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FOREWORD

Tue First EprTioN of this book in 1954 received immediate accept-
ance among the Division of Forestry fire control people for whom it was
primarily written. Then requests for the book began to come from
throughout the Nation.

Several new techniques, organizational needs and fire control concepts
have developed in the dozen years since the first printing. These have
resulted primarily from field experience and the cooperative studies
conducted among the several research and administrative agencies
actively interested in the complex problems of fire control. Admittedly,
the application of these techniques is described here as they impinge

upon and have developed within this particular fire control organization.

This is essentially a training document for a corps of thousands of dedi-
cated individuals charged with the responsibility of preventing and
controlling wildfire over some 28 million highly flammable acres of
California, at a cost to the citizens of thirty or more millions of dollars
annually.

To those readers who find the writing too elementary in style or con-
tent, the authors will quickly reply that they labored hard to accomplish
just that quality of simplicity. Our thesis is that the origin and subse-
quent behavior of a wildfire and the actions taken to suppress it are a
matter of cause and effect in a developing pattern of influences and
events. The hope is that the serious reader will come to develop habit
patterns and a reserve of practical knowledge which, when he finds
himself with Fire Boss responsibility, will sustain and guide him.

F. H. Raymond
State Forester
Sacramento, California, 1966
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Fire Behavior






CHAPTER ONE

Principles of Combustion

THE MANNER in which a spark flames into hfe, ﬂares up,
spreads, fades and eventually dies is all in accordance with
natural laws. These laws are well enough understood so that
Man can predict with reasonable accuracy what will occur
when certain conditions of fuel, topography and weather are
host to the process of combustion in the forest. If the day ever
arrives when the firefighter is in a position. to make complete
use of such information he may well claim to be master of the
situation. Presently we are taking only the first. full step in that
direction.

The old timer among firefighters is often inclined t0 forgct
that knowledge of fire behavior is not the knowledge of in-
stinct. He gathered this knowledge for himself bit by bit from
personal experiences as the years progressed. Sometimes he has
difficulty in passing along to others that knowledge for the
very good reason that he fails to realize how much can remain
unknown to the man who has never had thc opportumty to
personally observe similar events.

To demonstrate this lack of knowledge due to lack of expe-
rience a middle-aged man tells a little story about. himself of
an event that happened more than 20 years ago. That day the
young fellow easily reached an observation point near the fire
before the old ranger arrived. There before him was a rolling
inferno of flames such as he had never before seen. Fascinated
and frightened he told himself that all the power 'of Man could
never stop this fire. The old ranger wheezed up, rolled himself
a cigarette and mumbled to himself, “The head- will run into
that old burn in half an hour and by sundown the wind will
die and we’ll cold trail her.” Then he turned slowly to a mes-
senger and said, “Joe go phone headquarters and telI theﬁi tfle
fire is under control.” :

{3]
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The young man’s misjudgment was built upon fear and igno-
rance. Ignorance is simply a lack of knowledge. The older man
certainly had jumped too far to a conclusion but he had made
an estimate of the situation and formulated a plan of action with
quiet confidence based upon the knowledge of long experience.
Such experience requires the passage of years and observation
of many errors. Errors of judgment are generally very costly in
the field of fire control. . | .

- The purpose of this writing is to guide the firefighter away
from errors by pointing out basic facts and to speed the process
of learning by putting on paper the combined knowledge of
| many men of experience. N
| _ It is not within the province of this writing to dwell upon
the improvements that certainly shall be developed in the future
: for the control of forest fires. Yet it would seem that any
machines or chemical agents which may respond to the push
buttons of the future will rise from the solid foundation built
from the small bits of knowledge gathered in the meantime.

Good generalship in any battle demands that all possible
information on the enemy be gathered and studied. The enemy
in this case is fire. Properly managed fire has been perhaps the
most valuable natural phenomenon enslaved by man. But a :
glance at fire damage statistics would cause some people to s
believe that fire is seeking revenge for its enslavement when-
ever it gets loose. o

“We have no such illusions. Fire behaves according to very
precise scientific laws, and in nearly every case when it runs
loose Man is paying the price of his own carelessness or igno-
rance. In seeking knowledge about fire, the enemy, our first
natural questions are: what is it and why does it occur?

Fire, like life and death, must be accepted for what it is, a
basic natural phenomenon. We can, however, scrutinize this
action which we term combustion.

COMBUSTION AND THE TRIANGLE

Fire is a chemical reaction sometimes called rapid oxidation. | 5
The process is basically similar to the formation of rust on a piece
of iron. However, in fire the process is tremendously speeded up.

When many substances are affected by enough heat a flam-

. mable gas is released. Then, in the presence of enough oxygen
and continued heat, a flame bursts forth. This is fire. With a

L L EEE——
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continuous supply of heat, furnished by the combustion .itself;
the process will continue as long as enough oxygen is added to
the fuel-gas. Thus it is obvious that three elements or essentials
must be present and satisfactorily combined before combustion
can occur and continue. For the sake of simplicity we . term
this the “fire triangle.”

There must be fuel to burn, there must be air to supply
oxygen for the flame, there must be heat to start and continue
the wonderful, useful, sometimes devastating pheromenon ‘we
call fire. Remove any single one and there can be-no fire. In
fact, there is no other way to cause a fire to cease burning. -

BREAKING THE TRIANGLE

Of course, the best way to keep the undesirable fire triangle
from forming is to keep the three elements apart. It is rather
difficult to do much about the oxygen in the air, especially if
it is provided by great quantities of wind. But we are very
conscious of that extra hazard. “Be careful with fire today,”
we say. What we mean is—the rising wind will furnish so much
moving oxygen that your fire will run out of control.

After the fire has started we try to remove the oxygen side
of the triangle by smothering the fire with dirt, or some heavy
gas such as carbon dioxide, or a spray of water in a fog. It is
said that the air around us contains about 21 percent oxygen.
If this can be reduced to below 15 percent by the mixture of
smoke or non-flammable gases most fuels will cease to burn.

In fire prevention work the public hears most about the heat
side of the triangle, that is, the preliminary heat that causes
ignition. “Don’t start a fire without a permit. Break your match
before you throw it away. Watch your campfire.” Man can do
most about the heat side of the triangle, before the fire starts,
if he only will. But once the fire has started he has a problem
on his hands trying to break the triangle by the process- of
removing heat, especially if he arrives late and the chemieal
reaction called fire has built up great quantities of heat.

If he has water available he can apply it to the fuel and tﬁe;
water will absorb heat until it gets so hot it blows away as

steam. Water is a very effective heat absorbing substance. Or
he can separate pieces of burning material so that the heat is
d15$1pated into cool air. This is effective with burning logs dur-
ing the nights of late summer. Or while he is throwing cool dirt
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on the burning fuel to keep away the oxygen he is also causing
the triangle to give up heat because the dirt will absorb heat
w1thout turning into steam or into- more combustible gas.

Before the fire starts Man talks and does quite a bit about
removing the fuel side of the triangle. He builds ﬁrebrcaks and
burns slash in the woods, he proclaims “clean-up” days in the
springtime, and he ﬁreproofs some fuels like clothing and Christ-
mas' tree ornaments, he passes laws on building construction
and for the storage and use of highly flammable materials. After
the fire starts in the woods he breaks the triangle by removing
fuel with hand tools, bulldozers, and fire used under control.
In fact, the removal of fuel is the most important approach to
the task of w1ld fire suppression.

(FieA HEAT __MOVEMENT

SOME HEAT MOVES INTO
THE TREE BRANCH AND
FOLIAGE BY CONDUCTION.

BN —
JRISES  FROM
Mp .y Humioity

1S PREPARING THIS FOLIAGE
FUEL _FOR COMBUSTION .

# » NoTE : RADIANT HEAT
MOVES THROUGH CLEAR AIR
WITHOUT WARMING (T,

“A LITTLE HEAT
MOVES THROUGH

R 0 FRESH AIR
- TAKES THE PLACE OF THE CONVECTION
Mass AND FURNISHES OXYGEN FOR
- COMBUSTION .

HEAT TRANSFER

We have learned that a high enough heat is a necessary con-
dition before combustion can occur and continue. We know of
many methods whereby heat can be applied to a fuel to start
the fire process—from the small boy and matches to dry light-
ning. But how is the process continued, and why is it so im-
portant in fire control? We know that heat must move from
one morsel of fuel to another or the fire triangle will be broken.
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Heat is transferred by three processes of movement: radia-
tion, convection and conduction. The importance of each to
the forest fire problem is in that order.

Radiation refers to rays or waves. When you hold your- cold
hands before a stove they are warmed by radiated heat moving
in waves away from the source of supply. The sun radiates rays
of heat down to the earth surface and causes it to grow warmer.
Then during the cool of night part of that earthly heat again
radiates away from the surface into the cooler atmosphere. This
radiation of heat is in accordance with a law of nature that is
of vital importance to any firefighter, and the most significant
phase of that law is the effect of distance upon the quantity of
heat transferred. The formula says: the transfer of heat by
radiation varies inversely as the square of the distance from.the
source. For example, let us think of three cold fishermen stand-
ing around a camp fire: The nearest is comfortable at a distance
of two feet from the fire. The second is four feet away but he
cannot receive the same amount of radiated heat unless the fire
is made four times as hot. The third is standing six feet away
from the fire—only three times as far as the first man, but he
will suffer from the cold until the fire is made #nine times as hot.
Nine times the heat is required before the third man is com-
fortable at the mere distance of six feet. Such an increase of
heat would probably ignite the clothing of the nearest man.
That is the law of radiant heat. The importance of the move-
ment of heat by this process will be observed in later comments
on slope, air temperature, and fuels.

Convection heat moves in heated air masses. For example,
in a room heated by a stove the air in contact with the stove
absorbs some heat by conduction. The heated air expands and
becomes drier and lighter than the surrounding cooler air. Then
it rises to the ceiling, where it drifts about like an invisible cloud.
The transfer of heat by convection is quite important in the
problem of forest fire control. Masses of warm air arising from
the burning forest floor move about raising the temperature of
surrounding forest fuels, thus bringing them nearer to the point
of ignition. The hot air masses rising through the green foliage
of high timber from the burning litter and brush below will
raise the temperature and cause drying of leaves and needles to
the point where a roaring crown fire could readily “blow up.”
Sparks and hot embers are carried into new fuel by the convec-
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tion air stream. A secondary effect of convection heat move-
ment is the natural in-draft of new cooler air toward the fire.

"This is an element of importance to be considered in suppres-
‘sion strategy.

Heat movement by conduction is not very important be-
tween the fuel particles because forest fuels are poor conductors
of heat. However, the heating of air in this manner is of im-
portance. In this process the temperature change (heat move-

- ment) occurs as heat passes through the material itself just as

electricity is conducted through a wire. The poor conduction
of heat through wood is the reason why a burning log must be
turned over to allow heat from the underside to radiate into the
air, or why smoldering fire must be chopped out of a log or
tree. Wood “holds fire” inside itself for the same reason that it
insulates your house in winter or summer.

In summary, think of radiant beat as a ray or wave; think
of convection beat as an air mass “cloud”; think of conduction
beat as being conducted like electricity tbro'ugb solid objects,
or from the hot solid to the air which touches it.




CHAPTER TWO
| Weather

ANYONE who is éven remotely acquainted with the behavxor
of a forest fire cannot escape recognizing the vital influence of
the weather upon the manner in which the fire burns. Likewise,
anyone who has undertaken the study of how weather is made
and modified in nature and how it is forecast by man should be
impressed with the complexity of that science. |

The relationship of weather to fire behavior is much too
important to be passed over lightly in this writing. Yeét ‘we
would be wise to detour around the principles of forecasting,
which are largely involved with the peculiar habits of the: vast
cyclonic movements around the earth. While doing this' we
must not belittle the effect of general weather conditions upon
the fuel and fire situation. The storm being born off Alaska or
the low pressure area in Arizona followed by strong north
wind in California are of tremendous importance. Warning of
anticipated weather could very well rank as unsurpassed in
value among all of the tools available to the fire manager. How-
ever, the point of the moment is that in forecasting we have.a
project so complex, and requiring facilities so widespread;: that
this aspect of weather had best be left in the hands of: experts
with our fervent best wishes.

- General external weather influences are actually mmpbrtant to
the firefighter only as they bear upon the fuel being: consumed
by fire at this instant or fuel which may be consumed - the
near future. In other words, all of our interest in weather in-
fluence is really pinpointed upon the burning condmon of fuel
material.

In order to understand this microclimate, even as an ad-
mitted amateur, we must start back near the beginning to obtain
an understandmg of the great fundamental laws which are con-
stantly at work making and remaking our weather at every level.
With this basic knowledge our field observations on weather
behavior should be much more profitable.

[o]
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When the experienced firefighter is given a general prediction
of the weather he automatically, and probably subconsciously,
converts the prediction into anticipated fuel condition and
thence to fire behavior. The long habit of associating brisk, dry
winds with severe burning conditions is inclined to make any-
one forget that the first is cause and the other effect.

Quite often the effect is not what the fire specialist had
expected, including some situations when he considered himself
completely master of the fire. It is doubtful if Nature changed
any of her rules when this happened; most probably a number
of very small things were added together to build up a rather
large and overlooked cause. Possibly, while the ranger was
whirling a sling psychrometer at an average level of four feet
above the ground his old dog was wandering around looking
for just the right climate down where the fuel existed. Tem-
perature, humidity, and fuel moisture could have been quite
different down there, as any old dog would have known.

But before we become involved in searching out the basic
reasons for these small reactions in the local weather a couple
of points should be emphasized. The first is that continuous,
yet constantly changing inter-related influences are working
within, around, and among the several elements of weather
which we must segregate for the sake of discussion. Expressed
another way this means that while we are considering only wind
or humldlty or temperature we should remember that any
change in one very probably causes a change in all of the others.
Secondly, we should keep in mind three great natural laws or
factors governing the making of weather upon this earth. These
master forces are: heat from the sun, called solar energy; the
force of gravity; the desire of all elements to seek a state of
balance or ethbrlum

Just keeping in mind these very elementary natural forces

will not qualify anyone as a meteorologist. It will, however,

* For instance, a body (including au‘) will move with gravity until it finds some
substance firm enough to hold it against that pull. Gas will move or expand or
contract under one pressure only until an equal pressure conteracts the first
pressure. Temperature tries to spread-out and equalize itself. A temporary state
of equilibrium reached by one element does not necessarily mean a lessening of
its influence upon some other element. In fact, the stronger element of the
moment may have reached such a state only by upsetting the natural balance of
another, or while it maintains a state of equilibrium it may be holding other
elements in a very unstable condition
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form a solid foundation from which to observe the making and
remaking of our weather, both on a grand scale and within the
space occupied by a dry Teaf.

TEMPERATURE

Temperature is a natural phenomenon of utmost importance
to the firefighter. We have considered temperature during
combustion as an element absolutely necessary to initiate and
continue the fire process. Now we approach temperature as
an element of the weather. As solar heat the temperature has
been a controlling factor in the creation of the plant fuel during
growth and thereafter in altering the acceptance or rwstance of
that fuel to combustion.

The range of ignition temperature of wood is between 400
and 700 degrees Fahrenheit. Normalty the woody fuels of the
forest will burst into flame at approximately 540 degrees (as-
suming sufficient oxygen to be present). Of course, the time
required to produce fire at this temperature will vary with the
amount of moisture in the fuel which must be driven out by
the heat. Now, the highest temperature which the sun could be
expected to develop on a wind-sheltered surface would be 150
or 160 degrees. This is far below any possibility of ‘spontaneous
combustion. However, this solar heat is signiﬁcant——-entirely
aside from the drying effect of such a high temperature—in that
the fuel which gains a boost of a hundred degrees or more as
a donation from the sun is well along toward combustion tem-
perature before the igniting spark is applied.

Of course, the firefighter may take advantage of the same
rule operating in reverse, especially at sight or during periods
of relatively cool air. Heavy fuel may be separated and tumed
over to cause it to give up accumulated heat into the air.

Elsewhere in this writing there is considered the effect of
topography upon weather and subsequent fire behavior. This
pertains to the manner in which slope, exposure, latitude and
seasons affect the amount of solar heat reaching different plots
of earth. So, without worrying about these locally important
details for the present we may consider some generalmes in
respect to heat coming from the sun.

Someone has calculated in broad figures that from the total
sun’s heat beamed toward the earth about 43 percent is reflected
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back into outer space by clouds and haze and the earth’s surface.
Of the remaining 57 percent, 40 percent is absorbed by the earth
and 17 percent by the atmosphere. But things are just beginning
to happen at this point. The earth radiates pretty much all of
its heat away again into the atmosphere and the atmosphere
again radiates some of this heat (plus other solar heat it has
collected directly) back to the earth and also some out into
space. In other words, great quantities of heat are radiated down
upon the earth during the day and less so at night, and the earth
radiates it away day and night. And above the earth surface a
protective blanket of clouds, haze and air does a vital job of
filtering and reducing the solar heat descending to earth and
then preventing it all from radiating away the moment the sun
has set each day. :

It should follow then that a cloud cover will “flatten out”
dally temperature trends as compared to those of a clear day.
This is exactly what happens during either winter or summer.
The firefighter who feels uncomfortable during a cloudy day
in summer should obtain some psychological comfort by re-
membering that the increased humidity, which is the real cause
of his discomfort, is joining with the lowered temperature to
discourage fire from burning.*

A forest cover exerts considerable mﬂuence upon the earth
temperature and upon the air between the ground and the tree
tops. It is a common saying that forests are cooler in summer
and warmer in winter than the outside air. This is no doubt a
dependable general rule; however, it has been observed that
within the high crown of a forest the temperature may be
several degrees higher throughout the warmest part of the day
than the air above the trees and the air near the ground. It has
also been determined that at the edge of forests and in small
clearings there may be greater fluctuations of temperature (in-
cluding more frost) than in open land for the same reason. Wind

movement is discouraged yet radiation of heat downward and
 upward has little interference.

The movement of air is important to the behavior of a fire
because different masses of air affecting the fuel contain differing
amounts (or intensities) of oxygen, heat, and moisture to react
* The physical and psychological behavior of the human element at the dlsposal of

_the fire manager could well be the subject of a chapter in this writing. Of
"‘course, only a specialist in that field could compile it.
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with the fuel. We shall discuss part of this under the subject of
wind. In respect to the element of temperature in the air we
should determine at this point how temperature causes air move-
ment, especially the reversed flow of night winds, and how it
hinders air movement by the creation of inversion:boundaries.

(a) Atmosphere is a much denser fluid than the average
person realizes. That, of course, is because it is difficult to grasp
a visual impression of air-and because our bodies are adjusted to
its pressure. But air has weight. The deeper the column-of. air,
the greater the pressure at the bottom. In other words, the air
pressure will be greater as distance descends from. outer space
to the lowest levels upon the earth. Sea level is, of cOm'se t:he
practical bottom level. '

(b) Outer space has very little substantial material to retain
heat from the sun so it is cold there. As distance increases
away from the earth the air becomes cooler and less dense. That

is why high mountains are generally always cooler than low-.

lands and why they become colder more quickly at light. Heat
gathered by the earth at high elevations has a cooler blanket
above to quickly absorb the radiated heat.

(c) Disregarding other factors that may affect its behavm,
a mass of air moved up and down in free atmosphere would
expand and become cooler as it rose, compress and grow warmer
as it descended. That is to say, it would equalize or stabthze
itself within the surrounding atmosphere.

(d) If a block of air is warmed it is forced to expand But

the internal pressure of the block remains. However, now the

pressure is spread throughout the expanded block and must,

therefore, be reduced at all places. The greater outside pressure

now acts to push this block of warm air up like a cork under
water. So the warm air will move up to its own density level,

giving up heat to the surrounding air if that air is cooler. Some-

times the rising air mass may “bump its head” on a layer of air
of lower density having the effect of a ceiling of pressure and

be held there. Or perhaps the rising air has enough sttcngth or

pressure to break through this inversion boundary. The. inver-
sion layer itself is generally quite stable.

Probably the world’s best known inversion layer is that wh.lchA‘

often hangs against the mountain walls above the Los Angeles
lowlands and causes smog to be trapped below.

i
S|
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But smaller and more treacherous inversion traps are well
known to experienced firefighters, especially along the north
coast. Such situations develop and behave in the following
manner. Decreasing temperature and increasing humidity of
evening will cause a fire burning in a wooded canyon to “lay
down” in the evening and through the night. Warmth from
the ground and the fire will rise until it strikes the inversion
ceiling. Throughout the night some cold air may slide down
the canyon sides and cover the fire area. In the morning prob-
ably a low blanket of smoky haze is the only indication that
yesterday this area was ablaze. Then the sun’s heat begins to be
absorbed by the canyon bottom. Temperature near the ground
builds up rapidly and new convection masses struggle upward
against the inversion boundary. Suddenly the pressure blanket
is pierced and the hot air rushes up. Fresh air is sucked toward
the fire from a lower elevation or down along the canyon sides
and the sle¢ping fire bursts into new life with explosive speed
and energy. One common cause of the blow-up has been dem-
onstrated again.

(e) When air is cooled it contracts into a smaller volume
and any given quantity of it becomes denser and heavier. In
order to settle into equilibrium or balance with the surréunding
pressures it tends to’ descend under the force of gravity. This
mass of air is not like the warm block which ascended into a
lesser pressure area and cooled down to a temperature equal to
the high air. This lower air mass was made colder where the
pressure was already heavy. It might be said to have taken its
share of the atmospheric density and rolled it into a ‘smaller
package which was then more concentrated. So cooler air be-
comes heavier and tends to seek lower levels when its density
is greater than the air surrounding it. This fact can be tested
by blowing tobacco smoke toward an open refngerator or by
placmg a thermometer on the floor in front of it. The cold air

“pours” downward almost like a hquld

Temperature is an important cause of fire; a necessary part of
the combustion process; an element of the weather important in
itself and important to the bebavior of two other fire weather
elements—bumzdzty and air movement.
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FIGURE B, TEMPERATURE  TRENDS
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Figure B indicates a typical condition of temperature trends which
no doubt is duplicated often in nature. The purpose of the chart is to
point out the difference in the trends of temperature at different eleva-
tions above the ground throughout an average day and night. Of course,
this situation would vary greatly from day to day and place to place,
especially as wind and local air movements either minimized or aug-
mented the temperature spread throughout the atmosphere.

We must assume that thermometers are constantly recording air tem-

perature at the ground level, at six feet above the surface, at one hundred
feet in the air. A rule says: Most extremes of climate occur nearest the
ground. This rule is modified when the ground is protected by a blanket
of high vegetation. But Figure B is quite typical in showing the greatest
change in range of temperature near the ground. v

Ground air temperature is lowest at about sunrise although the great-
est loss of heat occurred near sunset. Heat absorbed by the ﬁound
during the day is radiated upward at night and decreases the cooling of
the air at a height of six feet. Note that this level was warmer than the
ground from about 8 p.m. until 8 a.m. Co

By 9 p.m. the air at 100 feet was warmer than the ground and in this
location was getting warmer. In fact, it stayed warmer than the lower
levels until a slight breeze disturbed the quiet air at sunrise. But a rule
of nature says that temperature should decrease as elevation above the
earth increases. In Figure B, the situation i1s upside down throughout
the night. We have an inverted or inversion blanket of warm air no
doubt extending even beyond the 100-foot level. Probably this was
caused by stronger pressures above preventing redistribution of lower

air that had been warmed by heat from the ground, but which was not
hot enough to rise and dissipate the heat into the upper atmosphere..

Apparently the breeze at sunrise caused enough air movement to allow

the lower air to break up through the inversion. As the warm air as-
cended or was driven away, cooler air arrived at the 100-foot level and -

temperature dropped rapidly between sunrise and 7 a.im. Then  the
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ground heat began radiating upward with solar energy received on
the new day.

The six-foot level was naturally more responsive to the heat changes
of the ground. Shortly after the ground began to absorb solar heat (ap-
proximately 6 a.m.) the six-foot level felt the radiated heat and began
to increase in témperature. Heat began disappearing upward about §5
p.m., but from 8 p.m. until 7 a.m. the air at six feet was warmer than
the ground level. This fact also reflected the inversion condition whic
prevailed during the night. 3 '

Generally these inversions take the shape of a horizontal blanket of
air having the same ap;l)lroximate temperature and density. One of ‘the
following causes is usually responsible for the inverted temperature con-
dition: (a) air near the ground is cooled at night more rapidly than air
at a higher level, as typified by Figure B; (b) turbulent forces roll air’
upward where it is cooled by expansion and downward where it is
warmed. The upper portion of this agitated layer may be colder than
the relatively quiet air above it: (c) a moving mass of cold air may
slide under warm air; (d) a moving mass of warm air may slide up and
over cold air. : '

RELATIVE HUMIDITY

When water is boiled steam drifts away into the surrounding

~ atmosphere as water vapor. When air passing over a water

surface picks up water vapor the process is called evaporation.
The process of evaporation (water molecules moving from the
liquid water state to a gaseous state) increases as the air above
the water is (a) dryer, (b) moving faster. Warm air can hold
more water vapor than cold air before, the saturation or pre-
cipitation point is reached. '

When air is made colder its volume is “squeezed” into a
smaller space. The same amount of moisture or water vapor
remains so it naturally makes up a greater portion of that at-
mosphere. The “humidity” of a body of air increases as it is
made colder—decreases as it becomes warmer.*

When any body of atmosphere is made colder the point in
temperature will eventually be reached when free water (or ice)
will be released in some form, such as fog, dew, rain or snow.
That temperature is called the dew point for that particular
body of air. The farther the air is from being saturated with
water vapor the lower will be the dew point temperature nec-
essary to cause precipitation.

* For estimating increase and decrease in humidity a good “rule of thumb” is:
every 20 degree decrease in temperature doubles humidity; every 20 degree
increase in temperature reduces humidity by one half.

L
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The total actual amount of water vapor in any body of air
is called absolute humidity. This holds much less intérest for
the firefighter than the nearness of the saturation, or dew point.
He wishes to know what is the relat1onsh1p between the ‘mois-
ture vapor in the air now and the total it could hold at:its
present temperature. He is interested in relative humidicy.

When the air is saturated and ready to precipitate moisture
it has reached 100 percent relative humidity. When the relative
humidity descends below about 30 percent the situation is:be-
coming favorable for wild fire. That is because the dryer air
is more able to pick up water vapor from the fuel. The less
moisture in the fuel the less time is required for heat to’ bring
about combustion. As humidity increases or decreases in the
air the moisture content of fuel is likewise affected. (Thls rela—
tionship is discussed under Fire Danger Rating.)

It was stated above that warm air could hold more water
vapor than cold air. However, if the amount of water vapor
remains constant the relative humidity of the air will have to
decrease as the air is warmed and increase as the air is cooled,
all because of the contraction and expansion of the air volume.
Therefore, it would appear that if there is no considerable
movement of new and different air to a location -we should
find humidity decreasing as temperature increases and vice versa
throughout the day. That is exactly what mstmments w1ll
record. ;

There can be exceptions to this opposite trend between tem-
perature and humidity. That is to say, warm air can be close
to the saturation point. This is a familiar condition ‘in some
tropical areas where the abundance of water vapor could pro-
vide saturated air at practically any temperature. The opposite
condition can prevail during a cold wind from:' desert areas.
Temperatures can be very low and the air humidity ‘yet remain
much lower than saturation point. Either of these unusual rela-
tions between temperature and humidity does not change the
basic natural law. Their development was simply responsive ‘to
the scarcity or abundance of water to provide water vapor and
the condition of the air mass to absorb it.

The air over lush green vegetation is generally quite htumd
because it can pick up water vapor that has been transpired
through the leaves. Humidity is generally higher within a forest
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cover for the same reason and also because there is less temper-
ature increase in the shade. Also there is less air movement
within the forest to carry away water vapor. Relatively speaking
this should cause fire to burn less intensely in low forest fuels
than in such open fuels as chaparral.

WIND VELOCITY AND DIRECTION

What is wind? It is simply a movement of air. If you try to
enlarge upon this very broad definition you will just confuse
yourself. The average person thinks of wind as generally hori-
zontal air movement fast enough to be felt by him. That is
only because he is much less aware of the causes than of the
horizontal air movement he can feel and observe as a mover of
light -objects.

Over the face of the earth several ma;or forces are at work
unceasingly to stimulate air movement. First, there are the vast
areas of heated earth surface producing rising air currents which
return to earth in the cooler regions; then there is the gravita-
tional effect of the turning earth upon these tremendous churn-
ing currents. The changing seasons change the pattern of wind
movement because the hot and cold regions of the earth are
shifted. From this point on the wind (and with it all weather
behavior) is modified by the effect of bodies of water and land
masses, and then by the lesser local things in each local area.

Wind (moving air) is a fluid that can be compressed under
pressure, expanded and contracted with heat and cold, made
moist or dry. It may pause unmoving and then spring in any
direction with violent gusts.

Wind movement is of vital importance to the firefighter. It
would appear that the best approach to becoming master of such
a flexible and untamed natural element would be for the fire
specialist to acquaint himself as far as possible with the air move-
ment habits of his own region.

Wind is important to the firefighter because of three inherent
powers or influences it can exert upon fire behavior. These are
(a) supplying oxygen, (b) exerting pressure to move heat or
fire, (c) reducing fuel moisture by increasing evaporation.

The effect of an increased supply of oxygen for the fire has
been discussed in another section. Air pressure in one primary
direction has two effects upon a forest fire. It pushes flame and
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sparks into new fuel and it can preheat fuel on the leeward side
of the fire by forcing heated air in and around the fuel. It is' im-
portant to recognize that wind pressure increases much faster
than wind speed. For instance, upon one square foot of surface
facing a wind the following pressures will prevail: 15-mile per
hour wind, one and one-eighth pounds; 30-mile wind, four and
one-half pounds; 60-mile wind, 18 pounds.

If fuel and topographic conditions do not alter the result, it
can be said that a strong wind in one prevailing direction will
cause a long, wedge-shaped burn. This comes about not only
from the driving force of the wind but also because an aug-
mented combustion will demand an in-draft zoward the fire from
the flanks. It is estimated that one pound of fuel requires 200
cubic feet of air during combustion. The more available ‘that
oxygen becomes the more rapidly will the fuel be consumed by
flame.

Winds may cause fires to jump prepared or natural barriers.
It may drive a crown fire through tree tops when normally a
lack of understory heat would cause a crown fire to subside.

Large fires can be said to make their own local weather, espe-
cially in respect to air movements. Large convection updrafts
cause air currents along the ground toward the fire, and some-
times cause downdrafts of importance out beyond the fire perim-
eter. Smoke clouds may shade the sun and alter the temporary
radiation of solar heat toward and away from the earth.

Over broad areas, such as plains or long, wide valleys the pre-
vailing direction of the wind can be quite easily predicted
throughout the year. But in rough topography the local wind
courses may be quite different from the major prevailing condi-
tions and also more changeable from time to time. Rough topo-
graphic objects and vegetation act as a drag upon ground wind
movements. Wind currents are thrown into confusion while
passing over disturbing objects as is indicated by the sketch of
windflow over a windbreak.

The common habit of winds changing direction or intensity
throughout the day and night is well known. The peculiar con-
dition in each locality will depend upon the temperatare changes
in and around local topography. Large bodies of water, such as
the ocean and lakes, usually cause winds to blow inland as the
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sun warms the land area about midday. Then the wind blows
outward when the lands cools more rapidly than the water area
at night. Isolated mountains draw air upward as in a chimney
when the mountain slopes warm under the sunshine. The local
effects of topography on wind are as varied as are the shapes
of the topographic features. The directions and velocities of the
wind, the tme of day, the aspect (exposure) in respect to the

moving sun and many other influencing factors control the way -

surface winds blow. The gradient (general) winds blowing
above.the surface are the predominant element much of the
time. But whenever these winds weaken in the presence of
strong-daytime heating and nighttime cooling, convective winds
of lacal origin become important features of weather in areas
of broken topography. :

pected normal Wmd movement in the mountains is that upslope
winds will occur as the result of surface heating in the dayume
and downslope winds will occur as the result of surface cooling
at night.

Orientation of topography is an important factor govermng
strength and timing of wind flow. Upflow begins first on the
east facing slopes as the sun rises. Other areas are affected grad-
ually, soon after the sun strikes their slopes. The intensity of
upslope wind increases as daytime heating continues. South and
southeast slopes heat the most and therefore have the strongest
upslope winds, often with velocities considerably greater than
those on opposite north slopes Morning upslope winds flow
straight up slopes and minor draws. The increased velocity
of canyon winds later in the day turns the direction of upslope
winds diagonally up canyon. . (See Figures C-2 and C-3).

Strong up-canyon winds can be quite turbulent and will form
large eddies at bends and tributary junctions. Fires burning in
these locations will behave very erratically and may spread alter-
nately one way and then another but generally will move diag-
onally upslope.

The change from upslope to downslope wind will usually
begin on those areas first shaded from the sun. First, the upslope
wind will gradually diminish, there will be a period of calm and
then a gentle downslope movement Wlll begin. A large drainage
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can easily have varying degrees of this transition in‘process at
the same time, depending upon exposure to the heating ‘rays
of the sun. When all areas are in the shadows, the downward'
movement of air strengthens until winds are moving in'180 de—
gree change of direction from daytime flows.

It has been noted that strong daytime heating usually pro-
duces convective winds which hold gradient winds aloft above
the ridges. This condition can create strange fire behavior ard
pose a perplexing problem to ﬁreﬁghters If the gradient wind
is relatively cool, some portion of it near the surface may join
the local downslope wind to considerably increase its force: if
the gradient wind is warm and dry, an even more frustrating
condition (for the firefighter) can develop. The icool:down-
slope winds flow like water down drainages and-settle in ‘the

bottoms of canyons and other low spots while the -warm dry
gradient winds blow along the surface of the exposed ridges

and slopes above a temperature inversion. A fire which has
spread into these two areas during the daytime will behave quite
differently at night. Those portions below the inversion will
be influenced in the early evening by downslope winds but will

usually become quite inactive by midnight in the stable cool air.

Those portions above the inversion will probably burn ex-
tremely hot—in many cases explosively.

Along the coastal range of mountains in California, another
factor—that of marine air intrusion—enters the picture to fur-
ther complicate the firefighter’s ability to forecast wind move-
ment. All of the above discussion of convective winds would
lead one to believe that downslope winds in the heat of ‘a sum-
mer day are either non-existent or rare. Such is not-the case.
They do occur regularly and frequently. Marine ait moving
inland over the coastal mountains can often spill into east fac-
ing canyons or draws and flow beneath the locally created

warmer upslope winds. Being heavier, the marine air will flow
first through saddles and other low points and follow ‘drainages

and slopes closely, thus reversing ground wind direction from
upslope to downslope. The change in direction ¢an-occur rather
quickly. Cases have been recorded where the reversal took place
within a few minutes with the downslope velocity considerably
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greater than the upslope had been shortly before. Needless to
say, this sudden shift in wind direction can adversely affect fire
behavior in the areas involved.

The formation of cumulus clouds directly over peaks or
ridges can have a marked influence on wind velocities and direc-
tion. As the cloud cell grows, strong indrafts are created which
can increase upslope winds on the higher land surfaces nearby.
After the thunderstorm cell has passed its most active stage, large
volumes of cold air may be cascaded to the ground as a strong
downdraft. Although usually only lasting a few minutes, these
gusty winds can strike suddenly and violently with speeds up
to 30 miles per hour.

The passage of a cold front * will invariably affect wind ve-
locity and more often than not cause a shift in wind direction.
Cold fronts will often give visible evidence of their presence in
the form of high cloud cover. As these fronts pass over there
will usually be a marked increase in wind velocity followed by
an abrupt clockwise shift in direction from 45 to 180 degrees.
A dry cold front will usually give no visible evidence of its
presence. The wind will increase in velocity somewhat but will
not always change direction as the dry cold front passes by.

Wind of any kind has a marked influence on fire intensity
and behavior. But the foehn t winds which normally occur in
the fall of the year have the most devastating and adverse effect
on fires. They are known as north winds in northern California
and as Santa Ana (also called santana) winds in southern Cali-
fornia. They are capable of reaching extremely high velocities—
80 to 90 miles per hour across ridge tops and- peaks. They are
characterized by the properties of blowing downhill while hug-
ging the land profile, being warm (at least warmer than they
were at the same elevation on the windward side of the moun-
tain), and becoming progressively more dessicating (drying)
as they descend. They can blow unabated around the clock for
several days. :

* A cold front is the leading edge of an advancing mass of air that is colder and
denser than the air that it displaces.
+ The term foebn is used worldwide to describe winds that flow from high eleva-

tions toward the low, generally becoming warmer and dryer. In western
America this occurs most often in the months from September to April.
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A fire occurring under extreme foehn wind conditions can
spread with such violence that control forces will be tempo-
rarily powerless to take action on the perimeter except in the
rear and flanks. Spot fires can occur in the dehydrated fuels a
mile or more in advance of the main fire and become raging
ifnfernos on their own before being joined by the original fire
ront. ‘ _

Wind direction might be said to be responsive to the direc-
tion from which the greater pressure bears, as that dominant
pressure is modified by local pressures and topographic wind
channels. Wind speed is responsive entirely to the strength of
the dominant force that causes a pressure to bear upon an air
mass from any single direction at any single instant. The rules
are rather simple. The result can be most complex, especially in
the broken topography where so many forest fires occur.

A knowledge of the change of local climate during the day

~ and night is of vital importance to the fire manager. If he is not

aware that the long and quiet flank of his fire at dawn may sud-
denly become the fire’s head when the usual afternoon wind
shifts direction he may be more than embarrassed. His ignorance
may have been responsible for an unnecessary disaster.

FiG. C .
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7 WINDFLOW

The effect of a windbreak is well known to most California agricul-
turists but is inclined to be overlooked by the firefighter. Air movement
deflectors of this nature are not uncommon in wild lands. For instance,
the strip shown in Figure C could be duplicated by many miles of
power line clearings. Tests have shown that a strong wind blowing
straight across such a strip will produce not only a confused -eddy con-
dition within the strip but very likely gusts blowing each way at right
angles to the main wind. When the high wind crosses the strip at an
angle, the wind in the strip will take the same angle of direction, in-
creasing its intensity on the far (leeward) side of the strip.
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Rolling ‘eddies of wind on the ‘léeward side of a ridge are shown in
Figure C-1. Fires burning within the influence of such eddies can behave
quite. erratically. Their effect . becomes increasingly important as the
wind speed increases. '

Figures C-2 and C-3 indicate the typical manner in which upslope’
winds can be expected to follow draws and gulches of relatively small:
dimensions during periods of low velocity winds. This situation will
normally occur as main canyon or mountain faces warm during the
early hours of sunshine. As the intensity of upslope air movement in-
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creases with the i mcreasmg heat of day, the major upsweep Wﬂl l‘éﬂt—

urally cause the lesser side gulches to have less effect.. Wistds.will: thenA

move diagonally and possibly erratically across the side, draimages. 1 .
FUEL MOISTURE L
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Water does not burn. We have considered water:vaper in:
the air (measured as humidity) and we have considered the
effect of temperature upon fire behavior. Actnally, neither air-
humidity nor air temperature have any effect upon the: flame;
or if they do it is too technical a matter to be discussed here.:

What really concerns the firefighter is the condition of the fuel
that will feed his fire.

That fuel will be lammable to a large extent in proportion
to its moisture content. Moisture in the fuel will not burn; it
must be converted to steam by heat and driven away before
combustion will take place. Air moisture is absorbed into dry
fuel or taken away from the fuel by dryer air during Nature’s
eternal striving to set a balance.

Rain is almost a forgotten element in a discussion of fire be-
havior in California. If it is the firefighter’s friend that goes else-
where during the long, fair summer, it nevertheless has provided
quantities of moisture to soak into the forest fuels during winter.
Of equal importance, winter rain, by delivering water to the
soil reservoir has set the length of the growing season for wild
vegetation, thus controlling the moisture content of living fuels
to a very great extent.

As the storage of rain moisture is dissipated into the open air
by transpiration through growing leaves, or by evaporation
from logs and litter, we can measure a cumulative water loss
from our forest fuels. This moisture loss can easily be measured
as a loss in weight of the fuel particles. Eventually, the lighter
dry fuels will lose their stored winter moisture and then reflect
only a change in moisture content as air humidity causes water
vapor to move into and away from the body of the fuels.

Heavy fuels such as logs will give up their moisture slowly
and they will absorb it slowly. Dry leaves and grass will respond
quickly to the relative humidity of the air and will vary from
hour to hour and day to day. Green, living leaves naturally
respond in accordance with the complex transpiration habits
developed by each species.

2—173265
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The fuel that will not burn in a midnight backfire will prob-
ably be ready to roar when the decreasing air humidity of mid-
morning has sopped up moisture from the fuel and transformed
it into invisible water vapor.

A great deal of the chaparral vegetation of California may be
actually dry and dormant during the hot summer. These plants
have passed the wilting point but nature has provided them with
L rigid green structure. Unfortunately, too many strangers to our

outdoors mistakenly believe that green leaves simply will not
burn. '




CHAPTER THREE
Topography
SHAPE OF THE COUNTRY

’I;IE TERM topography refers to practically all of the earth’s
surface, especially in respect to the shape of hills, plains, and
waterways. Except for the basic geologic material from which
the soil is formed it would appear true that, first, the weather,
and secondly, the vegetation of the earth are the result of topog-
raphy. Fire behavior is governed by the effect of local weather
upon the available fuel. Therefore, the 1mportance of topog-
raphy upon fire behavior is self-evident.

In this writing there is no intention of searching for the basic
reasons for broad weather movements nor why certain types
and zones of vegetation grow where they do. These interesting
subjects may be fundamental, but the fire manager must work
with the weather, fuel and topography that he finds in a rela-
tively small area during the period of the fire. However, before
giving consideration to the more localized effects of topography
in respect to fire behavior it is well to recognize that natural
laws developed for one locality often have a reason for being
varied in another.

Probably the reason is to be found in the effe(:t of very large
features of the earth’s surface. For instance, a broad plain near
sea level has quite a different climate from a similar broad ex-
panse at 4,000 feet elevation. The height of 2 mountain range
is not necessarily the dominant factor in the effect of the range
upon weather and vegetation. It is probable that the prevailing
direction of the courses of valleys and ridges is 2 more important
matter, especially as those features meet and react to (and upon)
the wind, rain, and sunshine.

Latitude (dlstance from the equator) also has a consxderable
influence upon the development of weather and vegetation in
California. Also the proximity of the ocean is of great impor-
tance to California weather and consequently to fire behavior.

[27]
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At the other extreme from the broad geographic or.topo-
graphic influences are the human modifications made upon the
local landscape and local weather. The creation of reservoirs and
irrigation projects, and the removal of fuel in favor of structures
or agriculture sometimes produce effects of considerable im-
portance to local fire behav1or

EXPOSURE (OR ASPECT)

Exposure, sometimes called aspect or direction of slope, has
a direct bearing upén the possibility of fire starting and its be-
havior during the burning process. -

" North of the equator the sun’s rays shine most directly upon
a full southern exposure and therefore deliver considerably more
heat to that face ‘than to any’other. Southwest faces indicate
about an 'equal treatment, esséritially because of the cumulative
heating of atmosphere and the land surface throughout the day
as the sun progresses westerly. Southeast and western exposures

are each subjected to approxxmately an equal degree of effective
solar ‘heat. . ‘

Such a difference in the quantlty of heat delivered to these
southern exposures, as compared to. north slopes, starts a chain
of reactions that could only end with differences in soil and
vegetation regardless of the geologic parentage of the soil.*

¢ The story ‘of actual temperaturc condmdns at the surface of the soil on the 'vari-
. ous exposures throughout the hours of the day and the days of the changing
-season is much too complicated-to discuss in detail here. Nevertheless, the
conditions prevailing in this very local microclimate are what produces the
vegetation which furnishes the fuel for the fire which does concern us. Only
.. the solar heat reachmg the land exposure was mentioned above in the hope
of simplifying the situation with a reasonable generalization.
" In’following the subject farther for 'some préc:se bit of land surface, we would
wish. to know, among other things, what is the actual quantity of solar heat
reachmg our particular plot of land at the various hours on various days; how
* ‘much heat .could be available to the soil because of the surface angle presented
to the sur at diffetent hours of the different days; how much heat is absorbed
or radmted away because of the color of the soil or vegetation, or the height
(mnbrella) of vegetation; how much solar heat must go into converting surface
' moisture into vapor before the soil can begin to receive the heat, and at what
hours of the day and days of the year is this factor most important; how deeply
“does the solar heat penetrate this particular soil; what is the usual pattern of
radiation of heat away from the soxl-—-throughout the day and night and
-, 'throughout the seasons, when the various: winds blow, on cloudy days, under
a snow blanket; what effect upon soil temperature is caused by vegetauon in
? shadmg, drawing upon moisture, increasing humidity by transpiration, modify-
ing the movement of air currents over the soil? We obviously have here an
'mterestmg but somewhat complex problem in plant ecology
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Some species of vegetation enjoy the heat to be found ‘on
southern faces of California mountains and some do net. Héw-
ever, the need for moisture is probably a more important natural
factor than heat in segregating plant species. Higher tempel‘amre
and generally prevailing southern winds remove the thoisture
more rapidly from southern slopes, both as free evaporatiorn from
soil and litter and also as transplranon from the plants: The re-
sult is that only a “dry land” plant can survive: on the south
slopes, while the more luxuriant species, finding ‘mdre pioisture,
will grow on the northern slopes. No preponderance of rain may
have been delivered to the northern slopes, but the essential fact
remains that deeper soil and less solar heat produce a rema‘rkabl'y‘
different local climate on north slopes.

Since southern exposures are subjected to lugher tcmpe‘rature
lower humidity, and the rap1d loss of available soil méisture, a
dry, light, flash-type fuel is produced. The essentials are at hand
for easy ignition and large fires and that is just what has oc-
curred. On south slopes both the long period of flammability
during the year as well as the ease of ignition have dau§eda pre~
ponderance of fires to start. The flash fuels are esp: '  vulner-
able to spot ignition blown in from other areas. ot

The laws of mathematical chance coupled with vulnerable fuel would
naturally account for more. fires starting and becoming-large- on'the
south slopes. But there has been a strong human factor at werk, prob—
ably since the days of Spanish occupation, which has tipped the
even farther. The desire to improve or convert wild vegetation mto
more valuable browse has automatically caused the more flarnmable
south slopes to be subjected to more intentional fires for this purpose:
This is not the place to discuss the very broad subject of Range. Improtrer,
ment accomplished through the use of controlled fire and the. appli
tion of artificial seeding, nor for that matter, the p0551ble economic lm-
provement in range values following fire without any scientific treatment
to the land. The point under consideration is this: past fires have:had &
strong influence upon the creation of presently existing vegetation, and
most of all upon south slopes. More fires have started and own larEer

upon south slopes, especially in the hotter, drier parts of orma’
upon northern exposures. . : .

An important link in the chain of reactions mentloned above

is soil erosion. A lighter, drier vegetation on sauth slo l]pes burns

exposed,

Heavier rains on south exposures cause slow and sure (of rapid
and dramatic) erosion of soil. Less moisture can’bé held in thé

more easﬂy, has more and larger fires and leaves the so
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remaining soil and only a poorer form of vegetation can live
under the circumstances. Thus the trend of deterioration is on
its way to half-barren desert as the possible result.

This sad story of the south slope should not cause any fire-
fighter to under-estimate the savage combustion potentialities of
vegetation on porthern exposures. There is no doubt but that
ideal burning conditions for north exposures are delayed in the
spring and depart early in the fall when shadows lengthen and
the earliest rains dampen the fuel. Nevertheless, there yet re-
mains a lengthy summer period when the more luxuriant growth
on northern slopes offers considerably more ready fuel than the
moisture-starved flash types on southern exposures. When the
north wind blows during the late summer it probably achieves
its greatest drying effect where it strikes north slopes with all of
its devastating force. Then the fire hazard is compounded on
these slopes. The heavy fuel becomes highly flammable while
the supply of oxygen is increased. Under these uncommon cir-
cumstances the south exposures may offer the most logical
ground for meeting and holding a fire.

In this discussion about the effect of exposure the experienced
observer will recognize that extreme (but not exaggerated) situa-
tions were mentioned in order to emphasize the great climatic
differences which actually do exist between northern and south-
ern slopes. That observer would also be aware of local modifica-
tions in the “natural laws of slope.” For instance, vegetation on
the broad slopes of 2 high mountain will probably show more

response to exposure than will be found on the sides of smaller -

hills. Probably the steeper slopes will show much more differ-
ence than more gradual slopes.

Areas subjected to some strongly dominating factor in local
weather may be so responsive to that condition that exposures
will produce relatively little difference in vegetation or burning
conditions. An example of such areas would be found in dry
desert or very moist coastal timber land. At the other extreme
are a few spots above the ocean on the Monterey Coast. Small
gulches, cut into steep mountain faces, are influenced alternately
by damp fog and hot sun. The tiny exposure changes have pro-
duced moisture-loving redwood and desert cactus growing liter-
ally within a few feet of each other.
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The object lesson here for the firefighter is to observe the ef-
fect of exposure upon fuel and fire behavior wherever he may
be. It is very real and very 1mp0rtant

Mention was made of heavier rains on south exposures This
fact is subject to local differences and may have relatively little
effect upon either vegetation or fire behavior. Nevertheless, it is
an interesting condition that is almost completely dlsregarded
in any general study of the effect of weather.

Rain-bearing storms are preponderantly out of the south and
this causes more rain to fall on south exposures for two reasons.
Large mountain ranges cause clouds to rise, to codl, and then to
precipitate the rain on the southern face of the mountains. Com-
monly it is said that such ranges cast a “rain-shadow” on their
leeward, or inward, side. Secondly, the slant of wihd driven rain
bears more directly upon a south exposure, just 4s the sun rays
do. In other words, a square mile of sky may be delivering rain
to a square mile of south slope exposure. On the ‘'other hand, a
square mile of north exposure hillside, slanting in the same direc-
tion as the rain, may be affected bV only a fourth of a square
mile of sky dunng the same storm.

Instead of i 1mprov1ng the quality of vegetation on southern
slopes the probability is that this preponderance of rainfall, com-
ing when it does, serves more to erode the exposed south slope
soil than to guarantee against the dryness of summer.

This points up the danger of expecting too much relief from
casual summer rains. Behind them is generally a cpmulative dry-
ing period that has prepared the heavier fuels to tuickly absorb
and minimize a few raindrops. The lighter fuels will resist igni-
tion readily enough after a light rain, but they can also lose
moisture quickly through evaporation.

Then too, the rule of slopes should be remerhbered after a
summer rain. Very probably the north slopes did 'not receive as
much rain as the Weather Bureau gauge reported from a station
on the roof of a city building. And if the south slopes received
more than the reported rainfall they are most ready to give it
up quickly to vegetation, to the air, and to run-off

ELEVATION

Higher elevations on the earth’s surface have tiunner air and
lower temperatures in accordance with natural laws. We have
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observed that lower temperature generally tends to act against
the loss of moisture from fuel and also retards the heating action
necessary to bring fuels to the point of ignition. Also, of course,
greater rainfall (or snowfall) at higher elevation tends to pro-
duce heavier plant growth instead of the flash type. '

~ From these facts the fairly. reliable rule is developed that fewer
ﬁre.\‘ occur as the elevation increases, and furthermore, the per-
centage of large fires decreases accordmgly This condition of
decreasing fires does in fact prevail upward from the flash fuel
types of the rolling grassland, through the chaparral woodland,
pine, the mixed conifer types and into the “asbestos area” of
subalpine trees and sage in the high Sierra.

The above rule must be recognlzed as.a generahty related to
forest fires and elevation above:sea level. It is easy to point out
that difference in resident population could account for the same
decreasing fire incidence upward from the lowlands: Records
might even prove that in some parts of the high country a
greater portion of the fire starts have developed into large fires.
In opposition. to this argument it must be admitted that the low
fire incidence over very large areas (at high elevation) has re-
quired such a relatively lean fire protection system that during
rare adverse periods a few fires were given the opportumty to
f(c‘lev'elop before they could be reachcd by even a minimum attack
orce.* .

This points up the one contrary statistic in the general rule
of high elevation fire behavior, namely, the rather consistent
pattern of lightning caused fires. The number and location of
fires starting from hghtnmg is just about in reverse of the rule
developed above. More lightning fires start as the elevation in-
creases (in spite of the occasional course that dry lightning
storms take inland from the sea).

While considering the effect of elevation upon the type of
fuel developed in the natural vegetation it should be remembered
that the rain-shadow falling upon much of the high plateau land
of eastern California probably has more to do with the species
that will grow there than does the elevation alone. Sage and
similar species grow there because it is dry, not because it is high.

* Of course, in the development of a fire protection plan much more is to be con-
sidered than the fire risk (chance of a fire start). Items of importance: values
at stake, hazard (difficulty of contrel), strateglc transportatxon routes, composi-
tion of the ideal striking force, lines of communicatien, fire detection.




TOPOGRAPHY 33

The local weather over a high plateau will generally be much
less variable than weather at the same height of land throughout
a broken mountain chain. The broken land is subject té day
and night air movements which are known to actually raise the
mountain top temperatures at night while the temperature in
the lowlands is lowered. This is due to an exchange of air
through the canyon passes. Lowland air is heated excessively
during the day. At night the law of balance in nature. begms to
function. Warm air rises and cold air descends.

Every student of vegetation and fire behavior in California
should bear in mind the role that latitude plays in this lengthy
state whenever some effect of elevation is under consideration.
The north-south distance between Mt. Palomar and Mt. Shasta
causes a climatic effect upon vegetation comparable to about’
4,000 feet difference in elevation. Consider, for instance, that:in
the north, ponderosa pine is ready to yield to the firs and high-
elevation pines after it reaches 5,000 feet, more or less. On- the
other hand, in the mountains of Southern Cahforma it would be
a hardy ponderosa that would venture as far down the mountain-
side as the 5,000 foot level.

Therefore, any broad rule of fire incidence, or rate of spread,
based upon elevation without regard to regional geography
would be most quesuonable However, since fire behavior is
obviously responsive to the fuels provided by the natural vege-
tation, and since various species grow in climatic zones favoring
the most thrifty vegetation for that particular soil region, and-
since local climate depends very largely upon elevation and slope
conditions, then it would appear most advisable for the stadent
of fire behavior to learn what type of fuel he can anticipate
finding growing naturally at the various aspects and -elevitions
of his particular area. He will find the natural laws centrollmg-‘
vegetative growth surprisingly dependable.

SLOPE

The degree * of slope is quite another thing from exposure,
both in relation to vegetation produced and in’ fire behavior.
Probably the most basic rule in fire behavior involves: the ‘ten-
* Slope is usually expressed in percent, wherein 1 percent of slope megns 4 rise or

fall of one foot of elevation at a distance of 100 feet; thus. 45 degrea would
equal 100 percent of slope.
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dency of fire to burn fast uphill and slowly downhill. But why?
There are two simple reasons and they are as important as they
are simple. T'wo sides of the fire triangle are favored in the up-
slope burning of fire through (a) heat movement and (b) the
supply of oxygen.

We have learned that fuel must be heated to a point of igni-
tion before combustion will occur. Heat moves by radiation
away from its source. The closer the unburned fuel to the fire
source the greater is the amount of heat transferred. Flames
licking upward will be closer to an object above the fire than
to an object straight out from, or below, the fire. In brief then,
upslope fuel is actually closer to a fire than downslope fuel.

~ Secondly, we know that heat moved by convection (hot air
masses) rises and in so doing raises the temperature of the vege-
tation and other fuel it mingles with upslope from the fire. An-
other habit of convection currents that pushes a fire upward is
the spotting ahead by the delivery of sparks. By these two nat-
ural laws heat and fire are inclined to move upward more easily
than otherwise.

As air and combustion gases are heated their inclination is to
rise rapidly. Fresh air is drawn in to replace the hot air and the
new supply of oxygen helps in the process of combustion. Dur-
ing the normal day this air is probably furnished from the flanks
of a fire if the canyon or slope is steep and the lower air is con-
siderably cooler. But at night if the pressure of descending cold
air from the mountain top is strong enough it is entirely conceiv-
able that the head of the fire will be reversed and the fire will
start a drive downhill if fuel is available in that direction.

Since approximately 95 percent of all forest fires below the
higher National Forest lands in California start for some man-
caused reason, it follows that there will be a higher fire occur-
rence where more people come in contact with the fuel. In gen-
eral, it can be said that fewer people traverse the slopes, with the
number decreasing as the slope increases. Thus, most fires start
on level areas, or at the base, or at the top of slopes. Those fires
starting at the base of a slope have a far greater opportunity to
reach large proportions because of poor acccessibility to the fire
and because of the speed with which fire travels uphill. Slope
also adds a handicap in fire control if such burning fuel as cones
and logs are inclined to roll downhill into unburned vegetation.
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A few general rules of air movements probably will prevail in
respect to fire behavior and slopes, for instance:

(a) In a wide canyon the prevailing wind will not be de-
flected by any sharp up or down draft in the course of the can-
yon. The wider the canyon the less the danger of fire spotting
across to a different slope.

(b) Narrow canyons are more likely to have independent
wind currents than wider ones. Sharp breaks and forks in the
canyon may produce turbulent drafts. Fires are more inclined
to spot across such canyons.

(c) The steeper the slope the more likely is the fire to drive
upward in a narrow head, with possibly an in-draft on the flanks.
Spot fires ahead of the main fire are likely.

(d) At the crest of a slope it is normal for the fire to meet
an opposing air movement sweeping upward from the other side
of the hill. It is the most logical place to stop and hold an up-
slope fire.






" CHAPTER FOUR
Fuels

SINCE FUEL prov1des an all-important side to the fire tnangle it
deserves very serious study by the student of fire behavior. This
is especially true since fuel is the one component of fire that Man
can do most about.

Whether he is conscious of it or not every Fire Boss makes
some calculations in his mind about the potential burning quali-
ties of the fuel that is situated in every possible path that his fire
may take. The old ranger did it quickly and easily from expe~
rience. But the small things he knew nothing about that were
having an effect on the fire pattern were numerous, complicated,
and interrelated. This appears to be a contradictory statement.
It is not. A specialist in any field can have far more knowledge
of his work than the inexperienced person and yet be lacking

[37]
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in much information on the subject. This is because such infor-
mation has never come to his attention, or possibly has not yet
been discovered or developed. Consider the average physician
of fifty years ago, now, and in the year 2000, Each respectively
in his time is to be recognized as a learned professional man, but
the relative scientific knowledge available to each ‘is tremen-
dously different. The professional fighter of forest fires is in ex-
actly the same situation. |

Forty years ago the importance of relative hurmdlty was just
within grasp of the student of fire behavior. Today we are ma-
nipulating the humidity itself by seeding clouds. Have we ex-
plored only the surface of the valuable information which should
be pursued on the fuel side of the fire triangle? This seems quite
probably true.

Vcry often fires that are umier special scrutiny, or are assumed
to be “managed” for range improvement or other purposes, be-
have in an unexpected manner. No doubt one reason could be
that the fuel upon which the fire feeds is not actually as it ap-
peared to be at the first casual observation. This could be a mat-
ter of “climate” right in and around the fuel particles, or it might
be because of the position of one particle of fuel to another while
that particular local climate prevailed.

The object of this writing is not.to engage in a discussion of
precise research but rather to approach both large and small
things which make up the total field of circumstances surround-
ing the fire manager. Relatively little has been said about classes
of fuel. In order to catalogue the fuels and discuss their com-

bustion potentialities it is necessary to develop some common

word-tools This has been done throughout the following discus-
sion of forest fuels.

Presently we group the forest fuels in reference to their posi-
tion on the ground or in the air, as to their size, compactness,
continuity, volume, and moisture content. Strangely, we find
little discussion among firefighters about the fuel characteristic
that would be of most interest to a heating engineer, namely,
the respective output of heat units and the ignition points of the
various fuels due to their chemical and physical composition.
Probably the reason is that the availability of oxygen and heat
has overwhelming effect upon the combustion process in a for-

est fire.
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GROUND FUELS ‘

The distinction between ground fuels and aerial fuels is prob-
ably more difficult to define in California than elsewhere because
one of the most prolific fuel types here is midway between. Fhat
type is brush or chaparral.* Mature plant species of the brush
type can be found with their heads only a few inches from the
earth up to more than 20 feet above, dependmg upon, spec1es and
growing site. The major value in any segregation of fuels is the
creation of a reference term for groups having similar burning
tendencies. Compactness of fuel particles and their size regulate
the two elements of fire that are most essential in the burning
process, namely, the transfer of heat, and the application of oxy-
gen to the fuel. This allows for a very great difference in the
burning habits of the brush species, especially between chamise +
and the others, as we shall discuss later.

It therefore seems reasonable to group among the ground
fuels those for which the scraping tools are most effective in
suppression work.

When either the low aerial fuels or the ground fucls are in
such condition that they offer easy ignition and are consumed
rapidly and completely by combustion they are often called
flash fuels. Among the growing things listed as ground fuels
are grass, sage and other perennials. Any low brush growth that
did not allow for the easy movement of air through the foliage
would be considered a ground fuel, including small conifer re-
production. ‘

The nonliving material includes down logs, heavy limbs and
smaller twigs, leaves, needles, bark and cones. Punky logs or
any pulverized wood material most often makes the quickest
ignition when exposed to sparks or heat. This was determined
to be true in studies made of tobacco-caused fires along high-
ways, where drifted dust of wood, weeds, and manure was
found to be more subject to ignition ‘than dry grass. Large logs,
particularly if their surface is not punky or splintered, may re-
sist ignition, and once burning may not aid the spread of fire

* It has been convenient to foresters to use the name brush for those bushy, peren-
nial “succession” species growing on land capable of producmg a timber crop.
The dry “climax” type, dominated by chamise, manzanita and scrub oak is
called chaparral. That distinction is disregarded here.

+ Adenostoma fasciculatum; sometimes called greasewood and, rarely, mesquite.
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unless the close proximity of numerous logs builds up terrific
heat, which in turn throws out burmng brands in the convec-
tion currents created.

Large limbs will burn more easily when dead needles are at-
tached. Pine slash will offer this hazard for several years while
fir and Douglas fir limbs will usually drop needles after the first
summer. Sometimes these dry needles and leaves constitute very
treacherous firebrands when plcked up by hot air rising from a

. fire.

Smaller twigs, branches and needles compose what is generally
called litter, and this is the material that can be expected to carry
a relatively slow ground fire through timber because of the fine-
ness of the fuel particles and the continuity of the fuel carpet.

As this litter breaks down and begins to decompose (but be-
fore it reaches the earthy stage called leaf mulch by gardeners)
it is referred to as duff. Duff fires can be very aggravating and
should be taken seriously because they have the treacherous
habit of coming to life after being presumably suppressed. Also
in the duff may be found occasional ro0ts, and roots have the
same habit of allowmg fire to “sleep,” with the additional un-
happy reputation of allowing fire to creep underground across
a control line into the unburned areas. Crew leaders should take
care that flammable black humus on the line is not assumed to
be mineral soil.

One strange and distressing arrangement of ground litter ob-
served by firefighters are the many huge nests built by woodrats
in the north coastal area of California. These energetic animals
construct homes, often well hidden under thick vegetation,
which may be seven or eight feet tall and fifteen feet across.
The thousands of twigs and branches in such nests will ulti-

mately become tinder dry and punky Sparks from an advanc-
ing fire front which will not ignite other. ground litter will often
smolder for hours in these nests before suddenly erupting to life.

Sawdust makes a very perplexmg ground fuel because fire is
so difficult to control in this material. Some sawdust piles have
been known to burn for a decade and they have been not only
a decided smoke nuisance but have also constituted a2 menace for
people walking over the invisible fire. In some parts of California
peat soil ignites and gives about the same suppression problem as
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a sawdust pile, but this is hardly to be expected anywhefe m
the forested area.

Some species of sage, or probably it would be more accurate
to say, some well-covered areas of sage, constitute a flash type
of fuel. In the less luxuriant, high elevation sage types the fire
hazard may be either low or high, very much dependent upon
how much dry grass is available as an understo

Grass is a fast burning type in a “cured” state: _This rapid and
easy combustion allows for one advantage to the firefighter.
After the grass fuel is ignited a non-flammable area is produced
quickly for safety purposes, or for backfiring, or for getting 2
suppression job quickly over and done with. On the other hand,
heavy grass fuels burning ahead of a high wind can develop a
dangerous menace that should never be underestimated; as to
either its heat, speed of travel, or power to roll over barrlers

Very little grass or other curing species of ground vegetation
are found on the forest floor unless it is open enough to.allow
considerable sunlight to enter.

The low jungle of berries, ferns and succulent plants on the
floor of the dense coastal forests will require most unusual
drought conditions before they will continue a combustmn proc-
ess on their own. However, they are consumed in any holocaust.

Mature ponderosa pine naturally develops into open stands
as it grows older. Here grass grows, cures and lends great sup-
port to any fire consuming scattered litter and small. 1bmnches
throughout the forest,

AERIAL FUELS

The suspended and upright fuels grouped undcr the tci‘m

aerial should have the single characteristic of being physically
scparated from the earth and from each other to the ﬂxﬁent -that
air can circulate around the fuel particles.

Snags will be listed among aerial fuels and all- stmldmg trees
of every size (except the reproduction that has not grown above
the ground litter). Living or dead leaves and needles are aerial

fuels while suspended, and also moss, lichens, bark, mistletoe,

and such creepers as poison oak and honeysuckle. Then there
are most of the brush species and sometimes high sage.

Grass can sometimes be found as high as a man’s ‘head, but' it still has
the burning behavior of a flashy ground fuel. Most grass fuel is best
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handled by a scraping tool in fire prevention or suppression work. Be-
sides, it has a relatively short fire-season life under normal conditions.
This period extends from the time it reaches a cured state dry enough

for combustion until its consumption as animal feed. It should be arbi-
trarily listed as a ground fuel.

FUEL VOLUME, CONTINUITY, COMPACTNESS,
ARRANGEMENT |

The total volume of fuel available for combustion is going to
determine the total heat units developed during a fire. If com-
pactness is such that quantities of oxygen allow for rapid
combustion then the total generated heat will be thrown off
correspondingly fast. One way or another the job of fire sup-
pression must take into account the heat volume and the part it
can play in spreading the fire.

Large logs may put out a tremendous heat volume, especially
if there is such close continuity of the fuel objects that the
source of heat is centralized and is so great that it cannot be
easily approached. A pile of burning logs will require a vast
quantity of water to eliminate the fire. A cover of earth will
serve to subdue the peak of the heat output and thus serve ad-
mirably to reduce spot fires and the outward movement of fire.
This is because radiation and convection heat are both subdued.
But the hazard of this treatment lies in the great potentiality of
buried heat that will break into open combustion if ever enough
oxygen becomes available. Actually a form of combustion called
smoldering can be taking place where there is just enough oxy-
gen, but not enough for open flame.* Breaking the continuity
of the log pile would spread the heat by reducing concentration,
allow individual logs to be attacked and the fire suppressed at
close range. Or the heat of separate logs could be more safely
allowed to disperse into the atmosphere and thus eliminate itself
harmlessly.

Continuity relates to the position of fuel particles to each
other, that is, the distance which allows, or refuses to allow, heat
to move from one particle to another. The speed of fire spread
and the total heat that can be generated over any area is de-
pendent upon the continuity of fuel. Rocks, plowed land, wet
ditches, succulent herbs and other non-flammable objects cause

‘what is best termed patchy fuel. It can have very considerable

* This smoldering process is used to produce commercial charcoal.
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effect upon the behavior of a fire in favor of the firefighter. On
the other hand, patchy fuel may reduce the possibility of a.good
backfire. Rocks in particular may interfere with the construc-
tion of fire lines and they are a special nuisance in the lava out-
croppings of the northeastern Sacramento Valley.

Continuity of fuel may vary in effectiveness depending upon
the combination of types of fuel. A jack-straw jumble of firm
logs would hold no particular terror for the firefighter if no small
fuel such as litter and dry grass were present to kindle the fire
and cause a rapid increase in the broad base of the burning area.

Compactness refers to the proximity of fuel particles:to one
another in respect to the free movement of oxygen around the
particles. It is an opposite characteristic from continuity in that
close continuity produces faster and greater heat spread while
great compactness could mean less heat and possibly discourage-
ment of combustion because of lack of enough oxygen.

Both of these characteristics vary from high to low combus-
tion response as local weather conditions take effect. For in-
stance, an area may be so thinly covered with scattered fuel that
normally it would be said that poor continuity of fuel has re-
duced the fire risk to a very tolerable low point. High elevation
sage growth would be a good example of such fuel. Yet an un-
usual supply of dry air in the shape ofa strong north wind could
bridge the gaps in fuel continuity by increasing the speed of
combustion. Expanding fire would produce more intense heat
radiation, while at the same time the wind would be pushing
convection heat through the sage fuel in a leeward direction,

Suspended pine needles on timber slash may be so uncom-
pacted that fire would not move among the clumps of needles
on a high-humidity day. But the same kindling fuel would be
adequately compacted to carry fire with a slight breeze on a very.
dry day. Fir, juniper or chamise needles on the ground will
nearly always be less flammable than pine needles or oak leaves
at the same place and time. This is because the finer needles rest
together so compactly that not enough oxygen is available for
rapid combustion.

The vertical arrangement of fuel in relation to the length
of the crown will often influence fire spread. Thick pure stands
of some brush species will have very little growth near the
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ground surface. Hence, except under. severe burning conditions,
fire will not sustain itself in the erowns.

Using the foregoing terms as:word tools to express our ideas
we can now say that the mostserious possible fire risk and haz-
ard exists where we find:. moderately compacted aerial and
ground fuels of unbroken (umform) conmnmty in a mixture of
manystzgpamcles. ol A b

~~~~~~

FUEL MQISTURE OR. SAP CONTENT

During the discussion of wéather factors the variation of mois-
ture within fuels was discussed, @pecially as it was caused by air
hurmdlty and ram In hiving plant * fuel, especially among the
species that “cure” into a dry sttaw-like matenal and among the
chaparral species that pass the wilting -point. yet remain turgid
(ngld), there comes a’ time’ each spnng when “the fire season
begins.”

There are two condltlons which cause the curing plant species
to hold such a place of importance in the firefighter’s calendar.
This particular type of plant fuel makes up a great bulk of the
total available ‘wild land fuel throughout California, and sec-
ondly, during a very short time it evolves'ftom a green and suc-
culent “wet blanket” of vegétation into an explosive flash fuel.

In the timber-watershed aréa’protected by the Division of
Forestry, grass fuel is recorded 4s being a major type in from
40 to 50 percent of the fires: Outside of this zone there occur
several thousand fires each year which burn grass or grain fuel
predominantly.

Where sufficient ground moisture is available (such as may
be found in'stream channels, including dry gulches in the brush
fields) species of trees, shmbs and vines can exist and remain
quite resistant to combustior. ‘Also; under the protection of
dense forests very fire resistant plants including ferns, vines and
similar species will thrive when theu' lm:al climate is not unduly
:‘-‘a;;g plant” fuel is by no means an accurate term for the type of fuel consid-

ered here. Some of the plant material will actually revive; some plants will pro-

duce new stems and leaves from the dormant root system; the annuals are en-
tirely past any living state before t }: .are ready to burn. Nor should such fuels
be lumped under the common refertiice “Sash type”—for reasons made obvi-
ous in this discussion. About thé ‘only: common distinction between these and

the “dead” forest fuels is their attachment to a root system that has (or very

recently had) life encugh to produce néw growth under satisfactory external
conditions.
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disturbed. Such green: plant material is worthy of consideration
by the firefighter. Each morsel serves not only' as a minate’ fire
barrier when green, but lacking enough moisture it cart 'be added
to the enemy’s side as additional fuel when dry.:

To express the moisture content of plant fuels in respect: to
their inflammability’ we have now developed .amother. set of
word-tools or descriptive adjectives. The words are: greem, cur-
ing, dry, and flash.

In grass and other hght fuels, conditions affectmg com‘ﬁusuon
can develop which are not to be described by any of the above
terms. Although they are caused by rainfall, the ¢onditions to
which we refer below are not reflected as moistiife  content of
the fuel. (After isolated rains, a fuel moisture increase may be
real but it is subject to easy and rapid dissipation when- thse san
shines for a few hours.)

Late spring rains falling upon browse species in the, curmg
stage can be detrimental to the stockman and the ﬁreﬁghtcr alike.
Such rains can cause a certain leaching action within ¢
vegetation which renders it less palatable and nutritious as “well
as so lifeless that fire is easy to start and difficult to. put out -

Rains in late summer will probably wash away. more- of.a
protective dust cover from all exposed fuels than is easily imag-
ined. Also, these early rains will compact leaves on the ground.
This should make it more difficult to start a fire among them.
On the other hand, a sharp rise in temperature after this wetting
treatment will increase the normal “curling” of leaves and other

light fuel so that an actual lessening of normal compactness is
the result.

FUEL TEMPERATURE

Temperatures of fuels influence the rate of fire spread. Am-
bient (air) temperature and direct sunlight are responsible for
fuel temperatures. Naturally, the higher the fuel temperature
the more easily fuels ignite, and hence the rate of fire spread
will increase. However, the rate of spread factor increases at a
greater rate than a proportioned increase in fuel temperature.
For instance, if fuel temperature of 61 degrees causes a rate of
spread factor of 1, a rise of 100 degree fuel temperature will
result in a spread factor of 2, or twice as fast—all other factors
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remaining static. Thus, the rate of spread factor will be doubled
long before the fuel temperature is doubled.
~Since it is impractical to measure fuel temperatures while
fighting fire, some general guides should be remgmbered.
() Fine fuels are more quickly and easily heated by ambient
(air) temperature and direct sunlight.
(b) During the hottest part of the day, all fuels on the south

and west facing slopes will have higher fuel temperatures than
those on the north and east facing slopes.

(c) Heavy fuels react more slowly than fine fuels to ambient
temperature and direct sunlight. -

-(d) Heavy fuels will usually have a lower fuel temperature

than the surrounding fine fuels in the daytime, and the reverse
at night.

- (e) Of fuels exposed to direct sunhght ground fuels will

usually have a hlgher temperature than those above the ground
(aerial).

The bebavior of a forest fire will vary as it feeds upon dif-
ferent qualities and quantities of fuel under varying weather con-
ditions. The strategy of controlling a forest fire must be guided
largely by an understandmg of bow a fire will react to all the
fuels and weather affecting it until the moment it ceases to exist.




CHAPTER FIVE
Behavior of Small and Large Fires

IF ALL oF the factors which influence fires were known and

understood, the behavior of any given fire could be precisely

predicted. It is doubtful, however, if Man will ever attain com-
plete knowledge or understanding of this extremely complex
but natural phenomenon. Although large fires appear to behave
differently, with many more aggravated problems than small

fires, they are each reacting in the same way to environmental

influences that are present at that particular time and place. But

for the purpose of discussion, they will be separated here so that.

certain generalizations can be made.

SMALL FIRES

As discussed in previous chapters, fuels, topography and
weather are found to have varying influences on fire behavior.

Any one of these may be dominant in influencing what any

individual fire will do, but usually the combined strength of all
three dictates the fire’s behavior. The particular topography does
not change, of course, but we have seen how wind movements
are influenced by orientation of topography and hence the di-
rection that fires will burn. The actual shape of topography will
similarly have its effect. For instance, a saddle or low point in

a ridge will act as a funnel, tending to draw a fire in its direction. i
Fires will burn very rapidly upslope, but (in the absence of:

other strong influences) will usually burn slowly downslope.
Fires burning in the upper portions of steep slopes or backing
downhill often spread themselves rather quickly by means of
rolling pieces of flaming fuel. Pine cones are the most common
culprit because of their rounded shape. Those lying on the

ground are loosened as they burn and will then roll downslope

into unburned fuel.

Except for relatively small areas which are devoid of fuel,‘l

California wildlands are well covered with unbroken stands of

[47] .
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vegetation Hence, we must consider what fire will do in rela-
tion to fuels as they exist. Theoretically, a fire burning in any
type of flammable vegetation on flat ground, with no wind,
would create a perimeter in the form of a circle with flames and
smoke leaning toward the:center. But we know that fuel varies
in size, shape, arrangement, amount of dead material, and relative
flammability. Hence certaini“portions will burn more rapidly
than others, and soon an unsymmetrical shape in the fire perim-
eter will develop Eventually a prominent bulge will influence
an adjacent portion of the fire, and the intervening fuel will burn
out rapidly.

Fires spreading upslope or with the wind assume a wedge-like
shape. The point of the wedge is the head where the most rapid
spread is occurring. The flanks of the fire will gradually widen
with the passage of time. That portion of both flanks immedi-
ately behind the head will unquestlonably be influenced by an
indraft caused by the convection column at thé head. A shift
in wind will, of course, cause a greater movement of the leeward
flank and probably change the direction of the head.

Should the head of this theoretical fire be suddenly stopped,
the rate of spread of the flanks will increase. If the wind is
strong, or the slope is steep, the original forward impetus of the
fire remains unchanged. It is probable that the fire will now
progress with two new heads (on either side of the old) until
they join, or untl one becomes dominant.

Depending on fuel type and condition, spot fires can occur
ahead of small fires as well as large. Burning embers are carried
with the wind in the convective updrafts with the smoke and
are dropped in unburned fuel in advance of the main fire.
Embers will nearly always come from the under side of the
heaviest smoke concentration. Flying embers can also originate
from burning snags or trees with punky pockets on fire; and
again, the spots will occur downwind. The rapid spread of a fire
up a steep slope to a ridge crest will often result in spot fires on
the opposite downslope or even on the upslope of the next ridge

in advance. Spotting can also be expected downwind when indi-
vidual trees “crown out” or when large piles of dead material—
such as slash—are burning at peak intensity.
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LARGE FIRES

The tendency is for a large fire to beget a larger ﬁrc In Cah—
fornia at the present time the efficiency and economy of main-
taining crews ready for prompt attack upon a fire is well under-
stood by all fire officials, and fortunately, by many elected
officials responsible for appropriating necessary funds. Statistics
show that 95 percent of the reported fires have been kept from
growing large. The other 5 percent could be reduced by more
presuppression expenditure, or more effort at the proper place,
or by less human carelessness at the improper time.’ HOWever
that may be, many of the large fires are the result of adverse
conditions of weather or topography.

Adverse may mean too tough for the strength of the initial
suppression forces at that particular time and place, or it may
mean a condition worse than the average bad condition for
which preparations can be made with the funds provided. Both
amount to the same thing. The point is that if natural conditions
were essentially the cause of the fire getting large it is reason-
able to assume that the same conditions would allow the ‘fire
to get even larger. That is why it has been mentioned elsewhere
in this writing that the initial attack crew should have as its pri-
mary objective the prevention of the expensive large fire.

If weather is to blame for the small fire becoming large, then
we know that the odds against the firefighter increase as the
weather becomes more adverse. It has been stated that a doubled
wind speed may quadruple the fire spread. Reducing fue] mois-
ture by half (when it is already low) may cause ﬁre spread—
not twice—but five or six times as fast.

Added to whatever adversity may exist in the shape of topog-
raphy or weather there are characteristic habits of large fires
within themselves which mean trouble for the firefighter. There
are the tendencies to crown and spot ahead because of the
build-up of convection currents over large fires. Also the effect
of heat radiation upslope is increased as the intensity of heat of
the fire increases.

On the other hand, unless unusually heavy and dry winds
from one general direction overwhelm the effect of local broken
topography, a large fire can be expected to subside considerably
when it reaches ridge tops. This will result from. ‘the heavy
in-draft demanded by the large fire running uphill.
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Large fires are generally less predictable in behavior at night,

, especmlly if variable fuels and varying topography are involved.

This is because of the local changes in wind movement and

temperature that nightfall brings. Sometimes individual trees

seem to crown more readily at night than during the day. This

is often observed in the grassy woodland types of the Sierra
foothills.

The development of strong convection columns over large
fires, with smoke rising thousands of feet into the air, is one of
the most striking differences between small and large fires. The
essential cause of this difference is, of course, found in the differ-
ence in the concentrated heat mass.

Convection column formation depends upon the effect of the
fire as a heat source and the atmospheric conditions existing at
that time and location. For example, atmospheric instability
causes vertical motion to be accelerated and will allow towering
convection columns to develop, with resulting high fire inten-
sity on the ground. On the other hand, an inversion layer can
stop the upward growth of the convection column and cause the
smoke to spread out beneath it. Fire intensity, in the latter case,
will not usually be as great as during the unstable situation.

Consider the several steps of cause and effect in respect to the
single matter of spot fires caused by firebrands originating in the
main fire. If the air mass over the fire is stable, that air will resist
the development of a strong convection updraft in the form of
a heavy smoke column. Consequently, the fire will burn less in-
tensely than it would under a strong updraft. Unstable air is
more conducive to the development of a strong convection
column and a more intense fire. The stronger updraft naturally
has more carrying capacity for burmng embers. But it should be
noted that the longer time period in the stronger updraft will
allow many of the potential firebrands to lose most of their heat.

Also, when they reach their height and fall out of the smoke
column they probably are entering cooler atmosphere than that
at the ground level.

Should a force of wind aloft be brought to bear upon each of
these fire conditions, tilted convection columns will result. It has
been stated that the column occurring in unstable air will be
stronger and will carry firebrands higher and farther. On the
other hand, the less intense updraft will drop firebrands sooner,
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closer, and hotter, and in a more concentrated pattern in front of
the advancing fire.

Long distance spotting will more than likely occur on the
right flank of an advancing fire because of the tendency of the
smoke column under the influence of wind to rotate in a clock-
wise direction with increased he1ght

A convection column is not a “chimney” in the sense that all
the air must flow into the bottom of the convection coil. Most
combustion takes place near the ground and naturally the oxygen
requirements is most intense there. Nevertheless, some combus-
tion of gases occurs in the rising heat columns. To supply needed
oxygen, and undoubtedly because it is entrapped in the roiling
updraft outside air is gathered into and along the vertical ex-
terior wall of the rising convection column.

Normally, a general in-draft into the convection column can
be expected from all sides. If there is a prevailing wind, wind
speeds on the lee (advancing) side of the column will usually
be less than on the windward side of the flanks. But occasionally,
pronounced out-drafts (winds moving away from the column at
a greater velocity than the free air movement) have been ob-
served on the lee side. At the time of this writing, no guides can
be given as to their occurrence since there appears to be no
correlation with fire size or intensity, or with weather condi-
tions. Several instances have been observed when winds in ad-
vance of the fire were double or even quadruple the velocity of
winds along the flanks or rear. In any event, fire control per-
sonnel should be aware of and alert for the occurrence of this
phenomenon. The possibility that the wind velocity may in-
crease two to four fold in advance of the fire front could dras-
tically change fire suppression strategy.

Another important difference between small and large fires
is the relative unimportance of size, distribution and arrange-
ment of fuel particles in favor of total fuel volume in the high
intensity fires. Larger size fuels will burn faster and hotter,
producing temperatures up to 2,650 degrees F., under extreme
conditions. This intense heat results in large areas being rapidly
consumed with extreme violence and nearly total reduction of
all combustible material.

As pointed out earlier, topography is important in the rate
of spread of all fires. Generally speaking, the steeper the slope
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the greater the increase in fire spread uphill. Considering the
vast area usually encompassed by high intensity mass fires this
generality could be misleading. It has been noted that rate of
spread in mountainous topography is greater for two or three
hours at a time.' Mountainous country has as many downslopes
(where fires burn more slowly) as upslopes, and breaks or bar-
riers will retard spread for periods of time. On the other hand,
rate of spread on flat or rolling topography can be greatest for
periods of 12 to 24 hours due to’ lack of natural breaks or re-
tardmg steep downslopes.

AREA IGNITION /

The logs in the cold ﬁreplace Were giving out a desultory
smudge when a merry blaze was in demand. A crumpled news-
paper was then ignited and pushcd toward the throat of the
ﬁreplace Suddenly the gaseous smudge around the logs burst
into flame and the logs began to.crackle with combustion.

What caused the outburst of flame in the fireplace? Two
vital sides of the fire triangle had been strengthened where the
fuel was situated although the action which caused it occurred
elsewhere. No doubt the most important action was the crea-
tion of a convection updraft in the chimney, thus pulling in
more oxygen for the fuel. More specifically, a sharp in-draft
against the flank of the fuel facing the open room was created.
Secondly, heat radiation from the burning newspaper raised the
temperature of the flammable gas around the smoldering fuel
to the extent that it was ready to 1gmte in the richer air brought
in by the convecion updraft.

This principle of augmented ignition and combustion from an
adjacent source of heat has long been appreciated by experienced
firefighters. However, its full significance from the standpoint
of potential destruction seems to have been rarely considered
until the occurrence of “fire storms ’ created in large cities by
wartime bombing.

The phenomenon of increased i intensity of conflagration due
to multiple adjacent points of combustion is termed Area Igni-
tion. The same incentive produced by the burning newspaper
in the fireplace can be compounded outward in geometric pro-
portion as the individual sources of fire act upon one another
in an open area.
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It was stated above that the tendency of a large fire is tofb_.cget‘

a larger fire. It was intimated that this is true because adverse
conditions around a fire act to make bad things even worse, Part
of the resultant trouble may be due to the effect of Area Ingi-
tion as it occurs in a natural manner during the progress of the
wild fire. However, this phenomenon is much more likely ‘to
occur outside than within the perimeter of a large fire. This
would happen when a number of spots outside the fire area flare
up together in fuel that is highly inflammable. This, of course,
constitutes an added hazard for the firefighter.

Aside from spot fires and concentrated lightning strlkes, it is
true that a great quantity of the vegetation burned as a result of
the Area Ignition process is by human design. The clever in-
cendiary has made use of it as well as the backfiring specialist and
the stockman using fire under control to eliminate unwanted
vegetation.

When a number of fires are ignited in such relanon to one
another that the heat of each one affects its neighbor there de-
velops a situation about as follows. Radiant heat prepares un-
burned vegetation in the intervening spaces for easy ignition at
approximately the same time. If we could look down upon such
a condition of multiple fires at an early stage we might observe
perhaps one-tenth of the area in flames. This would leave some
nine times the flaming area in a state rapidly approaching a
readiness for ignition. While this is going on the individual
fingers of convection currents are thrusting hot air upwards
Each is tending to pull in-drafts toward its base.

Socn the convection updrafts begin to mingle and multx_ply
the dimensions of the invisible “chimney.” A constantly increas-
ing supply of new air on the floor where the numerous fires are
burning is demanded to supplant the increasing updraft. Then
in an explosive moment the entire area around the numerous
fires flames into combustion. A blow-up has been created
Whether it has been created intentionally or otherwise the
blow-up can be a fire monster difficult to hold within prescnbed
limits.

It is obvious that this condition should not normally be ex-
pected from a fire moving outward from a central source, actu-
ally flaming for the most part at the perimeter and leaving be-
hind only the ashes of the fuel it has consumed. It should be
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remembered, however, that if quantities of fuel are by-passed,
either unburned or smoldering, the powerful forces of multiple
ignition may be suddenly unleashed at one critical moment when
heat, air and the crucial spark of ignition are ready.

AREA INFLUENCE

The effects of mass fire burning large areas in a relatively
short period of time can be felt for a considerable distance from
the source. This may influence fire behavior in other areas—
sometimes adversely. It is, therefore, quite important for fire-
fighters to be aware of mass fire occurrence on any part of the
ﬁ;e and be alert for possible changes in their own areas because
of 1t.

Mass fire occurrence can adversely effect “firing out” opera-
tions. (Backfiring and burning-out are discussed in Chapter
Eight.) Particular care should be taken when firing is conducted
down long ridges where major bends in the line are unavoidable.

Ideal firing operations are conducted from the top of the
ridge downhill into the intended burn with no wind or only a
light and favorable wind. With such favorable conditions, firing
along the line should proceed rapidly in order to take advantage
of the situation before more critical burning conditions develop.
However, it should be remembered that a major run of the
main fire or the backfire near the top of the ridge can change
the wind flow and adversely affect the backfire elsewhere. For
example, if there is an obtuse bend in the line near the newly
developed mass fire the combination of topography and wind
change at this point could become quite serious. Under no wind
or light wind conditions, in-drafts into a mass fire can affect
wind flow for a cons1derable distance downslope from the fire
area.

Two major convection columns burning in close proximity
to each other will usually result in a very rapid and violent burn-
out of the intervening vegetation.

FIRE WHIRLWINDS

A fire whirlwind can be described as a violent, noisy tornado
of fire, shaped like an elongated inverted funnel. The phenom-
enon spins at an extremely high velocity and emits a loud roar
which is best compared to the sound of an aircraft jet engine.
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Size can vary from a few feet to several hundred feet in dlamcter
and from a few feet to 4,000 feet in height.

Fire whirlwinds are usually associated with large or mass—fuel
fires, although they have also occurred on small fires. This is
probably due to the fact that some of the conditions (unstable
air is one) condusive to whirlwind formation are also factors
in the creation of large fires.

The cyclonic action (rapidly whirling fire around the outer
penmeter of a center cone of air or gas) can pick up debris,
sometimes including small logs, and raise it to great heights. A
central “tube” is present whether or not it is always visible.

Topography plays an important part in fire whirlwind occur-
rence. Although fire whirls have been known to happen in flat
terrain, by far the majority occur in mountainous areas. Some
generalities can be stated regarding possible locations and condi-
tions under which these whirls are likely to occur. But there
have also been notable exceptions observed which have little or
nothing in common with these general rules of behavior.

The majority of whirlwinds observed by firefighters have
occurred on the leeward sides of ridges, near the top. The shear-
ing action upon wind flowing over the abrupt edge of a ridge has
proved to be an important factor in whirl formation. This has
been found to be true in the case of dust devils also.

All of the theories on whirlwind formation include air sta-
bility as an important factor. Some, however, advance the belief
that it is a local thermal instability caused by the fire and not
the degree of upper air instability that has the greatest effect.
But others point to the extremely unstable upper air conditions
known to exist when large destructive fire whirls have occurred.
Unfortunately, in the past, too little attention on the part of
firefighters has been paid to upper air instability as an indicator
of potentially violent fire behavior. This matter is discussed in
the next Chapter.

Heat supplied by the fire provides the “trigger” to set the
whirl in motion when all of the other factors are present. Some-
times a mass of fire is required and this usually results in a rather
large whirl. At other times, relatively small whirls have formed
along a moderately burning fire edge with no noticeable increase
in fire intensity prior to their formation.
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The intensity of the heat source seems to control the position
and length of life of many whirls. Numerous examples have
been noted wherein the whirlwind, once generated by an in-
tense fire, remained stationary and ‘active at one location until
the largest volume of the fuel was consumed. One observer of
a small whirl reported that he was able to move it downslope
by rolling debris against the hottest portion of the fuel.

On the other hand, another instance was observed in which a

small fire whirlwind (10 feet wide and 150 feet high) formed
itself at a fire edge in brush cover, then moved away from the
main fire finding fuel sustenance in its path as it moved. It
traveled about 300 yards into ﬁne grass fuel before dissipating
itself. :
Other notable exceptlons to the above generahzatlons have -
occurred. On one fire in southern California giant whirlwinds
occurred repeatedly in or near the bottom of a deep canyon.
One of these whirls began when one head of fire traveling up-
slope met another head ‘moving downslope in the adjoining
drainage. (Undoubtedly the fire movmg downslope was under
the influence of a. marme air mtrusxon See Wind Veloclty and
Dlrecuon) R

The resulting large fire Whn'lwmd formed itself around a
prominent point on a ridge which contained not only ranch
structures but a number of men and firetrucks placed there to
protect them. These firefighters could well be the first human
beings to view a fire whirl from the imside. If this honor is
somewhat dubious there can be little question of their particular
good fortune in emerging unscathed from such an unusual situ-
ation.*

In yet another case (Pole me Fu'e, San Bemardlno, 1957)
a very large whirlwind developed and became the head of the
fast moving brush fire in moderately rolling topography. The
whirl continued as the head of the fire, moving with the prevail-
ing wind for a considerable distance. Tt is known to have ad-
vanced one and a quarter miles in six minutes.

As if to prove the old saying among southern California fire-
fighters that a 13-month fire season exists in that portion of the
State, a very destructive fire whirlwind occurred near the end

* Co-author Chatten witnessed this frighteriing phenomenon from outside the fire
whirl on the De Luz Fire, San Diego County, August, 1949.
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of the winter of 1960~61 in Santa Barbara County. Moderately
strong foehn winds were driving this fire downslope when many
small whirlwinds suddenly formed into one large one. As it
moved from the main fire its flaming path of destruction led
through homes, barns and avocado orchards. Then the whirl
lifted to travel overland toward the Pacific Ocean.

3—73265
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CHAPTER SIX

Nature’s Danger Signals

LIGHTNING does hit twice in the same place. In fact, where
it is common it strikes in a pretty well established pattern. But
in California it is not the rapid build-up of a potential lightning
storm that offers the greatest unpredictable nuisance to the fire-
fighter. It is sudden gusts of wind or violent changes in force
and direction that can quickly upset the firefighters’ best plans.
As a matter of fact, lightning most often is born of the same
natural phenomenon that can cause most local air turbulence—
the convection upsweep of the cumulonimbus cloud.

CLOUD FORMS

Clouds are simply moisture particles in the air (which may be
ice crystals when high enough), They form when a mass of
relatively warm air containing water vapor has its temperature
lowered by one means or another to the point where the water
vapor condenses into fog, rain, hail or snow. When the fog or
mist rises above the ground it is called a cloud. Clouds may form
on a grand scale in a tropical monsoon, or in the solitary min-
iature cloud cap where warm ascending air is chilled when it
reaches the tip of a snow peak.

Clouds are generally segregated into families occupying a rela-
uve height above the earth. The drizzly mist that drifts over
the hills in winter is cousin to the pale sheet clouds of warmer
weather; they are of the stratus family and they generally in-
dicate stable air conditions. Certainly the high stratus sheet
clouds of summer are friendly to the firefighter. They indicate
a lack of turbulence at their elevation and they reduce the pene-
tration of heat rays from the sun. Also they counteract the vio-
lent upheaval of cumulus updrafts that may be forming below
them.

When a mass of warm air containing a relatively large amount
of water vapor moves upward in a convection current the cumu-

[591]
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lus cloud is born. This happens when the warm air reaches an
elevation at which the temperature is capable of condensing the
air moisture. This condensation point most often occurs at a
rather precise elevation and thus the flat undersurface of the
cumulus cloud is formed.

If the strength of the updraft is powerful enough, the rising
air (now visible as beautiful, rounded cloud billows) in seeking
a state of equilibrium reaches the height and temperature where
the vapor turns to ice particles. The cloud is now a potential
rainmaker and it is a fully formed cumulonimbus. Thereafter
it may degenerate into the high cirrus or lower altocumulus
formations, or even disappear if the temperature aloft changes
enough to absorb the moisture particles. But most likely the
familiar thunderhead (sometimes called anvil or cauliflower)
will develop and rain or hail and lightning will strike the earth.

Lightning is caused by the equalizing of positive and negative
electricity at the upper and lower limits of the cloud. Some-
times this violent readjustment uses the earth to help dissipate
the electrical tensions and sometimes it occurs in lightning flashes
from cloud to cloud. Hail forms as the turbulent currents within
the storm cloud drop and lift and drop the water particles,
changing each into an increasingly larger ice pellet. Sometimes,
in lesser storms, the fallmg hail, snow or rain may pass through
air so warm that the moisture particles are absorbed into the air
before they reach the earth.

Strong winds will be experienced as a thunderstorm of this
variety passes overhead. The tremendous convection updraft is
generally confined to small areas and movement upward is
known to have reached one hundred miles per hour in some
storms. This, of course, will mean that the wind will blow to-
ward the bottom of an approaching storm and then change di-
rections to the observer as the storm passes by. The downdraft
that flows away from these cumulus clouds is another disturbing
element surrounding the clouds. Extremely strong and erratic
winds can occur where these downdrafts pancake against the
ground surface.

No doubt most of the cloud masses that are commonly ob-
served over the Sierra during summer are the result of the lift-
ing effect of warm ground air sliding up the mountain slopes
from the valley lands.
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Large forest fires send up a warm column of air that often
cause a true cumulus cloud to form over them. Here, too, ‘a
downdraft will be a natural phenomenon, but fortunately it can
be expected to reach the earth well beyond the fire perimeter.

Small, separate cumulus cloud tufts or “cottonballs” are called
fair weather cumulus. Nevertheless, they are the result of con-
vection updrafts and the firefighter should expect to find turbu-
lence around him as they pass overhead. The glider pilot searches
them out because the rising air is there to support his craft.
When any of these clouds become shredded or elongated like
cigars, it is because strong winds aloft are acting upén them.
That is a sign that soon the air near the ground will be affected
by the same turbulence. It is a danger signal for the firefighter.
Verga or moisture streamers beneath cumulus clouds is another
visual warning that adverse winds may soon be expectéd on the
ground.

|
DUST DEVILS AND MIRAGES ;

Dust devils are small whirlwinds that always indicate an un-
stable condition of the atmosphere with a readjustment soon to
come. They are most prevalent during the middle of the day
when the sun has heated air near the ground to the point where
expansion caused by heat is out of balance with the density of
atmosphere above the ground. At this point, a small triggering
action can create a turbulence. This becomes a reality as warm
surface air movements are interrupted by a rock or haystack or
a small updraft in a gully. Friction and confusion upset the
even flow of air which begins to whirl around and upWard until
1t expends its energy in a crazy gyration.

The uneven burning effect of scattered patches o'f' fuel on a
large fire can develop the same type of whirlwind. Here it is
potentially more serious than the flamethrower which, it is. Tt
may also generate enough of a convection current Jo cause a
blow-up over the smoldering fire area. Utmost caution should
be observed when the surface air is capable of producmg dust
devils. ‘

It is true that during any hot day there is danger of turbulént
air movements that could create treacherous fire behavior. The
safety valve is, of course, a reasonable adjustment of pressurés
and tensions in nature which do not react so rapidly ‘s to cause
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a situation which man cannot control or, at least, which he
cannot predict. Inversion layers of atmosphere are said to be
stable enough. It is the violent rupture of the inversion boundary
under pressure which can cause the trouble for man. Normally

on a hot day warm currents of air will move upward. A low

ﬂymg aeroplane over broken topography and different vegeta-
tion often gets a rough ride through these convection chimneys.
Often, too, a very great change in temperature is felt at definite
elevation levels in the air. These are the inversion blankets inter-
fering with the upward dispersal of the convection currents.
Such indications are prime danger signals for the firefighter on
the ground.

The same potentially unstable air condition over warm earth
that produces dust devils may also produce mirages. These are
familiar as “lakes of water” that disappear when one approaches
near them or changes his observation point. The illusion is caused
by refraction or bending of light rays through layers of air of
different density. The “lake” is probably the reflected sky This
thin and very warm layer of ground air should be rising and
losing its heat, but air of somewhat higher density presses down
upon it from above. With enough turbulence in the vicinity this
low blanket of warm air would have an opportunity to seek an
area of equilibrium at a higher elevation. erages are a danger
signal which indicate that the proper triggering action could
cause air turbulence near the earth, very probably in the form of
sharp convection updrafts.

Turbulent air movements near the ground create difficulty in
fire control as well as a serious bazard to life and property. The
hazard is found not only in the existing disturbed weather condi-
tions but largely in the treachery of sudden and unexpected
shifts from gentle to violent local weather behavior. This occurs
when natural forces under tension move abruptly toward a state
of equilibrium.

The visible behavior of some natural elements will warn those
capable of reading the signs that the apparent calmness or nor-
malcy of surface weather is not trustworthy. The firefighter
should be aware that the unusual behavior of fires burning on
some days of apparently normal weather could very well be the
logical but unhappy result of the abnormal or highly unstable
local weather conditions he fails to observe around him.




CHAPTER SEVEN
Fire Danger Rating

IN 1Ts BROADEST and most complete sense, fire danger can be
considered as the potential for damage from fire. This damage
potential is created for a given place or thing by such factors
as weather, fuels, topography and the different types of values
inherent in the particular flammable resource or property.

The more intensely a fire burns the more damage it usually
does and the more difficult it is to control. It is, therefore, of

utmost importance that the fire manager be aware of the total

influences bearing upon incipient fires before they start. In short,
he wants to know his potential fire load on a day-to-day basis.

The reaction of fire to its environment is infinitely complex.
As we know, the environment varies with the time of day, the
season of the year, and it can even change from minute to min-
ute. To attempt to precisely measure every factor which influ-
ences fire is not only impractical, but impossible. On the other
hand, any prediction system that does not account for the im-
portant major variables within a localized area does not answer
the fire manager’s need.

The California Fire Danger Rating System was developed
through the cooperative efforts of the California Division of
Forestry, the U. S. Weather Bureau, Region 5 of the U. S.
Forest Service, and the Pacific Southwest Forest And Range
Experiment Station of the U. S. Forest Service.

The system is designed to estimate the relative effects of
weather on the several aspects of fire behavior—fire spread, fire
intensity and fire ignition.

The State has been divided into more than 150 climatic zones.
Not only does each zone have a similar climate throughout its
area but it usually has one predominant fuel type. The various
agencies protecting wildland in California participate in this uni-
form fire danger rating system. Each maintains a network of
fire weather stations to daily sample and record the weather and

[63]
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fuel condition within each of the numbered zones in its area of
responsibility,

The California Fire Danger Rating System is made up of a
blending of several individual factors: Ignition Index, Spread
Index, Intensity Index, Burning Index, all of which are used to
determine Fire Load Index.

The Ignition Index is an estimate of the probability of fires
occurring. It is determined by temperature, moisture content of
fine dead fuel (standard fuel moisture stick readings).

The Spread Index includes fine dead fuel moisture, the cur-
ing stage for grass and wind speed. It is an estimate of rate of fire
spread and hence potential length of fire line.

The Intensity Index estimates the intensity with which a
fire will burn once started, and indicates relative width of fire
line required to contain it. It is determined by moisture content

- of dead fuel of medium size (using fuel moisture stick readings);

moisture content of green brush fuels (using as a guide the days
since green growth started but not exceeding 120); and moisture
content of heavy fuels (a formula derived by accumulating rain-
less days with a correction factor for any actual rainfall).

The Burning Index is determined by combining the Spread
Index and the Intensity Index. It represents the job load per fire.
As the index increases the length and width of line needed for
perimeter control increases.

Finally, the Fire Load Index is derived by combining the
Ignition Index and the Burning Index. This indicates the poten-
tial daily job load in any management area.

Each of the above indexes can be meaningful to a Ranger Unit
administrator. Each has a scale of zero to 100 set up in an arith-
metical progression. In other words, an Ignition Index of 40 is
twice as adverse as 20, etc. Thus, with a knowledge of his area
he could, for example, forecast the possibility of fires starting in
recreation areas where grass is the predominant fuel, or the rela-
tive intensity and rate of spread of a fire occurring in a remote
area during hunting season. This would allow hlm to bolster the
local forces, intensify patrols, or “spike out” crews or take
other appropriate action.

The Fire Load Index is an overall management tool which
can be used as the basis for cancelling (or giving) days off, as-
signing Conservation Camp crews to projects close to primary
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travel routes, ordering standby (or release) of aircraft, spiking
out crews to predetermined points to reduce travel time to any
fire start, using aerial detection to supplement fixed lookouts,
activating patrols in certain areas, increasing (or decreasing)
strength and composition of first attack forces, and so forth.

Each afternoon during the declared fire season, weather ob-
servations are made at each fire weather station. These record-
ings are used to determine the actual fire danger rating for that
particular day for the zone in which the station is located. The
afternoon weather forecast from the U. S. Weather Bureau is
then used in combination with the current and previous day’s
fire load indexes to predict the next day’s Fire Load Index. It is
the predicted index that will be used by Unit administrators
and fire managers in their respective planning. This procedure
also brings to light trends in weather and fuel conditions which
are just as important as an individual predlcted index.

This particular fire danger rating system is unique in that
it can be improved and refined by having the factors or indexes -
added without necessarily changing the ones already included.
For example, we have seen that atmospheric stability (or insta-
bility) can have a marked effect on fire behavior. It is, therefore,
anticipated that the rating system will ultimately include a sta-
bility index weighted according to the estimated effect that a
given index reading will have on fire behavior. Other indexes
may also be added as experience is gained in using the system
and as research indicates the need.

It should be borne in mind, however, that a fire danger rating
system is only a relative measure of potential damage for a par-
ticular time and place. It can be meaningful only if it is com-
pared with experiences of the day before, the week before or
even the year before. Nevertheless, it is an important tool that a
conscious administrator will use to advantage.
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CHAPTER EIGHT
Fire Fighting Methods

IT HAS been said that Knowledge is Power, and Ignorance is
Costly. That would seem to be a pretty sound axiom for the
guidance of any human endeavor, including forest fire: suppres-
sion. Hard and dangerous work over long hours will accomphsh
little unless the work is efficiently directed toward the proper
goal. The science of fire control is based upon numerous depcnd—_
able natural laws. The problem facing every ﬁreﬁghter is to learn-
of those laws and then try to read the measuring devices that
either Nature or man has provided as indicators ‘or guides. Un-
fortunately, the elements that influence fire behavior are so com-
plex, and our knowledge of them so inadequate at the present
day, that our accomplishments are still much’ govemed by the
laws of chance. ’
It was commonly said among the old “fire stompers” that no
one could ever write a text book about the job of putting out-
forest fires. They felt that Nature was too capricious, and any-
way, the only way to learn what could be learned was to go
out on the fire line and absorb it along with the smoke and ashes.
It is truly difficult to find a substitute for experience in such
an earthy task as combatting a wild fire. But during the inter-
vening years a tremendous amount of scientific work has been
accumulated, tested and recorded. Statisticians have analyzed
tens of thousands of fire reports. Chemists, physicists, meteorolo-
gists and other scientists have been making tests and measure-
ments in the laboratory and on the fire line. As a result we can
make use of a steadily growing supply of text books, pam'phlet's'
and articles on the subject of forest fire suppression.” Steadily
also the tools of measurement, observation, and attack are being
put into the hands of the men who go out and get the job dorie.
Efﬁc1ency in fire suppression can rarely be measured by com-
paring cost of effort against value of fire damaged property. The
real value to consider is the property that escaped damage when

[69]
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the effort succeeded in stopping a wild fire, These are abstract
qualities to calculate but they have much to do with the matter
of fire behavior. They point to an objective that is often over-
looked. The primary aim of the responsible firefighter should be
to prevent the blow-up, the campaign fire—what might be called
catastrophe. The secondary objective should be to suppress the
fire with the least acceptable loss at a cost we are willing to pay.

In meeting the first objective the second will usually be accom-
phshed

SIZE up

A fire is reported burning in forest fuels and a crew is dis-
patched The mission before the leader of the first attack sup-
pression crew is simple enough. He is to put out the fire. He shall
suppress the fire before it gets large and do it with whatever
facilities are within practical availability. That is to say, he shall
not hesitate in the hope that in due time perhaps overwhelming
forces of men will come to share the problem.

Proper attack and control actions can only be taken if the
fire problem is fully evaluated—or sized up—with consideration

. to the current and potential burning conditions. This size up be-

gins with the first report—sketchy though the information may
be—and continues until the fire is controlled.

The Fire Boss enroute with his first attack force begins to
evaluate his problem from the facts at hand. The sooner sup-
pression action can be started and the proper forces placed on
the fireline, the better the chance of early control.

The Fire Boss must ask himself a number of questions at this
time: In what area and general fuel type has the fire been re-
ported? What has been the history of fires in this area—particu-
larly large fires? What are the expected weather conditions for
this time of year? What has been said about the fire’s behavior
by people who have seen it (lookout, aerial observer, public)?

The general location of the fire may have a bcarmg upon
the logistics of moving men, vehicles, and material to the fire
area. The grades and quality of roads may have an effect upon
the speed of transport, and might possibly preclude the move-
ment of heavy line building equipment. Or it might be that ac-
cess to the immediate fire area is not possible over any existing
roadways. The distance that must be covered by men and equip-
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ment dlspatched to the fire could certainly affect the elapsed
time required in travel and might also introduce a fatigue factor
in long journeys. The general location of a fire will indicate to
the knowledgeable Fire Boss whether he is working in a land of
very little surface water, or which has perhaps a reasonably ade-
quate supply of water for firetrucks that is not fit for human
consumption.

The first sight of a fire will give the Fire Boss an opportumty
to gain additional information concerning the magmtude of the
job he faces. Again he should ask himself certain questions.
From the appearance of the smoke, what is the’ mtenSlty ‘of
the fire? What fuel types are burning? Will the hottest portions
of the fire perimeter be accessible for attack? Is the fire still
within the control capabilities of the forces that are respondmg’

When he arrives at the scene of a fire the Fire Boss ‘must
quickly conclude his size up so that his forces may be promptly
and effectively deployed. Does the situation require the immedi-
ate dispatch of additional forces?

The competent Fire Boss will undertake this project the
way every intelligent workman approaches any task. He will
determine just what the conditions of the job are and ther he
will calculate how to go to work in the best manner ‘With the
best tools he can obtain.

He will size up the fire suppression project before him and
then he will attack. Most likely he will make a preliminary
size up at a glance, order the most logical attack, and then devote
more time to determining the finer points of his problem. If
he is a2 man of long experience he will move through those
three steps so naturally that it would be practically impossible
to separate them as such in his thoughts and actions.

To take an inventory of the fire control project facing him
the Fire Boss will need to know many details about the three
major influences affecting fire behavior—fuel, topography,
weather.

In order to gather necessary information he had better see
the fire with his own eyes. The best way to do that is to walk
around the fire, or at least, approach 4/l of the burning perimeter
closely enough to see it for himself in the most expeditious
manner. A helicopter, if available, should not be overlooked
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-as providing one of the best and quickest methods for making
2 reconnaissance flight.

These are the approximate questions that the Fire Boss will
-ask himself: What fuel is burning now and how hot and
dangerous would it be for men working close to the fire?
What type of tools or treatment will be required to suppress
fire in that kind of fuel? What fuels will be burning very
soon if the fire is not stopped? What fuels in the path of the
fire are of most economic value, including homes, timber,
industrial plants and watersheds? What fuels in the path of
the fire when ignited will cause greater difficulty in control
or perhaps cause a blow-up of the fire? Will the fire run faster

or slower in the various fuels in its path? Will it flash, or
crown, or throw spot fires? Will some of the fuel reburn or
hold fire for a later break-out? Are there any snags burning
or any that should be dropped immediately?

While considering the topography affecting the fire the
Fire Boss will be looking at the fire perimeter, but probably
more at the country surrounding the fire. He will ask himself
a number of questions and call upon his experience and knowl-
edge for satisfactory answers. What is the slope doing to the
speed and heat of the fire? Will certain areas be hazardous to
the safety of men or equipment? Will stones roll and endanger
men or will burning material roll and spread fire? Which slopes
will allow the fire to burn faster or slower and at what period
of the day will it happen? Will some canyons cause turbulent
air currents? Will fire spot across the narrow canyons? Is the
ground surface composed of rocky material, or is clean mineral
soil available, or is there a deep layer of duff and humus?

Are there any sweeping upslopes, especially southerly expo-
sures, in the path of the fire that will cause greater difficulty
in control and more acreage burned if they are ignited? By what
path can men and equipment reach the work area? If a camp
must be established, where is the location safest and most ac-
cessible to the job and to outside contact? Where is the nearest
source of water for drinking and for tank trucks or hose lines?

Weather has to be sized up for the past, present and future
by the Fire Boss gathering information for the battle before
him. He will be forewarned of the probable moisture content
of the fuel around him if he has been watching weather read-
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ings and observing the behavior of fires in recent days. If he is
a man of experience the way the fire before him is moving
through different fuels will tell him a great deal about how it
may behave in another hour or in another day. He will be aided
in this by the predicted Burning Index as described in Chapter 7.

The Fire Boss will be as sensitive to the wind as an old
sailor. Probably the direction and force of the wind will be the
dominating factor in the numerous decisions he must make now
and throughout the life of this fire. If the fire will not be under
control before nightfall, he must make the best possible deter-
mination as to probable changes in the wind speed and directions
at different hours of the night. How will the night humidity af-
fect the burning capacity of the fuels with which he must work?
An unfortunate misjudgment of conditions for the first working
night of the suppression crew will be unfortunate indeed.

In all of his deliberations and evaluations of the fire problem
and in deciding his strategy and tactics, the Fire Boss will bear
uppermost in his mind the safety of his men and equipment.
His decisions will be predicated upon the reasonable assurance
that the planned method of attack can be carried out safely.

DETERMINING THE ATTACK METHOD

The essential job before the Fire Boss is to “break the tri-
angle” in his forest fire. He could approach the flames and
eliminate oxygen by smothering the fire with dirt or a fog of
water or chemical, or he could beat out the flames with a pine
branch if the fuel is not too heavy and hot. He could spray
enough water or have airtankers drop fire retarding chemicals
on the fuel at the place of combustion to discourage the burn-
ing process. All of these procedures would require- that his
crew work practically at the edge of the flames. If he is going
to depend upon water he will have to have a sufficient supply
as well as pumpmg equipment to properly apply it to the fire.
If he is going to depend upon airtankers he must know that
the frequency of retardant drops will adequately support the
efforts of the ground forces.

A second method or technique of fire suppressmn does not
require a close approach to the burning edge of the forest fire.
The Fire Boss may use his men to remove fuel from the path
of the fire so that the combustion process must cease when all
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available fuel is consumed by the fire. Regardless of the method
used, the basic technique of suppressing forest fires is one of
perimeter control. The perimeter may be established at the
burning edge of the fire, near to it, or a considerable distance
away. The objective is to establish cleared breaks that com-
pletely encircle the fire with all of the fuel inside of the breaks
burned out or otherwise rendered harmless.

In California under present day conditions the great majority
of fires are suppressed by the use of all of these methods used to
some degree. This becomes more the case as the fire becomes
larger and more complex.

Nevertheless, the Fire Boss is obliged to decide promptly if
his men and equipment can and should adopt the direct method
of attack and work at the burning edge of the fire, or if they
should or must work at a distance from the fire perimeter in
an indirect attack. Or ‘just as important, a decision in strategy
may demand that he consider striking part of the fire perimeter
directly while he takes indirect action elsewhere.

The various techniques may all eventually be used to a greater
or lesser degree along the fire line before the job is done, but
the early decisions of the Fire Boss can and should be precise
and to the point. Ten minutes of a man’s effort at this time may
be more valuable than an hour of work a few hours later.

The decisions that the Fire Boss will make will be based upon
his knowledge of fire behavior, upon what he believes can be
accomplished with the men and tools available for the attack,
and to some extent upon the potential economic effect of the fire.

The arguments for and against the use of direct attack
upon the fire line and questions requiring answers will either

consciously or subconsciously pass through the mind of the
Fire Boss about as follows:

(a) Will there be too much heat and smoke to permit men
to work at the edge of the fire?

(b) Will men be safer there where they may step into the
burned area, or are the heavy fuels holding heat too long to
provide a genuine safety zone? Or is the particular fuel likely

to flare up and trap the firefighters under existing burning
conditions?
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(¢) Would trucks, hose lines, or bulldozers be exposed to
too much risk of wreckage or burning while they are worked
in that kind of topography and vegetative cover?

(d) Are there areas of vegetation or structures that should be
kept from burning because of their economic value or because
the fire will probably be much more difficult to control unless
fast action is taken to keep the fire away from them? For in-
stance, should a probable crown fire be avoided by taking direct
action to stop the fire before it reaches a thick stand of timber,
even though the concentrated effort may give the fire perimeter
a chance to spread elsewhere unimpeded in the meantime? Or
should the fire be allowed to temporarily run into open timber
while the great effort is made to keep it out of heavy brush?

(e) Will it be worth the effort to work a meandering line
along the edge of the burning fire, covering possibly more actual
distance in trail construction than if an indirect attack were
used? Certainly the fire line constructed will have to be pretty
much where the fire dictates. The probability is that the direct
attack line will be built in heat, smoke and under pressure of

time, to say little of the necessity of taking soil, roots, rocks,

and logs as they come in the course of the trail building.

(f) Are the men in such physical shape and are they skillful
enough to work best in direct attack? For instance, will they
realize that careless work may actually throw sparks across the
line, and that every inch of the burning fire perimeter must
be extinguished or all the effort may be wasted? Can the super-
vision required to accomplish the necessary quality of Work be
devoted to the line constructon job now?

(g) Are there parts of the fire perimeter which are prac-
tically out, so that advantage can be taken of this reduction of
total distance around the fire?

While weighing the reasons for and against the use of an
indirect attack on the fire the following questions would
present themselves to the Fire Boss:

(a) Are there natural barriers to the fire which can be used
to advantage? For instance, are there roads, streams, cultivated
or burned land which can be used as backfire lines or which
will in themselves halt the forward movement of the fire?
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(b) Is the topography around the fire such that it will be
safer or more effective to choose the most advantageous topo-
graphic features away from the fire and prepare them as a
defense line? For instance, will it be necessary to take advantage
of a ridge, a canyon bottom or a land bench for one or more of
the following reasons: because of the heat of the fire while it
is approaching such natural features; because of the difficulty
of directly suppressing fire in the fuel that is burning; because
the area now burning favors fire spotting ahead or burning fuel
rolling behind the fire line; because of an anticipated change in
the weather favorable to holding prepared lines.

(c) Is the economic value of the fuel that will be destroyed
between the present fire line and the proposed holding (or
backfire) line so relatively small thar it is best to take advantage
of a cooler, safer, cheaper line back from the present fire edge;
especially with the added advantage of less patrol effort requu'ed
afterward?

(d) Is there the disadvantage of possibly leaving an area un-
burned between the present fire and the holding or backfire line?
This could be a nuisance requiring close observation throughout
the remainder of the fire season or it could require added effort
to be sure the fire is out along what could remain as a very

otty and difficult dead fire perimeter.

(e) Would it be difficult to force a backfire to burn during
the safe backfiring period? Or would there be too much danger
of a backfire escaping once it is started?

DIRECT ATTACK METHODS

Provided beat and hazard to life do not preclude it, the direct
method of attacking a forest fire will usually be used if (1) the
fire is small, or (2) the rate of spread is slow, or (3) some fuel
of great economic or nuisance value could readily be ignited
if any delay is tolerated in bringing the fire under control.

Separate phases, or distinct actions, are segregated and de-
scribed below in order to explain the salient features of the
direct attack plan. The fact that these actions may be used in
every manner of combination to effect the most success in the
control of a fire is not important. The important thing is to
present to the firefighter a group of work processes or “tricks
of the trade” that will be consciously fixed in his mind for use
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in time of need, and secondly, to describe and name certain
phases or actions so that there can be a prompt and accurate
exchange of ideas among firefighters through the use of accepted
word names.

a. Working the Fire Edge

By far the most effective place to expend effort to subdue
and eliminate a forest fire is where combustion is occurring at
the exterior advancing edge of the fire.

The statement above does not proclaim that the best strategy
is to begin an attack on the flaming edge of every fire. That
particular matter is discussed rather fully a little farther along.
Suppose you figuratively stand back and take a look at the
basic problem of stopping a forest fire. You ask yourself: what
is going on here? A satisfactory answer might be: a continuous
combustion action is spreading out all around where there is
fuel. There is nothing to be gained by beating out the remaining
fire on the inside. The object is to stop the fire where the flame
is meeting new fuel. I can go to work where the flame exists
now or I can arrange things so that I meet up with the edge
of the flames when and where I will have more of an advantage.
The rule still stands; the most effective place to stop a fire is
at the advancmg ﬂammg edge.

This rule is not airtight. Certainly there are times when the
effective place to strike is outside the perimeter if spot fires are
starting there. Occasionally, a potential blow-up inside the line
or some burning snags may deserve primary attention. Then,
of course, there can be plenty of opportunity for much wasted
effort alono a fire perimeter. This could result from poor strat-
egy or from ignorance. As an example of the first we might
consider how futile might be an attack into the face of a chamise
fire at midday. The second is typified by the vast effort that
has often gone into fighting it out on a line that had already
been enveloped by a pincers advance of the fire around the flanks
of the operation. This latter is not the same thing as losing a
scratch line or even a primary line because of the unpredictable
fortunes of war. This is a matter of lack of information or
proper direction causing heroic effort to be wasted in the wrong
place. Or a fire might have slopped over a ridge and be burning
on an extremely steep slope with large volumes of potential
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rolling material. In this case, it would be better to establish a
line at the bottom of the draw below and allow the slope to
burn out.

Assuming that the most profitable and reasonable place of
attack is right where the fire is presently burning the fuel, we
should now consider how to go about this Direct Attack at
the fire’s edge.

Along the fire’s edge suppression work can be accomplished
with bulldozers, air tankers, water, or hand tools, or a combina-
tion of them all. In an emergency the fire may even be attacked
with a flail consisting of a tree branch. The intent is to cause
the combustion to cease and be done with. ,

Fuel that is burning or about to burn should be pushed into
the burned area. New fuel should be separated from the burn-
ing area by the construction of a trail dug to clean mineral
soil. Logs and roots that extend across the line should be cut
or pulled into the burned area if there is the slightest chance
that fire will use them to cross the trail.

Snags * are a special nuisance to the firefighter. They are very
susceptible to spot fires because they present a dry and punky
fuel up in the air where flying sparks can come to rest. Then
when the snags are on fire they become torches in the higher
wind movement above the forest floor. Thus they are the one
fuel in the old forest most likely to catch fire from flying embers
and then become a spreader of more spot fires. Along a fire
line it is therefore necessary to fell + all dangerous snags. Their
potential danger will, of course, vary with topography, weather
and surrounding fuel. A general rule would include as dan-
gerous all snags two hundred feet within the burned area and
fifty feet on the unburned side. Snags should in all cases be
dropped away from the constructed fire line.

If lack of time or manpower does not allow for the felling
of snags they are still important enough along the fire line to
receive other treatment. Fires burning in snags should be sup-
pressed if possible by the use of water or dirt. Snags with fires
so high they cannot be reached should have the surrounding area
fireproofed until the snag is dropped and the fire extinguished.

* A snag is described as a dead tree, or broken trunk more than 20 feet high from
which leaves and most branches have fallen.

+ At the present time the verb fell is still holding firm in the dictionary. However,
common use in the woods has definitely displaced “feller” in favor of faller or
chopper.
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Special care should be taken to grub out any fire that may
have descended into the roots of snags. Pitchy roots make ex-
cellent fuel for a smoldering fire.

Snags not burning but situated in a dangerous area should
have all fuel scraped away in a ring around their bases so that
fire may pass them by if the ground fuel burns.

Snags should always be approached with caution. The old
trunk of the dead tree, limbs or deceitfully dangerous chunks
of bark may fall at practically any time. The violent shock of
logging operations and fires of the past or the casual deteriora-
tion caused by insects, rot, and weather have all been working
toward the final destruction of the standing snag. The first
blows of the firefighter’s axe could well be the shock that brings
down death or injury. Every snag-falling crew should have one
alert lookout with his eyes aloft and ready to yell a warning
to the workers near the trunk.

Where should the work at the edge of the fire begin? That
is an important question. The obvious answer would appear to
be: where most can be gained for the effort expended. Since the
final object is to stop the forward progress of the fire and there-
after eliminate all cumbustion along the edge it seems logical to
first subdue the fastest moving parts of the fire perimeter.*

It is quite impossible to set down a positive rule as to just
where the initial action along the edge of a forest fire should be
attempted. This is because there are so many variable conditions
which naturally give each fire a character unto itself. This re-
duces each fire to an individual problem awaiting the solution
of the Fire Boss. Perhaps an acceptable rule would be this: Move
to secure the fire’s flanks so that the most important goal can be
accomplished. The object is to halt the head of the fire. Avail-
ability of adequate manpower or the fortunate circumstances
of topography and fuel along the flanks and rear might make it
* When a fire is definitely moving in one direction faster than any other because

of a driving wind or pronounced upslope the forward edge is practically always
called the head. Sometimes it is referred to as the lead, front or hot spot. How-
ever, the term hot spot is more precisely confined to each relatively small area
of intense combustion which may flare up anywhere along-the fire perimeter.
An isolated fire completely separated from the main fire is a spot. This word
becomes a verb when such fires spoz into the surrounding vegetation. On the
other hand, when a fire moves across a line that was believed to have been

secure the result is termed a slop-over. The burning fire edges from head to
rear are most commonly called the flanks of the fire.
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entirely possible to start vigorous direct action at the head of
a fire. But this certainly cannot be proposed as rule of attack.

However, the use of airtankers to make concentrated attacks

with fire retardants on the head should always be given serious
consideration if such action can be productive in the overall plan.

The historical record of battle plans developed and pursued

in the smoke of literally thousands of forest fires of the past
would be of great value here. No doubt we should find that
on the majority of occasions when work was attempted at the
edge of the fire it started at some well-secured rear position.
From there, crews moved around and along each flank with the
object of meeting at the head of the ﬁre An attack method such
as this is called Pincer action.

A crew too small to split for eﬁectwe double flanking would
of necessity have to choose one side only for their work. It
must be remembered that a certain amount of patrol work
or mop-up begins almiost when the first foot of fire line is
constructed. That is to say; even with the smallest of crews
someone should keep an eye to the rear. A little fire sneaking
across the line could undo all the preliminary work.

Assuming that the Fire Boss believes the crew should work
along only one flank he should choose the side that will offer
most profit for the effort. That side could be burning faster than
the other, or it could be of most concern because the fire was

approaching timber that might crown, or a long steep slope, or"
for some other reason that caused spread of the fire to be less

desirable on one side than the other. Perhaps, also, one flank
could give less concern because of some existing barrier such
as a road or stream that would eventually stop the fire.

But if values and barriers, and so forth, are relatively equal
along the flanks of a fire and the Fire Boss must make a decision
upon the direction of attack he should keep one thought para-

mount in his mind. The fire flank of this moment may be the
fire’s head within the hour. He should work to insure himself
against the most probable shift in the wind.

The reasons given above for choosing one flank above another
as the line to be worked could be reason enough for originally
striking at a flank rather than the head of a fire. Even though
the head may not offer any serious difficulty in suppression it
could very well be that most is to be gained by keeping fire
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away from some hazardous fuel on either flank. Perhaps such
action would prevent fire from spreading into another drainage,
or across to another side of a canyon and eventually result in
a much lesser total area burned. In any event, this method is
called flanking action.

If the head of the fire is burning in fuel that causes too much
heat for direct suppression work, or if it is too dangerous to
work there, or if there is just so wide a frontal movement that
the fire would simply squeeze around a small crew, then most
may be accomplished by attacking at the rear and at least ac-
complishing positive elimination of part of the perimeter of the
fire pending the arrival of more forces. Or, for instance, it could
be most imprudent to exhaust crews in trying to subdue the
running side of a chamise fire during the heat of the day when
the evening hours will almost certainly favor closer action.

In this respect it must be remembered that before a fire can
be considered out and dead 4l of the fire perimeter must be
out. There can be no-loose ends slipping away. Every backfire
line or main fire line must tie into itself or into some anchor
point that will prevent the fire from infiltrating from the rear.
That, of course, immediately points up the great advantage in
striking a fire with enough manpower to at least prevent a loss
at one end of a fire line while work progresses at the other.
Two trained crews working along both flanks from the rear can
often accomplish amazing results, especially if they are favored
by an indraft retarding the outward spread of the fire.

A direct attack by a number of firetrucks or bulldozers work-
ing in tandem with crews is a tactic often applied effectively in
a flanking action. This type of deployment permits rapid for-
ward movement along the fire edge by the equipment with fol-
low up and holding action being accomplished by work crews.

There may be cases on small fires when burning conditions
are right and the fire is accessible from all sides so that key or
critical areas around the entire perimeter can be attacked at
approximately the same time. This method is termed an envelop-
ment action.

From time to time various specialists in the profession of
firefighting have endorsed the One Lick, and the Two-foot,
and the Parallel Line methods of attack. The ideas are all very
fine but they essentially refer to good and sensible actions that
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should be used, or not used, as the occasion requires almost

from yard to yard or bush to bush along the fire line. No
single positive theory can be substituted for the variable exer-
cise of good judgment.

The Parallel Line method proposes building a line from five to
fifty feet in front of an advancing fire line and then waiting for
the fire to reach it and burn itself out, or backfiring the little
distance if necessary. This is obviously a modified indirect sys-
tem of attack upon the fire. The Two-foot method is a2 modified
Paralle] method with the line constructed much closer to the fire.
Both ideas have the advantage of working away from the heat
and smoke, and most important, of taking advantage of the
ground cover to construct the safest and fastest line. In uniform
fuel many twists would be avoided by taking the line from point
to point rather than along the burning edge. But the fact re-
- mains that the theories will lose their distinctiveness at the hands
of a trained crew taking advantage of every natural feature on
the ground. The work performed is essentially a direct attack on
the fire perimeter and hardly worthy of special nomenclature.

The One Lick method is rather different in that it purports
to be only a teamwork system of using several types of tools
most effectively. In practice an axeman may walk along the
proposed line lopping off limbs or bushes as he proceeds at
the speed of a slow walk. Perhaps another axeman or man with
a brush hook will follow and then a shovelman, then a pair of
sawyers to break up logs, then men with scraping tools and
swampers as they are needed. The advantage in this system is
the freedom gained for workmen to work in safety to them-
selves and others, and also in providing more profitable and open
working space for the latter men in the procession. The require-
ment is, of course, intelligent teamwork by the workmen.

Closely allied with the One Lick idea is the Scratch Line
construction of an emergency fire trail. This would be recom-
mended if there were danger of losing the fire because of the
speed of its advance. The scratch line should be depended upon
only to slow the advance until a more dependable line can be
constructed. Nevertheless, the scratch line can create a delaying
action of high strategic value which should not be disregarded
by the Fire Boss.
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b. Hot Spotting

Hot Spotting is verb in the firefighter’s language that refers
to the rather specialized job of suppressing the “hot spots”
which are the most rapidly advancing heads along a forest fire’s
perimeter. Obviously, the hazard to safety, the tremendous
physical effort often required and the necessary knowledge of
fire behavior indicate that only the most experienced and able
men should be selected for hot-spotting work.

Hot spotting may be accomplished by firetrucks, airtankers,
or ground crews, attacking one critical point after another in-
stead of working a continuous line along the fire edge. It is
essentially a delaying tactic to allow ground crews to get on
with the solid job of constructing the main fire line around
the fire without having some head (or hot spot, or finger as it
may be called) streak away and upset the plan of control by
spreading the disaster. Hot spotting may be necessary here and
there on a fire perimeter that is otherwise dead and being treated
to cold trailing procedure.

c. Cold Trailing

Where the edges of a fire perimeter are relatively “cold”
the construction of a minimum trail to assure against further
advance of the fire is referred to as Cold Trailing. A fire may
cease to burn actively for three general reasons. There may be
an insufficiency of fuel that will continue the combustion proc-
ess, or the weather may completely discourage combustion (as
it could in rain or wet fog), or there may be a combination of
weather and fuel that will cause the fire to go out. The latter
condition is well known to occur often during the night in
chamise brush.

Cold trailing may be practiced when the fire edge appears
to be out beyond question or when fuel is smoldering with
occasional flareups.

Before any portion of what was formerly the hot fire pe-
rimeter can be left without any attention there must be absolute
certainty that the fire is dead out. The price for carelessness in
this respect is.so great that the time honored custom of “feeling
out the fire line” is most positively recommended. And fur-
thermore, it should be the responsibility of a man of experience.
Many a deceitful fire looks to be out. But human fingers ex-
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ploring ashes and leaves and under logs at the fire’s edge are a
pretty sensitive detecting device.

To preclude the slightest possibility that the fuel may again
ignite it will be necessary to build a trail into the clean soil to a
width that would prevent either flames, sparks or falling material
from reaching across the line. It is well to bear in mind that
when an active fire perimeter degenerates to the cold trailing
stage the strong probability is that there does exist a fuel sup-
ply on the burn side. Moreover, that residue of fuel could well
have become an increased menace because of the smoldering
heat it may be hiding and because its fuel moisture content has
been reduced during the fire. This “toasting” effect upon green
fuel should not be taken lightly. Some rangers will vouch for
having seen fire make three successive sweeps through the same
manzanita patch.

The line constructed during cold trailing meanders along
the edge of the fire, All fuel matter scraped away from the
soil must be thrown into the burned area. Potential fuel near
the line on the burn side should be lopped and generally broken
up and scattered farther from the fire line. Logs, limbs, cones
and animal manure should be pushed well away from the line.
Smoldering fuel should be given every opportunity to burn
itself away. This important business will be dlscussed further
under Mop-up and Patrol.

d. Burning-Out

Fingers of fire led away by fast moving heads, or the natural
topographic features over which a fire burns, will often cause
a very irregular fire perimeter to develop. Very often complete
islands of unburned fuel will be evident even after the fiercest
forest fires.

The term Burning-out has come to refer to a clean-up by
the use of fire of any residue of fuel between a constructed
line and the edge of the dead fire. This process is in no sense
a backfire. (To avoid confusion in terminology a backfire
should be considered as any fire set to consume fuel in the path
of a free burning wild fire.)

In the discussion of line building the fact was noted that most
is to be gained by building the straightest line, while taking
advantage of topography and vegetation. In other words, the
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direct attack on the fire might occur in the very flames at the
fire’s edge or five or twenty feet away. Where irregular fingers
have spread out the residue fuel may amount to several acres.
If combustion stopped short of the line in any place there
would obviously be left a residue of dangerous fuel. Burning-
out this fuel is an important insurance against a future flare-up.
Of course, only the good judgment of the Fire Boss can estab-
lish the circumstances under which cold trailing inside a con-
structed line may eliminate the need to burn out remaining
fuel. Any fire, including one set under control, still harbors
the hazards of an escape. .

INDIRECT ATTACK METHODS

When the firefighter stands back and chooses the ground
upon which he will meet his opponent and chooses the moment
of his own greatest strength to strike hardest at the fire, then
he can be said to employ an indirect method of attack. On the
other hand, direct attack requires that the firefighter go down
into the arena and meet the fire where it exists. Three factors
will influence the decision of the Fire Boss in his choice of
methods. They are: safety of men and equipment; difficulty
of suppressing combustion in the type of fuel that is bnrmng,
economic and time factors involved.

Values threatened by the advancing fire must receive their
rightful consideration also. Whenever a concentrated value
such as structures, a sawmill, or an isolated block of merchant-
able timber can be saved within a larger area that will inevitably
burn, then specific area protection can certzunly be justified—
but not at the total expense of ignoring perimeter control.

a. Line Location in Indirect Attack

In planning the location of hlS fire line the Fire Boss will ask
himself this important question, “In the construction of my line
how can I best take advantage of existing fire barriers and favor-
able topography?”

The best answer to that question will also provide the best
rule for procedure in practically every line-building project.
There could be a few rare exceptions to this rule. For instance,
it is possible that such a broad expanse of uniform fuel and
topography exists that time will really be the governing feature.
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That is to say, the Fire Boss “buys” the time he thinks his con-
struction project will require in terms of distance that the fire
will travel in that time.

Another rare exception to the good rule for making use of
the best topography and barriers might occur when the Fire
Boss gambles on a poorer line location for the sake of saving
a valuable area of fuel, such as a stand of timber below the crest
of a ridge. In such cases a secondary line of defense to the rear
is the essence of wisdom.

Occasionally one may encounter a situation in which the fire
is burning with such intensity or in such rough topography that
it becomes necessary to establish control lines which encompass
a natural area well in advance of any portion of the fire edge.
This effort is called area control action.

A plan for indirect attack, including a constructed fire line,
may be prepared with either one, or a combination of two ideas
in mind. Either the firefighter waits for the main fire to move
up to his barrier under conditions of speed and heat that can
be controlled at that line, or he destroys the fuel in the inter-
vening space through the use of backfire.

Before considering the backfire it is pointed out that the
holding (or waiting) line system may result in the need for
additional work beyond that required for either direct attack
or backfiring. This would come about if the main fire ceased
its forward movement short of the constructed line. Such a sit-
uation would very likely require cold trailing of the fire’s edge
or burning out the intervening fuel. No doubt more hours of
patrol of such a line would also be required.

b. The Backfire

A person shall not set a backfire, or cause a backfire to be set, except
under the direct supervision or permission of a state or federal forest
officer, unless it can be established that the setting of such backfire was
necessary for the purpose of saving life or valuable property. (Sec. 4426,
Public Resourcs Code of California.)

The above quotation of law testifies to the serious conse-
quences that may follow the ignorant or careless practice of
backfiring. Without doubt over the years in California millions
of acres have been needlessly burned and millions of dollars in
property destroyed because, without direction or in a panic of
desperation, some unauthorized person ignited a backfire. Every




Fire FigaTING METHODS 87

old firefighter in past years could recount tales of being nearly
caught in an unexpected backfire. Fortunately, at the present
time such incidents are very rare because of the confidence the
public and fellow professionals place in the fire managers charged
with the responsibility of bringing wild fire under control.

Nevertheless, backfiring on a broad scale requires skill, cour-
age, and much knowledge of fire behavior. It is best left in the
hands of experienced men. Backfiring should not be employed
unless it is quite necessary. Justification for backfires is found
in conditions at the edge of the main fire, such as speed of spread,
great heat, hazard to life or resistance to suppression by direct:
action.

A proper backfire should be made only when control lines
or barriers are in existence all around the area of fuel to be con-
sumed in the backfire. This will mean that both ends of a back-
fire line should have anchor points. In the grass fires of the roll-
ing and precipitous foothills of the Sierra (where backﬁnng is
a common practice because of the speed of the main fire and
the relative ease of controlling a clean, fast backfire), the man
who “leads” the backfire will tell you he must have an end
goal where he can “drop” the backfire.

The key to the hazard involved in fighting fire with fire is
found in the desire to accomplish diametrically opposed objec-
tives on each side of the backfire line. On one side it is desired
to consume all of the fuel by fire (often in great haste) and on
the other side the day will be lost if fire breaks away. Obviously
then, the weather that favors one side will hold a risk for the
other.

A certain chance must be taken in practically every backfire.
Providing the men on the line are not placed unduly in jeopardy
it is better to risk losing a backfire than lose the main fire and
all the effort put into line construction.

The greatest threat to personal safety will be found in ridge-
top saddles and on a descending line when the main fire has an
inclination to finger out horizontally below and close to the
constructed line. Such fingers may have to be counteracted by
the ignition of a preliminary spot backfire sometimes called a
buffer. This is a hazardous and unfortunate situation unless firing
along the adjoining backfire line above can follow premptly and -
successfully.
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Saddles are generally always at the head of a canyon or natural
chlmncy When burning conditions are entirely satisfactory
this is where the backfire will be more inclined to funnel up-
ward rather than spread downhill as desired.

Since a successful backfire should dispose of all of the fuels
between the line and the main fire it is necessary to backfire the
entire line during that period when it will burn best and still
be subject to control. Therefore, every effort should be made
to avoid heavy fuels in favor of light, fast burning fuels within
the backfire area. A slowly moving backfire is not desirable in
most cases. However, it must be acknowledged at the same time
that a wild and turbulent backfire is a very treacherous tool.

Generally, the best time to start a backfire is one or two hours
after the peak burning period. Morning backfires nearly always
fail. Yet, whenever it may be, when the best time arrives there
should be no hesitation to take advantage of it. The right mo-
ment to backfire may well be more important than getting the
whole job done properly. That is to say, with disaster imminent
it may be wiser to gain in a holding action along part of the
main front than to lose everything because the line is not fully
constructed. v

Backfiring is a specialized maneuver that deserves the best
skill, tools and men that can be assigned to the task of getting
lines built and the firing done.

Properly located lines simplify the task. Where some existing
barrier cannot be utilized it is generally always proper to look
to a ridge top as the proper place to construct 2 backfire line.
On broad ridges it is often wise to back away from the very
crest. Then when the main fire on the other side of the ridge
exerts some tendency to cause an in-draft the backfire has the
additional advantage of burning slightly uphill to the summit.
This is vastly different from trying to force the backfire to
burn downhill against the convection updrafts of the main fire.
However, the line should not depart from the crest if it must
be located on a sidehill steep enough to allow burning fuel from
the backfire to roll down the backslope and p0531bly start a new
fire in another drainage.

Some backfires may very well be started along a canyon bot-
tom. In Southern California there have been some strong ad-
vocates of such a practice for the reason that so much heat is
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developed in a brushfire rushing up a steep slope that-they be-
lieve the danger to firefighters on the widest breaks and the
chance for failure do not justify ridgetop firebreak construction.

Of course, the primary argument against backfires started from
the canyon bottom is that when vegetation will-burn there it’
will burn too well elsewhere. The difficulty: will be found in
keeping fire from spreading throughout the entire canyon. Ad--
vocates of canyon bottom backﬁring point out that once the’
firing begins the vegetation upslope is brought to a hlgher statc'
of combustion.

On rare occasions it may be best to meet the above probrlem "
by actually splitting the difference and backfiring (without any
more line construction than is needed for safety) from halfway
up the slope. That is to say, a fast and effective backfire can
be made to sweep upslope and meet the main fire near the crest,
while a slower fire creeps downhill to the actual line of defenSe
at the canyon bottom. Or more precisely, just across the canyon
bottom if it is extremely narrow, so that rolling fire will not
start flames up the opposite slope. This practice of sidehill back-
firing will be largely governed by the fuel and the topography.-

This brings up the undercut line as something to be avoided
in either direct or indirect attack or even mop-up work when-’
ever it can be prudently avoided. Sometimes, however, its use
will save much time as well as loss of burned area. An undercut’
line is simply a horizontal fire line constructed across a slope and
below the fire. The obvious possibility of fire rolling across thc
line detracts tremendously from its value.

On the other hand, a considerable area may have to be sacri-
ficed below any proposed undercut line before a more secure’
topographic position is reached for the fire line. Also the area
below a potential undercut line may be so lacking in promise:
because of hazardous vegetation and tangled topography that
better judgment dictates construction of a well prepared and
well patrolled undercut line across the sidehill at hlgher ele-
vation.

Since the great majority of backfire lines will be consn'ncted
along ridgetops it is generally possible to start firing. the line
from a high point first and then descend along the line. This
practice insures the safety of men along the line because a de-
scending fire is easier to control. Often it will be necessary to

4—T73265
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start firing peaks at either end of a saddle at the same time and
bring the fire down into the saddle to prevent a possible run
up one peak and consequent loss of the line.

Fire should be advanced down along the backfire line no
faster than it can be kept under control. As a matter of fact,
good judgment may require considerable hesitation at times to
allow fuel at higher elevations to be burned out before it may
be ignited from a lower fire fingering in at dangerous speed
from the backfire line. At such times, or any time burning is too
slow in a backfire it may be helpful to use such stimulants to the
blaze as oil, flamethrowers or fusees.

When wind conditions are adverse, that it to say, blowing
into the face of the backfire, it may be possible and highly desir-
able to ignite and hold an auxiliary backfire. This consists of
starting fires downwind (toward the main fire) as far from the
backfire line as is dared. Perhaps this distance may be only a
dozen feet in heavy fuel or it may be a hundred feet in low flashy
fuel. The limiting factor will be the difficulty of keeping these
“sorties” or strip-burns from running out of control. Successful
accomplishment produces a widened firebreak and probably a
well launched backfire as the heat and in-draft encourage the
fuel to burn toward the main fire.*

Always during backfiring care must be taken that fires do not
spot or jump across the line. Every proper backfiring crew
should consist of enough of a rear guard to strike immediately
at every spark that crosses the line and to eliminate or mitigate
danger spots.

Water or dirt should be used to cool the intensity of burning
fuel when necessary, and if possible, water should be available
to apply to fuel on the unburned side during the period it is ex-
posed to great heat from the backfire. The latter practice is most
effective on low flash-type vegetation.

Timing has been emphasized as the all important element in
backfiring strategy. Lines should be constructed in time to take

* Strip-burning is a relatively new term that refers to the deliberate burning of strips
or blocks of unwanted vegetation to accomplish any of several purposes. It may
be practiced by the firefighter as described above or to induce Area Ignition
which is described in another section. The landowner may strip-burn to make
browse areas accessible to stock or game and to improve hunting. The essential
meaning of the term is found not so much in the reference to strips as to the
fact that only a portion of some area of unwanted vegetation is eliminated at
one time through the use of fire under control.
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advantage of the proper burning time, or failing that, any emer-
gency backfiring must be timed to gain most from the main fire
and lose the least. Timing the movement of the actual ignition
along the backfire line requires the direction of a specialist. Per-
“haps the most precise requirement in timing is seen when use is
made of the very real benefit that in-drafts to the main fire may
offer. (Refer to Behavior of Large Fires). To detect the pres-
ence of air movement favorable to the backfire a shovel or hand-
ful of dry dirt tossed high into the air at intervals should indicate
from the drifting dust when a significant in-draft begins. Or a
small fire or smoke bomb may be used as an indicator of the same
nature. However, proper timing of the backfire is again empha-
sized. Care should be taken that the smoke making device does
not ignite a premature backfire.

c. Combined Use of Direct and Indirect Attack Methods

In the discussion entitled Determining the Attack Method the
various facets to the problem of choosing a method of control-
ling the fire were brought out by listing questions that the Fire
Boss would probably ask himself as he sized up the fire situation.
It was mentioned that both Direct and Indirect Attack Methods
might be used.

Such a strategy would be more common than otherwise, espe-
cially as the fire grows in size. It would be more common as the
time of control lengthened and also with greater variations in
the types of fuel and topography. The reason is, of course, that
more variations in the behavior of the fire would result, thus
requiring entirely different methods of control. For instance, it
has been pointed out that a high wind will probably cause the
development of a fast traveling head which only a courageous
and skilled backfiring could halt. In the meantime, the in-draft
along the flanks which usually prevails in such fires will favor
direct attack on the fire’s edge there.

When a fire is running fast in one or more identifiable heads,
it is sometimes possible to take delaying action by attacking
the heads until the arrival of reinforcements. This could be
most profitable if stable ends of a portion of the fire perimeter
exist because of the presence of a body of water, road, bare
rocks, or some other non-flammable area. Such a condition will
make is feasible to treat a running salient of fire as a single sup-
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pression problem. The total fire will not be contained by such
a confining action, but the total problem may be greatly reduced.

A forest fire never retreats but it often changes direction of
advance and it sometimes falters. The skilled fire manager will
not hesitate to change his plan and take advantage of any un-
anticipated behavior of the fire. There is no dishonor and only
good judgment in departing from an elaborately constructed
backfire line in order to cold trail a quiescent fire edge below
the constructed line.

Good strategy may require both direct and indirect attack
measures along the same fire edge at the same time. If measures
to suppress flames or to cold trail part of the fire perimeter have
a strong possibility of failure the construction of a secondary
line of defense should proceed without delay. In topography
and fuel that makes for difficult control and possibly high values
(or high suppression costs) the experienced Fire Boss will keep
in mind at all times the next line upon which he will make a
stand if he is forced to retreat. Such thinking indicates proper
planning rather than a defeatist attitude. A Fire Boss may be an
optimist by nature but in dealing with natural forces of destruc-

tion he must be a thorough realist and plan for the ultimate
Wworst.

MOP-UP AND PATROL

In California before the development of organized crews of
professional firefighters there was more enthusiasm and honest
toil contributed on the fire line by farmers, lumbermen and
townspeople than a present day observer might believe. Many
volunteers joined in the enthusiasm that the cry of “Fire” will
generate at all times of day or night. But most were simply dem-
onstrating the qualities of good citizenship in answering the call
when danger threatened. Such a contribution should be remem-
bered with gratitude.

Farmer firefighters would seem to be about as far from the
subject of Mop-up and Patrol as a backpump is from a backfire.
Yet there is a vital relationship that should be impressed upon
the present day student of forest fire management. The farmer
had cows to milk and the merchant had his store to attend. Con-
sequently, there was little enthusiasm for the cinderella job along
the fireline and many fires broke out and away after they had

1
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been very adequately brought under control. Probably no single
argument was used more sincerely by the advocates of the pro-
fessional fire crew than this need for adequate mop-up and-patrol.

The establishment of full time suppression crews was an his-
toric milestone along the sometimes rough road to adequate wild
land fire protection. However, its importance can be easily for-
gotten because the fire that was never allowed to get started does
mot cause amy excitement at all. A proper job of mop-up -and
patrol won’t cause any excitement. But its vital unportance
should never be forgotten.

Mop-up starts immediately the first bit of fire trail is con-
structed, or at any rate, immediately after the first hopeful
emergency scratch line has been put down. Probably no indi-
vidual on the crew will be assigned specifically to mop-up work
until the pressure of initial attack subsides to the point whete
patrol of the line has to be someone’s primary responsibility.
But in the meantime the well trained crew will be automatically
accomplishing mop-up work for the simple reason that this is
essentially only the strengthening of the main fire barrier.

The first mop-up work may consist only of widening the line
of mineral soil exposed. But most often the work will involve
the disposal of burning or smoldering material on either side of
the fire line and also the elimination of any unusual fuel hazards.

Snags are such a prime threat to the safety of a fire line that
they were considered under the discussion of Direct Attack
methods. The U.S. Forest Service and the State Forest Practice
Committees recognize their potential hazard as indicated by the
requirement that operators fell snags as a fire prevention measure.

After the snag is on the ground it becomes a log—generally a
“dead log”—to distinguish it from bucked lumber stock still
in the woods. Either type of log is potential fuel and deserving
of prompt attention by the mop-up crew if it is near the line.

Heavy logs and stumps that cannot be moved from the vicin-
ity of intense heat, or are especially vulnerable to falling embers,
should be fireproofed by having fuel scraped away from them
and by a covering of dirt. They are worth a considerable invest-
ment in fire prevention effort because of the nuisance they can
become if fire once gets well established in them. .

Smaller material should be carried back into the burned area
to the greatest practical extent. Partly burned brush, pine cones,
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animal manure and such fuel on the burn side of the fire line
should be thrown back and encouraged to burn itself away.
Or if it appears to be dead out it should be so scattered that no
accumulated piles could build up a later fire that may carry
across the line. Aerial fuel that has been scorched should be
lopped and carried well into the burn.

Under no circumstances should smoldering fuel be covered
with dirt and left that way under the assumption that the fire
will die. This is especially true of stumps that have shown any
trace of fire. Before leaving any such stumps in the vicinity of
the fire line a diligent search should be made with axes and
shovels to be certain without question that no fire has crept into
the roots.

The use of viscosity agents (thickened water) for mop-up
work has an advantage over ordinary water in many situations
because: it can cling to the fuel surface in greater quantities; it
provides a continuous wet film effect which excludes oxygen
when applied to burning logs, chunks of fuel, fence posts and
the like; it provides a dry film effect after water evaporates, and
this continues to exclude oxygen; hot coals can be more effec-
tively treated if they can be mixed with viscous water; a quantity
of treated water can “go farther” since less is required; it can
reduce total mop-up time. Some of the disadvantages of viscous
water are: lack of penetration if soaking into the fuel is desired;
accident hazard is increased because the viscous agent is slippery.

Smoldering fuel near the line should be encouraged to burn
itself away or the fire should be put out. Naturally, the most
satisfactory method of eliminating such fire is by drowning it in
water. Even if a generous quantity of water is available for
that purpose the judicious use of an axe around the burned area
gives the only dependable assurance that the fire has been elim-
mated. To often a surface sprinkling gives the appearance of a
thorough soaking. Lacking water, any hot embers should be
mixed with clean soil which will soon absorb the heat and hold
them safe in the meantime.

Burning logs on a side hill and chunks that will fall as the
log burns should be prevented from rolling by the construction
of a trench on the underside. This, of course, is assuming that
rolling fire could possibly jeopardize unburned fuel at a lower
elevation. Wherever a fire line runs more or less along 2 side-
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hill contour above unburned fuel it is wise procedure to con-
struct enough of a trench along the line to stop and hold any
material that may roll out of the burned area.

If it is physically possible all logs on the upper side of a side-
hill line should be pointed up and down hill to guard against
their rolling across the line.

During the mop-up stage of a fire a sharp lookout should be
kept for spot fires across the line. This does not mean they could
be less devastating ‘during the later patrol period. Probably the
opposite is true since less help will be available to suppress a new
fire when the suppression force has departed. But the probability
of spot fires over the line should drop rapidly as time progresses.

In smaller fires the mop-up and patrol crews should attempt
to suppress or burn up smoldering fuel over the entire fire area
and be done with it. On larger fires this may be quite imprac-
tical. It is, however, not only practical but necessary to keep
a patrol on all fires where there remains the slightest possibility
of its escape.

Patrol duty should be very precisely delineated by the Fire
Boss so that careless instructions cannot be used as an excuse
for careless patrol. Patrolmen left on a fire line should know
just where their respective areas of responsibility lie, when,
where and how they should make contact with other patrolmen
or some designated source of assistance, and when they shall be
relieved.

The Fire Boss or a responsible line officer should travel (pref-
erably walk) over all of the line with the patrolmen to be cer-
tain that all hazards are pointed out and all pertinent questions
and information transmitted between them. It would be well
if no misunderstanding is allowed to exist over what particular
tool the patrolman shall carry with him at all times and where
most of his time shall be spent.

The Fire Boss, or someone with adequate authority, must
make as many inspections of the fire line as are needed to guar-
antee its safety and eventually the withdrawal of patrol.

When that time comes and the fire area is abandoned the
inspector should satisfy himself that fuel inside and near the
line is burned away or completely out, that the line itself is
still capable of stopping a ground fire, that unburned islands are
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not likely to flare up, that no spot fire across the line is possibly
smoldering. '

A frequent or periodic recheck of the fire should be carried
on until there is every assurance that the fire is dead out. Often
this inspection can be made from the air as the time increases
since mop-up crews were removed. But this should not replace
on the ground inspections for as long as they may be required.
A new technique to aid mop-up crews in locating hot spots
(both inside and outside the line) is on the horizon. An air-
borne infra-red device sensitive to heat sources can promptly
detect hot materials which might prove to be a threat to the
line. Such inspection can be carried out with greater confidence
that something is not being overlooked. The equipment and its
use for mop-up and fire mapping is described in a following
chapter.




'CHAPTER NINE
Tools for the Fire Manager

i

rI:IE METHODS used to accomplish any job may be said to de—
pend upon three things, the requirements of the job, the tools
available to get the job done, and the ability and knowledge
required to bring the first two together in the job performance.
At the present day, the Fire Boss will more than likely have
available for first attack action a considerable striking force of
trained man and specialized tools in considerable depth. On the
other hand, he may have to accomplish some very difficult tasks
with men and tools of a number and quahty ‘well bclow his
desires.

The word ool has often been used in this writing in a very,
broad sense. Perhaps’ fac1hty or function would have been bet-
ter words to describe units of power or action available to the

[o7]
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fire manager to accomplish his fire control task from beginning
to end. The object has been, of course, to segregate and discuss
these separate “function-tools” so that every potential Fire Boss
would think about them as separate striking forces.

But few of these tools, or units of power, are complete and
self-sufficient in themselves. This becomes more certain as the
size or complexity of a fire increases. Therefore, any full dis-
cussion of tool units must consider how such a unit must be used
in conjunction with other tools on the fire control project. The
most important function-tools available to the fire manager at
the present day are briefly discussed in the following pages.

Perhaps a word of caution here will prevent some misunder-
standing as the reader considers each tool or facility described.
No single tool is considered so important that all fire control
work must cease until the fire manager has it in his possession.
Probably many executives will not be convinced that funds must
be immediately provided to acquire all of these implements just
because they are described here. Nor is one tool to be considered
more important than another just because more words were used
in discussing it. Possibly there was more to be said about that

particular item. The intention is to enumerate and generally de-

scribe the use of the various tools.

Water in itself may not qualify as a tool in the meaning ap-
plied to that word here. Nevertheless, it is the element without
which several of the most valuable fire control tools would be
useless.

Water is by far the most usable substance available for break-
ing the fire triangle. In specialized cases use is made of chemicals
that have qualities superior to water. Some resist the conduction
of electricity. Others might be said to form a persistent gaseous
blanket for the exclusion of oxygen. There is nothing mysterious
about fire extinguishing gases and all of them are relatively
expensive. : /

Water is generally available, but under most conditions in
the mountains of California it will have to be carried many
yards or miles to the fire. Therefore, economy and efficiency in
the use of water is a matter of prime importance to the fire
manager. - o '

The reason for the effectiveness of water in fire suppression
was discussed under Fuel Moisture. It will absorb tremendous
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quantities of heat and it will displace oxygen in the air When
it is sprayed out as a fog.

Before mechanical pump-tank devices were developed for
the triple purpose of storing, transporting and projecting water
its use on fires was crudely handled. Structural firemen had their
bucket brigade which simply made use of human hands to
transport water instead of human legs.

From the great plains came stories of how pralne ﬁres were
quenched by two horsemen dragging a fresh steer’s hide be-
tween them along the fire’s edge. In California the wet sack
was without doubt the first water tool used to suppress fires.
In low fuel which was neither heavy nor compact a couple of
sturdy sack flailers could discourage the flaming fire edge quite
effectively. The sack was swung downward toward the burning
area at about a 45 degree angle, striking the flames a sweeping
blow. Any material driven by the force of the blow would be
thrown into the burned area. Some care was required to pre-
vent sparks from being carried back over the line when the
sack was retrieved and lifted for another blow. The action es-
sentially blanketed out oxygen from the flame. It did not suc-
ceed through depositing water for the absorption of heat or
increasing the fuel moisture. A dry sack of proper weight, pli-
ability and heat resistance could have been as effective. The
point is that a wet gunny sack seemed to have those qualities
to the proper degree.

Moving swiftly into the second half of the twentleth century
we find a modern quality in one possible use or treatment of
water that has not yet been developed to a satisfactory economic
stage. That is the entirely practical possibility of making water
30 or 40 percent more effective in its fire suppression potentiali-
ties by the addition of certain chemicals. This results in the
breaking down of molecular cohesion. Loosely speakmg, the
water falls apart and just spreads out until there is no more.
This is “wet water.” Wet water aids the firefighter because of
its habit of dispersing freely over and through other materials.
Sawdust, forest duff, cotton and thatch-like fuels such as bent
grass and grain can be quite easily moistened.

Certain additives called viscosity agents thicken water and
cause it to cling to the fuel surfaces in much thicker layers
than plain water. (See Mop-up). Much less quantity is required
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for handling many situations because of this property since ‘it
will more nearly stay where it is applied.

The use of chemicals which change the combustion process
of fire may one day be practical (logistically) for use in fire-
trucks. As a matter of fact, so-called “light water”, which was
developed principally to attack flammable liquid ﬁres may have
some application to wild fire control.' In the end, use of such

special agents must be made upon a )udgment of cost versus
efficiency. ,

HAND TOOLS

The fire manager will ask hunself after he decides where and
when a fire line or trail must be constructed: “By what process

will the vegetable matter be removed from the soil in the- crea-
tion of the fire line?” *

Regardless of the availability of power driven tools there is
always considerable use for hand. tools along a fire line. They
may be used as an auxiliary to the power tool or they may be
used exclusively along parts of the line ‘where the power ma-
chine cannot operate. Perhaps hand tools may be necessary to
prepare the way for the use of a power tool, as for instance
axes, wedges and saws in the felling, limbing or bucking of
trees ahead of a bulldozer. = <

A hand tool is simply the extension of the human arm, giving
it more length through the handle, more power as a fulcrum

* In all professions a number of technical - t.etms and special meanmgs for old
wi:)rds naturally develop for the reason ihat they are necessary tools in them-
selves

Fire line and fire trail seem to mean the same thmg when they pertain to the
barrier cut around a “‘going” fire. But “on the line” refers to any spot in the
close vicinity of the burn (up to ‘the end of the patrol period) as distinguished
from the fire camp, office, air, or elsewhere. If a pathway is built prior to the
occurrence of a fire for use as a transportation route for men and horses, it is
called a fire trail and never a line. But 2 substanual transportation route for
fire type motor vehicles, built prior to a fire is a truck-trail. However, a road-
way of lesser quality along ridges would ‘probably be called a “motorized fire-
break.” If the roadway is used for general automotive transportation it will
most likely be termed a fire road or fire access road.

However, a genuine. fire bamer, built over strategic topography thhout regard
‘to its value as a transportation route is always a firebreak when it is built prior
to the occurrence of a fire. If it is used during a fire it temporarily becomes
“the line” at that time.

A fuel-break is a continuous broad strip of modlﬁed natural vegetauon created
with the intent that the residual fuel will be more resistant to ignition or will
present less of a heat hazard: to ﬁneﬁghters when it burns. A proper fuel-break
includes a motorized firebreak.
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and lever, and more ruggedness by the addition of metal claws,
teeth, blade or hammer head. But all human hands are not adept
at the manipulation of tools that were created to add power to
human hands. Therefore, the fire manager must consider the
quality of men available to him to construct a “hand line” ‘or
perform other hand tool work. Conversely, the fire manager:
would be wise to be aware of the exact opposite situation among
his firefighters. He may have available some experts in: the use
of certain tools who would be dissatisfied if they were assigned
to use other tools, especially if they did not feel that there was
a justifiable reason. Practically all craftsmen are proud of their
individual skill, as they should be. An expert faller might feel
that he was domg degrading work if he was asked to shovel
while there were snags to be felled.

Aside from developed skill there is also the matter of physical
or what might be called cultural adeptness to use certain tools.
Anyone who has watched Mexican railroad workers.use short-
handled, square-pointed shovels to build fire lines has seen. artists
at work.

Dlsregardmg the skill and morale of the men available to wield
hand tools in the construction of a fire line the fire manager
will have the responsibility for assembling the proper type of
tools. If there is scraping to be done he must cansider the kind
of fuel that is to be removed. Is it light leaves or flash-type fuel
without strong roots? Is it dense, sometimes heavy, or well-
rooted? Will there be deep duff, or rocks? Will it be necessary
to dig trenches—or saw through logs?

For raking light duff and for working in ‘flames the asphalt
rake will be valuable. In a light cover of grass, leaves or litter
the Barron tool (California Fire Tool) is useful because it is
light in weight and sturdy enough to rake, scrape, chop and
spread fire. For similar work of a heavier nature the McLeod
Tool and Kortick are recommended.

In low grass, or following a line scratched by a Barron Tool,
a wire push broom can be used to literally sweep out the flames
along the fire line. If there is trenching to be done and deep duff
to be dragged aside the sturdy U-bolt hoe is valuable.

When roots are to be chopped and general prying and grub-
bing around brush and small trees is necessary the Pulaski and
hazel hoe are desirable hand tools. But if the soil is rocky a
regular mattock will serve better.
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For an all-purpose tool familiar to nearly all men the round
pointed shovel is supreme. It can be used to turn over or carry
soll, carry burning chunks of fuel, throw dirt, scrape, and to a
considerable extent be used to-chop, pry, and beat.

For chopping by experienced men sharp double-bit axes are
necessary. The single-bit axe has more utility since it can be
used to drive or pound stakes and other nonmetallic' objects.
Being more wedge-like the single-bit axe is a better splitting tool
than the double-bit; however, wedges and sledges should be
available when heavy splitting work is to be done.
~ For chopping and slashing brush and small limbs the brush
hook and machete are favorite . tools.

Cross-cut saws long enough to accomplish their purpose may
be needed for snag felling or bucking logs. Then there may be
need for such firing instruments as may be popular in that par-
ticular vicinity, including. fusees, power flame throwers, fire
bombs and the Hauck or Orchard torch.

Sufficient drinking water is so important to workers along the
fire line that canteens should be considered a primary -tool in
the calculations of the fire manager.

After a determination is made in regard to what type of hand
tool and how many should be available for use in fire line con-
struction, the fire manager must be- satisfied that his Support
organization will deliver the tools, keep them sharp and other-
wise effective, recover as many as possible and return them to
proper storage. :

POWER TOOLS

The extent of power tool use in fire line construction will be
governed by the availability of the machine and the practica-
bility of its use over the terrain. Certainly, there is no reason
why the fire manager should not take advantage of every type
of power driven machine that can be put into operation.

The foremost by far in his thoughts will be the machine cre-
ated to accomplish precisely the type of work required—the
bulldozer. But there are others that may have been developed, or
are in process of development, essentially for fire line construc-
tion. These would be heavy plows or drags or brush mowers
with hoggers attached to chew up the woody material. As a
matter of fact, if a tractor is avallable without a bulldozer blade
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it could serve to mash down fuel or better still, pull out a great
deal of brushy vegetation by hauling a heavy drag.

Road scrapers or graders could be used very effectively for
line construction where they can be manipulated.

In an area of many snags and logs the fire manager may have
use for portable power saws. There, too, when bulldozers are
busy elsewhere he may press his heavy automotive equipment
into use if it is adaptable to supplying the power for block and
tackle moving jobs.

CREWS

The value of a crew over an individual in any type of human
endeavor is that a single integrated unit is created which will
have more force or effect than the total of its individual .parts,
provided the crew unit is properly organized and operated. This
added force is developed by teamwork which derives the best
from the weak as well as the strong through a complementary
division of both labor and resting time. In addition to this, team
morale is generally considerably higher than that of a lone in-
dividual engaged in such hazardous and exhaustive work as fire
‘control sometimes is.

It was not an easy matter to assemble the first “sit-tight” forest
firefighting crews (as they were then called) about the year
1930 for the reason that money going out for wages between
fires was just too much for the harried fiscal experts in govern-
ment to tolerate. And they were indeed harried as the Great
Depression began to bear upon them. But, paradoxically, the
incendiarism born of hunger and desperation among the drift-
ing people seeking any type of work (or even a fire camp where
food could be begged) gave the first impetus to the creation of
permanent fire crews in California. At least it caused money
to be provided for firefighting and conservation work crews.
The good reasons for the creation of regular crews which go
unquestioned now had long been expressed by the foresters.
Crews rather than pick-up or impressed labor for firefighting
can be justified for the following reasons:

(a) Regular crews have no incentive to start a fire or prolong
its life.

(b) Pride in then‘ achievement as a crew is equal to the en-
thusiasm of local citizens protecting local property.
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(c) Regular crews are assembled and ready for immediate
action. Potential property loss in the fires that could have be-
come large no doubt equals the cost of crews.

(d) Training and experience keeps fires small and reduces
chance of injury to firefighters.

(e) Crews respect authority and work within an organization
scheme.

(f) The crew unit is more easﬂy worked, superv1sed and
cared for.

(g) Trained and able men in the crew unit can be used as
a nucleus for necessary build-up in emergency, or for specialist’s
jobs. (Many have advanced:into. admmlstratlve posmons after
valuable crew experience.) - ‘

It might be said that ﬁve types of crews may be available to
the fire manager. Each will have certain characteristics which
should be respected, not only during their work shifts but
throughout their stay on the fire. The groups are:

(a) Regular Division of Forestry crews.

(b) Wards and inmates from forestry honor camps jointly
operated with the Youth Authority or Department of Correc-
tions.

(c) Military personnel from all branches of the service.

(d) Hired groups by prearrangement; from industry, such as
lumbering, agriculture, public utilities; or selected crews direct
from prisons.

(e) Hired pick-up labor. '

Perhaps there should be included in the above listing those
crews from the several fire protection agencies operated by the
federal government, counties, cities or districts. Such crews
generally appear as a mutual aid gesture in time of emergency
or at borderline fires. They are hardly to be listed as a source
of crew labor. But the understandings between the fire manager
and these crews is an extremely important matter.

The Fire Boss should follow certain rules whenever he may
be working closely with crews on, the line, and he should see
that other line and camp bosses adhere to them if the fire organ-
ization grows larger. For instance:

(a) Try to keep crews intact as working and resting units.
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(b) Know which crews should not be commingled for legal
or good management reasons (example: adult pnsoners and
Youth Authority wards).

(c) Keep special supervisors with their special crews and
do not expect them to be fire line experts (examplm ofﬁcers
with military crews; guards with prison inmates). -

(d) When extra leaders must be provided for specnl crews,
look for men experienced with that group.

(¢) Pass on instructions and criticism to any group er’ person
of the group through their leaders as privately as it can be done
with effect.

(f) Emulate a very successful group leader, the late Napoleon
Bonaparte; see that the stomachs and feet of men on the line are
properly cared for.

(g) Insist upon regular rest schedules because exhaustlon 1S
a cumulative thing. Rotate work loads to aid in providing re-
cuperation of strength for hardest working crews.

(h) Avoid breaking up trained crew groups unless important
jobs are to be filled by them. Able Division of Forestry crews
should be used for hot spotting or as lead crews instead of
manning standby trucks or working as kitchen flunkies, unless
such jobs are actually the most important at the moment.

BACKPUMPS

The backpump (referred to in the statutes as back-pack or
pump-type water extinguisher) could, with conmderablc ]ustxﬁ
cation, be proclaimed the greatest cmgle invention among
control tools. Thousands of them are located throughout the
State in the possession of every type of fire department and on
farms and industrial plants. The success of the device is found
in its effective and economical delivery of water in fog or stream
without the requirement of any power or intelligence beyond
that which a healthy man can provide.

All tools do require some instruction or training in use. Every
American is acquainted with the manner in which most girls
throw a baseball (not including the tomboys by any means).
Foreigners from lands where baseball is not played throw in the
same awkward manner although they may be trained athletes.
The fire manager and line officers should keep this in mind if
they sometime find it necessary to strap a backpump onto vol-
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unteers or pick-up workers who have never been taught how
and where to direct a stream or spray to best advantage.

Backpumps are most effective in two respects. A stream of
water can be directed upon a spot of flaming or smoldering fuel
20 feet away or somewhat more. They are very effective in
dampening fuel at the edge of a fire line when the stream is de-
flected .into a spray. Spray nozzles are commonly used as de-
flectors, but the experienced firefighter finds his thumb or finger
tobe best.

If there is not too much flame at the fire’s edge a backpump
man and one or two follow-up men with tools can do rather
amazmg suppression work. The pump man must understand that
his primary aim is to reduce the heat and speed of the advancing
fire so that the handtool men have less to cope with. In this man-
ner the available water will serve to cover at least three times the
distance as would the same amount of water used to drench the
fire adequately without any follow-up.

- Backpumps are valuable as a tool that can strike a heavy blow
against a spot fire and do it quickly when there is less concern
‘about conserving the water supply. For this reason the Fire Boss
should have backpumps ready for action whenever there is dan-
ger of spot fires, during mop-up and during patrol. Sometimes a
patrolman should walk the line with the equipment, and at some
stages of patrol it may be more reasonable to place backpumps

filled and ready at strategic points along the line.
PUMPER TRUCKS

" The terms firetruck and pumper truck are commonly used

interchangeably. A firetruck used for wildland protection is
an automotive vehicle which carries a supply of water and

pumpmg equipment sufficient to deliver the water effectively
in fire suppressmn work under a wide variety of conditions.
The firetruck is essentially an early attack facility designed to
be worked in conjunction with the crew of firefighters respond-

ing at the same time. “Mother tankers” or pickup trucks with

small pumping units would not be properly called pumpers or
firetrucks.
No record exists as to when the first wheeled vehicle carry-

ng a water pumpmg device was used in forest fire control

work. Probably it was on a horse drawn wagon ot a trailer at-
tached to a conventional automobile of the early 1900’s. The

-
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Division of Forestry used a few locally fabricated devices. in.
the 1920’s. But year 1929 is historic in this respect. During that
summer the first four pumper trucks, designed specifically by
forest fire experts, were constructed at the State Highway Shop
and sent into the field. They were a magnificent contribution
for the use of fire managers throughout the State that summer
and during their long life.

The modern pumper truck has capabilities far beyond thosev
vehicles developed prior to World War II. This is due to nu-
merous mechanical developments and devices such as four-wheel
drive, the automatic transmission, limited slip dlﬁerentlal, ﬁxez
hose specially designed to withstand high working pressures,
specially engineered pumps and similar devices. This, of course,
means that water as a weapon of fire suppression can be. de~
livered in places and under conditions which would have been
impossible in years past. It also means that the relative impor-
tance of the firetruck as a tool on the fircline has been greadv
enhanced.

Paradoxically, this points up potential weaknesses in the use. of
the firetrucks which should be kept in mind by the fire manager.
It is possible that the men normally working with a truck waill
not be used to best advantage if a situation should arise when
the truck cannot be used through lack of access to the fireline,;
or some other reason. In such cases, the fact should not be.
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overlooked that pumper crews are well trained in fire control
techniques and can be used as a special hand crew. They can
be particularly effective as a hot spotting crew working ahead
of a larger line building crew.

The fire manager may fail in a directly opposite manner by
not taking utmost advantage of the firetruck under some condi-
tions. For example, it is possible that he could make a longer
than usual hose lay to a location of urgent need or he might
fail to tap some available water supply through the use of an
ejector which permits the lifting of water beyond the theoretical
draft limitations. ,

Water carrying pumpers have come to be so basic a part of
the protection force built up in preparation for the outbreak of
a fire that “crew” and “truck” have become practically synony-
mous in the minds of fire control people. The firetruck has be-
come a somewhat makeshift home and transporter of necessary
property. Hand tools, drinking water and food, medical sup-
plies, sleeping gear, lighting and ‘communication equipment are
brought to the scene of the fire. No wonder the crew and the
truck have become an integrated unit.

Since its earliest development there has been continueus and
healthy controversy over a desirable balance of water load, num-
ber of crewman passengers, amount of hand tools and hose to be
transported upon the firetruck. No doubt variable conditions
of fuel and topography coupled with the progressive develop-
ment of mechanical equipment will prevent the absolute stand-
ardization of any firetruck. Valuable improvements remain
standard only as long as they produce superior results.

The Fire Boss should never forget that there is a different
limit or quality of performance to be obtained from each of
the different types of pumper truck available for his use. More
important, he should remember that there is a distinction be-
" tween the men on the truck and the vehicle itself. The men
have an earlier physical and mental limit of endurance which
tends to reduce the working efficiency of both men and ma-
chine, and at the same time creates a considerable accident
hazard for