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Sample plots on burned ground showed that trees up to 6 feet in 
height were uniformly destroyed, and the reproduction, considering 
the area as a whole, is more patchy in its distribution as a result of 
this fire. The thinning of the smaller individuals is not of itself 
undesirable and may at times even be a benefit, but it was in these 
dense stands that the increase in the amount of litter since the fir, 
was most striking. 

This fire reemphasized the conclusion previously reached on the 
Lassen County burn that reproduction standing in squaw carpet is 
practically immune to light surf ace fires, because this low-spreading 
plant is sufficiently fire resistant to stop the progress of such fires. 

The most striking contrast between the Lassen County and Sierra 
County burns is in the direct and indirect costs. On one area, heavy 
cash investments in protecting merchantable timber were completely 
successful in eliminating damage to this class of material. On the 
other area, with no investment in protection of merchantable timber, 
material loss to mature trees resulted. 

DETAILED STUDIES OF HAZA.RD REDUCTION-SHASTA AND SISKIYOU COUNTIES 

An experimental light-burning area in Shasta County, in the mixed 
conifer t3Te, was burned in March, 1911, with an exceptionally light 
fire, burmng only the top layer of the litter and killing much of the 
reproduction without consuming it (22). The clumps of brush in 
the burned area were also killed by the fire, but again without con­
suming the stems, twigs, or even the foliage. This experiment cov­
ered only a few acres and was so small that no effort was made to 
study the effect of the burn on merchantable timber. Instead, efforts 
were concentrated in determining the effects on reproduction and in 
reducing inflammable material. Periodic examinations were made 
of the condition of litter, brush, and general inflammability on a 
number of detailed plots set out on the burn, the results of which 
are given in the following paragraphs: Within a year following this 
light surface fire the inflammable material had reached its original 
amount and it continued to increase during the period of the experi­
ment. This feature of light burning has appeared so uniformly that 
it can only be regarded as an inherent result of a surface fire. 

Examination of March, 1911, directly after the fire 

Condition of litter.-Where less than one-half inch deep, all the litter was con­
smned, but where deeper only the top layer burned. 

Condition of brush.-Killed and partly consmned, but much of it retaining 
scorched leaves. 

Degree of hazard.-Amount of inflammable material much reduced, to the extent 
that fire could not have spread again at this time. 

Examination of October, 1911,six months after the fire 

Condition of litter.-Amount now equal to that on adjoining areas, produced by 
des.d vegetation, mainly fire killed. 

Condition of br-ush.-New sprouts varying from IO to 20 inches. 
Degree of hazard.-Amount of inflammable material now equal to that before fire. 

Examination of August, 1912, ap'[ffoximately 18 months after the fire 

Condition of litte;r.-Very heavy under dense sapling stands; mode;rately heavy 
elsewhere. 

Condition of b.rush.-Sprouts now 24 to 36 inches long. 
Degree of hazard.-As before, or slightly increased, with half of needles still 

hanging on fire-killed reproduction. 
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Examination of September, 1913, less than three. '!lears ojter fire 

Litter still increased by falling leaves; brush sprouts increasing; hq,zard greater 
than before fire, part of needles still on trees, bark and twigs still falling. 

More recently an opportunity on a larger scale has be,en afforded 
for a conclusive study of the costs and results of light burning as a 
means of reducing hazard in California pine region. 

From early July until the latter part of ,41ugust, 1920, a fire 
burned in the Moffitt Creek watershed in Siskiyou County, covering 
an area of about 11 square miles and causing a · heavy loss in mer-, 
chantable timber both by heat killing and by burning down, averaging 
3,390 board feet per acre. The land was private.ly owned., largely by 
the Central Pacifio Railway Co. The California Forestry Committee, 
on the request of the principal owner, decided to conduct experiments 
in light burning here, primarily with the idea of keeping the hazard 
at a low point and to determine the costs of large-scale operations 
(4, 6). , 

The first attempt to carry out this project was made in_, the spring 
of 1921. After more than a month's efforts only a very small part 
had been burned. Most of the time rains prevented burning at all, 
and a few days after the last rain the forest floor became so dry that 
it was considered dangerous to set fires. In the fall of 1921 slight 
progress was made in reburning the area. Weather conditions con­
tinued uniformly dangerous up to the time of the :first fall rains, after 
which fire would not spread. 

Similar climatic difficulties were again encountered in the spring of 
1922 when a crew of men tried for 13 days to fire the area and were able 
to burn only 32 acres. Frequent rains made it impossible to obta~ 
burns even on southerly slopes during the fu:st 10 days, after which 
the.weather suddenly oecame dry and hot. On the thirteenth day 
fires spread so rapidly that the work had to be abandoned. 

One area of 12 acres, burned in June, 1922; just before the abandon­
ment of the work, the fire being generally light and spreading down'­
hill, was examined in detail in October, 1922. It was found that 6 • 
western yellow pines and 4 Douglas firs, totaling 5,470 board feet, had 
been burned down, while 4 western yellow pines and 3 Douglas firs, 
totaling 3,710 board feet, had succumbed to heat ki.l.l.in,g:. The average 
direct loss from both these causes equaled 765 board feet per acre. 
Even this small area shows in an epitomized form the results observed 
on other light burns, that unless trees are individually protected 
material loss to merchantable timber may be anticipated. 

The effect of the light-burning operation on reproduction as shown 
by a detailed survey on 2.6 acres, was such that of the original stand 
of 280 seedlings and saplings per acre only 5.7 per cent survived. 
The area was thus left practically denuded of advance reproduction. 

REPEATED LIGHT BURNS-NEVADA AND PLUMAS COUNTIES 

It is important to determine whether repeated surface fires actually 
reduce the inflammable material to the point where forests are immu­
nized against aerious damage from subsequent fires. 

The only areas on which there are definite facts as to the cumulative 
effect of several controlled fires, either on the forest itself or in reduc­
ing hazard, are the second-growth atanda of western yellow pine on 
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private lands in the Mother Lode region: .. Itis known that certain 
of tb.ese . stands i:q :r-f ev-adt1, Countybave l>~ light burned more . or 
less regularlyfornutnyyears. Some of the. results have already been 
noted. in .considering the influence of fire on second-growth forests. 
From these'resultsit is clear that, as withuncontrolled fires in the vir-

gm .. ·. f.·.ores···t·,· r. ep. e.·.·.a. t.ed ..... · .... fig··•h.•·•·.t s ... u.· .rf·.· ..•• a. ce ... burns· .. ··· .··.··n.· .. ·· ... ot. onl·· .. ·.ry.· •·.·d•o· n.·· o·t. · permanentl.y reduce the amount of iriflammable'. material but actually tend to 
increaseit ... (PI. XU fig. 1.) . A splendid illustration of the dubious 
value of light b~ llS a reducer of hazard is afforded by a stud;y 
of the Cemen,t H11Lfile of November 26, 1919. This fire, which haa 
bee·n· ·.· s. e·.t. on····.on·.·e···o·fthe ... • ... _p.···. ,en ... ··.odic~.1y·lig.htr·b·. urn.· ... ed are.as, became s~d­denly accelerated by a heavy wmd and covered· 600 acres, developmg 

. into localized .·crown firesonseveral exposed slopes and wiping out 
every tree on areas of2 to 4 acres. . .. · ·.··. ·. . . . . 

It is noteworthy thatalthough the fireoccurred late inthe fall, the 
damage was as heayy on the areas where light burning had boon prac­
ticed regularly a,s it WM in the stands where fire exclusion. has been 
maintained .. Nor is this an isolated example of the hromful results 
from light. burning, for it is a fact that summer fires in these ligh~ 
!,l:urnedJorests are of not infrequent occurrence and are gradually wip­
Ingout the stands ... Asfaras second~gi-owthforestsareconcerned, the 
data prove that even repeated surface fires under the most favorable 
conditions. do 1¼:ot.reduce h9:zard ~ufli~ently to _prevent crown· fires.. . 

In all the vrrgmforests m which light burning ,had been started 

...•. f .. r,o· ill .. •.· .. • ... ·.·.·· 1.9 .. ·l. 0 .. ·.• t. o.···· .. ·.l 9.·.17.···.~.h~ .... pr. ac. ti .•. · c·e ....... was···· .. ' . d.··· .i-.. ···c o ... •p. •.· .. p· .. ·' e··. d. · .. af. te.··•·· r. t .. ·h. ·e.im ... · t. I.· al burn. This cessation made It IIDpoSSible to study the effects of repeated burns 
in reducing hazard except by dependingon chance fires or on an 
experime11talburn.. Therefore an area on the Plumas National Forest 
was selected and anexperimentaI light burn stated. by the Forest 
Service in the sprnig ofl91?- .... · . . . .. . . . . . . 

Some 200 aores .m the· illlXed conifer type with. wide vanations, of 
slope, aspect, forest types and site quality were selected. Before the 
burni~ was begun a careful cruiseofthe'ori.gip,al stand was made • 

• In addition,.·a numl>erofsample plots were.established to determine 
depth of litteI", density of repro(iuction, number. of fire~carred trees, 
size of sc,ars, and character and "distribution of underbrush. A fire 
line.was thenconstructed around the area .and burning was done at 
night f~lll this line te>ward thec~nter: . Fires_ wm:e set also along t_he 
ridges In an effort to force downltill l>'lll'lllng rather than uphill. 

· The area has been burned twice-once in May,1919, and again in 
M~, 1920. ... . , . . . .•·· ... · ·. · 

Fires burned freely but lightly 011 the .warmer and drier aspects. 
Because of the.· abundance.of squaw carpet, th~y did not cover all the 
ground, although .areasonablycompleteburn was.obtained. Simul-
taneously, fires .... w. ere. s. e. t o.n the cooler··. aspec··· ts; but in.d;J:te of repeated 
efforts, only small patches could b~ burned. This . · culty of burn-
ing has been ~erienced both times the burning was done, and of 
the 200 acres within th-e area only 126 have· been burned over to date . 
.As.· on ..•. the Sierra County.area,.··.the largest amoUI1t.ofinflammable 
material· exists on the coolest slopes, where the amount of under­
growth n.nd rep;!dduction is materially greater than on the dry south-
erlyslo .. pes ... Ev····· en .. at the .. sa. me.elev. at .. io. n. '. a,.period o. f.at least two 
weeks · must elapse after•. south slopes, burn freely before fire will 
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spread on north slopes. If burning is postponed until north slopes 
will carry :fire, the sou th slopes are then so dry that the fire partakes 
of the nature of a summer burn. 

Broadly speaking, this area was divided into two inflammability 
types before the burning was started. 

TYPE 1 
Ground cover.-Needles, short herbaceous material, occasional clumps of brush; 

scattered squaw carpet. 
Soil.-Varying from fine to very rocky. 
Fire-line construction.-From easy, where soil is not rocky, to moderately diffi­

cult where much rock occurs and slopes are steep. 

TYPE 2 

Ground cover.-Open to medium brush, heavy squaw carpet, bear grass. 
Soil.-General.ly rocky. 
Fire-line construction.-Medium difficult, due to brush and rocky soil. 

The first fire covered most of the ground classed under type 1 and 
little of that under type 2. The second fire again covered most of 
type 1 and crept in patches over part of type 2. The effect of the 
two fires on type 1 has been to reduce the amount of litter, but the 
natural replacement, plus the fuel created by the :fires themselves, has 
made a third fire entirely possible. The effect on type 2 has been 
negligible. Relatively little of the rather heavy-litter was consumed. 
What brush was killed has resprouted, and the dead material will fur­
nish fuel for the next :fire. 

As far as can now be f orecasted, several more burns will be neces­
sary to reduce type 2 areas to a condition of inflammability compar­
able to that attained on type 1 to date. The latter probably can 
not be brought much lower than now; so long as timber is on the 
area, the natural fall of material will replace annually whatever is 
burned. On type 2 it ma_y be possible by repeated efforts to reduce 
the brush to the form of low I-year-old sprouts and to reduce the 
accumulation of litter. On such areas, however, :fires are dangerous, 
especially d~ the preliminary reduction of inflammable material, 
when a sudden gust of wind may convert an innocuous creeping fire 
into a hot and damaging one, even in the early spring or late fall. 

From the standpoint of reducing hazard, it can not be said that 
much progress has been made. The more important and difficult of 
the two inflammability classes has scarcely been touched, and this 
general type of course IS the one that light burning should reach if it 
IS to have any success. 

In disposing of standing snags and down logs, the burning so far 
has been far from successful. Not more than 20 per cent of the 
standing snags have gone down, and not more than 45 per cent of the 
down Jogs have been reasonably completely ,eonsumed on the area 
burned over. The killing of trees by lllSects has more than offset the 
reduction of snags existing before the fire. 

Light :fires may actually increase the amount of inflammable ma­
terial by creating new sources of fuel. This increase occurs not only 
in the smaller material but also in large dead trees. On the area. 
under discussion the first fire resulted in burning down a number of 
large trees. Some of these in falling came into close contact with 
other trees and clumps of advance growth and reproduction. The 
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second :fire fed on and partially consumed some of these down trees, 
the resultant intense heat killing the standing trees against which 
. they had lodged. Where the down trees had fallen among young 
trees the, latter were wiped out. This area, in this manner, again 

·· proves the principle that one :fire paves the way for more destruction 
by subsequent fires. · 

Table 21 gives the data on damage to mature timber for both fires. 
The :first noteworthy feature is that the -loss from burning down is 
greater in the second fire.than in the first .. ··. In other words, repeated 
light surf ace fires over a given area continue the process -of attrition 
or even accelerate it. · ,.· . 

TABLE 21.~Damage to merchamable timber 

[Snake Lake experimental light burning area. First fire, 105 acres; second fire, 126 acres] 

N atnre of damage 

BURNED DOWN 

Western "'•-- • yellow vine "'"""' pme 
·.·· 

Loss In trees, by species 

White fir 

. 

Incense 
cedar Total 

·•• . No. Bil.ft.' Na. Bd.ft. No. Bd.ft. No. Bil.ft. No. Bil.ft. No. Bd.ft. 
First fire--------·······--· 5. · 13,190 1 120 3 6,010 0 ·----"-- · 3 770 12 20;-090 
Second fire .••.••••..•. •--- 5 17, 740 5 14,980 7 9, 120 r 170 ,6 1, 700 24 43,800 

TotaL ••.•••.•••. s •• '1-0 30, WO 6 15, 100 10 15, 130 ·t 170 9 

HEAT KILLED : ' 

2, 560 36 63, 890 
I= 

8e<lond fire only........... · 2 

INSECT KlLLEl> 

170 0 -······· 1 100 0 ····•••· 6 1,360 9 1,630 

3 2 0 --------48 First fire ...•••.......••• c. 5 4,240 38 70,600 
Second fire.c •••.•..•.•.•.. 1_11--1-6,_680_,1......;.17--L-32,_520-1..._,i_;__.1_-1-_-1...--1--.J---1--

3,440 3,800 82,080 
2 1,930 6 8,450 0 -------- 36 49,~0 

Total .•••.•..•••••.• 16 10,920 55 108,120 5 5,370 8 12,250 
I-

0 --------84 181, 1100 
,----.:. 

TOTAL KILLED 

6 2 3 770 60 9,450 3,800 102,170 
10 11,150 '1 8,620 12 3,150 69 95,010 

First fire ...... · ••••••..•... 10 17,430 . 39 70, 720 
Seoond fire ..•••..••••.• a.a 18 :M, 6llO 22 _4_7,_500_1--J--+-"'-+-'-~-+-'-lf---+--+-­

I 9 15 129 

AVERAGE KILLED PER A<lBK I · 

16 20,600 12,420 3,920 197,180 
I= 

TotaL ••...••..•• cc>28 ~020 61 118,220 
~=l,~~=l==l====l==p~=l==I=~= 

L 

=rte:::::::::::::::::::: II :::: g~~ :::: ~ 1:::~: ~ ::::: ===1 :::::~ 
Average................. 182 •... 512 -··· 89 ..•• 54 .... 17 ····- 854 

Another important feature is that direct heat killing did not result 
from the first fire but from the second occurring where trees burned 
down in 1919 lodged against standing living trees and were consumed 
in t~e 1920 :fire: _The actual amount of lo~ -from heat killing is not 
particularly striki~. Jt~oes, however, poip,t.to the con<lluswn that 
some damage of this sort 1S to be expected if surface :fires run over 
an area repeatedly. ·· · 

The serious lossfrom insect attacks, induced by the two fires, has 
already been noted in connection with that subject, as h-ave. the 
enlargement o~ fire scars and the formation of new ones, The direct 
loss to merchantable timber from all causes has averaged about 900 
board feet per acre for the two burns. 



ROL.l!L o:F :Fffil!l IN CALIFORNIA. PINE FORFS'l'S 5-7 

None of the formsof>loss which appeafto .be inseparable from the 
practice of light burning are in the:mselves catastrophes and all are 
relatively inconspicuous.• The cumulative effectl'J of repeated fires 
inevitably.tend,however, toward· the gradual reduction of the stand. 

The cost of b~ng on. a relatively small area such, as this can not 
·be considered as represEID.ting what the cost of treating large areas 
might be, but does indicate that costs can notbe ignored. 
Costs for 1919 burn: M!lll days 

L~='!mil°:~rr;,f~rfues========:================~=========== B1 

Total --- . · .. - - .. · ~. _ __ _ ___ _ . _ < •·• .· .. ·.··.·•· _ __ _ . 7½ 

Costs for 1920 burn: 
_ Fire-line construction ___ .c~---c __ .: _________ -'~-._-"----~---------~. 1½ 

Setting and control oLfires_;_; __ ----'-------'"--------"'----,:.-'-'------- 7 

Total _____ - ___ _ __ . ___ . ___ ··••· · __ . _ •·•· _ _ __ ,. ·. 8½ 
Length of fire line, 2½miles ...• 
Area burned, 105 a.ndl26 acres, respectively. 

At average wages this Would amount .to at least 28 cents an acre 
for each burnirig. At av-erage stumpage rates .$3 .a. thousand board 
feet the indirect cost or damage to merchantal>le timber would average 
about $2.75 per acre for each bun:iing. . . .• · .. •. · .. ·•··· > 

The effect. of the. b~ so fa.r h,as been Imt a yery slight reduction 
in hazard, which has been.accomplished .. at •a.·.cost. disproportionately 
great compared to the vafo.e of the .results. · · 

USE· IN INSECT·· CONTROL-SISKIYOU . COUJ'fl'Y 

In recent years, as thevalueof merchantable stumpage has increased 
and as every form of loss has beenSctutinized more. and. more closely, 
owners of . timberland. have felt grave· concern over. the serious losses 
from ti·ee-destro~. insects. · .. · ... ·.· . . . .. · ··.· . . . . . .. . . ·. · ·.. . ·. 

The methods of direct control developed by the Bureau of Entomol­
ogy, United States Department of :Agricu~ture (11, 26), require a con­
siderable outlay of cash, can not be applied. over aJatge area at one 
time without a highly specialized and trained organization, and are 
especially adapted toacuteinf estations ... Thermorerin searching. for 
a quick and inexpens~ve means to contr~l f orestjnse~s it was nat~al 
that own~rs o_f pme timber sho_uld be willing to collSldei: the practice 
of extenSive light surf ace burnmg of the forest as a poSSible means of 
controL The view that light hqrning not only would control exist~ 
ing insect epidenn. ·cs·•···· b. u twould prevent new on.es from star.· ting was 
first given pubficity in 1916 by-Stiewart Edward White (27). As a 
basis for the theory, the statement was made th,at serious "insect 
depredations were unknown when surface .fires ra.n frequently through 
the forests. Entomologists have, h.ow-ever, shown conclusively that 
losses from insects were prevalent in the past as they are now. That 
these losses should have been .overlooked.or ignoredby timber owners 
is not surprising, for they knew little· of forest. entomology and the 
loss of a small part of the stand occasi.oned · n.o trepidation even to 
owners ofpine stumpage. .·. ·· .··. .· . ·. . . .. . . . . . . .. . . .. · .. ·. · . 

In late years, therefore, the proponents of liglit burm.J]ghave claimed 
not o_nly that.·it is· an .•. excellent measure t? reduce fire .hazard ~ut 
th.at 1t IS the best, cheapest, and most certain method for controllmg 
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tree---destroying insects. The evidence available at the time this 
~eory was. !fiOSt widely annoup.ced indicated c~early that light burn­
mg was of little vab1e m reduc;mg haza:rd, and mdeed that it tended 
toincreaserather.·than. decreaseinsect attacks; In spite of these 
facts, one of the large lumber companies felt j~ti:fied in initiating 
some la,rgEH1cale experiments to test anew the cost and value of the 
practice. . ··. ··.·.• . . . f • · •·•·•. . 

In1920 an area was selected in the pure western.yellow-pine type 
of Siskiyou County, located on the level or gently rolling plateau 
surrounding Mount Shasta. The exJ)erirnent, judging by the manner 
of· its executjon, was based on the ·following.assumptions: 

... 1. That light surface fires caused negligible Joss to merchantable 
trees; and ·that,· therefore, no· protection· of individual . trees was 
required. . .· .. · . . ·. ·.• 

2. •. Th .. at.·. r.eas. o. n. a. b.·l1y.• · .. · ..• co· mp.le.·. te.·. c.·ov. ering of·•· t. he surface by the fire was necessary, and therefore the burning should be done in summer, 
when fires were certam. to cover most of the ground. 

3. That to control the fire it was necessary to divide the area into 
small bums, each of which could be completed in one night; and 
that, therefore, the area must be blocked by :fire lines. 

4 .. That by l>u~ · at nightithe fires could be controlled and dam-: 
age to merchantable timber avoided.· .. · 

5. That the cost of burning plus di1."0ct>damage to merchantable 
tim!>er wo~d be less tllan the costof intensive systematic fire con~rol 
untilthe famberwas harvested one to five yeats from date of burnm,g, 
plus the cost of controlling a serious epidemic of insects then preva- " 
lent on the area;·. · ·. .· • 

In the actual .burning the area was divided by fire lin.es into blocks 
of 160 and later 640 acres. Snags near the line were fell~d by the 

· saw and fires were set in the even.irlg at the edge of the fire line and 
allowed to burn toward the center. 

The operation was carried out in the.summer of 1920, and no addi~ 
tional work was. done in i;iubseque11tyeal'S, · .An examination by forest 
officers. of. the California dis.trict was made in July, 1921, by running 
4·t miles of :mechanically.located. cruise lines in cardinal directions 
a11d sampling the area sµflicie11tly to give .a representative basis for 
conclusio11S, or 76 acres in all. > Losses were found to be as follows: 

Trees burned down, 0.237pet acre, or 425. board feet per acre killed. 
Trees heat killed, 0,167 per acre, .or 220 board feet per acre killed. 
Trees .insect fofested following fire, 0.334 per acre, or 440 board feet per acre 

killed.. . · . • · . . 
Trees affected by fire, in all, o:738 per acre,. or 1,085 boardfeet per acre killed. 

The most serious losses were in trees.attacked· and killed by insects 
following tlle•fire. Subtracting theavera.gerate.ofannual loss for 
this. region,where fires have been excluded, which is estimated at 40 
boru:d feet to the acre, .we haye as thf;l amount of loss that can safely 
be cha~ed directly to. the fire 400 board feet to the acre. 

As on othf;lr. areas, an appreciableloss.ofmerchantable timber due 
to thebur:ning d.own of previously scarre.d trees was noted; and again, 
as previously shown, trees lost by_ this process w~re almost invanably 
the largest mdividua:1$ with the highest quality of timber, so that not 
011lywas the total stand reduced but the average .. quality of .the stand 
as well. (Pt XII, fig. 2.) Reproduction.was. destroyed on about 
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two-thirds of the total area, which was the portion actually covered 
by the :fire. · 

'That the insect epidemic was not lessened but actually accelerated 
was proved by the fact that the owner in the year following the fire 
concentrated msect-control operations on the burned area, practically 
following the methods used by the Bureau of Entomolgy. The trees 
burned down by the light-burning operation became a center of infesta­
tion. The next year the insect-control crews of the company found 
it necessary to treat these very trees to protect the remaining stand­
ing timber. In other words, the burning operation did not accomplish 
its major purpose, the control of the insect infestation. 

At the time of the 1921 examination a practically continuous layer 
of new litter had foI1ned on the burned area and fire would again have 
covered essentially the same ground as before. The California For­
estry Committee m an examination of the area at the time of burning 
(4) reached the unanimous conclusion that there had been onl_y slight 
reduction of hazard, which, as a matter of fact, was originally low, 
as proved by the fact that the burning could be done during the 
summer months with only occasional flare-ups and without losing 
control of the fires. This operation demonstrates further that light 
burning, even when carried out on an extensive scale, under con­
trolled methods, is an expensive practice. The burning done by 
160-acre blocks was reported by the California Forestry Committee 
as costing $1 per acre. Later, when burning was done by 640-acre 
units, the company reported that the cost was reduced to 37½ cents 
per acre. 

SUMMARY OF LIGHT-BURNING OBSERVATIONS 

In order for it to satisfactorily and economically accomJ?lish the 
specific purpose of reducing the general hazard, which is its main 
purpose, light burning should meet these three conditions: 

1. The amount of inflammable material must be considerably 
reduced. 

2. The direct mone_y cost of burning must be kept within reason­
able limits, particularly if frequent burning of an area is found essen­
tial to reduce the hazard. 

3. The indirect costs or damage, both in the fol1Il of merchantable 
timber and small trees, must be held to a low percentage of the total 
destructible values at stake. 

From the foregoing experiments and studies, the following main 
conclusions may be drawn. 

DIFFICULTIES OF OPERATION 

The difficulties of actually carrying out burning under any form of 
control are very great. In the sprin_g, weather conditions may change 
so rapidly that, within a very few days after a period when fire will 
not spread at all, the danger of destructive :fires may suddenly become 
formidable. -
· If burning is done in spring or fall, the only time when fires can be 

handled easily and minimum damag~ can be expected, it is impossible 
to burn the more moist slopes. Even at these seasons a sudden 
rainstol1Il or a sudden hot, dry period may make it impossible either 
to burn at all or to handle :fires except with high expenditures and the 
likelihood of heavy damage. 
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__ ;:Wli.(m it aeomes to c~ out light burning in country of bi-()k:-e:tr 
topography the difficulties are,tnnnei:idous, due to the variable m~~~ 

_ tul"tfconte:µt of the litter. While '.it is fairly easy to burn in ~ands 
-- whero·reproduction and brush'UJ.scan:tyand hazard low, it_1$ extreill:ely-
- diffiouit··to secure a burn where bmsh and reproductiori:,:.whidi it is 

des~ to remove, are abundant_au:1d·hazard i~ relativelyhigh., /r'-••-' 

RESULTANT ll.AZABD REDUCTION 

A single surf.ace fire reduce1:1..ha~ard only temporarily. In one ·or 
two years the amount of inflammable material on the burned area.is 
geI).erally greater th~ before the fire.. Light ~ cons1;line. but a 
small por-t1onof the inflammable material, and this matel'1al IS,;soon 
replaced or even increased by the:fall of heedles and twigs'from ~-

~1tt~~~tbb!e~0!i:~~ttl:!:£1~!t·eounty ~. that;fi~ 
year.13 after the fire the amount of-inflammable material w~·decidG(}ly; 
greater than before the fire. The value of baJ!king trees :\Vitlt,eart]i,­
whieh had so carefully been undertakenjhad been lost;Jor· the· rain 
had meanwhile leveled these mounds and litter again reached the 
base of the trees. · 

What is· unavailing in virgin forest_ is even less advantagf:loua in 
second•_growth stands where even -repeated -surface fires -at· frequent 
intervals do not immunize the stand from devastating erown :tires; 
. LigllJ_ burning ~as bee~ carried, out ·su<:ces~ully only where the 
mflanunal>le matenal consISted mamly of litter, With oiily 1:1eattered 
brush and> reproduction. It has not' --been suooessful :where, l~e 
am<>~UI pf l>rush an~ reproduction 8.!"e present and wherf ~_e · h~z.. 
a.rd· 1s· co~uently huzh. The_ 1>ract1ce, therefore, h&E1 _ t8II1porarily 
re~uced the liazard only where 1t_.1s already low. . . --- --<-• , 

INDmECT COST I:N DAMAGE INCURRED 

A light.burning operation ma_y be regarded, at best, as negatively 
succ~ul w4en no damage results to mature timber and only~oder• 
ate_ damage to small timber. Unless dam~e to merchantable timber 
ca:n _be prevented by special protec~ion of the individual trees, t~e 
~:rnwum-damage to mature tmiberJSofthe-aame ~ature and magru-. 
tude as thai_ from summer fires, na.inely the burmng down·of some-

- ~catted, trees, usually the largest arid most valuable in: the stand, -
In addition, ari occasional flare-,;up on-even the lighteist :fµ'e :ri:ui.y 'b1:r 
ex~ted to.result in a smaJJamount of heat killing of merchantable 
timber. - The- enlargement of old fire _ scars and -tlie- creation .of n:ew 
ones. inevitably occur where fire reaches the trees. Each 'fire <;>'ver a 
given area-must thus be counted on to take its toll of large trees. 

Light surface fires, like any othe.r, may induce sudden and inten• 
sive·epidemics of tr~destroying insects; during whicka rate of loss 
from 8 to 12 times as much as the normal rate may be incurred for a 
period of at least two years. · _ . · · - ; 

S1,1rface fires during any season:oLthe year, under any methocl of 
coJ;i~tol,destroypractically all!'eedJ4igreproduction up.to'6feetliigh 
on .areas actually burned. · Smc~r these fires are. normally pa~y, 
ho:w13ver; a aingle or even a seric;is oflight fires does n~t necessarily 
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resul~ in wiping _out completely all small l'eJ>l'Oductionwithin the 
.extermr boundanes of the burned area .. <Sapling and pole. reproduc­
tion suffer less seriously .. ln .. except.ional·.ca.ses•. dense·thickets.may 
even be accidentally henefitedbyfire through thiuningout the smaller 
competingindividua.ls. . .· .. ·.· > ·. . . · . ·. · •• .·.·. ·.. · 

In .. gen. eral, surf. ace ·•·.:fires,· .. · even .}jg·.·· ht.· ones, cause mate····. ·n .. ·al . loss to 
merchantable timber and excessiveToss to reproduction. 

. . 

COUNTING TllE DlRECT COST 

The direct. cost . of JigJ;it burning,. either whereindividual t.rees are 
protected or where. the .. ·.:lire.·. · .. is.oontro· ll ... ed by the. pre .. viously prepared 
lines, can not be set at Jess than 30 cents per acre. On the Lassen · 
County area, ashas been .. ··.shown· .. ···.·.' .. the cost, o.n .the.'b .. asi·s .. of P . .r res .. · ... ent wages, 
probably would amount to at least $1 an acre, a sum sufficient to give 
~Oyeai:so. fintensi-v:e. ·.fi .... re.pro. tee.ti. ·on; ... · S .. ih~et .... hi·s·co. stmu·s·t. bere.peated 
mdefinitely to obtam a perm.anent reduction of hazard, the cost to any 
owner of a large acreage would soon become !fl.possibly.high. ·. . . 

The yearly.cost peracreof.theForest Servtcefire:.exclus1on.plan m 
Calif.· ornia has aver~ ... ead. b retween .. ·.·• 1 ½ and 3 .... ce. nta ... , dep. e. ndi.ng up. on the 
degree of hazard. This protection haareduced the total timbered 
area· burned. o.ver .. e.ac· h.·. ye.arto .. an. av. erage .. ·•··o.··f·······.•o. nly 0.6.percent. I.f 
the potential timberlands in the brush fields . were included in the 
computation, the rate of annual loss woµld be higher; but as light 
burning proper has not even been proposed for use as a protec­
tive measure. in this . type, it need not be cpnsidered. . Therefore, 
the average annual cost of protection, plus loss1JI1dera :fire-exclusion 
policy~.evenwiththepresentmPderateaegreeofp~otection/is.far less 
than tne average cost plus loss of controUed hllrilJ.Dg. 

Wherever light burmng hasbeenpracticed,materialfosshas resulted. 
The best that can be expected, unless expensive pr.otection is. given to 
the individual· trees,js thee burning down.of previously scarred trees. 
~c~asional flare-ups. a~so may be expected which result in heat 
killing. Insect ep1denncs.areaspronetoappear on.lightly burned 
as on heavily burned areas. The Jrmnediate value of trees killed in 
any case is many· times as great as the cost of :fire prevention would 
have been. . .·· ..... · . · .... ' .··.• • 

In short; noJight-burn.ed area thus far studied has failed to exhibit 
the same evil. effects .of fu:es that the practice itself is designed to 
prevent ..•. The magnitude of loss differs from that·.caused · by-~ummer 
fires in degree rather than in kind. . EveniUorests are handled onl;y 
for·themerchantabletimbertheycontain,thelosscausedbyrepe»,ted 
surface fires is large enoughtobe reckoned wit)i. ·.. ·. 

If forests · are to\ be handled not ()nly ·. for ha,ves~ing the mature 
timber but for the protection of repeated croJ)S of timber as well, 

.general. b·· un:img·. ·. '. w·· .. h·a·t· e .. v· .. ·.e.·r·.··· ... · ... i.•.·.t .. ,s .. in.t.~ns .... it. ·y., the. ·n .. ·.·.··.·.a·. d·.•.ds rui• .. ·•·.· .•. ·.·.·.·.to .... ···· ... t·.· he· .. ·· .... l.oss. of mer.­chantable timber the still·m.ore serious loss of the advance reproduc-
tion that must fonn tile basis of the succeeding crop.> .. · .. · 

,_: _-, .· -·. . .·-: -·_ _ __ .--. ·- ·:: . . _-· __ --- . ·. ~-: . . _- :--_ : :'·.-:_ : ,_ 

POSSIBLE· QENEFiruL usES oF FIRE 
The possib\e ben.eficiall1se .. of :fire m.ust natlll"ally be such as will lie 

with<>.ut tp.e range. pf. a~eration_ of daµiag131 att~tfion, ,nd site 
d~terroratiqn;or it must tftfe these mt~r account and outwmgh t!ie1;0 
with sugenor advantages m the particular results for which 1t 1s 
employoo.. . .. · .·. · 
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. All such. possibl13 uses offire must be examined with certain specific 
guestions in mind in order that ··I!-· correct. and. balanced. picture of the 
lienefits .and co.sts may be obtruned. Jl) Is the ~ific purpose of -
th. e. b.··urnmg_· ·. .• · • · .... : a.ttrun. ... ed,.· .. an ... d.~h. a .. t. is·. it .. s.· v.·. al ... u .. e.·~.. . (2) 'Y]ia·t· .. is th.e. money 
c.ost· .. ·o··>.ff .. · tt .. hhe~ ..... b· urmng .. · ... ·o.p .···er·.· at·1·o·n., an· .. ·d c·an.· th. e.op.erafao·n.becf;UTI.ed out .with certainty that the. desired results· willbe obtained~ (3) What 
are the indirect costs of burnin~'-such as damage to merchantable 
timber or to reproduction~ (4) How do the total costs and gains 
co:rnpare l · · . . . · .·· . . . . .. . · 

USE IN SLASH DISPOSAL 

The first and most obvious .. field · for the use of. fire as a means of 
forest protection lies-ill the disposid of slash follo'Wing cutting. .As 
lo!}g as slash exists on cut--over areas,it constitutes. a menace to the 
adjacent tlll.ber as well.as to the seed trees or young growth. Until 
it has been mashed down and disintegrated by winter snows and the 
a. c.··t·1···0n.of·f·.u·ng·· .. i······i·t. is ti ..... ·nder fo.r fir~ .. o. lunsu·.· ·.·.r.p .··.assec!in.tensity_and CaP.a­
h.le ?fgrea. t.; d·.: amage. . Such fires, as h.· as b.een .P.·. omted out m the ~is-
cusS1on on cut-over lands, always leave the burned-over areas m a 
devastated condition• and pave the way for a prompt invasion of 
brush. · . . . .· ·· · 

Efforts. to reduce this danger and thus remove thelikelihood of 
rapid spread of fite have naturally taken .the· form of efforts to sub­
stitute deliberate; controlled b~ for .the. more dangerous acci­
dental burn. . No method of slash. burning-can be said to be free from 
some damage to young growth and seed trees, .· The methods gener­
ally practiced strive to. reconcile maximum effectiveness, minrmum 
bum, and economy~of OJ?eration. These aims .. tend to be mutually 
exclusive, and the result IS. that now one and now another is favored 
at the expense of the others. . The thr~ most clearly defined me-thods 
iuusearebroadcastburning; bununginplace,and piling and burning. 

_The USUIJ.L result of broadcast blµ'Iling of slash asit ·. lies, such as 
has been common on J>rivate lands foµhe past few years, is that· the 
fire not only removes the slash itself lfot covers the rest of the ground, 
at the very least. destro~ the ad:va.nce-reproduction which is so 
essential for foll prO<luctivityof th13area. (Pl. XIII.) Broadcast 

b·.··urm··.·· ·ng ... · ·.·.o·n·. a. larg···· ... e· .. ·.sca.le·•·····h. as been .. · .. ··· ... e. m ... a..p .!oy··· ed··in··· sp.• n.··.ng., 1.·.n .. · swnmer, an.d in fall from the earliest time when fires will burn until the storms of 
early winter make burning impossible .. • .. The conviction of those who 
have studied .the.method, as well as those who have.used it, is that 
~t is so uncertain, both, in getting t~ results desir¢ and in indirect 
~t Qr d~e, that_ it can no~ be,accepted. It ~s, at b_est, but of 
llllllor valu~ 1n _affprding. protection to adjacent. bodies of trmber. 

The prewous d.iscusSion of the .effect (){fire on cut-over lands has 
m .. a. d.··.··e· i.·t clear .. th··· at. with·. cons. .·p.icuo. us.·. :ly ... fe·w· -.. ·• .. ex. c.ep.tipns th~ effects are disastrous ... Broadcast burmngs of slash 1n the pme-region may be 
dismissed .with. the statement that the indirect costi;i or damages to 
the remainiilg timber. and young growth are excessively high, and 
that the broadcast use .of fire induces oceupation of the burned area by brush. . . · . .·. .·. .· ·. . .. · · 
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BURNING lN PLACE 

tht=~~!te;nt~nd~::oa: .. ;la::h:;1feseJi::l1Ie~~io:= 
tionis completed. . Thisin.ethod must beeII1ployed when the slash itself 
will b~ 1:>ut the surface between pi!esw.llln.ot. · ... ·•In practice, these ex­
act conditions have proved extraordmanly difficult either toforecast or 
to recognize. . The gr.· ave .. danger of burnm.· g in plac.e is th·a· t co.· nditions 
may be misju¾.ed and a broadcast . burn result. • Another disadvan­
tage is ·that with either animal or machine logging, bothof which 
make trai!s · cle!i,red of !eproduction, the. slash i~ left in. the .strips be­
tween trails mmgled with the reproducfaon which has. survived from 
the logging··operation, Burning of the slash iii place by spot firing 
has resulted, eveh under the best conditions, in very heavy loss to 
young growth. This method is generallyless destructive than the 
broadcast burn, but the cost is materially higher, since the fire must 
be set to individual pilflS. •. · ' - · 
. Burning.in place has, however, beells~ully and ~uccessfullyused 
m some llllXed stands of western yellow pme and white fir where only 
the pine has been logged and where the amount of slash w-as conse-
que:ntl.y small, and the tre.· ~1 ... ef._ .t·w··· ere gen. er·all·L·Y· .. _I 1a·rg .. e ...• B.·u.· t.wit.h the ordinary ~e of clear cutting of·. the forest,· this _practice can not be 
considered desirable because it is so uncertain an.disfrequentlyaccom­
panied by serious losses. •. Both brQadcast burning and burning in place 
may result in a complete clean-.. upof the slash itself; but only at the 
sacrifice of the major purpose of slash disJ)QSal, the preservation of 
reproduction and seed trees fro:m:·accidentalfire. -

PILING AND BURNING · 
--

A third method in which fire roay be em_ployed in removing slash 

is th~t .generally·•· uus···· e. ·d•··. in .. na·t·i.on·.·a ... -1 !• o·re···· st s.afes_, kn.·.··.own.-.. ····.· .··.as···.··.'. '.P .. ilin. •. g ~d burning.'' In this method, as loggmg progresses the slash JS placed m 
compact piles in of.enings away from the bulkof. the reproduction 
and seed trees.. (P . XIV, fig. L) The piles are>then burned, usually 
in the late fall at. a .time when a minimum of damage will. be causeil 
to advance growth andsood trees.. Constan.t study and application 

by manr.m~n .. ov .. er a 1-o.ng•.·.· J? .. ~ ~.nri·o·d of .y· .ea. rs ha···y. e .... de·v· el.o· ped .• th··. e. ·.·· te~h­mque o this method to a mgh pomt and with close superVIsion its 

·results.in .. · .. ac.·· .tu. al·p .• r.·ac• ··ti··. ·ce .• a ... re. g. en·e .. r.al•I•·Y·_ goo .. · .. d ... · .... ···P ... ··· .... ro_ .. ·p····.1e·r··•l···y···. u .. · .. se. d .. the sys­tem cleans up from 75 to 90 per cent of the slash with a negligible 
percentage of damage to -advance reproduction and seed trees. 

The necessity. for i;ikill and care in· .. these operations.may. be made 
very clear by pointing out the following dangers: 

1. Misjudging cllinatic conditions, ana burning at a time when fire 
will spread, with. the result of wiping out <>r seriously damaging 
advance reproduction and seed trees. .·. ·.··. · ...... · .·.. · 

2. Sudden change in weather while burnin.g is in. progress; so that 
:fires spread before they caI1 be stopped, wi,th tne same r~ult as noted 
above. . Occasionally a heaty rain or snow in the first fall storm may 
prevent burning for a season. .· .. · .. ,· ·.. -.·. . . ·.· . ·•··• . . . ·. > .·. 

3. Tou. ching··-.off. a··.t·o.·ne.·~.im .. ·.e,t·o.·.o.·.···. m·•. any·~·~·.·.:s·.th.· .a· t-a .• r·e····.·· .. e:.lose·.· .. toge.th. er, and thus drymg out the htter and sprea . the fire. 
. 4. Piles mixed in 'Wi:th adyance re_production, instead of being pl~ed 
lil open spots .or on .skid trails.. Tb.is usµallyfollows where superVISion 
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is I1ot close. In this .case the piles must. either be]eft unburned or 
be rep!le<l,. otherwise advance reproduction will be destroyed .. 
·. 5 • .Mak:ing piles t<>o large, too Slllall, or, too foose, resulting in any 

ctl8e in serious dt1.mage to advance repl'Qduc.tion .. · .· ..... ·. . · 
6~ Faih1re to carry. on pi.J.im? progressivel:v.: with logging, with ~e 

~ult that , slash dries out, leaves 311d twigs fall off, and slash· 1§ 
mcompletely cleane<l up, . . ... ... ·.. . .·· .· .... · < .... · ·· .. ·.. . . 

. The.•·.•.··.·.·· .. ·.·P· .... arta .. ·cu .. lar···•·.·· o.• .. bJ.·ec .. t of··.• t.·· .. his· .. ·····•. m·. e·th .. o.~ ... 9f .. sl· ash. ·.··dis·:. J?.O·•.sa. l i.s the red .. uc-
:~a:~~:;::u~tio!~~{s~~~~. "!;11 thi!11:i,;:~:=~:i;iish:~e~ 
to Whl).t extent¥ .··.. . . . . .·· .. . .... · ·. . 
. Atits.best,asillmttrated on manyGovernm09'tsale areiis, pili.1l.g 

andburning results in an· excellent clean-up of the. cut-over lands, 

WI.· •. • .•. th··· s·lig.· h .... t·.·.·····dam.··· ·.·. ·.·ag.· e t.o·. r.e·p. ro.du.cti·.·o .... n ... • A·.t ..... i .. ts ... ·. wo .. rst,.wh·. ere sl .. ash .. ·•.has .. :i~.~fi:~11,l:~~::t~:~~f~:i!i:~wt:~:'1::03~1 
piµng and hurni~ has been done show thatJrom 6 to J 7 per cent of 
the total·· gt'!)und area is covered by ithe burned slash piles, 9epending 
,~ !Jie density of ·the stand andthe amount of timber cut. Th}~ 
mdicates ~nclusively that.the. method.can be safely employed m 
reducingJ1azard .. ··• Cruises of such land show, moreover, that from 75 
to 90 per cent 9fthe slash is actually consllllled andtha t the remain"'.. 
derjs so sct1.ttered/as to have no materialbearing on the difficulpy of 
fire s11ppression. > '.ro th.at extent the method :represents. a Jegitimate 
qse ?f fire info~t management .. ··. Un.derj>resent conditions, it is the 
m.axnnUJn. that can be don_e towar(l cl~ up the :forest, and _the 
dangers in its employment are controllable: 

he%8pf=~ :~~~= !#:':!;fe that may start can 
· Tlie effectiveness oftbis measllrejs_shownby the figures. obtained 

oni cut-over areas. where. slash has been piled .. and·. burned, showtng 
tfuit ,the average size of 45 subsequent fites was heJd to. the very l~w 
figure of 0.4 aere,IIS against .. 9.7 acres for tb.e aver~e of 37 fires.on, 
t1.djacent . unburned. sl~ .. areas (Table. 22.): '!lie blanket protection 
afforded all these classes of land had been the same, and the condu:. 
sion jg logical th.at piling and bu.ming (}f slash is an effective means 
of reducing hazard. .· .· ...... · .. ·.· > .. ·· ·.. \ ... · ... ·. . . . . . 
.• Anotherppint,to.beconsideredis whether fires within areas w-hete 

slash has been piled and burned do as much dam~e as in area1;1 where 
the .slash has .not .· b~ S() disposed of. .·. Field studies of comparal>l~ 
areas . indicate concluiri.vely . that • while heavy loss ·of· rep,;oduction 
results from fires even°where the slash has been piled and burned, 
i,eed .• trees ordinarily· escape, .and·. the• fil.-es l>urn. but a .small percent­
~8c.O{ the entire areti,. ~These losses,' though severe, . are nowher~ 
near as complete or as irreparable as thoseresultiIIg from slash fires. 
· It maytlierefore be ~pted.that piling .and burning slash~ a 
beI1eficialuse of fire and that. thejn.direct costs .. or dam~BB are not 

· seriouaif t~ burni~ is. properly and caref-qlly done.. . .. ••. 
· Tlie outstanding objection to piling and burning is its direct cost: 

~~~e=e~ 0:'~l 1:!~ri!:,e:f:i~:;c::!~o~tb!i8; ~el~·-~~ 
as 6() cents a thousand feet. Of.this cost, at least 85 per oont IS 

... !f!t1i·f c~t!h:·.<'titiff:Jl;··•p~t~!s?~!v!te9a 1YinC:6t{~~b1 
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FIG, I .-ADVANCE REPRODUCTION BEFORE BROADCAST SLASH BURNING 

Such reproduction is the result of fire protection, and means that tho new crop of timber on 
this land is by so many yenrs nearer maturity 

I 

F-181516 

FIG. 2.-SEED TREES KILLED AND REPRODUCTION WIPED OUT 

The same view as that above, after broadcast slash burning, tens the story of a practice th at 
bas made many thousands of acres in the California pine region unproductive, a Joss to the 
owner, the State, and the Natiou 
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FIG. 1.- SLASH PILED READY FOR BURNING 

Where slash is skillfully piled, no more Lhan 6 to 17 per cent or the LOLal area is burned, with 
but liulc damage to seed trees or reproduction 

FIG. 2.-WINTER WORK IN FIRE PROTECTION 

A feasible, economical, and sale way to ~et rid of standing snags, combining safety wiLh economy 
in !bat it gives work in the slack season 
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TABLE 22.-Ejfect of piling and burning slash on.size of subsequent fires, for a NJp­
resentative operation 

Number and sizM>f subsequent fires 
Piling 

Noslash 'and 
disposal ~ 

37 
9.7 
49 
29 
22 

166 

45 
0. 4 
76 
24 
0 
a 

acres, with an average cut for the region of about 20,000 fee._t to the 
acre, the impressive figure of $7 is arrived at. Furthermore, this 
must be considered an rnvestment merely to reduce the likelihood of 
damage after fires start; it does. not eliminate the likelihood of fires 
starting. 

In summarizing, it may be stated that with our present degree of 
protection, the use of the piling and burning method is a warranted 
8afeguard even at present costs. As our :(>rotection becomes more 
certain in its results, the extensive use of thls method may advanta­
geously be modified and in many areas entirely eliminated in favgr 
of :i;nore intensive patrol of cut-over areas. . 

USE IN OTHER PROTECTIVE MEASURES 
REMOVAL OF RISK 

The reduction or elimination of risk is in some instances a very 
necessary protective measure, and one which waITants partial sacn­
fices in the form of fire injury on restricted area. In certain cir­
cumstances the elimination of any possibility of fires starting i'3 of 
such im:(>ortance that burning off every vestige of vegetation within 
the specified tract is justified. In general practice, it may be said, 
the nsk can only be reduced and not entirely·removed. 

The most obvious occasions for this use are at donkey settings, 
along lines of highways and railroads, and at public camp gi-ounds. 
Beyond these, the legitimate use of fire in reducing risk is a limited 
one. The only permanent reduction of risk must .be accomplished 
by eliminating the causes of fire, rather than by reducing the amount 
of inflammable material. · 

CONSTRUCTION OF FIRE LINES 

The use of fire lines or fire breaks of one sort or another is so 
common in all forest regions that an extended description of their 
purpose or effectiveness IS not necessary. We are concerned for the 
present with fire lines only to the extent that they may be constructed 
by the use of fire. . 

Perhaps the best recent example is that furnished by a large 
operator in the California pine region (16). Narrow strips were 
cleared by hand round the outer edges of lines averaging 100 feet on 
both sides of railroad right of ways, highways~,and camps. Fire was 
then applied along these cleared strips and auowed to burn out the 
intervening territory. The purpose of these fire lines was twofold­
to reduce the infla.inmahle material so that fewer fu,es would start 
within the risk area and_ to make it easier to control :fires jf t~y 
should start. In practice this work has proved. to be a pronounced 

2027°-24----5 
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success. ,~efore th~ systetnati~ ~ttempt at reducing special dang~, 
thecompanyhadspent$10t000ayear.iD1919 and.1920forsuppressing 

fi. · .. 1··.~.es ... ···•··· .. ·•.··.o.··· l'lgm .. •·.·.· •. •.·•····.··•·. a.·····.t ... ·in··. ··.g•· .. '.·.o·.·.•n. ·.···. t·h .. ese.. .. ns· ·· ... · .. k ... •.···.ar .. · ..... eas ..... ·•.·.•.· .... · .. •• .. ·•.·F .. ···.·.·o .. · r. • .. 1.·.·.·.·.9.·· .. · 2.··· 1··.• .. ··.t·.· h .. ··. e .. · .. c·.·os··.·.·.t .. o.f• co:nstructing hlil.!$ olo:qg 6.miles of nght of ways, of patrol followmg trams, and of 
frre.~;uppressmn,. totaled but $3 ,600/and damage to·cut-over land was 
reduced to a Stnallfraction.of that.fo:r either ofthe two preceding years. 

t(Jl·e ... ~.·•··.o.· .. ··r:._.···.k ... ·.•·••Y". as.·· .. • ... · ... ···.c .. o.· .... n··•·••t .. i·n·•··.·u ... ·.· .. ed ..... · ... · •... •.b. Y·• .. ··•·th·· .. ··.·e c.·. o.·.m .. m··•·····.··P·.·.•·.~ .... n.· y.·•· in·· .. · .. 1.\)22 ..... ·.··Th···. at .. y ... e.ar. ·1. 86·:fir· ··es.· startIDg;within the :nsk arearesulted mburns totaling only 50 acres. 
The point of.Jiar,ticular lIDJlO}"tanceis ~at the method is effective 

and not excessive m cost. It IS now bemg adopted more and more 
by !ailroad. alld Junt~~~g C()mp~ies . tfu.o~hou t t~e Calif o~ia pine 
Tegion. u proper care. IS used ·m:'burriing the strips there is httle 
.dallger of.Jn-e esca~µig to adjoi111ng bm.ds·~d, 0I1ce·constructed, the 
~ective11~ .()fjh~ prea]{S p;reJiu<?D:g. s)?0Cial.da1;1gers is. thoroughly 
J>:roved.. B~ of, t~• •strips is reqUlt'ed pe.l'lod1ctilly, · .. · but only for 
,as . long as the TISk exists,. a11d not so• as to my,olve. the permanent 
I'elinquislunerit of the laiid for forest purpos~. - , . . .... ·. · .. · 

Altho~ the Use of fire on forestlands·dur.mg the. i0r1od of growth 
is.a violation of tliErprinciples so .far•leduced m.tlris bulletin, and 

. although it nat.urally:results in severe damage to reproduction witliin 
~e .burned·strip; t!J.epracticeis ~plfjustified <>n tlie ·basis of s~c-

' .. rifi ..... c. ·mg·····.· .. ·. · .. •.a .. sm .. ···.·•.· .. a.J .. l ... ·.·P···.·.o.· ... ·r .. •.ti .. · .. ··o·n. o.··.·f·····an ... ·.···· .. · .. ar.·e·a·····.m ... ·.···.··.o .... · rd .. e···.···r.·.· .·.·.•·t····o·.·.• •. i-.·.s .... ec .. u.r ... e·.· b. e.t.·ter pro.tect~on on tli~ rem~der. ··· If, liowever, the.general scale of fire protection 
were ,mteilSlve enough. to guarantee., su9C~ :on cut~over lands, tlie 
practice would be of doubtful expediency, · · ·. 

-.-
,_. . ' .. ,_ . ·.. ·. -

•·•· Qne oftlie chi¢f\~ultB of repeated Ju-es . \'Vhich .. lias already been 
Ilo.ted has be~n the creatioil of an almost continuous area of brusli 

· .~ong t~ lower ~e of tlie timber zone, part of whlch is restocking 
\Vith for~ trees a.pd. pa:rt: of whlch.li8$ I"ey,erted to a ri.pntiJn~e! type, 

.gr ..... ·.··.ch. a ... p.·.··.·.:arr .... ··.·.·al·.· .. ·· .. •· ... ·TJi .... IS.· .. ·.···.·· .. ·.8J".··· e·a. · ...... 1 ... ·s··.··.··.0 .... 11. e... o·.f·. e .... J:· .... ··•.tr ... ·ce···m.·. e.·•·.li··• .. ·· az.····.· .. ·ar.··.··. d·· ... ··.·.. •.Fir ... ··· ... ··. es. origma··• tin. g m the brusli•type are a .serious menace to ad.Jacent standing timber, 
a;np., tli~ proplem of jnsulating .the tinib.er zone. proper from .tlie 

···.··•·~ ... ·.·.• .•. J.•·· ... •·.·o.•····· .. ·· .. 1.· ... n ..... ···.1···.··n.·· .. •·.··.~· •. •.n ..... · ..•.. o·•··.·.n ...• ···.•.·•··.·t.·.·••·im· ... •.·.· .. ·.·· .. · ... ···.be.•··••.·.·.· .. · ..... r·.·••···.··•······• ..... t •.•.. y·.·.· .. •.P• ... · .... •.e .. ·•· .. · .•.... · .•. lS.·.·.···· .... · ... c .... n··•···.· .. t· .. ··1.· .. ·•·c··a·.· .... ·.·••l·.·.··.···m·· .•.. ·.· .. ···.···.·.··.•.•.·m ...... • ..... ·.·a···•··.n .. ··.1 ..... Y· ........ ·.· .... ·•· ... ··.•.· lP•.······a:rt·.··· ... ·.• .. ·.·.· .. ·.···· ... s ... ··· ... ·.,.·•.o .. · .. f· .·t•···h···.···e. r·egi.·on .. A complicatingfactor in the problem is tliit. the numerous fires in 

!f~;1:!:ire:~~a;:~~~~~tAi;~a:ni~;~f f~:~~!0a~!~. 
able 011 these ar{}fl8 for.a sliort trme after. tli~yar.e burned, while ~e~e 
unbvrued fields·of chaparral· .are totally lllttccess1ble to. stock. · Fmng 
t& tliese areasJorlow-grade, ·. temE:!ary agriculturaluse·is. a common 
~tice and.is the. m~t.serious •. ·. dict.\p,; noton.JY. ~ th~ protection 
of the.chaparral areas themselves .. but,of .tile adJOIDmg' timberlands. 
·UntiLthispractice· ceases,proteetive burns are largely defensive.· · 

A~ attempt lias ,bee11 made to solye t~ J?I"Oblem by deliberately 
burinng belts .of •from <JM-lialf to 2 miles m widthnear::tlieupper:ci:lge 
of· tlie cliaj>atral, or :Rermitting fires to bm.'11 · here, with the idea 
that tliese barriers would automaticltlly stop tlie run of fires toward 
th,e ·. timber zone, • > Tlie cost of thei;ie protec.tive burns· lias run from 
· 10 to ~5 cents for each acrehurned. · .. · ·.. . . . · . . . . . · 

. A sei:i"°.us difficulty ~™> ])een · e~counterecl .in. making· tliis barrier. 
Ifcond1t10ns.wererightfor secunng· a clean burn. of tlie brusli, tlie 
fit,~ liave'heen difficult to,.tmnfine witliin tne desixed belt; and if the 
'm:es•'!ere:reattily 0coiitto~d,: a.complete burri was notobtained, tlius 
reducmg the valµe oftlie barrier. · · · . . 
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Although the effectiveness of these protective burns in stoJ>ping 
large :fires has not b.een complet~ly estabii~ed, experi~?e SC! far _sliows 
that they are of some value m- preventm_g fires ong:matmg m the 
chaparral from reaching the timber belt. • The money cost of the 
burns is _not excessive, but even with the best possible control some 
fires escape either into the adjoining brusk fields that are res.tocking 
to timber or int-o the timber itself, so that this secondary cost or 
~amage is therefore not to be'ov:erlooked ent~ely. By far the most 
unportant secondary loss, even 1f the protective burns are confined 
solely to the chaparral type, is from erosion, which in the_ section on 
watershed protection has been shown to be a corollary of heavy burns 
in this type. · 

The use of :fire for cleaning barriers must . in the final analysis be 
legarded nierely as a temporary and undesirable expedient justified 
rolely because effective protection of the chaparral belt, which is 
sargely outside the national forests, has not yet-been attained. 

DISPOSAL OF SNAGS AND DOWN LOGS 

Standing snags in the coniferous forest are recognized as an extra 
:fire hazard (23), not only because they are often struck by lightning, 
but _also beca'!lse going fires are spr~ad by spark_s :flying fr~1!1 them. 
Their danger 1s recogmzed by the umversal practice of requ:inng that 
they be cut on Government timber-sale areas. That fire can he used 
advantageously in felling and disposing of them has recently been 
demonstrated on a large scale in the western yellow :pine forests of 
northeastern California (25). Details of this work, m which both 
standing snags and down logs as well were successfully burned, will 
be found in the following figures: 

Observations made on the Modoc National Forest in 1920 · 
Areacovered ___________________________________________ acres__ 2,000 
Trees set on fire _____________________________________________ . 4,600 
Trees burned per man per day________________________________ . 115 
Average number burned per acre_______________________________ 2. 3 
Total volume of trees ignited __________________________ ft. b. m __ 5,530,000 
Average volume per acre burned _________________________ do____ 2,765 
Average time to fire a tree ____ ~ _____________________ :__ininutes__ 4. 1 
Cost of the operation: . Labor __________________________________________________ _ 

Subsistence __________________________________________ -- --
Automobile travel (416 miles at 7 cents a mile) _____________ _ 
Kerosene and matches ____________________________________ · 

$218. 78 
30. 75 
29. 12 
2. 30 

TotaL ____________________________________ . ___________ 280. 95 

Not only was the cost of this work, averaging 6 cents a tree or 14 
cents aii acre, far less than if the trees had been cut with the saw in 
the usual manner at an average figure of 60 cents a tree, but in addi­
tion, because the burning was done in winter, the fires did not spread 
on the gtound and there,was practically no damage to l'.Elproduction. 
Considerable additional work has been done .with species other than 
western }'ellow pine, notably white fir, Douglas fir, and incense cedar, 
all· of which are proverbiiilly difficult to burn afte,- the wood has 
become at all moist. The success . attained with these species is 
evidenced by the fact that out of 319 snags ignited, 82 per cent 
burned down and ceased to ~ea special danger. 

These experiments indicate conclusively that this method of ridding 
the forest of standing snags and down trees is feasible, economical, and 

I 
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safe: It has the additional virtue of bcing possible to C3.!'!'Y_~n when 
manr other forms of fores~ work c~n not be ~one. (Pl. XIV,_fig. 2.) 

This method would be highly desirable on tnilber-sale areas., mstead 
of the more costly falling . by the saw method; on areas of high risk, 
such as along roads, railroad right of ways, and around camps; along 
natural or artificial fire barriers, as ridges; and along probable lines 
of defense in fire suppression, such as roads and streams. · 

USE IN SILVICULTURAL PRACTICE 

· Quite distinct from the use of fire in fire protection is its use in 
silvicultural practice. Here as elsewhere the questions as to the 
value of the operation, the certainty of results, the direct and indirect 
costs, and the net advantage gained must be pertinently put and 
answered, before such use can be regarded as legitimate. Three uses 
in silvicultural practice are presented below, somewhat tentatively, 
but with evidence to show that the results to be obtained by their 
careful and intelligent application may more than outweigh the 
dangers or losses involved. 

RELEASING REPRODUCTION 

The reproduction of the California pine forest is difficult if a. com­
pacted layer of litter covers the ground, for the roots of the germinat-­
mg seedlings may be unable to :Renetrate this. The white fir and in­
cense· cedar are much less aff ecteil than the pines. Consequently under 
a fire~:x:clusio~ policy ~he tendency is for th~ reproduction which 
starts :m · the rmxed virgin forests to be predominantly fir and cedar. 

Sample counts of the Snake Lake area on the Plumas National 
. Forest, both on the light-burned and unburned portions, showed in 
brief that not only is the amount of reproduction greater when the 
litter is removed than when it is in J:>lace, but also that the pines are 
favqred over the firs and cedars. (Table 23.) 

TABLE 23.-lnfluence of heavy litter on germination 
[Snake Lake burning area, Plumas National Forest] 

Number of seedlings to each 
100 square feet 

Species Litter 
undis­
turbed 

Litter P_eroontage 
:removed increase 

~~:1"P~ellow _ p In~----____________________________________________ ~ 

~~fir~=======--~::::::::::::::::::::::::::::::::::::::::::::: lg Incense cedar_______________________________________________________ 25 

29 383 
7 200 

15 88 
34 79 
1f7 48 

t----+----t--
T o t al __ --------- -------------·--·------ ___ -. ______ ----------- 60 122 103 

.Another striking illustration of the influence of heavy litter in 
preventing successful reproduction wits found in the Butler Meadow 
fire on the Eldorado National Forest. A, part of this burn was a 
very light surf ace fire which crept through a dense stand of mature 
white fir. One year after the burn it was found that seP-0lings had 
come in at the enormous ra,te of 20,-000 per aere where the litter had 
been removed by the fire, while in unilisturbed litter no seedlings 
were found, even of white fir. · 

These illustrations ·merely prove that fire has a possible use in 
-0btaining regeneration,. Obviously, its usefuln~s must be limited 



to areas .. whereheavy accumulations of Jitter in. the, dense ~n for­
est have prevented reproduction. °F'urth:err burning m.ust be done 
only where the maturecropisiab?l.lt tobe.hai:vested. This will at 
the same time secure the establishment>ofreproduction in advance 
of loggiiig, and insure the pofl8ibi1:itY of s.alv~g su9h timber as is 
damaged· b_y the :fire ... The neceSSityfor permittmg tilne for the new 
growth to becm:~e established before.loggingjs evident in the fact 
that ·cutting. can not be depended · upon to be ;undertaken··. at the 

p.rop·e· r. tim. · e to .... ·. insure.•.·.· .. · ..... · an·.· .. ··• .am··.•.··· .. p.· .. le ... sup.·_p .·· ..• I· y.· o. f· .. s·e. e .•. d •. nor· .. •··•.··c. a. n. an.·Y.· .. ··. r. elia. nee be placed upon seed in the·• forest floor where Jitter is so deep and 
compact. Also car~ must be ex~ised ~ cop1i:PP.:the burn to ~e 
specific areas on which the reduction oflitter-1s desired and nothing 
approaching broadcast burning ·wilLbe possible. . . . .·. · . . · · 

'Y]iere loggin.g is under _way; the breaking up of th~ li~ter is·. ordi-

nanly ·~om ... J?lishe~ suffi ..... ci... en.· ... · t.·ly b. y .. ··· the .... ·.lo .. ggm~e.obe. r .. a.·ti. ·.···•.on·1· .. tse· .. ·· li.·· .• The .. most serious impediment to reproduction 1s t · competing vegeta-
tion, which can not be· removed by fire. 

CONTltOLLINGCO~ON .. 

sp~s d:otah~::tir~ ~:hi~ ~~j~~Jfhl~;t~~~~~~~w:; 
the composition of estaolished stands of reprodu9tiqn, • Light fires in 
mixed stands tend to favor the Jire-r~tallt pines_ l,iy elhninating the 

::~:!ifliz;etf~?;~~~!;b~f:1~;r~::!\1fi:~~~~: 
point in regenerating our.forests 1s ra.ther to •.. q.9li21eQOmpletely the 

~d:!;s1ti:ti~of~~~o~0v!°c:!t~~~e!i:tifult~d~e=~~~ 
tion whethe1\th~re is>as mu9h_pine as might.be desired pr not, and 
depen ... d on thmmng an .. d on·sil· VI.·•·•···c· ul. tural .. met .... hods ....•.. · .. · .. ·of m.'a.rkin ...... lg ... to .. · .. leave 
sufficient seed trees to increase the pines in theJuture stands. 

PREPARING GllOUlllD ~Ii.PLAl'iTIN<t 
Anotherspecial11Se of fire. that.has been developed in this. region 

is in burning over dense, nonrestocking brush fi¢lds as· a preliminary 
to plant~. . This has. been done with two main _purpos~, to reduce 
the physimal·difliculties·enC?untered.·in.plan~ingmdense·.b~h, and 

-to give the young trees a fairly even start with<the b~ 9'unng the 
:first few years of the growth, rather than to foroe eompet1tlon with a 
dense overstory already established .. · ... · ... · .•. ·• . . ....... ·. ·. . . .. 

ar~opl:\!;!~;~\r!:ed°h;;~~~%i1;hi:~~!W~1~~ 
the :fire lines are pfll'IllittM to spread «>Wal'd tlie centerof the area; 

Bumm .... · gin·. ·t .... he .•. sp .. nn···•·. g. · ·.res·ul ..• ts .... --.. ·.Jll··.-.. ·• ..... eo ... m ..... p_l.e·fu.·.··•.·.,.··.u. es.~. tru.··.·.•.·c .. •.tio·n·.· .. o.·•f· .. •··.th~.foliag.e and smaller·twigsof the brush. ·.·Only·the·top layers of the litter are 
consume<I,. leaving the lower layers an«l/the · soil itself unaffected: . 

The cost on a· burn of about 2,00ff acres 011 the .Shasta National 
Forestwas 30 centsanacre, includingthe·weparation of lines ...... Com-
paratiye.costs of plantingin unburned and. Pllrlled brush fields were 
$11.50 an acre for the former aud $7 .0$ an acre for the latter. This 
difference in cost is explained by the much greater easewith which 
areas on which the brush cover has .beenreinoved,oan be planted. 
Also, on burned are88; a much doserand more effective supervision 
of labor is possi~le. ·. The results o:t>tained, as has been inti:rnatedi !U'e 
correspondingly m favor of preparing dense brush fields for plantmg 
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in this manner, and when computed on. a basis of labor expended . 
grea;tly reduce the total cost of the whole operation. · · 

USE AS AN AID IN GRAZING 

In discussing the historical development of the light.:.burning 
theory, it ·was shown that two sEiparate motives have actuated the 
proponents of forest burning .. Lumbermen and others, interested. 
m .thesaf ety and the preservation of the merchantable ·timber, regarded 
fire. as an active · agency 1tf protection. · By far the larger number, 
however,have regarded fire solely ~om its effect.on secon1ary products 
and uses of forests; such as grazmg, prospootrng, lmnting, and ease 
of travel. Although these two ideas have been :greatly: confused in 
what has been srud arid written. concern~ the uso of tire in our 
forests., the two ideas are iunda~e.ntally dill'erent. Light ~urning, 
nevertneless, has the perfectly legitimate purpose of protectmg mer­
chantable timber. Some of the lumbermen who have practiced 
light burning regard destructive fires in ·the forests with as mu.oh 
abhorrence as foresters. . It,,is with :the .hope of preventing just such 
destrg.ctiv.e fires that the 1,>ractice of liglit b~ing has been employed, 
eveu if m:1stakerily. · . · . · · . . ·• ·· · 

The other.group of forest burners is not interested in the timber, 
but in purely secondary uses of the land. Of this group, unquestion­
ably, tlie gr~E;)r has been the most active both in actual burning and in 
preach.mg the n:ctive use of. fire. From the standpoint of his desires, 
The object of fire.is not to· protect but to destroy the forest, since the 
types of vegetation iri which he is interested o<;cur bu~ sparingly in a 
dense for est and abundantly after the· forest is partially or wholly 
removed. The best fire for his purpose is the most destructive, and 
t~o~h ~s purposes ha"."e foeque~tly.masquer~ded ~der the e1;1,pp.e,. 
mism of light or protective b~, they are, rn :reality, whollymnn­
ical to the objectrves of even the true light burner. 

This group has not •only burned forests until they coased to be 
forests, bu.t have continued the burning of the brush fields that have 
followed the forests, until in some cases a.. true. chaparr:!tl type with lit­
tle value even for forage has finally b~ome established as a result 
of site deterioration. . . 
. ·, The facts co11cerning grazing and the use of fires may be stated . 

~riefly, without attempting to recite in detail the specific available ~· ' Fally stocked forest, whether even-aged or uneven-aged, :with abun-
dant reprodl,tction, eontaj,n little. forage, because the troos occupy the 
space to the practica,l. exclusion of other plants. Fires in this type, in 
so far _as they remove the timber eo~er, allow tl;i.e entrance o~ other 
pllli[ltsmcludirig those ofyalueforgr. azmg. The p. resent extensive use 
of the virgin forests for gr~ng is possible only becam,e, as· a result of 
past fires, t};tese forests are n9t fully stocked ~~h timber. .Therefore 
the use of fire in timber stands as an ,aid to grazing is permissible 
only if the highest value is for grazing and not for timber. The· 
annual value of .the forage crop on an average $,ere in the California. 
mountains is, as a matter of fact, but a fractional part of the value of 
the potential yearly timber growth. . . . • 

FJ.resin the brush fields, themselves the.result.of fue, ma}rn it pos­
eible. for stock to graze tt.reas which would otherwis◄~ remain unuti­
lized .. , Many of the forage brush species, if not burned frequently, 
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attain such a stature that stock can not readily browse theln.; and :in 
certain tyl)es of brush the succulent sprouts which appear after a fue 
are palatable while the older and tougher shoots are not. In brief, 
heavy burning in brush fields is evidently beneficial.to grazing.· It is 
not, however, beneficial to the reclamation of the brush land byforest. 

The use of fire in brush fields within the tiln.ber zone therefore 
depends upon the use to which .the land is to be put. This should 
in turn be· detElrtnined by the values represented hy these uses: That 
the highest use is for forest in most cases is well shown by the fact 
that the average aQnual growth to every acre given protection will 
be at least 300 board feet, which, though far less than fully stocked 
stant;ls will produce, is worth at the very lowest estimate 50 cents an 
acre a{ear, while the average annual returns from grazing on the 
best o these areas does not exceed 15 cents an acre a year and are 
usuall_y much less. 

A _thh:d class of land upon which fue has 'been employed to improve 
grazmg 1s that loosely spoken of as chaparral arid already defined as 
land which, either because of adverse site or because of past abuse 
b_y fire, is no longer capable of producing timherin commercial quanti­
ti.es. An enormous ar,ea; estnnated (20) at 9,000,000 acres foF-the 
entire State, largely outside the national forests, is .still being sub­
tected to repeated burnings;_ both to incre~e the amount_ of palata­
ule feed and to render accessible the feed which already exists. . · 

It has been found that burning of this type of land results :in a large 
temJ>orary increase in forage, particularly- grasses. A study of this 
development, covering a burning in chamise in 1915, and followed 
closely for six years, showed that while the fire was a pronouned suc­
cess in increasing grazing values, it encroached to some extent on the 
present tiln.ber belt and caused severe erosion on the burned area. 
Cooper indicates' (7) that such repeated fires have extended the chap­
arral type into the forests and have also resulted in the final reversion 
of chamise types to grassland. - · 

It appears mcontrovertible that one or more fires in the chaparral 
belt are at least a temporary benefit to grazing. But it has already 
been noted that erosion is -a matter of such senous moment on lancls 
of this type as probably to far outweigh in impol'taiice the relatively 
small increase in the grazing value. Also, as already pointed out.on 
those chaparral areas that were once forested, the gradual restoration 
of site q?ality necessary b~fore forests c~n again occupy the land ~an 
not possibly take place while even occasional fires occur. · · 

The whole question ofgrazing and fire.can be summed up by say­
ing that in the California pine region tiln.ber production and forage 
production necessarily conflict; that what is a oene:fit to one is usually 
a detriment to the other; and that if lands are to be handled for per­
manent production of tiln.ber, grazing will inevitably be relegated to 
minor position in forest management as the artificial aid of fire is 
eliminated. 

THE RELATION OF DAMAGE TO FOREST MANAGEM.ENT 
The _preceding definition and discussion of the various ways in 

which fires cause physical damage to the forests of the Calif or:n.ia pine 
region have shown that the present condition of the forests is in itself 
the cUln.ulative result of centuries of repeated fires, and that even a 
single fire contributes perceptibly to · this process of deterioration. 
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The discussion of the effect of fire would, however, be incomplete if 
it were confined to the J?resent physical condition of the forest. We 
are at the point in the silvical and economic history of this country 
where the effort to preserve forest land for future forests and to ob­
tain the highest permanent yield from such forest areas is of prime 
importance in the Nation's welfare. The role of fire is consequently 
nowhere more significant than in the sphere of forest management, 
or in determining what can and what can not be done. in managing 
our forest properties more intensively in the future. 

EFFECTS ON LOGGING COSTS 

Loss from fire must alway-s be considered in tel'Jll8 of both quality 
reduction and quantity reduction. Both these fol'ms of attrition 
affect the merchantability of timber and the cost of l9gging. 

Quality reduction is effected in the destruction of the largest and 
most valuable individual trees,. and in direct loss of the best quality 
of wood in standing trees. One of the principal agencies of this form 
of loss is the fire scar, which destroys the wood of the butt and foads · 
to burning down, windfall, and tlie entrance of insects and fungi. 
In. the virgin pine forest, the trend of all fire damage, save heat kill­
ing and the rare crown fire, is to eliminate the oldest, ihe largest, 
and therefore the most valuable individuals from the stand. · 
· Qu. 3-?tity. redu?tion-l. or. the w.ork of a~tritioD;. in thinn!ng out the 
maturmg stand, 1s a curect tax on what m logging costs 1s. called the 
fixed investment. ln_modern logging the fixed invei,tment is hea.vy, 
especially in railroad construction, and must be charged against the 
crop or the _product derived from the specific area. If a body of 
timber is reduced in volume by even 10 per cent, the construction 
charge for each thousand board feet is correspondingly increased for 
the remaining 90 per cent. The increase in yarding costs brought 
p,bout by quantity reduction is, within small limits, of minor moment, 
since· it proceeds principally from the increased frequ,ency with which 
donkey engines m~t be moved, an operation that o:tdinarily, costs 
not more than 10 cents a thousand board feet cut. On poor sites, 
however, and often Sl}Ch as barely justify logging at all, a loss of ev:en 
1,000 or 2,000 feet an acre may remove the stand entirely from the 
e,xploitable class. How this 1s worked out in practice is shown . 
below. . 

In the :first area, representing 300,000;000 board feet of annual 
cut, located on the west slope of the Sierras, in a mixed conifer ~ype, 
the a.verage. stand per acre is reckoned at 28,000 board feet, · Rail­
road cost per thousand board feet is $1.80; yarding cost, which 
involves moving of outfits from landing to landing, is $0.51 per 
thousand; a total of $2.31 per thousand board feet. Both these 
factors of cost are affected by density of stand. To what extent 
the total cost is affected by 'reduction in stand per acre is apparent 
in the following figures: 

Reduction of 500 board feet increases. cost .$0.04 per 1,000,. or $1.12 per acre. 
Reduction of 1,000 board feet increases cost $0.085 per 1,000, or $2.38 per acre. 
Reduction of 1,500 board feet increases cost $0.13 per 1,000, or $3.64 per acre. 
Reduction of 2,000 board feet increases cost $0.18 per 1,000, or $5.04 per acre. 

Similarly, on an area, on the east slope of the Sierras, in theweste:m 
yellow pine type, representing an annual cut of 265,000,000 board feet, 
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where the average stand per acre is 18,000 feet and the raikoad and 
yarding costs are respectively $1.50 and $0.51 per thousand, the fol­
lowing mcreases of cost in inverse ratio to reductions in stand per acre 
would be met: 

Reduction of 500 board feet increases cost $0.06 per 1,000, or $1.08 per acre. 
Reduction of 1,000 board feet inoreases cost $0.12 per 1,000; or $2.16 per acre. 
Reduction of 1,500 board feet increases cost $0.18 per 1,000, or $3.24 per acre. 
Reduction of 2,000 board feet increases cost $0.25 per 1,000, or. $4.50 per acre. 

Thus, while quality reduction brings the more valuable stands grad-
ually: down to the level of the poorer ones, quantity reduction is tak~ 
ing these poorer stands out of the ~ercharitable class altogether. In 
one of these two ways, even the lightest fire that runs through the 
forest is having its part in destroying timber-values for the landowner 
and for the logging operator. · · 

EFFECT ON SILVICULTURAL PRACTICE 

Not only do :fires affect the possibility of exploiting the forests, but 
they also make the problem of securing natural reproduction much 
more difficult. Where no sale of mature timber is possible the only 
silvicultural measure a-vailable is fire protection. Many stands of 
excellent timber are so isolated in the vast brush-fields of this region­
virtually waste land from which timber has been driven by fire­
that the expense of reaching and ex_ploiting. the scattered islands of 
valuable growth still foundnere and there lS not justified. And even 
where the process of repeated fires has not produced the brush-field 
stage of retrogression, 1t has often so far reduced the density of the 
stand that there are no· continuous bodies of merchantable timber 
large enough to justify modern logging operations, with their heavy 
investment in transportation. The resulting inability to encourage 
reproduction through cutting must remain until timber becomes much 
more valuable than it is now, or until, with the help of :fire exclusion, 
the stands are enabled to build up sufficiently to warrant exploitation. 

An illustration of this situation is to be found in the Shasta National 
Forest. Out of an area, in round numbers, of 803,000 acres of Govern­
ment land, approximately 215,.000 acres are brush fields, and an 
additional 143,000 are protection forest or naturally treeless or barren 
land, leaving an area of 445,000 acres classed as timberland_. Of this, 
some 22,000 acres have already . been cut over under silvicultural 
management and an aditional 30,000 acres can be exploited profitably 
under present economic conditions. The balance of this area, 393,000 
acres, consists of open, understocked stands of patches of excellent 
merchantable timber surrounded by brush, or of forests so badly 
decayed that the mature timber is practically worthless. 

The difficulty of silviculture and management on stands where, 
through -the influence of fire, defective trees of inferior species are 
abundant, may become very serious. Decay entering tlirough :fire 
scars has in many localities rendered white fir and incense cedar in 
particular so defective that it is often extremely difficult, in national 
forest sales, to have them cut as closely as good silvicultural practice 
and sanitation, or the removal of infected trees, demand (17). On 
Government timber sales these problems have been measurably 
solved by making the valua;ble pines carry the losses due t.o th:e 



7 4 BULLETIN 1294, U. S; DEPARTMENT . OF AGRICULTURE 

removal of the inferior species. On priv.a.t~ landlll, with unrestricted 
cutting, the general practroe is to eull out the more valuabl,e spe-0iew. 
and some of the more sound trees of inferior species, leaving as a· 
nucleus for a new forest the most badly decayed and least valuable 
species and individuals. . .. 

Silvicultural practice is difficult enough µn.der these circumstances, 
but inreproducmg areas even these difficulties ar.e multiplied ... ·Ther;e, 
as. elsewhere, the average y. early lo. ss fro. m. fire mus.t b.i e .known'.'art. d 
discounted in ca,lculating for ,the future. Serious;:fir~, whi~h :may 
delay growth or destroy. the growing stock, c~n ~n111rely, dISrupt a 
working plan .. In merchantable for.ests up.der~fp.e .pr~~ ,scale .-0f 
protect10:o, the losses from 14'.e can,be stated m~h f1.fair degree o£ 
certainty; but for brush fields and .cut-over ar,eas. the .~tra lia~ards 
have not yet been sufficiently recdgnized, nor has it been reali~e<l thttt. 
especially intensive protection is necessary there. 

The l?roblem of the_ b~ fie~dsis perha~ the,most serious one to 
be met m :fire protect10n m thIS regi,on. 'The fues here are crown · 
:fires in effect, spreading rapidly l'l.nd.!)ecomfug' difficult to control, 
T~ey ordinatily result in: the :compfote wiping out of all reproducticm 
a_nd frequentlt of all seed frees, thus re!1ucmg many areas from a 
tnnb~r-producmg_ to a nb11fan1ber-producmg type. . TI.1'0 :m:omen~urn 
acqUll'ed by fires m brush, too, tends t.o carry them with a rush mto: 
adjacent timber, _gradually pushing back thefore~t .and e~larging ~~~ .. 
brush field. Satisfactory ·protect10n of present. tnrrberlands can not 
be guaranteed whi!e the threat of the brush-.f!r~ · exist·s,; and as long 
as la.rge. :fires contmue to occur ~ven very occas10nally m brush fields 
and cut-over lands no effective system of Eilvieultttrttl :tnanagem:ent 
of these lands is possible. · · 

. Forest man~ement _is t~us see?- to be practic~ble only._'!here a 
high degree of protection· 1_s put mto eff~ct .. This prere9.uisit~ any 
workabfe theory of protect!0n must provide for, ancl on .'brush and 
cut-over areas nothing less than :fire exclusion can iulfill .. this require-
ment. :•· ' ,, .. · · · · 

THE THEORY OF FIRE PROTECTION AS:'()ON'FROLLED BY FffiE 
DAMA<,E 

Two principal theories of :fire ptoteotion.have be~n p~oposed (23). 
One of these, the minimum (}ost, or ecoµoinic theory, postu,J.ates thl!-t 
t~e inteni:,iven_ess of protecti6n shall. be slich tha~, Fhe s1lll: of P:r<?te~ 
t10n, suppress10n,, and d~~age costs shall He a mmrmum. .,The oth!lr 
has bee11 term.ea the mmrmum damage theory and postulates that 
burned areas and hence damage shall be kept· at an, accepted 1 ':arbi-
trary minimum: . . . · · 

THE MWIMUM-COST 'J'HEORY 

The :mmimum--cost theory oan · be regaiiEled as a ·olear::.cut,, sOUnd. 
and workable theory only if there is a relation between intensiiy•of 
protection and the reduction of damage 1 and if the facts and value 
of damage can be readily and accurately .d.etermined in advance. 
The f!rst of_ these ~onditions is thoroughly proved, but the_ second }s 
practically mtpossible. The true extent of ·damage,:evenm the vrr­
gin forest, is not easily determine~, for ~rnny years m.Rst elapse before 
all the facts are at hand. The munedm.te:ly evident .fosses are thus 
usually erroneously accepted as the complete and :final result of fire. 
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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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