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INTRODUCTION

In forest -fire suppression activities there are four generally recog-
nized elapsed -time steps between the start of a fire and the time sup-
pression forces actually begin working on it . These are (1 ) discovery
time , (2) report time , (3 ) get -away time of the initial attacking force ,
and (4 ) travel time of attacking force . To attain the promptness of
attack desirable - termed "hour-control requirements " -in any given
forest cover type , it is necessary to keep the sum of these four elapsed-
time steps less than the total allotted in the hour -control set-up.3
The discovery time of fires , under the type of detection system
employed throughout the national forests of California , is subject to
considerable variation , attributable to the varying physical conditions
under which fires occur . This variation , unlike that in the other three
elapsed -time steps , cannot be controlled by the protection organiza-
tion . It is , however , desirable to measure the extent of the variations
which occur and to associate them with their controlling physical fac-
tors in order that significant variations in discovery time may be
estimated from the measurement of physical conditions under which
fires occur .
The purpose of this paper is to present some measurements that
have been made of the influence of certain factors on discovery time
in the ponderosa pine (Pinus ponderosa Dougl . ) type of northern
California . While the quantitative experimental results obtained may
not have direct application to other cover types or other forest regions ,
the trends established by the study may be of some value to all
engaged in fire-control activities .

METHOD OF STUDY

In this study 200 actual test fires were set and allowed to burn from
10 to 30 minutes , depending upon their rate of spread , on the McCloud
Flats of the Shasta National Forest during one fire season between
July 1 and October 15 .
Observations of the fires and quantitative measurements of the
variables were obtained by two groups of observers . One , the ground
crew , started and suppressed the fires and recorded weather and fuel
data and the behavior of the fires . The perimeter of each fire was
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plotted to scale at 2 -minute intervals during the life of the fire . The
second group consisted of a special observer on Black Fox lookout in
the center of the area in which the fires were set and cooperating
lookout observers on four other lookout points from each of which
most of the area was directly visible . Each test fire set thus repre-
sented from two to five separate and independent discoveries . The
special observer on Black Fox recorded the position of the sun at the
start of each fire , a description of the background against which the
smoke appeared , visibility conditions as indicated by visibility -meter
ratings of natural objects in the landscape ," and discovery time . The
cooperating lookouts recorded a description of backgrounds , general
estimations of visibility conditions , and discovery time . Radio com-
munication was maintained between the ground crew and Black Fox ,
and all lookout observers were notified in advance of the location and
time of start of each fire . No attempt was made in this study to
check the personal efficiency of the different observers .
The fires were confined mainly to pure ponderosa pine needles .
This type was selected as being the most uniform in fuel character and
the one in which the fires could be most easily suppressed . Analysis
of the data pertains only to the pure pine type .

EFFECT OF FACTORS ON DISCOVERY TIME

Collection of field data was limited to fires that spread immediately
upon ignition . The time in which an incipient fire in the form of a
smoldering campfire or rotten log will actually start to spread and
produce smoke is governed more by chance than by any measurable
physical factors . Lookouts can normally be expected to discover
only such fires as are spreading and have produced a definite column
of smoke .
The important physical factors which influence the time from the
start of spread of fires to their possible detection by lookouts are :
(1) Atmospheric obscurity , (2 ) background against which the smoke
is seen , (3 ) distance of the lookout from the fire , (4 ) relative position
of the sun with respect to the observer's line of sight , and (5 ) relative
behavior of the fire governing the rate at which smoke is produced and
rises this last being dependent upon the combined influences of
wind velocity , moisture content , and nature and distribution of the
fuel . The correlation of fire behavior with these governing factors is
being undertaken as a separate project and has not been treated in the
study of discovery time . In the collection of the field data , quantita-
tive measurements were made of each of these factors for every dis-
covery recorded , with the exception of background . This factor was
described by its composition and appearance to each observer . The
effect of topographic shadows upon discovery time was not considered ,
since they play a very minor role in the detection problem in northern
California .

ATMOSPHERIC OBSCURITY

The degree of atmospheric obscurity was measured in terms of the
clearness with which objects in the landscape could be seen . Because
of suppression of many of the fires before they could be discovered by
all the lookouts under poor atmospheric visibility conditions , data on
BENNETT, M. G. A VISIBILITY METER. Jour . Sci. Instruments 8: 123-126, illus . 1931.
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the influence of atmospheric obscurity are incomplete . Analysis of
all the discoveries recorded , however , shows little quantitative rela-
tionship between the visibility of natural objects in the landscape and
discovery time . This indicates that the concentration of particles
in the atmosphere has a different effect upon the visibility of a smoke
column from that upon the visibility of the landscape . Further
work is required to find a more satisfactory method of measuring the
degree of atmospheric obscurity as an influence on fire detection .
In order to simplify the analysis of the remaining factors , the range
of atmospheric visibility encountered was divided into three broad
classes based on visibility -meter ratings , and only those discoveries
were used that fell within the upper class , representing excellent to
moderate atmospheric transparency . This group constitutes approxi-
mately 86 percent of the observations made .

BACKGROUND

Green ponderosa pine timber , brush fields , mixtures of brush and
timber in various proportions , and open flats covered with dry grass
made up the backgrounds against which the test -fire smokes were
observed . These were segregated into two classes to which differences
in discovery time could be definitely attributed . The first and larger
group includes the dark-colored backgrounds of brush , timber , and
mixtures of the two . The data show no differences in discovery time
caused by differences in background within this group .
The light -colored backgrounds of dry grass comprise only a very
small portion of the experimental data and are insufficient in number
to permit of detailed analysis . A summary of the data reveals quite
definitely , however , that , under the same weather and fuel conditions ,
discovery time of smokes observed against backgrounds of dry grass
is longer and much more erratic than that against the darker back-
grounds of brush and timber .
A brief consideration of the factors controlling the intrinsic visibility
of objects explains this . An object is visible to an observer because of
contrasts in either brightness or color between the object and its
background , or because of a combination of the two contrasts .
When either type of contrast is of a low degree , the other must be of a
much higher degree , to cause the object to be visible . Smokes
observed against brush and timber backgrounds are always brighter
than their backgrounds and normally present a strong contrast in both
brightness and color . Even when one type of contrast is low, the
other is usually sufficiently strong to make the smoke visible . Smokes
observed against the sky or dry-grass backgrounds , on the other hand ,
may be either somewhat brighter or less bright than their backgrounds
or of the same brightness as their backgrounds , resulting in a low
degree of contrast . This , combined with low color contrasts between
smokes and light -colored backgrounds , causes such smokes to have a
relatively low degree of visibility . Under these conditions such a fire ,
considerably prolonged , may not be discovered until the smoke
column becomes large enough to appear against an adjacent darker
background or to become visible through its increased size and
6 NUTTING , P. G. THE VISIBILITY OFRADIATION. A RECALCULATIONOFKÖNIG'SDATA. U. S. Bur . Stand-
ards Bull . 7: 235-238. 1911.

REPORTOFSTANDARDSCOMMITTEEONVISUAL SENSITOMETRY. Jour . Optical Soc. Amer . 4: 55-79,
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changing brightness with increase in volume and density . Analysis
of the remaining factors is confined to smokes showing against dark
backgrounds .

DISTANCE

It is impossible to isolate completely the factor of distance between
fire and observer . In a perfectly transparent atmosphere , the only
effect of distance is to control the visual angle subtended by the
smoke column at the eye of the observer . Within the limits of the
experimental data , this effect is negligible when expressed in minutes
of discovery time . Since the atmosphere is never completely trans-
parent , however , the degree of transparency has an important influ-
ence on the apparent effect of distance upon discovery time .
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FIGURE 1
. - Effect of distanceupon the discovery time of pine fires under favorableatmosphericvisibility .

The figureson the curve indicate the number o
f

observations taken .

The curve in figure 1 , showing the increase in discovery time .
attributed to increases in distance , represents observations made
under average good visibility rather than optimum conditions and
therefore includes some effect o

f atmospheric obscurity . Within the
limits o

f
1
5 miles , which is usually accepted as the maximum effective

radius o
f

vision o
f

lookout observers , average discovery time may be
considered a

s a straight -line function of distance under normal
conditions . Distances greater than 20 miles , on the other hand , have

a decreasing effect on discovery time because fires allowed to burn
long enough to become visible at these distances normally begin pro-
ducing smoke a

t
a greatly accelerated rate . After this acceleration

has begun , a large column of smoke is formed which becomes visible a
t

relatively long distances within a very short time .

7

ANGLE BETWEEN SUN AND OBSERVER

Prior to analysis of the field data , a laboratory experiment was
performed to determine the effect o

f

direction o
f

illumination upon
the visibility o

f
a smoke column under controlled laboratory condi-

BUCK , C. C. , and FONS, W. L. THE EFFECTOFDIRECTIONOF ILLUMINATIONUPONTHE VISIBILITY OF A

SMOKE COLUMN. Jour . Agr . Research 51 : 907-918, illus . 1935.



Feb. 15, 1938 Factors in Discovery of Forest Fires by Observers 263

tions . From this experiment several conclusions were drawn , the
most important of which was that the position of the light source
(sun) with respect to the observer's line of sight , together with the
concentration of particles in the smoke column , has a very definite
effect upon the visibility of the smoke column . The results of this
study materially aided in the analysis of this phase of the field data .
Following the trends indicated in the laboratory experiment , the
effect of relative position of the sun upon discovery time was deter-
mined , as shown in figure 2 .
This effect may be expected to vary somewhat with the degree of
atmospheric obscurity . This in turn varies with position of the sun
in the same manner as does the brightness of a smoke column , since
the degree of variation in either is caused by the concentration of
particles of suspended
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is , therefore , deter-
mined by the relative
concentrations of par-
ticles in the smoke col-
umn and in the atmos-
phere . Even under
very adverse visibility
conditions , however , in
every observation
made in the field with
the sun behind the ob-
server the discovery
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FIGURE 2
.- Effect of relative position of the sun and observer's line of

sight upon discovery time of pine fires under favorable atmospheric
visibility . The figures on the curve indicate the number of obser-
vations taken . This is the anglewith the smokeat the vertex and

is the supplement of the angle measured at the observer between
the sun and the smoke .

time o
f

the fire was longer by at least a small margin than that o
f

similar fires observed facing the sun .

RATE OF SPREAD

Rate o
f spread is the principal element o
f

fire behavior which in-
fluences the time required from the start o

f
a fire for its smoke column

to build up to the volume and density necessary to become visible to

a lookout observer . Despite certain disadvantages , the unit o
f

meas-
ure o

f

this factor in the analysis was taken to be the average rate o
f

spread for the first 8 minutes , since all fires were allowed to burn for
at least this period . As a measure o

f

rate o
f spread , average diam-

eter , total perimeter , and area in square feet were all tried , but the
last proved the most satisfactory in relation to discovery time . No
usable relationship was found to exist between the size o

f
a fire a
t

any given moment and the size and density o
f

its smoke column .

Figure 3 shows the average effect o
f

the rate o
f spread o
f pine fires

upon their discovery time under favorable atmospheric visibility .

It will be noticed that discovery time decreases only slowly after rates
of spread of approximately 40 square feet per minute are exceeded .

This is due in part to the increased wind velocity responsible for the
increased rate o
f spread , which undoubtedly has a marked influence
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in keeping the smoke from rising above the timber crowns where it
can be seen . Further , a rather definite minimum discovery time is
determined by the failure of a fire to produce smoke for the first
1 or 2 minutes .
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FIGURE 3
. -Effect of averagerate of spreadupon the discovery time of pine fires under favorable atmos-

pheric visibility . The figureson the curve indicate the number of observations taken .

COMBINED EFFECT OF RATE OF SPREAD , DISTANCE , AND POSITION OF THE SUN ON
DISCOVERY TIME

To show graphically the combined influence of distance , position o
f

the sun , and rate o
f spread upon discovery time , it is necessary either

to make use o
f

three -dimensional figures o
r
to represent the influences

of two o
f

them with a single term . Analysis o
f

the individual effects
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revealed that the latter method , involving the expression o
f discovery

time as a function o
f

the ratio between distance and rate o
f spread ,

could be used satisfactorily within the limits o
f

the experimental data .

This relationship is shown in figure 4 and indicates that under similar
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In figure 5 , average rate o
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tance are represented on logarithmic scales in A
.
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f

dis-
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f spread is represented on a logarithmic scale by the
diagonal lines in A which become the abscissae in B
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FIGURE 5
. - Combined effectsof averagerate of spread, distance , and anglebetweensun and observerupon

the discovery time of pine fires observedagainst brush and timber backgrounds under favcrable atmos
pheric visibility . Example (shown by dotted line ) : Rate o

f spread 5
5 square feet per minute , distance

1
2

miles , anglebetween sun and observer652; discovery time 7.1minutes .

ordinate in B. A total of 340 discoveries form the basis of this set of
curves . Discovery time may be estimated from figure 5 in the
manner illustrated by the broken line in the diagram .

Example : Rate o
f spread , 55 square feet per minute ; distance , 1
2 miles ; angle

between sun and observer , 65 ° . Start at the value 55 on bottom scale and
read vertically to distance 12 on lower left -hand scale ; from this point follow
upward to the left , parallel to the diagonal lines , to the heavy horizontal line , then
vertically to the value 65 ° obtained by interpolating between the curves for 60 °

and 80 ° ; discovery time is read on the upper left -hand scale opposite this point ,

7.1 minutes .

A comparison of actual discovery times with estimated values from
figure 5 indicates a relatively high degree o

f accuracy for observations
during the middle o

f

the day . Observations made a
t
7 , 8 , and 9

a . m . are more erratic . The heat from early morning fires is usually

insufficient to puncture the inversion layer which characteristically
persists in the experimental area from 1

5 to 30 feet above the ground

a
t

that time o
f day . The rising column o
f

thin smoke from these
early morning fires , upon striking the inversion layer , spreads out in
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a horizontal plane and is soon dissipated . Discovery times of these
fires may exceed the estimated values by as much as 10 minutes .
Deviations of midday observations from the estimated values may
nearly all be attributed to atmospheric obscurity . The experimental
observations cover a range of distances from 3 to 33 miles and at the
upper limits of this range even a slight haziness in the atmosphere
undoubtedly has a detrimental effect upon discovery time .

SUMMARY

Better planning of protection organization developments and
activities and better utilization of available man power are promoted
by providing a more certain definition of elapsed -time allowances
between start of fires and discovery than can be obtained from indi-
vidual fire records . Solution of the discovery -time problem can con-
tribute materially to this end . As a first step in this direction , the
three discovery -time factors distance , rate of spread , and position.
of the sun- were measured and their interrelation with respect to
discovery time determined . The importance of these measurements ,
as shown in the accompanying charts , is that they form a basis for
future work and at the same time may be used as trends indicating
relative variations in discovery time which may be of value in present
fire -control planning work . Their value will be enhanced materially
as quantitative measurements are made of the effects of each of the
remaining factors .
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