
18.5 12.2 

22.3 . 13.6 

27.1 15.0 
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TABLE 10.-Summary of Yosemite Nati<mal Parle (travel data). 

Number Number People Total Percent Number F~er 
Year. of cars. of people. per ear. people. increase. of camper 1, 

fires.l people. 
--- ---

1916 .. ·························· 4,043 14,527 3.6 33,390 Base. 272 8.16 
1917 .... ························· 6,521 22,456 3.5 34,510 3.3 240 6.95 
1918 ... ························· 7,621 26,699 3. 5 33,527 .4 180 5.37 
1919 ... ·········•··············· 12,109 42,900 3.5 58,362 74. 8 310 5.32 
1920 ............................ 13,418 46,074 3.4 &8,906 1(16; 4 240 3.49 

1 On National Forests. 
The column "Fires per 1,000 people" merely attempts to indicate the number of camper fires per 1,000 

people, as shown in the last colnmn, ~ that the increase of travel on the National Forests is p,:o­
portlonate to the Increase in the Y osemlte National Park, an assumption that is probably.roughly correet. 

This column gives relative numbers of fires per unit of travel and Is based on number of people using 
the park. The actual number of people using the National Forests in California is about tw.enty times as 
great as the park figure. 

TABLE 11.-Camper fires, 1911-1920. 

Acre- Num-
Num- Num- Per Total Acre- age Cost ber of 

ber Total age Total menln Year .. of A ber of ce1;1t num- acreage.I aver- aver- costs, E::. protec-
andB. c. C. ber age C. :re. tfon 

force. 

--- --- ---
1911 ........ ._ ..... 70 27 27.8 97 5,896 218 61 $2,694- $28 346 
1912 ............... 82 10 Ul8 92 1,653 165 18 1,207 13 447 
1913 ...........•... 164 21 11.3 185 6,282 299 34 5 109 28 479 
1914 ............... 238 54 18.5 292 13,528 250 46 11,176 59 563 
1915 ............... 264 67 20.3 331 10,412 156 32 15,183 46 537 
1916 ............... 214 58 21.3 272 32,136 554 118 15,735 58 429 
1917 ............... 161 79 32.9 240 31,025 393 129 14,243 59 3jl5 
1918 ............•.. 127 53 29.4 180 48,818 922 271 16,760 93 .313 
1919 ............... 239 71 22.9 310 22,616 319 73 18,138 58 343 
1920 .......•....... 197 43 17.9 240 7,468 174 31 14,363 60 428 

Total or aver-
age •• ..... 1,756 483 21.6 2,239 · 179,834 372 80 120,608 54 4,250 

1 Area B fires negligible. 

TABLE 12~-Camper fires, J.911~1920 (seasonal distribution). 

Per cent Total 
Month. Total Number Per cent of total acres Average Average 

number. of C. C. number of Band C. fire. 
of fires. C.I 

March ..•....................... 8 4 50.0 0..4 255 63 32 

~~::::::::::::::::::::::::::: 21 4 19.1 .9 403 101 19 
80 18 22.5 3.5 2,235 124 28 

206 :J7 18.0 9.2 35.907 970 174 

i~~i::::::::::::::::::::::::: m 93 19.1 21.9 45,171 m 93 
176. 23.5 33.4 61,764 82 

ii=~::::::::::::::::-:::::: 462 81 17.6 2o.6 21,304 264 46 
214 64 29.9 9.6 12,109 189 56 

November .........•............ 11 6 54.5 .5 686 114 62 

Total ........... : ......... 2,239 483 21.6 100.0 179,834 373 80 

1 Area B fires negligible, 
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TABLE 13.-Jncendiary fire .zpnes (ar6a8 in thou.Banda of acru). 

,-lumber Number 
Nnmber offtresper offiresper 

Forest, of tires, 100,000 100,000 

1~ 1:e:~-=· 
ary zone. hazard. 

Klamath.................................. 1,659 

=t::::::::::::::::::::::::::::::::::: 1,493 
California................................. 

1
' ~ 

628 
822 
619 
490 

37.9 390 
55.0 312 
31.4 197 
58.5 180 

1-----1----1----
Total, group 1.... .. .. .... .. .. .. ... .. 5,962 2,559 43.0 1,079 

t====l====l=====e== 
Modoc ................. ,.................. 1,106 46 
Lassen ............ , . . . . . . . . . . . . . . . . . . . . . . . 1,438. 157 

4.2 15 
10.9 94 

1----1----1-----1---
Total, group 2....................... 2,544 203 

Plumas ................................... l==l,=43=8=1===27=4=1====1i=== 
Tahoe.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 460 331 
Eldorado... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 691 175 

8.0 109 

19.0 124 
22. 7 169 
25.4 84 

Total, group 3....................... 3,589 780 21.8 377 

Stanislaus .............................•... 1===74=7=!===21=1=F====I=== 28.2 76 
Sierra..................................... 819 157 
Sequoia •...................•.......... ,... 1,207 92 

'19.2 93 
7.6 15 

1-----1----1-----1---
To t al, group 4.. . . . . . . . . . . . . . . . . . . . . . 2, 773 .460 16.6 184 

t====l====I======= 
Grand total. . . . . . . . . . . . . . . . . . . . . . . . . 14, 868 4,002 27.0 1,749 

TABLE 14.-Incendiary fires, 1911.:..1920. 

Num- Num- Per Total Total Aver-berof Aver- Total Year .. A and berof cent num- acre- ageC. age costs. 
B. C. C. ber. age.I tire. 

62.0 23.6 
38.0 20.9 
31.9 10 . .0 
36. 8 21.4 

42.2 18.1 

32.6 I 1.4 
60.'0 6.5 

53.8 4.3 

45.2 8.6 
51.1 11.6 
48.0 12.1 

48.3 10.5 

:J1 10.2 
11.3 

10.i I 1.2 

46.o I 6.6 

43. 7 I 11.8 

·Num-
Cost ber of 

menin 
Bi:. protec-

tion 
force. 

--- ---
1911 ............... 58 '72 55.4 130 20,587 286 158 $8,955 $69 346 
1912 ............. -... 49 34 41.0 83 5,397 · 159 65 

1tm 
27 447 

1913 .........•..... 70 67 48.9 137 16,872 252 123 82 479 
1914 ............•.. 158 85 35.0 243 46,562 547 191 12,458 51 563 
1915 ........•...... 229 107 31.8 336 22,545 211· 67 19,723 59 537 
1916 ............•... 193 107 35. 7 300. 48,040 449 160 9,641 32 429 
1917 ··············· 137 198 59.1 335 168,208 850 502 37,959 113 365 
1918 .............•. 21 65 75. 7 86 63,298 974 736 19,235 224 313 
1919 ............... 34 36 51.5 70 19,221 534 274 10,748 154 343 
1920 ............... 14 15 51. 7 29 20,453 1,363 705 20,963 723 428 

Tota1 ........ 963 786 44.9 1,749 431,183 549 246 153,094 88 425 

1 Area B negligible. 

TABLE 15.-Incendiary firu, 1911-1920 (seasonal distribution). 

Percent Size of' Size of 
Month. Total Number Per cent of total Area average average number. ofC. C. number burned. 

of tires. C tire. fire. 

I 

Acres. 
220 I March .......................... 10 4 40.0 0.6 881 88 

~::::::::::::::::::::::::::~ 14 4 28.6 .8 349 87, 25 
40 11 27.7 2.3 699 64 17 
59 24 40.·8 3.3 13,144 548 223 

E~;~~~~~~~~ ~~~~~~ ~~ ~~~~~~~ 
189 100 52.9 10. 7 65,343 653 345 
rm 238 46.9 29.1 180,789 762 357 
491 206 42.0 28.0 56,662 276 116 
3S4 . 170 44.3 22.0 105,653 621 275 

November ...................... 55 29 52. 7 3.2 7,623 263 139 

Total ..................... 1,749 786 44.9 100.0 481,143 549 246 
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TABLE 16_-0tJier mmHAWJedjires, 1911-1920-

Numbers, by years_ 
'l'ota1 'Num-

Aver-
age 

Cause_ num- ber per 
1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 ber- ofC_ cent 

C-
-- -- -- -- -- --~ -- --

~-----------23 48 83 74 67 96 61 17 64 29 562 127 22.6 ........... 4 20 22 34 17 12 11 12 59 80 271 74 27_3 
Brush burning - ____ 18 15 36 37 33 33 32 17 41 26 288 105 36.4' Miscellaneous __ -____ 22 31 50 45 38 28 39 28 63 46 390 116 29_7 
Unknown---------- 76 72 89 33 64 36 61 23 111 73 638 222 35.0 

Total number_ 143 186 280 223 219 205 204 97 338 254 2,149 644 29_9 Numberc ________ ,_ 51 44 65 61 41 55 74 46 116 91 ....... 644 ······ Percent c __________ 35.6 23_6 23.2 27_3 18. 7 26.8 36-3 47_5 34.3 35-8 ....... ......... 29_9 
Number with un-

known excluded-_ 67 114 191 190 1551 169 143 74 227 181 1,511 ···•·'! ....... 

TABLE 17--{Other man-cau~djirea)_ Acres burned, 'fyy years-

Total 
Cause_ 1911 1912 1913 11/14 1915 1916 1917 1918 1919 1920 acre-

age-

~-------------- 681 1,088 1,078 11,1M 1,961 1,947 25,241 332 J= 2 560 ~~ Ra S--------------385 300 1,730 300 1,325 poo 27,260 11;9li 
Brush burning __ - ---- - 500 10,~ 400 1,181 1,460 M: 9,348 5,157 1,370 }~ -49

1
158 Miscellaneous-_________ 1,890 1,734 4,088 2,934 15,446 5,765 2 488 41

1
845 Unknown _____________ 6,430 3,670 4,522 2,353 3,005 6:79? 4,344 5,525 16:251 25:018 77:915 

TotaP ___________ 9,8:J 16,4:i 9,~ 13,~ 9,660 120, 757 58,479 44,~ 56,~, 48,m 287,m Average fl.re ___________ 44 101 286 
AverageC------------- 193 375 146 220 236 377 790 958 488 534 446 

1 Area B ff.res negllgible-

T ABLE 18_-General lfll,mmary (total for 10-year period)-

Cost per 
Per -per Total Per Aver• year-

Num- Per Zone Su:{>pres• 
Main causes_ Acres cent berof cent su&'~es- cent age cent hazard SJ.On, burned- of flies_ of. of file C- areas- damage, total. total- costs_ total- acres- preven-

tion. 

--- _:_~ ---"- -- I $22,711 Lightning ________ 123,365 
414,556 31-6 4,362 4L5 $227,119 33.4 95 14.2 10,830,000 56,500 

202,576 
= 

Campers _________ I~= 179,834 13. 7 2,239 2L3 120,608 17-6 80 21-6 8,250,000 43,000 

109,009 . 

115,309 
Incendiary _______ 129,354 

431,183 32.8 1,749 16-7 153,094 22.6 246 44.9 4,002,000 21,100 

165,763 
= 
117,951 

Minor causes _____ 287,350 
86,205 

2L9 2,149 20.5 179,515 26.4 134 29.9 1 4,000,000 20,500 

124,656 

Total ______ 1,312,923 100.0 10,499 100.0 680,336 ioo.o 124 24.2 ~ 14,868,000 1 602,004 
Annual average __ 131,292 ....... 1,049 ....... 68,033 ······· 124 ...... ·•·········· 

1 Acreage estimated_ • Areas of separate causes overlap_ (See map-) •Actual_ 
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TABLE 19.-Damoge baaed on inUnaive examiMtiom. 

. . 
Forest. 

Damage Damage 
Number Ac= Type. inM per acre, 
ofllres. cove .• board board 

feet. feet. 

l~o:::::::::::::::::::::: 1 560 Yellow pine ••••••••••••••••••• 6,100 12,410 
11,835 Mixed ••••••••••••••••••••••••• 19,200 1,610 5 

Modoc ••••••••••••••••••••••••• 1 20,000 Yellow pine ••••••••••••••••••• 39,000 1,980 

Total •••••••••••••••••••• 7 32,395 ••·••············• .. ·············· 64,900 

Average loss, 2,000 board feet: value, 13 ~ acre. 

TABLE 20.-Sf,(J,Bonalfacwrs. 

Class. Opening month. Number Per cent 
of fires. C. Last month. Number Per cent 

offtres. C. 

Lightning............. May ••••••••••••••• 
Camper............... March ••••••••••••• 
Incendiary ••••••••••••••••• do •••••• ; ., , •• 
Unknown •••••••••••••••••• do •••••• ,.:,,:~. 
Brush burning ••••• : ••• , ••• do .••••••••••• 

109 
8 

10 
5 
7 
8 
1 
1 

18 October •••••• : •••• 
50 November •••••••• 

50 
11 
55 
20 
13 
1 

26 
54 
&I 
45 
69 
0 

e~::::::::= ~::======:=:= 
40 ••••• do •••••••••••• 
60 ••••• do •••••••••••• 
43 ••••. do •••••••••••• 

- 25 •••• ,do •••••••••••• 
0 ••••• do •••••••••••• 
O ••••• do ••••••••••.• 

7 
5 

57 
. 80 

Month. 

March •••••••••••••••••••••••• 

~r:::::::::::::::::::::::::: 
June ••••••••••••••••••••••••• 
J"uJy ••••••••••••••••••••.•••••• 

E~r:::::::::::::::::::: 
November •••••••••••••••• : ••• 

Number 
o(llres. 

32 
44 

291 
1;175 
2,558 
3,740 
1,620 

820 
99 ,__ __ __, 

Total ••••••••••••••••••••• 10,319 

TABLE 21.-Sea.,onaZ and geographic variatiom in opening and d,oaing data. 

SEASONAL VARIATION. 

Year. 

mt:::::::::: :::·::::: ::::::::::::::~::::::. ::: :::::: · ::::::: :::: ::::: 
ii!f:: ::::::::::::::::::::: :: :: ::: :::: ·. ": :: :::: :::: :::::: :: ::::: ::: :::: :: 
1918. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1919 •• •••••••••••••••••••••••••••••••••·••••••••••••••••••••••••••••••••••• 
1920. •••••••••••••••••••••••••••••••••••••••••••••••·••••••••••••••••••••• 

Average for decade ••••••••••••••••••••••••••••••••••••••••••••••••• 

i:: ~ !:: :: :::: :: :::::: ::::::: :::::::::: :::::: :: ::::: :::: ::::: 

Average Aver&g6' Length 
opening cldaoalnte.g of season. 

date. 

May 26 Nov. 2 Da,aioo 
May 1-1 Oct. 17 169 
Apr. 27 Oct •. 24 179 
Apr. 21 Oct, 29 100 
May 12 Oct. 17 158 
Apr. 30 Oct. 24 178 
May 26 Oct. 31 158 
May 3 Oct. 1 150 
May 6 Nov. 17 IN 
May 3 Oct. 6 155 ,__ __ 
May 7 Oct. 23 169 
May 19 Nov. 1 · 
May 1 Oct. 10 
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TABLE 21.-Seasonal and g,,ograpi;.c variation, in opening tmd closing date&-Contd. 
GE,OGRAPIDC VARIATION. 

Forest. 

E:t~::::::::::::::::::::::::::-::::::::::::::::::::::::::::::::::::::: 
California ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Group 1, average ..............................•.................... 

Average Average A
1
.verage 

opening clo$g engU!. 
.date. date. of -

Apr. 13 
Apr.30 
Apr. 19 
May _13 

Apr.26 

Oct. 21 
·Nov. 1 
Oct. 23 
Oct. 28 

Oct. 26 

».i9'l 
18G 
lSS 
168 

183 

Lassen.................................................................... May 3 Oct. 22 172 
Modoc ............•.........•....... ,..................................... May -31 Sept. 29 121 

!----
Group 2, average. . . . . . . . . . . . . . . . . . . . .• . . . • . . . . . . . . . . . . . . . . . . . . . . . . . May 17 Oct. 12 147 

= 
Plumas •••••••••••••••••••••••••••••••••••••••••••••••••••••••• .,......... Apr. 21 Oct. 26 189 

~~o::::::::::::::::::::::::::::::::::.::::::::::::::::::::::::::::::: ~ .: ~: : nI 
Group 3, average ...................................•............... May 2 Oct. 23 174 

lGO 
166 
170 . 5~'.~:::::::::::::::::::::::::::::::: :: : : : : : : : : : : : : : :;'::::::::::::::: May 21 

May 8 
May 8 

Group 4, average .............................................•..... May 12 

\ 

Oct.. 29 
Oct. 21 
Oct. 25 

Oct. 25 166 

TABLE 22.-Irulex figures of cuus A fires (average of 1911-1918, inclmive; basiB, 9,072 
fires). 

Cost per acre. 

Forest. 
Light- All 
Ding. causes. 

~:~i:E:=:•••••••••••••••••••••••••••••:•••~••••••••••••••••--'--~-· ~-7-1_ --!-:-7 ='=== 
PllUllllS •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _. •••••••••••• : • • • • 4. 49 4. 23 
Talioe. •••••••••••••••••••••••••••••••••••••••••••• ; • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • 4. 38 4. 36 
Eldorado... . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 3. 36 4. 06 

Group 3, weightedaverage ...•................ _ ....••...•. :.................. 4.44 4.25 
•I=== 

Stanislaus. •••• , ••.•••••••••••••••••••.•••••••••••••••••••••••••••••••• , • • • •• • • • • • • • • • 2. 76 2. 3li 
Sierra ••••••••••••••••••••••••••••••••••••••••••• ;................................... 2. 26 2. 70 
Sequoia ..................... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . • . . . . . . . . . . • 2. 82 2. 92 ----l----

Group 4, weighted average.................................................... 2. 61 2. tl8 

y 
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TABLE 23.-Timber and brushfires (1916-1918). 

Number '.Number Percent Cost per Cost per of Percent of Percent Forest. timber C. bmsh c. bmsh tlm'6er bmsh 
:llres. fires. fires., ftre. fire. 

Klamath ••••••••••••••••••••••• 173 17.3 276 42.0 61.5 $25. '15 SlG&.83 

=:::::: :: : : :: :::::: ::: : ::: 251 25.5 20'J 38.7 «.6 27.75 12&n 
188 30.3 335 '8.1 64.1 35.40 192.62 

California ••••••••••••••••••••••• 123 21.1 94 63.8 '3.3 30. IN) 114.98 
Modoc •••••••••••••••••••••••••• 95 8.4 60 25.0 38.7 10.45 28.67 
Las!!en •••••••••••••••••••••••••• 142 27.5 100 «.O 41.3 32.35 82.15 
Plumas ••••••••••••••••••••••••• 155 10.9 231 35.5 59.8 15.32 130,11 
Tahoe •••••••••••••••••••••••••• 156 10.9 244 37.4 61.0 46.20 115.45 
EldQrado ••••••••••••••••••••••• 12/i 14.4 146 32.9 53.9 s.= 36.28 
Stanislaus.-•••••••••••••• , •••••• 114 19.3 59 57.6 3U 10. 78 73.17 
Sierra .•••••••••••••••••••••••••• 104 15.4 59 61.1 36.2 9.00 104.46 
Sequoia ••••••••••••••••••••••••• 131 7.7 72 13.0 35.5 16.75 108.03 

Total ••••••••••••••••••••• 1,757 ·····1s.3· 1,878 ····u.oo· ·····91.36 Average •••••••• ; •••••••••••••••. 42.4 5!-7 



TABLE 24.-C fire,-Average unit co,ta by foreata and group,, 1911-19!0, incluaive (basia, t,511 ji,rfJ&). 

Size, in t111ll"es. 

Forest. 
~cm- 10009 6 Im- ~000-10-20 20-40 4.0--80 W-160 1~ 300-000 500-1,000 ,000 ,000 1b,ooo ,000 

- ---
Klamath .................................. $57.10 $85.90 Sl.26.20 $303.00 $137.00 $364.00 $502.00 Sl,159.00 

$2,~~i:: 
$2,450.00 Sl,159.00 

i::,::::::::::::::::::::::::::::::::::: 66. 20 62.00 127.40 112.00 186. 00 222.00 507.00 779.00 1,006.00 ·········· 43.10 61.90 137.10 131.00 288.00 669. 00 58\l.OO 768.00 665.00 4,120.00 
Oalifornia ••••••••••••••••••••.••••••••••••• 32.40 59.90 71.20 116.00 112. l'O 160.00 275.00 288.00 361.00 1,324.00 .......... 

Weighted average cost 1 •••••••••••••• 61.90 64.60 120. 70 124.60 197.10 321.00 ~.00 712.00 928.00 2,720.00 1,159.00 
= Modoc. •••••••••••••••••••••••••••••••••••• 29.20 37.60 63.00 74.00 200.00 49.00 114.00 338.00 1,127.00 

Lassen ••••••••••••••••••••••••••••••••••••• 30.40 61.80 63.90 113.00 151. 00 280.00 292.00 W.00 766.00 3,629.00 12,340.00 

Weighted average cost ••••••••••••••• 28.30 48.20 56.90 96.80 169.00 225.00 238.00 636.00 766.00 3,379.00 12,340.00 
= PlUJllllS •••••••••••••••••••••••••••••••••••• 61.60 112.60 102.20 274.00 217.00 370.00 699.00 707.00 

2,~~:: 
610.00 3,801.00 

Tahoe ••••••••••••••••••••••••••••••••••••• 62.00 91.60 121.60 141.00 209.00 623.00 614.00 2,160.00 866.00 .......... 
Eldorado ••••••••••••••••••••••.••••••••••• 20.20 26.50 44.60 134.00 189.00 105.00 361.00 292.00 60.00 ·········· ·····••'I,•• 

W elgbted avenige cost ••••••••••••••• 52.80 87.60 104.60 180. 00 208.00 378.00 599.00 853.00 1,120.00 177.00 3,801.00 

stanlslaus ................................. 21.30 37.40 46.60 72.00 241.00 108. 00 129.00 60.00 2,m:: 
1,339.00 6,298.00 

Sierra •••••••••••••••••••••••••••••••••••••• 39.40 47.40 36.20 102.00 77.60 164.60 202.00 267.00 1,245.00 ·········· Sequoia •••••••••••••••••••••• : ••••••••••••• 44.40 78.00 90.60 129.00 118.00 129.00 864.00 231.00 640.00 624.00 ·········· 
W elgbted average cost ••••••••••••••• 36.20 60.60 63.40 92.40 160.00 136.00 401.00 182.00 954.00 968.00 6,298.00 

~cm-,000 

.......... 
$3,895.00 .......... 
3,896.00 

.......... .......... 

.......... 
= .......... .......... 
·········· 
.......... 
·········· .......... .......... 
.......... 

A[::£• 
acres. 

Sl~l.90 
111.00 
13().20 
78.30 

111. 70 
= 80.80 

80.00 

79.80 

= 163.40 
126.00 
82.90 

126.50 

83.60 
60,60 
92'.00 

76.60 

"2j 
:;· 
~ 
s· 
~ -i ~-

1 Weighted a rerage Is total cost of fires for group of forests divided by total number of fires. For example, l.I1 northern group, 10-20 acres, simple average Is $49.40; weighted ~ 
average, tsl.90. ...... 

TABLE 25.-G fire,-Unit costs by groups, average of 1911-1920, inclusive (basis of 2,511 fire,; weighted average). 'j" 

"" 
~ 

Size, in acres. 

Group. 
~cm- ~cm- fi,~ ~cm- ~cm-

'\=e 
10-20 2G-40 4G-80 80-160 160-300 300-500 500-1,000 ,000 ,000 ,000 ,000 acres. 

~ --- ---- --- ---
Nocthem ••••.••••••••••••••••••••••••••••• $51.90 $64.60 Sl.20. 70 Sl.24.60 Sl.97.00 $321.00 $490.00 $712.00 $928.00 $2,720.00 Sl, 159.00 $3,895.00 $111. 70 
East side •••••••••••••••••••••••••••••••••• 28.30 48.20 56.90 96.80 169.00 225.00 238.00 635.00 766.00 3,379.00 12,340.00 79.80 
N ortb Sierra •.••••••••••••••••••••••••••••• 62.80 87.60 104.50 180.00 208.00 378.00 599.00 853.00 1,120-00' m.oo 3,801.00 .......... 126.60 
South Sierra ••••••••••••••••••••••••••••••• 36.20 50.60 63.40 92.40 150.00 136.00 401.00 182.00 954.00 968.00 6,298.00 .......... 76.60 

Average cost ••••••••••••••••••••••••• 47. 70 66.80 97.90 l29.00 186.00 320.00 483.00 602.00 968.00 2,305.00 6,900.00 3,895.00 ·········· 
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TABLE 26.-C jires-A1Jllrof1e coats; by 1}f,m'B (ooais, :2,511 j,res). 

Slze,lnacres. 

Year. 

2MO 10-80 111-l!O 

191) •• 28.$ 27.5 43.4 
1912 •• 27.!I 3S. 7 34.2 
1913 •• 35.6 37.3 58. 1 
1!114 •• '/2.4 106.2 99.0 
1915 •• 5L5 6L9 118. 5 
1916 •• 38.3 60.8 75.9 
1917 •• 36.8 9.8 111.5 
1918 •• 44.6 56.4 109.3 
19UI •• 55.0 80.0 114.6 
1920 •• 75.2 127.0 159.6 

1 F tor Average eost 
ac = ../oores • 

80-160 J00-300[300-000 

88.8 70 156 
132. 5 52 156 
J,20. 5 99 198 
156.6 217 188 
80.0 206 176 

100.2 138 193 
74. 5 191 29Z 

Jt&.J,i 188 198 
128.2 205 336 
228.0 324 720 

Cost per CostJ)el' Average A~ l 
600-- A llre. B fire. factor.• acre,,. 
1,000 

1811 '3-11lr-
m .. l 8.1 { 

7. 7 
1811 3.40 55 1L40 Sl3.53 8.4 
620 ti 14.65 8.2 
498 28;85 

12.2{ 

15.9 
4113 4.:13 4.23 17.25 17.55 12. 2 
778 t~ 12,85 9.9 
378 16.25 10. 7 
4:16 5.65 18.ln 15.9 { 

12. 7 
655 6. 75 6. 77 18. 90 '21. 65 13. 8 
655 6.90 27.9 21.1 

• 

TABLE 27.-Ca'U,IIU of C fires on onefotutfor tlie two YfflTII IJJ17 and 1920. 

Cost of Per Per i>er 
Cause. Number Acres SUl)pre&- cent of 'Cellt ol cent of 

of'lires. burned. to~ total suppres-
SlOll •• llUDl • acres. sloncost. 

sa~ ............................... 32 2,978 -:-: 25.2 1.5 11.7 
Slow start on account of laclr of men •••••• 17 38,~ 13.4 20.2 16.4 
Slow {et-away ••••••••••••••.••••••••••••• 9 1'255 7. J .5 3. 1 
Slow etection 11n account otsmoke ••••••• 33 :·~ 4'863 26.0 5.4 12.4 
Policy oflow cost ••• , ••••••.•••••••••••••• 10 3;747 7.9 52.0 9.6 
Errors In tlghting ......................... 15 ui740 12,778 11.$ 9.8 32.7 
Handled by cooperators ••••••••••••..••••• 11 20,fNl 5,503 8.6 10._6 14.1 

Total ••••••••••••••••••••••••••••••• 127 191,968 39,132 100.0 100.0 100.0 

TABLE .28.-The relation of man power to total coat of prevention, auppreuwn, and 
damage, by the varioua group11 of jortllta. 

O11,0Ul' 1.-KLAM:ATR. TRINITY, SHASTA, CALIFORNIA. 

Class 1.-Below Class2.-Aver• j Class 3.-Above 
average. age. average. 

Year. 100-lOOmen. Year. 150--200men. Year. ~men. 

Men. • Total cost. Men. Totaloost • Men. :l'otal cost. 

1911 ••••••••••• 117 '91,700 1912 ••••••••••• 184 '61 600 1913 ••••••••••• 203 $100,-900 
1917 ••••••••••• 141 917,300 1916 ••••••••••• 171 178:400 1914 ........... 2i5 171,900 
1918 ••••••••••• 125 683,300 1920 ••••••••••• 171 :IM,000 1915 ••••••••••• 21.6 151,300 
1919 ••••••••••• 143 248.000 

Total •••• 526 l,9t0,300 ······••t••····· 526 574;000 .................. .. t:t;l: Average ••••••• 132 485,100 ················ 175 191,300 ................. 221 
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TABLE 28.-The relation of man power to total cost of P!evention, suppr.e88ion, and 
do:rn,o,ge, by the various groupa t>f forest,a-:Continued. 

Year. 

1911. .................•..•....... 
1912 ............•.............•.. 
1913 .....................•.•.•.. · 
1916 .........•.•..........•••.... 
1917 ..••...•.•............•...... 
1918 ..... •·••·•· ....... ··••· ..•.. 
1919 .....•.............. ···•·· ... 

GBOUP 2.-KODOC, LASSEN. 

Class 1.-Below 
average. 

4P-50men. 

Men. Total cost. 

43 
45 
45 
47 
48 
44 
48 

$38,600 
17,500 
25,200 
41,400 

168,900 
112,800 
44,400 

Year. 

1914 ..•.............•....•..•..•. 
1915 .......•......•.............. 
lll'J() ••••••••••••••••••••••••••••• 

Class2.-Avet• 
age. 

50-fl()men. 

Men. Total cost. 

56 
55 
55 

129,500 
30,900 

191,100 

Total...................... 320 448,800 
64,100 

•••••••••••••••••••••••••••••••••• 166 251,500 
83,800 Average.......................... 46 

Year. 

1911 ........... 
1917 .•......•.. 
1918 ........... 
1919 ........... 

Total .... 
Average ....... 

Year. 

GROUP 3.-PLUMAS, TAHOE, .ELDORA]lO. 

Class 1.-Below 
average. 

80-lOOmen. 

Men. Total oost. 

83 $73,700 
86 224,900 
79 200,000 
89 133,200 

~ 631,800 
158,000 

Year. 

1912 ........... 
1913 .•.•....... 
1916 ........... 
1920 ........... 

·······,········ 
················ 

Class 2.-Aver• 
age. 

100-120 men. 

Men. Total cost. 

104 142,200 
100 69,200 
105 31,500 
104 88,800 

422 231,700 
105 58,000 

Year. 

1914 ........... 
1915 ........... 

.......•........ 

.............. ·-

GROUP 4.-STANISLAUS, SIERRA, SEQUOIA. 

75--lOOmen. Year. 100-125 men. Year. 

:i5 

Class3.-Above 
average. 

120-140 men. 

)!:en. Total cost. 

122 
~·~ 147 

' 

269 177,200 
135 88,600 

125--150 men. 

1917 ........ __ 83 $159,000 1911 ........... 100 $60,400 1914. .. .. ... ... 140 $153,800 
1918 ........... 65 54,600 
1919 ........... 75 82,200 
1920 .........•. 95 135,900 

Total .... 
3~ I 431,700 

Average ....... 108,000 

470990-31-6 

1912 ••......... 114 
1913 ........... 122 
1915 ............ 119 
1916 ........... 106 

1················ 564 
················ 113 

103,000 
90,900 
70,700 

143,700 

468,700 
93,700 

140 
.140 

153,800 
153,800 
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TABLE 29.-The relation of man power to total cost of prevention, suppresmn, and 
•damage. 

Year. 

SUMMARY F\OR DISTRICT. 

300-400 MEN. 

Preven­
tion (1). 

Damage 
(2). 

Supprest­
sion (3). Total. 

1911.................................................... $104,000 $132, (Y)() $29,000 $265,000 
llll7 ..........•.......•..........•.•..•..••.•.•.•.•..... 

1

. 110,000 1,239,000 128,000 f, ~' ~ 
mL::::::::::::::::::::::::::::::::::::.:::::::::::::: 1::888 :~~:Z?i8 ~:~ 'ooi.ooo 

·~----1-----1-----/----
Total. . . . . . . . . . . . •• . . . . . • . • . . . . . . . . • . . . . . . .• . • . . . 408,000 2,562,000 322,000 

Average................................................ 102, 000 ll40, 500 80,500 

400-500 MEN. 

1912... .• . . . . • . . •. . . . . • . . • . . • . . . . . . • . . . • . . . . . . . . . . . . . •. . $134,000 
1913 ••.•.• ··•·•·••·· ..•. ··•·· .•........... ··•·• .. ... .•.• 144,000 
1916 .....•...• , . . • . • . . . . . . . . . .. . . . . . . . . • . . . • . . . • . .. . . . . . 128,000, 
1920 ...•..•..•...•..... ···•·· ............ ··•·•· ... .•. .. . 128,000 

$75,000 $15,000 
105,000 40,000 
330,000 41,000 
404,000 88,000 

1-----1-------+----I--
Total .. : . . . • . . . • . . . • . . . . . . • . . . . . . . . . • . . . . . . . • . • . . 534, 000 

Average................................................. 133,500 
914,000 
228,500 

500---000 MEN. 

1914. . • . . . . . . . . . • . . . . . • • . . . . . . • • . • . . . . • . . . . . . . . . • . • . . . . . $169, 000 
1915. . . . . . . . . . . . • . . . . . . . . . • . . . . . . • . . . • . . . . . . . • . . . . . . . • . . 161, 000 

'-----1------

$228,000 I 135,000 

T o t al . . . . . . . . . . . . . . . • . • . . • . . . . . . . • . . . . . • . . • . . . • . . 330, 000 
Average .•..•.....•....•...•• ,. . . . • . . . . • . . . . . . • • . . . . • . . • 165, 000 363,000 I 

181,500 

184,000 
46,000 

$47,000 
-46,000 

93,000 
46,500 

3,293,000 
823,200 

$224,000 
289,000 
499,000 
648,000 

1,660,900 
415,000 

$444,000 
342,000 

786,000 
393,000 

TABLE 30.-Area per number of men in the protection force in the various groups of 
forests. 

Group. 

1. ...•.........•...... ··•·•·· ....... ··•••·· ..•...•..............•.... 
2 •••••••••••••••••••••••••••••••••.•• , •••••••••••••••••••••••••••••••• 
3 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
4 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ; •••••••• 

Total ......•..........•......•............•...........••.•..•. 

Number 
of men. 

225 
50 

110 
115 

500 

TABLE 31.-Elements of suppression costs. 

Acres of Acres per 
hazard. man. 

5,960,000 26,500 
2,540,000 50,81)() 
3,590,000 32,000-
2,770/00() 24,100 

14,860,000 29,700 

On private land. 

Tempo­
rary 

labor. 

Forest 
Offi(l81' 
labor. 

On Na- , ______ _ 

Year. Tools, 
etc. 

Total 
cost. 

tional 
forest 
land. 

lilsi.de 
forest 

bound­
aries. 

Per cent. Per cent. Per cent. Per cent. Per cent. 
1911............................. 53.9 _24.8 21.3. $18,746 ~g ~·: 
1912...... .• . . . . . . . . . . . . . . . . . . . . . 5492.. 41 26.20.-71 2724 .. ~ ~,719782 • 
1913. •. . . • . • . . . . . • . . . . . . . . • . • . • • . , 62. 2 16. 7 
1914............................. 49.0 7. 7 · 43.3 46,611 36.8 14.8 
1915. •. . . . . . . . . . • . . . . . . • . . . . . . . . . 

53
55 •• 4

0 
1
1
9
1 
•• 1
5 29

24..: !M~ s1. 8 20.1 
19lfl.... . . . . . . . . . . . . . . . . . • . • . . • . • , 66. 0 23. 8 
1917........ .. .••.. .. .. ... . .•. ... 55.1 10. 7 34. 2 121,707 (1) (1) 
1918.. ... . •. . . • . • . . . . . . . . . . . • . . . • 58. 0 9. 8 112. 2 114,986 <:~ (1) 
1919............................. 54.4 12.0 33.6 101,433 ( (1) 
1920............................. 49. 0 8. 8 42. 2 152,851 (1 ( 1) 

Outside 
forest 

bound• 
aries. 

Per~ent. 
11.1 
U.4 
21. l 
48.4 
12.1 
10.2 

m 
I~!~e:::.::::::::::::::: ·····5ir ..... ii:il· ·····air/ .. ~~,;~~.::::::::::::::::::::!:::::::::: 

.1 Not available. 
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