








































































































































































































ROLE OF. FIRE IN CALIFORNIA PINE FORESTS . 'A8

Ezamination of ‘Seplember, 1913, less than three years after fire

Litter still increased by falling leaves; brush sprduts inbréﬂsixig; hazard greater
than before fire, part of needles still on trees, bark and twigs still falling.

More recently an opportunity on a larger scale has been afforded.

for a conclusive study of the costs and results of light burning as a
means of reducing hazard in California pine region. IR
From early July until the latter part of August, 1920, a fire
burned in the Moflitt 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 rivateFl‘y owned, largely by

the Central Pacific 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 keepinj the hazard
az a low point and to determine the costs of large-scale o
(4, 6). ‘ NEER IR

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. 5

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 obtam
burns even on southerly slopes during the first 10 days, after which
the weather suddenly became dry and hot. On_the thirteenth day
fires spread so rapid{y that the work had to be abandoned. ,

One area of 12 acres, burned in June, 1922; Lust before the abandon-
ment of the work, the fire being generally light and spreading down-
hill, was examined in detail in %
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 Eeat illing. 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 fimber 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 practlcaﬁy ‘denuded of advance reproduction.

REPEATED LIGHT,BURNS—N’EVAM AND PLUMAS COUNTIES

Tt is iﬁlportant to determine whether rep‘eat'ed surface fires actually

reduce the inflammable material to the point where forests are immu-
nized against serious damage from subsequent fires.

The only areas on which t%here are definite facts as to the cumulative
effect of several controlled fires, either on the forest itself or inreduc-
ing hazard, are the second-growth stands of western yellow pine on

perations

ctober, 1922, It was found that 6 .
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private lands in the Mother Lode region. It is known that certain

of these stands in Nevada County have been light burned more or
less regularly for many years. - Some of the results have already been

noted in considering the influence of fire on second-growth forests.
From these results it is clear that, as with uncontrolled fires in the vir-

gin forest, repeated light surface burns not only do not permanently

reduce the amount of inflammable material but actually tend to

increaseit. (PI. XII fig. 1.) A splendid illustration of the dubious -

value of light burning as a reducer of hazard is afforded by a study

of the Cement Hill fire of November 26, 1919. This fire, which had -

been set on one of the periodically light-burned areas, became sud-
denly accelerated by a ]Iileavy wind and covered 600 acres, developing

_into localized crown fires on several exposed slopes and wiping out
every tree on areas of 2 to 4 acres. :

It'is noteworthy that although the fire occurred late in the fall, the
damage was as heavy on the areas where light burninf had been prac-

ticed regularly as it was in the stands where fire exclusion has "been

maintained. Nor is this an isolated example of the harmful results -

from light burning, for it is a fact that summer fires in these light-
. burned forests are of not infrequent occurrence and are gradually wip-

ing out the stand. Asfarassecond-growth forests are concerned, the

data prove that even repeated surface fires under the most favorable

conditions do not reduce hazard sufficiently to prevent crown fires. .

In all the virgin forests in which light burning had been started
from 1910 to 1917 the practice was op}})led after the initial burn.
This cessation made it impossible to study the 7
in reducing hazard except by depending on chance fires or on an
experimental burn. - Therefore an area on the Plumas National Forest

was selected and an experimental light burn stated by the Forest

Service in the spring of 1919. , ,
Some 200 acres 1n the mixed conifer type with wide variations of

slope, aspect, forest types and site quality were selected. Before the

burning was begun a careful cruise of the original stand was made.

* In addition, a number of sample plots were established to determine

depth of litter, density of reproduction, number of fire-scarred trees,

size of scars, and character and distribution of underbrush: A fire -

line was then constructed around the area and burning was done at

ight from this line toward the center. Fires were set also along the -

ridges in" an effort to force downhill burning rather than uphill.
'l{‘([he area has been burned twice—once in May, 1919, and again in
ay, 1920. : ' TE
E%res burned ,free(liy ‘but lightly on the warmer and dﬂer'asa}iects.
Because of the abundance of squaw carpet, they did not cover all
taneously, fires were set on the cooler aspects; but in spite of repeated
efforts, only small patches could be burned. This digiculty of burn-
ing has been experienced both times the burning was done, and of
the 200 acres within the area only 126 have been burned over to date.
As on the Sierra County area, the largest amount of inflammable

material exists on the coolest slopes, where the amount of under-

growth and reproduction is materially greater than on the dry south-

. erly slopes. Even at the same elevation, a period of at least two

weeks must elapse after south slopes” burn freely before fire will

e effects of repeated burns

the -
ground, although a reasonably complete burn was obtained. Simul-
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spread on north slopes. If burning is postponed until north slopes
will earry fire, the south slopes are then so gry 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.

Tyer 1

Ground cover.—Needles, short herbaceous material, occasional clumps of brush;
scattered squaw carpet. ) } .

Sotl —Varying from fine to very rocky. : S

Fire-line construction.—From easy; where soil is not roeky, to moderately. diffi-
cult where much rock occurs and slopes are steep..

Tyee 2

Ground cover.—Open to medium brush, heavy squaw carpet, bear grass.
Soil.—Generally rocky. o .
Fire-line construction.—Medium difficuit, 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 forecasted, 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 may be possible by repeated efforts to reduce
the brush to the form of low 1-year-old sprouts and to reduce the
accumulation of litter.” On.such areas, however, fires are dangerous,
especially during the preliminary reduction of inflammable material,
when a sudden gust of wind may convert an innocuous creepin%l 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 1mportant and difficult of
the two inflammability classes has scarcely been touched, and this
general type of course 1s the one that light burning should reach if it
18 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 logs have been reasonably completely consumed on the area
burned over. The killing of trees by insects 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

s
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- second fire fed on and partially consumed some of these down trees,
~ the resultant intense heat kilfi’ng 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
: groves the principle that one fire paves the way for more destruction

y 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

ght surface fires over a given area continue the process-of attrition
or even accelerate it. :

TaBLE 21.—Damage to merchantable timber
[Snake Lake experimental light burning area. F'ursi; fire, 105 acres; second fire, 126 acres]

Loss In trees, by species . .

Natare of damage W ‘Doail 1
. : estern s ouglas neense
yellow pine | Sugar pine fir White fir cedar Total
BUENED DOWN : : B !
- No.| Bd.ft.’| No.| Bd.ft.|No.| Bd.ft.|Ne.| Bd.ft. | No.| Bd.ft.| No.| Bd.ft.
First fire. .ol 5013190 [ 1] 120( 31 6,010{ 0 3170 | T12| 20,090
8 d fire. 517,740 5| 14,980 | 7 , 1 1 170| -6 { 1,790 | 24 | 43, 800
Total oo ceecmaaccae 10| 30,930 615,100 | 10 | 15,130 | 1 1701 9] 2,560 86| 63,800 . . i
. ' HEAT KILLED N
Second fire only....__..... 2 170 0 fooooanan 1 100 | O |l 6| 1,360 9 1,630
INSECT KILLED .
First fire_ . ... ...l 5| 4,240 38 70,600 3| 3,440| 2| 3,800 | 0| ---:e. 48| 82,080
Second fire_ - _.._._...._ 11| 6,680 (1732520 ] 2| 1,930 6 8.450) 0 |-———--__| 36 | 49,580
Total. oo 16 $10,920 | 55 {103,120 | 5! 5370{ 812,250 | 0 {..ocuu-. 84 | 131,660
First fite_.____ S pomeanmcans] 10 {17,430 [ 30 [ 70,720 | 6| 9,450 | 2} 3;800| 3| " '7707 60 | 102,170
Second fire -} 181 24,590 | 22| 47,500 { 10 { 11,150 | 7| 8,620 | 12| 3,150 | 69 | 95,010
Total i e ioiacs 28 | 42,020 | 61 {118,220 | 16 | 20,600 | 9 | 12,420 | 15 | 3,920 | 120 | 197,180
AVERAGE KILLED PER ACRE . . : E
First fire 166 )| er3|.| eol.i| 36l 7| [ or2
Second fire 1954 | 377 |- 891 ... 684 __| 25| 754
Average.. . ...._... S R T4 SN A3 DX} N 89 )--o 54 17 fooo 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 fiving trees and were consumed
‘in the 1920 fire. The actual amount of loss from heat killing is not
particularly striking. It does, however, point to the conclusion that
some damage of this sort is to be expected if surface fires run over
an area repeatedly. : :

The serious loss from insect attacks, induced by the two fires, has
already been noted in connection with that subject, as _have the
enlargement of 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.
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None of the forms of loss which appear to be inseparable from the
practice of light burning are in themselves catastrophes and all are
relatively inconspicuous.. The cumulative effects of repeated fires -
inevitably tend, however, toward the gradual reduction of the stand.

The cost of burning on a relatively small area such as this can not
‘be considered as representing what the cost of treating large areas
might be, but does indicate that costs can not be ignored. ‘

Costs for 1919 burn: , . Mandays
Pire-line construetion _________ ol o l_ il s Lo 2%
Setting and control of fires. . il h

Total ___.______ RO R P Liliieid 73

Costs for 1920 burn: : L T

_ Pire-line .construetion___ . _ - . ___ ___ . L. .. ____..: Ll 13
- Setting and control of fires .. .liiooiiclaeilooli_.:
R TS S R . 8%

Length of fire line, 2% miles. o
Area burned, 105 and 126 acres, respectively. ) -
At average wages this would -amount to at least 28 ecents an acre -
for each burning. At average stumpage rates $3 a thousand board
feet the indirect cost or damage to merchantable timber would average
about $2.75 per acre for each burning. : , ST
The effect of the burning so far has been but a very slight reduction
in hazard, which has been accomplished at a costegsproportionately
great compared to the value of the results. R T

USE IN INSECT CONTROL-SISKIYOU COUNTY .~ =

Inrecent years, as the value of merchantable stumpage hasincreased
and as every form of loss has been scrutinized more and more closely,
owners of timberland have felt grave concern over the serious losses.
from tree-destroying insects. ' , :

The methods of direct control developed by the Bureau of Entomol-
O%iy’ United States Department of ‘Agriculture (11, 26); require a con-
siderable outlay of cash, can not be applied over a large area at one
time without a highly specialized and trained organization, and are
especially adapted- to acute infestations. Therefore, in searching for
a quick and inexpensive means to control forest insects it was natural
that owners of pine timber should be willing to consider the practice
of extensive light surface burning of the forest as a possible means of
control. The view that light burning not only would control exist-
ing insect epidemics but would prevent new ones from starting was
first given publicity in 1916 by Stewart Edward White (27). Asa
basis for the theory, the statement was made that serious -insect
depredations were unknown when surface firesran frequently through -
the forests. Entomologists have, however, shown conclusively that
losses from insects were prevalent in the past as they are now. - That
these losses should have been overlooked or ignored by timber owners
is not surprising, for they knew little of forest entomology and. the
loss of a small part of the stand occasioned no trepidation even to
owners of pine stumpage. - VLT

Inlate years, therefore, the proponents of light burning have claimed
not only that it is an excellent measure to reduce fire hazard but
that it is the best, cheapest, and most certain method for controlling
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tree-destroying insects. The evidence available at the time this -
theory was most widely announced indicated clearly that ight burn-
ing was of little value 1n reducing hazard, and indeed that 1t tended
to increase rather than decrease insect attacks. In spite of these
facts, one of the large lumber companies felt justified in initiating
some large-scale experiments to test anew the cost and value of the
‘practice. - i ~ S

In 1920 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 experiment, judging by the manner .
of its execution, was based on the following assumptions: . '

1. That light surface fires caused negligible loss to merchantable
trees; (alnd that, therefore, no protection of individual trees was
required. ~ R S e

2. That reasonably complete covering of the surface by the fire
was necessary, and tgerefore the burning should be done in summer,
when fires were certain to cover most of the ground. ~
8. That to control the fire it was necessary to divide the area into
small ‘burns, each of which could be completed in one night; and -
that, therefore, the area must be blocked by fire lines. T

4. That by burning at night the fires could be controlled and dam-
age to merchantable timber avoided. ] ’ , i
5. That the cost of burning plus direct damage to merchantable
timber would be less than the cost of intensive systematic fire control
- until the timber was harvested one to five years from date of burning,
Flus the cost of controlling a serious epidemic of insects then preva- '
ent on the area. ' Co g : '
In the actual burning the area was divided by fire lines into blocks
of 160 and later 640 acres. Snags near the line were fellod by the
saw and fires were set in the evening at the edge of the fire line and
allowed to burn toward the center. SO i emiein T
The operation was carried out in the summer of 1920, and no addi-
tional work was done in subsequent years. - An examination by forest
officers of the California district was made in July, 1921, by running
4% miles of mechanically located cruise lines in cardinal directions
and sampling the area sufficiently to give a representative basis for
* conclusions, or 76 acres in all. - Losses were found to be as follows:
Trees burned down, 0.237 per acre, or 425 board feet per acre killed.
Trees heat killed, 0.167 per acre, or 220 ‘board feet per acre killed. S
kﬂ'll‘;;es insect infested following fire, 0.334 per acre, or 440 board feet per-acre
ed. N . . ; . g
Trees affected by fire, in all, 0.738 per acre; or 1,085 board feet per acre killed.
The most serious losses were in trees attacked and killed by insects
- following the fire. - Subtracting the average rate of annual loss for
this re%mn, where fires have been excluded, which is estimated at 40
board feet to the acre, we have as the amount of loss that can safely
be charged directly to the fire 400 board feet to the acre. o
. As on other areas, an appreciable loss of merchantable timber due |
to the burning down of previously scarred trees was noted; and again,
as previously shown, trees lost by this process were almost invariably
the largest individuals with the highest quality of timber, so thatnot
only was the total stand reduced but the average quality of the stand
as well. (Pl. 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. o :

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 otherwords, the burning operation did not accomplish
. its major purpose, the control of the insect infestation.

At the time of the 1921 examination a practically eontinuous layer
of new litter had formed on the burned area and fire would again have
covered essentially the same ground as before. The California For-
estry Committee In an examination of the area at the time of burning
(4) reached the unanimous conclusion that there had been only 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 37} cents
per acre. ‘ :
SUMMARY OF LIGHT-BURNING OBSERVATIONS

In order for it to satisfactorily and economically accomplish the
specific puxﬁ)ose of reducing the general hazard, which is 1ts main
purpose, light burning should meet these three conditions: ~

1. The amount of inflammable material must be considerably
reduced. ‘ o : ,

2. The direct money 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 form 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 spring, 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. , h T

" If burning is done in spring or fall, the only time when fires can be
handled easily and minimum damage can be expected, it is impossible
to burn the more moist slopes. Even at these seasons a sudden
rainstorm 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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 When it comes to carrying out light burning in country of broken

‘topography the difficulties are tremendous, due to the variable mois-

ture content of the litter. While it is fairly easy to burn in stands
where reproduction and brush isscanty and hazard low, it is extremely

difficult to secure a burn where brush and reproduction, which it is
- desired to remove, are abundant and hazard is relatively high. -

RESULTANT HAZARD REDUCTION

A single surface fire reduces hazard only temperarily. In one-or
two years the amount of inflammable material on the burned area is -
generally greater than before the fire. Light fires consume but a
small portion of the inflammable material, and this material is soon
replaced or even increased by the fall of needles and twigs from trees:

-and brush killed but not consumed by the fire..

Tt has, indeed, been shown, in the Lassen Countj fire, that. five
years after the fire the amount of inflammable material was decidedly:

- greater than before the fire. The value of banking trees with earth;:
 which had so carefully been undertaken, had been lost, for the rain

had meanwhile leveled these mounds and litter again reached the
base of the trees. k . R
What is unavailing in virgin forest is even less adva'nta%eous, in
second-growth stands where even repeated surface fires at frequent
intervals do not immunize the stand from devastating erown fires:
Light burning has been carried out ‘successfully only where the
inflammable material consisted mainly of litter, with only scattered
brush and reproduction. It has not been successful where large -
amounts of brush and reproduction are present and where the haz-
ard is conse%uentl high. The practice, therefore, has temporarily
a.zar({ only where it is already low.

INDIRECT COST IN DAMAGE INCURRED

A light-burning operation may be regarded, at best, as negatively
successful when no (famage results to 1;.1ga;ture timber and only moder-
ate damage to small timber. Unless damage to merchantable timber
can be prevented by special protection of the individual trees, the
minimum damage to mature timber is of the same nature and magni-
tude as that from summer fires, namely, the burning down of some

- fire-scarred trees, usually the largest and most valuable in the stand. -

In addition, an occasional flare-up on even the lightest fire may be
expected to result in a small amount of heat killing of merchantable
timber. The enlargement of old fire scars and the creation of new
ones inevitably occur where fire reaches the trees.  Hach fire over a
given area-must thus be counted on to take its toll of large trees.

_ Light surface fires, like any other, may induce sudden and inten-
sive epidemics of tree-destroying insects, during which a 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. T ' s

‘Surface fires during any season of the year, under any method of

- control, destroy practically all seedling reproduction up to 6 feet high -

on areas actually burned. ' Since these fires are normally patchy,
however, a single or even a series of light fires does not necessarily
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result in wiping out completely all small reproduction within the -
exterior boundaries of the burned area. Sapling and pole reproduc-
tion suffer less seriously. In exceptional cases dense thickets may -
even be accidentally benefited by fire through thinning out the smaller
competing individuals. - , , S -
In general, surface fires, even light ones, cause material loss to
merchantable timber and excessive loss to reproduction. -~ -

COUNTING THE DIRECT COST

The direct cost of light burning, either where individual trees are
E;otected or where the fire is controlled by the previously prepared
ines, can not be set at less than 30 cents per acre. On the Lassen -
County area, as has been shown, the cost, on the basis of present wages,
probably would amount to at least $1 an acre, a sum sufficient to give
10 years of intensive fire protection. Sihce this cost must be repeated
ind}(,aﬁnitely to obtain & permanent reduction of hazard, the cost to any
- owner of a large acreage would soon become impossibly high.

-The yearly cost per acre of the Forest Service fire-exclusion plan in

California has averaged between 114 and 3 cents, depending upon the
degree of hazard. agJ.‘h_ls protection hag reduced the total timbered
area burned over each year to an average of only 0.6 per cent. If
the potential timberla.n(ﬂl in the brush fields were included in the
- computation, the rate of annual loss would 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 considered. Therefore,
the average annual cost of protection, plus loss under a fire-exclusion -
policy, even with the present moderate degree of protection, is far less -
than the average cost plus loss of controlled burning.

Wherever light burning has been practiced, material losshasresulted.
The best that can be expected, unless expensive protection is given to
the individual trees, is the burning down of previously scarred trees.
Oceasional ﬁare—ups also may be expected which result in heat
killing. Insect epidemics are as prone to appear on lightly burned
as on heavily burned areas. The immediate value of trees killed in
any case is many times as great as the cost of fire prevention would
have been. R ' ’ TR T

In short; no light-burned area thus far studied has failed to exhibit .
the same evil effects of fires that the practice itself is designed to -
E;event. The magnitude of loss differs from that caused by summer

es in degree rather than in kind. Even if forests are handled only -
for the merchantable timber they contain, the loss caused by repeated
surface fires is large enough to be reckoned with. e

If forests are to be handled not only for harvesting the mature
timber but for the protection of repeated crops of timber as well,
general burning, whatever its intensity, then adds to the loss of mer-
chantable timber the still more serious loss of the advance reproduc-
tion that must form the basis of the succeeding crop.

- POSSIBLE BENEFICIAL USES OF FIRE

The possible beneficial use of fire must naturally be such as will lie
without the range of acceleration of damage, attrition, and site
deterioration, or 1t must take these into account and’ outweigh them

with superior advantages in the partieular results for which it is
employed. ‘ ' ' ‘
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All such possible uses of fire must be examined with certain specific
questions in mind in order that a correct and balanced picture of the
benefits and costs may be obtained. {1) Is the specific purpose of -
the burning attained, and what is its value? - (2) What is the money
cost of the burning operation, and can the operation be carried out
with certainty that the desired results will be obtained ¢ . (3) What
are the indirect costs of burning, such as damage to merchantable
timber or to reproduction? (4) gH
compare ? .
= USE 'IN ‘SLASH DISPOSAL

ow do the total costs and gains

The first and niost obvious field for the use of fire as a means of k

forest protection lies in the disposal of slash following cutting. As
long as slash exists on cut-over areas, it constitutes a menace to the
adﬂacent timber as well as to the seed trees or young growth. Until
it has been mashed down and disintegrated by winter snows and the
action of fungi, it is tinder for fires of unsurpassed intensity and capa-
ble of great damage. Such fires, as has been pointed out in the dis-
cussion on cut-over lands, always leave the burned-over areas in a
%evaﬁtated,condition and pave the way for a prompt invasion of -
rush. - = - S A
Efforts to reduce thijs danger and thus remove the likelihood of

rapid spread of fire have naturally taken the form of efforts to sub- -

stitute deliberate, controlled burning for the more dangerous acci- -
dental burn. Nomethod 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, minimum
‘burn, and economy-of operation. These aims tend to be mutualég
exclusive, and the result is that now one and now another is favored -
at the expense of the others. The three most clearly defined methods -
in use are broadcast burning, burningin place, and piling and burning.

‘BROADCAST BURNING

The usual result of broadcast burning of slash as it lies, such as
- has been common on private lands f?ihe past few years, is that the
- fire not only removes the slash itself but covers the rest of the ground,
at the very least destroying the advance reproduction which isso
essential for full productivity of the area. (Pl XIIL.) Broadcast
- burning on a large scale has been employed in spring, in summer, and

“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 -
it is so uncertain, both in getting the results desired and in indirect
cost or damage, that it can not be-accepted. It s, at best, but of
minor value in affording protection to adjacent bodies of timber.
The previous discussion of the effect of fire on cut-over lands has
made it clear that with conspicuously few exceptions the effects are
disastrous. Broadcast burnings of slash in the pine region may be
dismissed with the statement that the indirect costs or damages to -
the remaining timber and young growth are excessively high, and
{:)ha‘ilso 1131}1151 broadcast use of fire ,im%uces occupation of the burned area
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BURNING IN PLACE

A second way in which slash may be disposed of by fire is to burn
the separate piles and windrows just as they lie after thelogging opera-~
tionis completed. This method mustbeemployed when theslash itself

will burn but the surface between piles willnot. Inpractice, theseex- '

act conditions have proved extraordinarily difficult either toforecast or
to recognize. The grave danger of burning in place is that conditions
may be misjudged and a broadcast burn result. Another disadvan-
tage is that with either animal or machine logging, both of which
make trails cleared of reproduction, the slash is left in the strips be-
tween trails mingled with the reproduction which has survived from
the logging operation. - Burning of the slash in place by spot firing
has resulted, even under the best conditions, in very heavy loss to
oung growth. This method is generally less destructive than the
groa cast burn, but the cost is materially higher, since the fire must
be set to individual piles. o » S
Burning in place has, however, been skillfully and successfully used
in some mixed stands of western yellow pine and white fir where only .
the pine has been logged and where the amount of slash was conse-
quently small, and the trees left were generally large. But with the
ordinary type of clear cutting of the forest, this practice can not be
considered desirable becauseit is so uncertain and isfrequently accom-~
panied by seriouslosses.  Both broadcast burning and burningin place
may result in a complete clean-up of the slash itself, but only at the
sacrifice of the major purpose otP slash disposal, the preservation of
reproduction and seed trees from-accidental fire. B

PILING AND BURNING -

A third method in which fire may be employed in removing slash
is that generally used in national forest s es,inovm as ““piling and
burning.”” In this method, aslogging progresses the slash is placed in
compact piles in o enin‘%fs away from the bulk of the reproduction
and seed trees. (P{). X1V, fig. 1.) The piles are then burned, usually
in the late fall at a time when a minimum of damage will be caused
to advance growth and seed trees. Constant study and application
by man{y men over a long %tiriod of years have developed the tech-
nique of this method to a high point and with close supervision its

-results in actual practice are generally good. . Properly used the sys
tem cleans up from 75 to 90 per cent of the slas% with a negli %i: :
percentage of damage to advance reproduction and seed trees.

The necessity for skill and care in these operations may be made
very clear by pointing out the following dangers: R
1. Misjudging climatic conditions, an% burning at a time when fire
- will spread, with the result of wiping out or seriously damaging
advance reproduction and seed trees. o
2. Sudden change in weather while burning is in progress, so that
fires spread before they can be stopped, with the same result as noted
above. Occasionally a heavy rain or snow in the first fall storm may

prevent burning for a season. o S

3. Touching off at one time too many piles that are close together,

and thus drym% out, the litter and spreajing the fire.. .

. 4. Piles mixed in with advance reproduction, instead of being placed

in open spots or on skid trails. This usually follows where supervision
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is not close. In this case the piles must either be left unburned or
be reﬁ{led, otherwise advance reproduction will be destrou}red., L
5. Making piles too large, too small, or too loose, resulting in any
case in serious damage to advance reproduction. -~ - .
6. Failure to carry on piling progressively with logﬁging, ‘with the
result that slash dries out, leaves and twigs fall off, and slash-ig
incompletely cleaned up. , s e R
The fpmticular object of this method of slash disposal is the reduc-
tion o
advance reproduction and seed trees.  Is this object accomplished and
to what extent ? S e
At its best, as illugtrated on many Government sale areas, Fﬂmg :
and burning results in an”excellent clean-up of the cut-over lands,
- with slight damage to reproduction. - At its worst, where slash has
been carelessly piled and:burned it approximates broadcast burnin
in its effect. Studies on Government sale areas where a -good job §

hazard on cut-over areas, with:the minimnum damage. to.

piling and burning has been done show that from 6 to 17 per cent of .

the total ground area is covered by the burned slash piles, depending -

oon _the density of the stand and the amount of timber cut. This
- indicates conclusively that the method can be safely employed in
reducing hazard. = Cruises of such land show, moreover, that from 75 -
to 90 per cent of the slash is actually consumed and that the remain- -

der is so scattered as to have no material bearing on the difficulty of
fire suppression. To that extent the method represents a legitimate
~use of fire in forest management. Under present conditions, 1t is the
maximum that can be done toward cleaning up the forest, and the
dangers in its employment are controllable: '

Does piling and burning insuré that any fire that may start can

be suppressed within a reasonably small area? R

* The effectiveness of this measure is shown by the figures obtained
on cut-over areas where slash has been piled and burned, showing
that the average size of 45 subsequent fires was held to the very low -
- figure of 0.4 acre, as against 9.7 acres for the average of 37 fires on.

adjacent unburned slash areas (Table 22).  The blanket protection
afforded all these classes of land had been the same, and the conclu-
sion is logical that piling and burning of slash is an effective means
of reducing hazard. e Ll T e e

~“Another point.to be considered is whether fires within areas where
slash has been piled and burned do as much damage as in areas where
the slash has not been so disposed of. ~ Field studies of com'ﬁambiaf
areas indicate conclusively that while heavy loss of reproduction

~results from fires even where the slash has been piled and burned,
- seed trees ordinarily escape, and the fires burn but a small percent- -
‘age of the entire area.: ese losses, though severe, are nowhere

near as complete or as irreparable as those resulting from slash fires. -~

It may therefore be accepted that piling and burning slash is a
. beneficial use of fire and that ‘the indirect costs or damages are not
© gerious if the burning is properly and carefully done.”” -

" The outstanding O%jection to piling and burning is its direct cost,
With present wage scales, the expenditure can not beset at lessthan
35°eents a thousand feet cut, and on many areas it may be as high
as 50 cents a thousand feet. Of this cost, at least 85 per cent Is
- taken up by the charge for piling, the burning usually costing only
~about 5 cents a thousand. If t%is ‘cost is converted into terms of
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Fi1G. |.—ADVANCE REPRODUCTION BEFORE BROADCAST SLASH BURNING

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

F-167616

F1G. 2.—SEED TREES KILLED AND REPRODUCTION WIPED OUT

The same view as that above, after broadcast slash burning, tells the story of a practice that
has made many thousands of acres in the California pine region unproductive, a loss to the
owner, the State, and the Nation
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F1G. |.—SLASH PiLED READY FOR BURNING

Where slash is skillfully piled, no more than 6 to 17 per cent of the total area is burned, with
but little damage to seed trces or reproduction

’ F-172754

F-163536

FIG. 2—WINTER WORK IN FIRE PROTECTION

A feasible, economical, and safe way to get rid of standing snags, combining safety with economy
in that it gives work in the slack season
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TasLe 22.—Effect of piling and burning slash on size of subsequent fires, for a rep-
S " resentative operation :

Piling

Nuniber and size-of subsequetit fires DR m and

: . s firmdo
Number 0ffres_ - wo ol ul e it mame RS S imaans 371 45
Average size R . 9.7 0.4
¢ A fires (less than 34 aere):.. .. P R I S <49 78
‘B fire (from 14 to 10 acres) e . 29 24
4O fires (0vVer 10°2Cres) o ou. loaso il limen 22 ]
Largest fire:. .o . oo ooocioooo : : 165, g

acres, with an, average cut for the region of about 20,000 feet to the -
acre, the impressive figure of $7 is arrived at. Furthermore, this -
must be considered an investment merely to reduce the likelihood of
damage after fires start;it does not eliminate the likelihood of fires
starting. , o Sl :
In summarizing, it may be stated that with our present degree of
protection, the use of the piling and burning method is a warranted
safeguard even at present costs. As our protection becomes more
certain in its results, the extensive use of this method may advanta-
geously be modified and in many areas entirely eliminated in favor
of more 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 v
necessary protective measure, and one which warrants partial sacri-
fices in the form of fire injury on restricted area. In certain cir-
cumstances the elimination of any possibility of fires starting is of
such importance that burning off every vestige of vegetation within
the specified tract is justified.  In general practice, it may be said,
the risk can only be reduced and not entirely removed. R

The most obvious oceasions  for this use are at donkey settings,
along lines of highways and railroads, and at public camp grounds.
Beyond these, the legitimate use of fire in reducing risk is a limited
one. The only permanent reduction of risk must be accomplished
by eliminatin, tge causes of fire, rather than by reducing the amount
og inflammable material. : ' LS

s CONSTRUCTION OF FIRE LINES , ey

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. S ‘

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 cam}t))s. Fire was
then applied along these cleared strips and allowed to out the
intervening territory. The purpose of these fire lines was twofold—
to reduce the in: nable material so that fewer fires would start
within the risk area and. to make it easier to control fires if they
should start. In practice this work has proved to be a pronounced

2027°—24——5 : :
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sllccess. ,,.Before the systematic attempt at reduding s?e'cial dangers,
o

the company had spent $10,000 a year in 1919 and 1920 for suppressing

fires originating on these risk areas. For 1921 the costof construe‘tin% - o

lines along 6 miles of right of ways; of patrol following trains, and o
fire suppression, totale(igb ), &
reduced to a small fraction of that for either of the two preceding years.

The work was continued by the companyin 1922. = That year 186 fires
. starting within the risk area resulted in burns totaling o e

: oly 50 acres..
" The point of particular importance is that the metho

ut $3,600, and damage to cut-over land was -

is effective -

and not excessive in cost. It is now being adopted more and more

by railroad and lumbering companies throughout the California pine
Tegion.  If proper care is used in burning the strips there is little

‘danger of fire escaping to adjoining lands and, once constructed, the

effectiveness of the breaks in reducing special dangers is thoroughly
proved. Burning of ‘the strips is required periodically, but only for
-as long as the risk exists, and not so as to involve the Ppermanent

relingquishment of the land for forest purposes.
“Alth s Rds

ough the use of fire on forest lands during the p’eﬁdd'oi growth o

is a violation of the principles so far deduced in this bulletin, and

although it naturally results in severe damage to reproduction within
- the burned strip; the practice is amply justified on the basis of sac-
- rificing a small portion of an area in order tosecure better protection

on the remainder. If, however, the general scale of fire protection

were intensive enough to guarantee success ‘on cut-over lands, the -

practice would be of doubtful expediency.
= 'CLEANING OF BARRIERS

- bne of the chieft iesults of repeated fires which has~'ai;'e3d beén
notéd has been the creation of an almost. continuous area of brush °

~ along the lower edge of the timber zone, part of which is restocking

with forest trees and part of which has reverted to a nontimber type,

or chaparral. This area is one of extremehazard. Fires originating

in the brush t{pe, are a serious menace to adjacent standing timber,

and the problem of insulating the timber zone proﬁer—' Tom the
adjoining nontimber type is critical in many parts.of the region. =
-~ A complicating factor in the problem is that the numerous fires in-
the chaparral areas definitely reflect the state of mind of a minor;,.i];f'

of the settlers living within this zone. A small amount of forage isavail- ,
‘able on these areas for a short time after they are burned, while dense

- upburned fields of chaparral are totally inaccessible to stock. Firing

‘Until this practice ceases, protective burns are largely defensive.

of these areas for low-grade, temporary agricultural use is-a common
~pragtice and is the most serious handicap, not omly in the protection
. of the chaparral areas themselves but-of the adjoining timberlands.

An attempt has been made to solve this problem '}b&ede}iber@ely s

burning belts of from one-half to 2 miles in width near:

that these barriers would automatically stop the run of fires ‘toward

~the timber zone. - The cost of ‘thege protective bums-has “Tun from :

~10 to 25 cents for each acre burned.

A serious difficulty has been encountered in maki t&a]sbamer
If conditions were right for securing a clean burn of ‘the brush, the

reducing the value of the barrier.

upperedge
of the chaparral, or permitting fires to burn here, with the idea

- fires have been difficult to.confine within the desired belt; and if the
fires were readily controlled, a complete burn was not obtained, thus = -
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Although the-effectiveness. of these protective burns in stopping
large fires has not been completely:-established, experience so.far shows
that they are of some value in preventing fires originating in the
chaparral from reaching the timﬁerbelt. - 'The money cost of the
burns is not excessive, but even with the best possible control some
fires escape either into the adjoining brush fields that are restocking -
to timber or into the timber itself, so that this secondary cost or
damage is therefore not to be overlooked entirely. By far the most
* important secondary loss, even if the protective burns are confined
solely to the chaparral type, is from erosion, which in the section on
yvazﬁx:shed protection has been shown to be a‘corollary of heavy burns
m this type. : e - fae

The use of fire for cleaning barriers must in the final analysis be
le%arded merely 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 because going fires are spread by sparks flying from them.
Their danger is recognized by the universal practice of requiring that
they be cut on Government timber-sale areas. - That fire ean be 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, 1 which:both
standing snags and down logs as well were successfully burned, will
be found in the following figures: : T g

Observations made on, the Modoc N ational Forest in 1920 ;

Avea covered __ . __ Ll Lnil acres. .. 2,000
Trees set on fire. _____._______ . ____.____.___- e il LAl 4, 600
Trees burned per man perday_______-_ ____._:__ SRRt e 115
Average number burned per aere________ e 2.3
Total volume of trees ignited____.________..._ i oo ft.b.m. . 5,530,000
Average volume per acre burned . ____._________ . _ ... do.__- = 2,765
Average time to fireatree._______ - __________:__ :.__ _iinutes._. - . 41

Cost of the operation: . .
Labor-:. .o iiiiia ol i mm il i iicdiloii o e $218.78
Subsistence. __ o .o il i ol il <. 80,75
Automobile travel (416 miles at 7 cents a mile). .. ___:ii2.0 29. 12
Kerosene and matehes_ - o L oo ool Ll Livol Sl 2030
Total .o o i i i e -280..95

Not only was the cost of this work, averaging 6 cents a tree or 14
cents an 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 ground and there was practically no damage to reproduction. -
Considerable additional work has been done with species other than
western Yellow pine, notably white fir, Douglas fir, and incense cedar,
all- of which are proverbially difficult to gburn after 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 be a special danger. . SRSt

These experiments indicate conclusively that this method of riddin
the forest of standing snags and down trees is feasible, economical, an
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safe. :It has-the additional virtue of being possible to ¢ on 'when
many other forms of forest work can not be done. (Pl. XIV, fig. 2.
This method would be highly desirable on tiraber-sale areas, instead

-of the more costly falling by the saw method; on areas of high risk,

- such as along roadi, 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 R
- Quite distinct from the use of fire in fire protection is its use in_ .
silyicultural 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, béfore such use can be regarded as legitimate. - Three uses

- in silvicultural practice are presented below, somewhat tentatively,

but with evidence to show tﬁat the results to be obtained by their
careful and intelligent application may more than outweigh the
dangers or losses inyolved? [ : ' ‘

EPa L  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-

~ ing seedlings may be unable to penetrate this. The white fir-and in--
cense cedar are much less affected than the pines. Consequently under
a fire-exclusion policy the tendency is for the reproduction which
starts:in-the mixed 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

- brief that not only is the amount of reproduction greater when the

litter is removed than when it is in place, but also that the pines are

favored over the firs and cedars. ('?able 23.) e

TaBLB 23..—Influence of heavy litter on germination .-
" [Snake Lake burning area, Plumes National Forest]

Number of seedlings to each
: 100 square feet : )

Litter | Percentage 4
tarbed . | temoved | incresse -

.8 29 383
79 7 250
8 15 88
19 3¢l 7
25 37 48
122 | - 103

Another strikin.% llustration of the influence of ‘heavy litter in
preventing successful reproduction wds found in the Butler Meadow

e on the Eldorado National Forest. A.part of this burn was a
very light surface fire which crept through a dense stand of mature
 white fir. One year after the burn it was found that seedlings had
come in at the enormous rate of 20,000 per acre where the litter had
been removed by the fire, while in undisturbed litter no-seedlings
were found, even of white fir. - '

These illustrations merely prove that fire has a possible use in
obtaining regeneration, Obviously, its usefulness must be limited

-




ROLE OF FIBE:IN CALIFORNIA PINE FORESTS: 69

to areas where heavy accumulations of litter in the dense virgin for-
est have prevented reproduction. Further, burning must be done
only where the mature crop is about to be harvested. This will at -
the same time secure the establishment of reproduction in advance
of logging, and insure the possibility of salvaging such timber as is
damaged by the fire. The necessity for permitting time for the new -
growth to become established before logging is evident in the fact

that cutting can not be depended upon to be undertaken at the il

groper time to insure an am?le su%ply of seed; nor can any reliance
e placed upon seed in the forest floor where litter is so deep and -
compact: so care must be exercised to confine the burn to the

spectfic areas on which the reduction of litteris desired and nothing '

ap%'oachjng broadcast burning will be possible. R ~
' here logging is under way, the breaking up of the litter is-ordi-
narily accomplished sufficiently by the logging operation itself. The
most serious impediment to reproduction 1s 'éxen competing vegeta-
tion, which can not be removed by fire. - - SRS e
, CONTROLLING COMPOSITION T
The data previously given regarding the relative susceptibility of
species to heat killing point to the possible use of fire in controlling
tﬁe composition of established stands of reproduction. Light firesin
mixed stands tend to favor the fire-resistant pines by eliminating the
'gativel%susceptible firs. Thisdifferential action of fire thus suggests
e poss1
point in regenerating our forestsis rather to utilize completely the
E;(‘)’ductive power of the land than to attempt refinements in control-
ing composition. ¥urthermore, we can accept established reproduc-
tion whether there is as much pine as might be desired or not, and
“depend on thinning and on silvicultural methods of mfarkinit;o leave.
suE‘lcient seed trees to increase the pines in the future stands.. :
B PREPARING GROUND FOR PLANTING. Tt B )
Another special use of fire that has been developed in this region
is in burning over dense, nonrestocking brush fields as a preliminary
to planting. - This has been done with two main purposes, to reduce
the physicial difficulties encountered in planting in dense brush, and
-to give the young trees a fairly even start with the brush during the

ility of future usefulness, but at present the most important

first few years of the growth, rather than to force competition with a o

dense overstory already established. : . N
The plan has involved constructing a cleared line surrounding the

area to be burned, followed by spring burning, in which fires set along =~ :

the fire lines are permitted to spread: toward the center of the area:
Burning in the spring results in complete destruction of the foliage
and smaller twigs of %he brush. = Only the top layers of the litter are -
consumed, leaving the lower layers and the soil itself unaffected.
The cost on a burn of about 2,000 acres on the Shasta National
Forest was 30 cents an acre, including the preparation of lines. - Com-
parative costs of planting in unburned and burned brush fields were
$11.50 an acre for the former and $7.08 an acre for the latter. - This
difference in cost is explained by the much greater ease with which
areas on which the brush cover has been removed can be planted..
Also, on burned areas, a much closer and more effective supervision
of labor js possible. The results obtained, as has been intimated, are
correspondingly in favor of preparing dense brush fields for planting
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in this ‘manner, and: when éemputed on.a basis of labor expended

greatly reduce the total cost of the whole operation. = -

.. USEAS AN AID IN GRAZING i
- In discussing the historical “development of the light-burning
theory, it was shown that two separate motives have actuated the
pr(t)Eonents of forestéburning. .Liambermen and others, interested. .
mt,

esafety and the preservation of the merchantable timber,regarded - '

fire as an active ‘agency of protection. By far the larger number,
however, have regarded fire solely from its effect on secondary products -
and uses of forests; such ‘as grazing, prospecting, hunting, and -ease
of travel. _Although these two idéas}ilave been greatly confused in =
what has been said and written concerning the.use of fire in our
forests, the two ideas are fundamentally different. Light burning,
nevertﬁeless, ‘has the perfeetly legitimate purpose of protecting mer-
chantable timber. Some of the lumbermen who have practiced
o lilg)ht burning regard destructive fires in the forests with as much
abhorrence as foresters. It.is with the hope of preventing just such
- destructive fires that the practice of light burning has been employed,

" even if mistakenly.

~'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, the grazier has been the most active both in actual burning and in
Qﬁeachin'g the active 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 in which he is interested occur but sparingly in a
ense forest and abundantly after the forest is partially or wholly
removed. The best fire for his purpose is the most destructive, and
though his purposes have frequently masqueraded under the euphe-

mism of light or protective burning, they are, In reality, wholly inim-
ical to the objec’t?ves of even the true light burner. ’ 7 _
This %‘ougahas not -only burned forests until they ceased to be -
forests, but have continued the burning of the brush fields that have
followed the forests, until in some cases & true chaparral type with lit-
tle value even for forage has finally become established as a result
.of site deterioration. . ; NG L o
.. The facts concerning grazing and the use of fires m%y be stated
' br_ie%_y, without attempting to recite in detail the specific available
proofs. : : : S e s :
- Fully stocked forest, whether even-aged or uneven-aged, with abun-
dant. reproduction, eontain little forage, because the trees occupy the
space to the practical exclusion of other plants. Fires in this type,in
.. 8o far as they remove the timber cover, allow the entrance of other
~ plantsincluding those of value for grazin,gl. _The present extensive use
of the virgin forests for grazing is possible only because, as a result of
past fires, these forests are not fully stocked with 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 acre in the California
mountains is, as a matter of fact, but a fractional part of the value of -
the potential yearly timber growth. Lo B R R
-Fires in the brusi fields, themselves the result. of fire, make it pos-

sible. for stock to graze areas which would otherwise remain unuti-
lized.- - Many of the

forage brush: species, if not, burned frequently,




ROLE OF FIRE IN CALIFORNIA PINE FORESTS 71

attain such a stature that stoek can not;readilglbroWse them; and'in.

certain types of brush the sueculent sprouts which appear after a fire
are palatable while the older and tougher shoots are not.  In brief,
heavy b’urnjngb'm‘ brush fields is evidently beneficial to %razing. “Ttis
not, however, beneficial to the reclamation of the brush land by forest.
The use of fire in brush fields within the timber zone therefore
depends upon ‘the use to which the land is to be put.  This should
- in turn be detertnined by the values represented by these uses:” That
the hiﬁhest use is for forest in most cases is well shown by the fact
that the average annual growth to every acre given protection will
be at least 300 board feet, which, though far less than fully stocked
stands will produce, is worth at the very lowest estimate 50 cents an
acre a fyear,\while the average annual returns from grazing on the
best of these areas does not exceed 15 eents an acre a year and are
usgallg' much less. : : IR Aha
thi

ird class of land upon which fire has been employed to improve

zing 1s that loosely spoken of as chaparral and already defined as
and which, either because of adverse site or because of past abuse
by fire, is no longer capable of producing timberin commercial quanti-
ties. An enormous area; estimated  (20) at 9,000,000 acres for:the

entire State, largely outside the national forests, is" still being sub-

Lec'ted to repeated burnings; both - to increase the amount of palata~
vle feed and to render accessible the feed which alreadyexists. =
It has been found that burning of this type of land results in a large
temporary 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 increasin% grazing values, it encroached to some extent on: the
present timber belt and caused ‘severe erosion on the burned -area.
Coc;ﬁ)er 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. = e Cons
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 serious moment on lands

of this type as probably to far outweigh in importance the relatively '

~small increase in the grazing value. so, as already pointed out.on.
those chaparral areas that were once forested, the gradual restoration
of site quality necessary before forests can again occupy the land ean
not possibly take place while even' occasional fires occur. - - S
The whole question of grazing and fire can be sumhmed up by say-
ing that in the California pine region timber production and forage
production necessarily conflict; that what is a benefit to one ig-usually
a detriment to the other; and that if lands are to be handled for per-
manent production of timber; grazing will inevitably be relegated to
minor position in forest management as the artificial aid of fireis

- -eliminated.

THE RELATION OF DAMAGE TO FOREST MANAGEMENT

The preceding ‘definition and discussion of the various ways in
which fires cause physical damage to the forests of the California pine
region have shown that the present condition of the forests is in itself
the cumulative 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 present 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

fLossx_'fx'Tdm fire must? always be considered in terms df» both quality
reduction and quantity reduction. Both these forms of attrition

- affect the merchantability of timber and the cost of logging. :

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 prindipal agencies of this form
of loss i the fire scar, which destroys the wood of the butt and leads
to.burning down, windfall, and the entrance of insects and fungi.-
In the virgin pine forest; the trend of all fire damage; save heat kill-

%J(;nrare crown fire, is to eliminate the oldest, the largest,.
and therefore the most valuable individuals from the stand. -

.- Quantity reduction, or the work of attrition in thinning out the

maturing stand, is a direct tax on what in logging costs is called the
fixed investment. In modern logging the fixed investment is heavy,

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

about by quantity reduction is, within small limits, of minor momens,
since it proceeds principally from the increased frequency with which
donkey engines must ge moved, an operation that ordinarily.costs
not. more than 10 cents a thousand board feet cut. On poor sites,
however, and often such as barely justify logging at all, a:loss of even
1,000 or 2,000 feet an acre may remove the stand entirely from the
le;x loitable class. How this 18 worked out in practice is shown
elow. - : Si : : B . o
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 type,
the average 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 ﬁy 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 $2.388 per acre.

Reduetion 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 ares on the east slope of the Sierras, in the western
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 railroad and
rding costs are respectively $1.50 and $0.51 per thousand, the fol-

owing increases of cost in inverse ratio to reductions in stand per acre

would be met: i CRRP A ‘

Reduetion of 500 board feet increases cost $0.06 per 1,000, or $1.08 per acre.
Reduction of 1,000 board feet increases cost $0.12 per 1,000; or $2.16 per acre.
Reduetion 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 merchantable 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. S B e

" EFFECT ON SILVICULTURAL PRACTICE

Not only do fires affect the possibility of exploiting the forests, but
they also make the problem of securing matural reproduction much
more difficult. Where no sale of mature timber is possible the only
* silvicultural measure available 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 rea,chjniand eexploiting. the scattered islands of
valuable growth stiil found here and there is 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. T%e 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 through fire
scars has in many localities rendered white fir and incense cedar in

articular so defective that it is often extremely difficult, in national
orest 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 valuable pines carry the losses due to the
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removal of the inferior species. - On private lands, with unrestricted: -
cutting, the general practice is to eull out the more valuable species’
and some ‘of the more sound trees of inferior species, leaving as -
- nucleus for a new forest the most badly decayed and least valuable
species and individuals. . . . S L
- Silvicultural practice is difficult enough under these circumstances,
- but in reproducing areas even these difficulties are multiplied... ‘There,
as elsewhere, the average yearly loss from: fire -must be known and
discounted in calculating z)r 131};3 ‘ )
~ delay growth or destroy the growing stock, can entirely. disrupt a
~working plan. -In merchantable forests under:the present scale of
-protection thé losses from fire can-be stated with a fair degree of
- certainty; but for brush fields and cut-over areas the.extra hazards
- have not yet been sufliciently recognized, nor has it been realized that.
-especially intensive protection is necessary there. R
: e problem of the brush. fields is perkaps the most serious one to
be met in fire protection in“this region. 'The fires here are crown -
fires in effect, spreading rapidly and bécoming difficult to ‘control.
They ordinarily result in'the complete wiping out of all reproduction
and frequently of all seed trees; _thUSﬁ’regﬂcmg" many areas from s
timber-producing to a nontimber-producing’ type. The momentum -
acquired by fires in brush| too, tends to carry them with a rush into’ -
adjacent timber, gradually pushing back the forest and enlarging the
brush field. Satisfactory ‘protection of present timberlands can not
be %’uaranteed while the threat of the brush-fire exists; and as long
as large fires continue to occur even very octédsionally inbrush fields’
and cut-over lands no effective system of silvicultural management

- of these lands is possible.

Forest management is thus seen to be’ practicable only. where a

high de%ree of protection-is put into effect. This preretgxisite any
workable theory of protection ‘must provide for, and on brush'and

future.. Serious:fires, which may i

cut-over areas nothing less than fire exclusion can fulfill this require-

o ment. - R A
'THE THEORY OF FIRE PROTECTION AS'CONTROLLED BY FIRE
T T U DAMAGE

Two principal theories of fire protection have been proposed (23)..
- One of these, the minimum cost, or economic theory, postulates that
the intensiveness of protection shall. be such that the sum of protec-
- tion, suppression, and damage costs shall be a minimum. The other
has been termed the minimum damage theory and postulates that
burned areas and hence damage sha. a%}e“ke‘pi;‘ at an accepted, ‘arbi-
trary minimum. S : ' L Bt

SO . THE MINIMUM-COST THEORY. Gl
The mnimum-cost theory can be regarded as a -clear-cut; sound,
and workable. theory onlyif there’is a relation between intensity of
protection and the reduction of dsamage, and if the facts and value
of damage can be readily and accurately determined in “advance.
The first of ‘these conditions is thoroughly proved, but the second ‘is
practically impossible.  ‘The true extent of ‘damage, even in the vir-
gin forest, is not easily determined, for many years must elapse before
all the facts are at hand. The immediately evident losses are thus
usually erroneously accepted as the complete and final result of fire.
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-Table 23 shows the extent and value of the various types of meas-
urable damage to virgin forest, using the averages derived inthis
Study. ] ) i . L el :
TaBLE 24.—Summary of fire damage to merchaniable timber

. ) Average :
Type ofloss " - | Pt | Velue
: - : : | obem) :
Direct immediate physical Toss: S : . )
o Heat RiINg ool i e T el el 1,800 F 00 88,00
2. Burning down_...___:___._ SR T U R LOO | 200 .
Secondary physicallosses: B ; RSt B i
1. :Reduction of growth.__ ____ : : eme 1 500 . 2L00
2. Insects. ool AP Clllialidlil : - 1, 000, 200
3, Firesears. ... oo o..ioliiiiill v B0
4. Fungio ...l . ®) O]
Indirect financial losses: - : : B A :
1. Reductionof quality. ... __._ ... . Tl i
-2. Increase in logging costs g . . 3,800 - 750
Losses to otherresources: :
Water Lol il i ileai il ?) (1;
20 80i) i oo llaia ool llaliiolionligoliiinll DR a

1 No definite figure. Yo L - 3 SRR
‘So-long as the fire damage in merchantable virgin forests is consid-
ered to be merely the direct immediate physical loss, there is a se-
rious undervaluation of thisfactor in the minimum-cost theoryformula.
But even with such an inadequate appraisal of damage, the damage
factor far overshadows the cost of protection. Ce
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
ma& outweigh their value as a source of useful products. Whether
in the future forests will be more or less important than they are to-
day is purely speculative, but certainly there can be no question that
forests will continue to be one of the fundamensal physical bases of
civilization as we eonceive it at present. AR ' '
Therefore, in considering the réle of fire in forest, we can not over-
look the vital conclusion that the continued existence of forests is of
{)ara.mount importance, for countries which were once forested and
ater denuded give strii‘:ing; proof of the dependeney of civilization
~ upon forests and of the impossibility of expressing in terms of mone
the value of such fundamental, primal requisites.. A theory whic
proportions protection to a supposed money cost of damage can not
m t]:l: larger sense be considered acceptable, even for our virgin
stands. - o ' : ~ : ' v
Further, while damage in virgin forests is ordinarily confined to a
reduction in the quantity and quality of the stand, without annihila-
tion of the forest, fire damage in restocking brush fields and cut-over
lands is of a different degree. Complete or nearly complete destruc-
tion is the rule rather than the exception with fires on such lands:
A given degree of protection which merely keeps these lands at their
present state of relgtive unproductivity isfofaﬁl practical purposes a
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useless expenditure of money. The present degree 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-
‘sidering brush fields and cut-over lands. It may well be impossible
to justify statistically the necessary expenditures for complete exclu-
sion of fires, the fun({amental requirement once an area 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. SR
Thus the principal difficulties in aﬁﬁlying the minimum-cost theory
of protection to restocking brush fields are: ‘ o '
- 1, The factor of damage in theequation can not be readily deter-
mined because it depends ‘'on an agsumed 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 caf)ital investment and can not becharged entirely to the
initial 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 MINIMUM DAMAGE THEORY.

The most simple and direct statement of our objectives as applied
tﬁ forest lands is contained in what is termed the minimum-damage
theory., - -

To the extent that present expenditures make it easier and more
certain 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 more easy; to the extent that site
quality 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. - .. SERE

Even the most ardent advocate of forest production will recognize

that on very poor sites and where logging is physically imgossible the

deliberate production of timber for & wood crop can not be justified, =~
but the danger of confusing current and capital expenditure is that,

through mathematical computation and by charging all'expenditures
to the initial crop, it is easily possible to make timber production even
on favorable sites appear financially unwarrantable. e

- Systematic fire protection in the virgin forest has as its objeéf; nob

merely preventing losses, but building up the forest and the quality
of the land itself, both of which are, In part, capital investments. =
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In the brush fields, so far as our present experience goes, something
more than the intensive use of man power is required to guarantee
successful protection. A very comprehensive system of protective
~ measures will be needed, such as will include the construction of fire-

breaks, trails for rapid communication, and similar improvements
“serving to break up large units into smaller ones and make for easier

fire control. It is clear that such expenditures are investments

rather than carryinﬁ charges against the initial crop.  This distinction

between carrying charges and capital investment in the land is one
of fundamental 1mportance 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 stands will be vitally affected.
A weakness of the minimum-cost theory is that it tends to consider
each acre of land by itself, as something apart from the forest area or
region as a whole, whereas the problem is as complex as the forest
region itself. What is accomplished in the regeneration of the brush
fields is of the greatest importance not only to the brush fields 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 cost of producing timber is fire protection, a great :-part of
which is capitaf investment; but the impossibility otgrstating ‘pre-
cisely which part of such expenditure is a capital mvestment makes
an %ut the most simple and direct fire-protection theory impractic-
abﬁe in actual application. : '

To determine the justifiable protection expenditures for chaparral
areas is even more difficult than for restocking brush fields. The
damage resulting from fire in chaparral can not be readily discerned
nor accurately valued, since it consists mostly of indirect damages
such asinjury to watersheds, erosion, etc. = The minimum-cost theory
of protection applied rigi g] to these areas would lead to the same
absurdities as in the restocking brush fields.

If the facts and figures given in this bulletin point to any one con-
clusion relative to a desirable theory of fire protection, it 1s that the
degree of protection in the Califorma pine region can not be mathe-
matically restricted but must in all instances be sufficient—once it is
determined that a given area is to be devoted to forest growing—to
insure the continmity of the forest on such a high leve%Tof quality
and quantity as to justify the total effort of forest management.
The minimum-damage theory provides for this. It recogmzes fire
not merely as an enemy of the timber crop now standing, but as a
ruthless foe to the very existence of the forest, and one whose
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 is a more economical method of attacking the fire
problem than the minimum-cost theory. It provides a complete
rather than superficial and immediate plan of action. It considers all
forms of loss and total damage rather than merely the more obvious
and less important losses. It takes into account the full possibilities
of the land, as well as the immediate crop, and so protects the capital
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values. - But pérhaps the strongest evidence of the superior economy
of this theory is that with every fire or fire-threatened. area handled
on the basis of insuring minimum damage, the risk of subsequent fires.

_is lessened and future losses are reduced. The destructive processes
of acceleration and attrition which this bulletin has endeavored to -

bring out in their true guise can be checkmated only by fire protection
planned on such a basis. :

SUMMARY : : e

Throughout every section of the detailed: examination of therdle
of fire in the forests of the California pine region there have appeared
two principal phases which may-fairll;y)r be regarded as major conclu-
sions of the entire investigation. e e

‘1. Fire in the virgin forests, in restocking brush fields, and on cut~
over lands is important not only in the loss of timber resources it
causes, but also because each: fire paves the way for greater and more
serious losses from subsequent fires. - This process of acceleration has
characterized the action of fires through past centuries and is of out-
standing im];lortance in the fire problem to-day. As a result of this
process, each fire, by allowing the invasion of inflammable brush
species, and adding fuél 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 stroke the entire
stand over a large area. Indeed, they are generally distinguished
by the fact that much of the damage is relatively inconspicuous and
not immediately evident. But a study of the fires of the past and
those of the present shows unmistaka 'H] that attrition is the inevl-
table concomittant of repeated fires. ~This wearing down of the for-
est is remarkably exhibited in all its varied stages in the California

pihe region to-day, from the well-stocked areas of mature timber to

the nontimber-producing chaparral. The fire-scarred virgin forest;
the broken, patchy timber stand of no present merchantability; the
brush fields with scattered, isolated trees, and small groups of trees;
the continuous brush fields occupying potential timberland and re-
stocking only slowly; and finally, pure brush or chaparral, the end

- product, are but the different chapters of the story of attrition.

The rapidity with which the processes of acceleration and attrition

g - operate to reduce the virgin forest to a: nontimber-producing chzg‘ :
~arral area varies widely, depending on a la%e _-rant%e of, factors; the
- Even

most important of which is site quality. - e lightest spring
surface fires, such as have been used in an attempt to reduce fire
hazard, exhibit the same ‘destructive tendency toward qualitf and
quantity reduction as do the more devastating summerfires. In the
virgin forest the initial steps of attrition and acceleration are slow;
but in brush fields and cut-over lands of the present day we find
these processes in their most destructive and consequential: g.has.es,
since here even a single fire ordinarily accomplishes the annthilation

of the new forest. = ;
Through site deterioration effected by centuries of acceleration of -

fire damage and attrition from fire injury, the forest of to-day has

- assumed a definite character very different from what it is popularly
supposed to. be. 'The general public viewpoint that the national
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forests of California aré lhrge unbroken reservoirs of timber is thus
not altogether in accordance with the facts. - Large areas of these -
national forests must be ¢onsidered rather as a future source-of tim-
ber, depending largely on care and cultivation, than as a source of
material available immediately for exploitation. T
Some beneficial uses of fire a pear. . Instances have been mentioned
in which fire has beneficially' thinned out young growth or assisted
reproduction in other ways, purely by chance or accident. But
much more evident from the data here 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: - -~ e T '
That maximum: protection or-fire exclusion  inevitably increases
hazard by the encouragement of undergrowth is, of course, true, but
such added hazsard in no way vitiates t%le 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 the firing of the forests or reproducing areas for grazing purposes,
are incompatible with timber growing. With rising timber values,
grazing will doubtless take its place as subsidiary to silviculture. In
the pine region trees are a far more profitable 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 itis employed. = - L ' Soa
The old misconceptions regarding the r6le of fire in the California
gine region can profitably be cast out and destroyed alike by the tim- -
er owner, the Ipossessdr of potential forest land, the lumberman; and
the forester. . It is to the interest of all who.-have to do with these
forest areas to recognize that the true rdle of fire is that of destroyer
and: that any policy of protection must first insure the highest practi-
cable degree of protection, amounting to fire exclusion in brush and
cut-over tracts. It is to their interest further to grasp the economic
- truth back of such a policy, namely, that protection is not merely a tem-
orary measure to get a maximum first crop of timber, but that it is
ar more in the nature of a permanent investment in building up a
ighly Eroductive permanent forest. - L
uch. of the progress of forest management and of fire protection
.itself thus depends on a thorough knowledge of fire damage. The
more intensively fire damage.is studied, the more evident it becomes
that a complete a;l)prevci,ation of its importance is fundamental to. a
sound and workable philosophy of fire protection. : Conversely, failure
to appreciatein full the réle of fire in our forests may easily lead to
an inadequate scale of protection which, in its broadest aspect, serves
merely to maintain the present unsatisfactery condition of our forest
goperty, a condition in itself the outcome of centuries of repeated-
es. AR : : R
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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