






















































































































































































ROLE OF FIRE IN CAUFORNIA PINE l'oRESTS. '75 

Table 23 shows. th~ e~t andy~ue of the various ~es of-mea~ 
urable damage to virgm forest, usmg the averages denved m this 
study. ·· 

TABLE 24.-Summary of fire damage to merchantable timber 

Average 
Type ofloss ~~:re Value 

b.m.) 

Direct immediate physicalloss: 
1. Heat killing________________________________________________ _________________ 1;000 
2. Burning down _______ ----------------------------------------· ________________ 1,000 

Secondary ph¥5ical losses: 
1. Reduction of growth _____________________ --------------c---------------------
., Insects_________ ------ _ -_ --------------- -----·------ --------------------- -- -
3. Fire scars _______________________ -------------- __ ------ ·--- ------------- ------ -

· 4. Fungi_------------·___________________________ _ _________ · __ · _______________ _ 
Indirect :financial I osses: 

500 
1,000 

250 
(l) . 

$3. 00 
2. 00 

LOO 
2. 00 
,50 

(I) 

~-rn:!0.1:, r~igi~i~ts---------------------=----------------------·------------3, ------7. 50 
Losses to other resources: 1. Water ________ •'_______________________________________________________________ (1) 

2. Soil ________________________________________ .___________________ __ _ __________ (1) 

1 No definite figure. 

So long as the :fire damage in merchantable v4'gin forests is consid­
ered to be merely the direct immediate physical loss, there is a se­
rious undervaluation of this factor in the minimum-cost theory formula. 
But even with such an inadequate appraisal of damage, the damage 
factor far overshadows the cost of.protection. 

A third consideration vitally: affects the value of the mimimum­
cost theory, and is even more difficult to weigh accurately. This is 
the task of determining and valuing the importance of forest in mod­
ern civilization. Forest economists (9, 28) have shown convincingly 
that the stage of civilization is intimately related to the condition 
and use of forests and indeed that the secondary and indirect benefits 
~ay outweigh their v9:lue as a source of_ useful products. Whether 
m the future forests will be more or less impottant than they are to­
day is purely speculative, but certainly there can be no guestion that 
forests will continue to be one of the fundamenial. physical bases of 
civilization as we conceive it at present. . · 

Therefore, in considering the r$le of :fire in forest, we can not over­
look the vital conclusion that the continued existence of forests is of 
paramount importance for countries which were once forested and 
later denuded ~ve striking proof of the dependency of civilization 
upon forests and of the impossibilitY. of expres_s~/t in terms of m.o~ey 
the value of such fundamental, prunal reqrt1S1tes.. A theory which 
proportions protection to a supposed money cost of damage can not 
m the larger sense be considered acceptable, even for our virgin 
stands. · 

Further, while damage in virgin forests is ordinarily confined to a 
reduction in the quantity and 9.uality of the stand, without annihila­
tion of the forest, fir(l damage m restocking brush :fields and cut-over 
lands is of a different degree. Complete or nearly complete destruc­
tion is the rule rather than the exbeption with fires on such htnds; 
A given degree of protection which merely keeps these lands at their 
present state of relative unproductivity is for all practical purposes a 
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useless. expenditure Qf money. The present degr~ of protection 
results in an average fire rotation of 160 years for timberlands, even 
including the open and understocked_ stands, and an average of less 
than 30 years for brush fields. It may, therefore, fairly:be said that 
the objects of protection are being measurably accomplished in one 
case and are not in the other. 

The minimum-cost theory is particularly difficult to use in con­
siderin~ brush fields and cut-over lands. It may well be impossible 
to justify statistically the necessary expenditures for complete exclu­
sion of fires, the fundamental requirement once an ~rea of brush land 
is dedicated to the production of timber. But no _halfway measures 
can apply. This study has shown clearly that the primary need of 
this class of land is complete protection. Any theory which fails to 
recognize this must ultimately fail in its application and can. at best 
result in merely maintaining the status quo. The brush fields, as 
now, will continually be just coming into a state of productiveness, 
after a period of decades devoted to the establishment of reproduc­
tion, only to be again swept by fire. 

Thus th~ principal dif:6-culties in applying the minimum-cost theory 
of protection to restocking brush fields are: · 

1. The factor of damage in the equation can not be readily deter­
mined because it depends on an assumed interest rate, on assumed 
stumpage values, and on a knowledge of yields which we do not pos­
sess. 

2. The expenditure for protection during the first timber rotation 
is _partly a capital investment and can not be-charged entirely to the 
imtial crop, for adequate protection not only assures the-. maturity 
and harvest of the advanced growth already on the ground, but per­
petuates the forest without the expense of artificial regeneration. 

THE MINJMUM DAMAGE THEORY. 

The most simple a.nd direct statement of our objectives as applied 
to forest lands IS contained in what is termed the.minimum-damage 
theory. · 

To_ the extent _that present expenditures make .it eas~er and more 
certam to establish future forest crops after the first IS harvested; 
to_ the extent that systematic fire exclusion produces a type of cover 
which makes fire protection itself :i;µore easy; to the extent that site 
qua,Jity improves as a result of fire protection-to this extent it is 
evident that a great part of the money that must be spent in grow­
ing the first timber crop can not be properly .charged against that 
crop. It is a capital investment in the land itself which will benefit 
successive timber crops. . . . 

Even the most ardent advocate of forest production will recognize 
that on very poor sites and where logging is physically impossible the 
deliberate production of tjmber for a wood crop can not be justified, 
but the danger of confusing current and.capital expenditure is that, 
through mathematical computation and by charging a;]Jexpenditures 
to the initial crop, it is easily possible to make timber production even 
on favorable sites appear financially unwarrantable. 

S~tem.atic fire protection in the virgin forest has as its object not 
merely preventing losses, but building up the forest and the quality 
of the land itself, both of which are, m part, capital investments. 
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In the brash; ¥eld,s, ~o far as our p~~~ e~erien'?e goes, som~ .· .· · 
more than th(:} mteiiSlve use of mtUI pow:er: is reqmred to gaaraµ~ee• 
successfULJ):tot(3etipn. A very co~prehm;lSive system of _protootive 
measures will l;,e,:i:t~ed, such as wilJ. includeJhe construetio1i ot fir~ · 
bre~;. _trails Jot :~apid COID;11111!1ica.tion, •· a.nd similar improvem~Jits: .. 
serv:mg to bretlk up l~e UDits mto smallei,-6nes and mai:e f<>,r ewer .. 
fire controt 'It_ ~s clear that ~uch -ex_p~~ditures are _inv:es~mepts 
rather than carrymg charges agamst the m1t1al crop. This distmctron 
between carryip.g charges and capital investment in the land is one 
of fundamental importance when the financial aspects of reforestation 
are considered. ···... • • 

If the brush areas continue in their present• condition, the cost and 
success of protecting adjacent timber,sten<ls will be vitally affect~-- .· 
A weakness of the minimum-cost theory-is that it. tends to consi4er, 
eac;ti acre of land by itself, as somethi~. a;partJrom the forest area or 
re~on !'18 a whole,· ~ereas the. probI.ein JS as. comple;X as tli.tl forest 
region_ itself. . What 1s !),CCOmplished m•:the regeneration of the bl'llsh · 
fields JS of the greatest 1mportance not .. Onl)l: w the brush field.$: but. to .. 
adjacent virgin forests. It follows, therefore, that the cost of pro.:. 
tecting the brush fields is properly chargeable not only against the 
particular area but against near-by lands. . •·· 

In restocking brush fields the overwhelmingly important .element 
in _the ~ost o_f prpducing timber is fir~ prote_c~i<;m, a great : part of 
~hich 1s ,capital mvestment; bu~ the, lIDposs~bility of statmg J)re­
msely which part o! such expe1;1d1ture 1s a capi~al mvestm~nt l'.rla~es 
any ~mt the xnost ~im~le and direct &~prot_ection theory unpra:ctte~ 
able m actual application. - .-. _ ---.. - - .- .. - --. . " --- ---. --. . .. 

To ~etermine-thej1;1Stifiable_protection e:xp~ditures forchaparrt\J, · 
areas IS even ·more difficult than for restocking brush :fiel~. • The 
damage resulting from fire in cha.pan;al can not be readily discerned 
nor accurately -valued,. since it consists mostly of indirect · damages 
such as injury to ~aters_h~ds, erosion, etc; The minimum-cost theory 
of prot~~t1on a_pplied ngidlY. to these areas would lead to the same 
absurdities as m the restocking brush fields. 

If the facts and figures given in this bulletin point to any one con­
clusion relative t? a ~esirable t;tieory o~ fire P!otection, it 1s that the 
degree of protection m the Califorma pme r8g!OU can not be. mathe.­
matically restricted.but must in all insta;nces. be suflicien~oo it is 
~eterm,ined that a given area is to be9ey-oted to_ forest gro;wing::-:-to 
msure the cpntin-mty of the forest on such a, high level of quality · ..... 
and quantity -as to justify the total effort :of- forest man~em~t, -
The minimum-damage theoi provides fOJ' . this. It recognizes· fire 

~:hles8!6~e~:nth!e~!ry of exis~e=b~f t~~ f~~::a::r~n~ 11~~s: 
destructive work is always cumulative and always aimed at finally 
reducing forest land to worthless desert or chaparral. . 

Applied with. a reasonable degree of. intelligence, the_ minimum­
damage theory 1s a more economical method of attackmg the fire 
problem than the ;1Uinimu;1TI-cost_ theory. It I?rovides a C?mplete 
rather thansui»rfimal and immediateplan·of action. lt co~d~aJl· 
forms of loss and total danuige rather tban,merely the more.~b:vious - ... 
and less importantJosses. It takes into account the full possibiliti~ -
of the land, fl.$·wellas the immedi_ateerop, and, so protoots t~:CaJ*~ •·· .. ··· 
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SUMMARY 
Throughout· . every section of, ·the detailed: examination .of the :r6le·· 

of fire in the forests of the Caillornia _pine region there have appeared · 
tyrn principal p_h~es w~ch ~ay,fairly be regarded as major conclu-

:i~S:vi'1~~~~foas ~eh~,==~ 
oau~, lnit:al$<>"J>ecause eacldire,paV:EI.S the way .for greater:tiinc:lmote 

:r;;J'tj~f::::iro~r~~~t0:i!:s~~r~ilFA; . 
standing 1mportance in the fire proble.m · t.o-day. .As a result of this · 
process, each :fire, by allowing th.e inv8.Sion of inflammable brush 
species, and adding fuel in other forms, makes future protection more 
costly, more difficult, and more uncertain. · · 

2. · Fires in the virgin forests of the California pine region. rarely 
are catastrophes, for they .do not :wipe out at one strok~. t_he e_ntire 
stand .. oyer.a large area. Indeed, t}),ey are generally d1stingttjshed. 
by fil.r~'iactthat m~ch of the dam:age ifrelatively inconspi(mous-.and> 

.. notJ.mm:ediat~ly eVIdent. Bnt,.a study: <:>f the mes of th1vpast: ·flill.d · 
th<,>se:: of. th~ P,~sent shows umriiata.k9:bly; that a~trition · ~--• the irievi-. 
tab~e:conconnttant of repeate<l::fires •. .-· ,Thm weanng·down of ~e;fo?,"" 
~t is ~tµik:al>ly exhibited in al.lits. v¢ed stages in the C.ahfol'Illa; 
J>ilie xegmn to:.day, from the well-stocked areas of matul'EI tunber to· 
the nontimber:.producing chaparral. • The :fire-scarred virgin fo:rest,; 
the broken, .patchy timoer stand of no present merchanta"bility; the 
brush fields with scattered, isolatoo. tr~, and small groups of trees; 
the C(?ntinuous-brush :fields occupying po~ential timberland and re­
stocking· oxµy-slowly; and finally, pure · brush or chaparral, the end 
product, are but the different ~hapters of the story of attrition. . · . 

The tapidit:y with which the pro~ ·of .acceleration a.n9,a.ttritmn.· 

· :rr:r#:~~l:;$1:ir~.$ 
sulia;ce; firea such as have ~en used ll,1 · an attempt t() redµce. :fire:: 
hazaro, · e$l>ifr the same destructi've 'tei:i.dency -toward: q~ality· and 
quantity reduction as do the more devastating summer:fuies. fo the 
v:irgin forest the initial steps of . attrition and acceleration are slow; 
but in brush fi~lds an_d cut-o'V'er land~ of the present day we find 
t~ese processes m _their. most ~est~ct1ve and _consequent1alyha'E!es, 
smce liere even a smgle fire ordinarily · accomplishes the ann.ihilat1on 
of the :new forest. · 

'-f,hr<>ughsite deterioration. ~:fl'.eeted· by. centuries of acceleration of· 
fir«f :dtmiage and attrition fr<>ln ~ inju,ry, the forest oftq-d:ay .b.ft8 
~JW1$l,· a, definite- character ve:ry; ~~~t fro~ what it is_-popuJ9;1'.l:r: 

... supposed to/be. · The genera.Ji p11blitf:' v1ewpomt that-· the nat1,onal 
. '' ' ,, '~ 
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forests of California are large unlirok::en reser.,voirs of timber is thus 
not altogether in accordance with the facts. Large areas of these 
national forests must be considered rather as a future source of tim­
ber, ~ependi_ng la~gely op. care and cul~iva~ion, than as a source of 
material available immediately for exploitat10n. · 
. So11:1e beneficial uses of_ :fire ap:p~ar. Instances have been menti?ned 
m which fire has benefi,c1ally' thmned out young growth or . asststed 
reproduction . ~ other· ways, purely by chance or accident. But 
much more emdent from the data.her.e presented has been the con­
clusion that in the main the damage from even the lightest fire has 
definitely contributed to destroying the value of timber and timber­
land. This cost, when truly estimated, has been shown to be greater 
than the cost of 'fire exclusion. 

That mii,ximum protect,ion or .fire exclusion inevitably increases 
hazard by the encouragement of undergrowth is, of course~ true, but 
su,ch added hazard in no way vitiates the reasons for protection. It 
is an additional danger, .but one that .can willingly be accepted. 

Uses of fire which are contrary to the interests of the forest, such 
as th.,e firing ~f the fores~s or reprod_ucing ar~as f?J: gr~g purposes, 
are mcompatible with timber growmg. With rISmg tm1ber values, 
grazing will .doubtless ta]rn its place as subsidiary to silviculture. In 
the :p~e region trees are afar more p~ofitable . crop than forage. 
Nor is it by any means proved that fire is the friend of the grazier 
that he has been wont to consider it, whatever the nature of the land 
on which it is employed. · . 

The old misconceptions regarding the r6le of fire in the California 
pine region can profitably be cast ~rnt and destroyed alike by the tim~ 
ber owner, the p~ssessor o~ potential forest land, the lumbel'J?'l.an, and 
the forester. It 1s~to the mterest of all who have to do with these 
forest areas to recog;nize that the true r6le of fire i!i! that of destroyer 
and that any policy of protection must first insure the highest :[>racti­
cable degree of protection, amounting to fire exclusion in brush and 
cut-over tracts. · His to theirinterest further to gr~sp the economic 
truth back of such a policy, namely, tha,t protection IS not merely a tem­
porary measure to get a maximum first crop of timber, but that it is 
far more in the nature of a permanent investment in building up a 
hii:!:hly productive permanent forest. · 

'Much of the progress of forest :management and of fire protection 
,itself thus depends on a thorough knowledge of fire damage. The 
more intensively fire dam~e is studi~d, the more evident. it becomes 
that a complete appreciation of· its nµportance is fundamental to. a 
sound and workable philosophy of fire protection. · Conversely, failure 
to appreciate in fulf the r6le of fire in our forests may easily lead to 
an inadequate scale c:fprotection which, in its broadest i;i,spect, serves 
merely to maintain the present unsatisfactery condition of our forest 
lk~ferty, a condition ~n itself the outcome of centuries of repeated 

The present values of second-growth timber and the trend of prices 
upward, as well as , the obvious future needs of the country, now 
compel consideration of adequate protection, as a precautionary 
measure for the private owner, and as a public necessity. . 
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