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The essence of this publication is change. Fire Detection, like so many
other activities today, requires a heads up, forwai d looking attitude by
resource managers. This is not optional, we have no alternative.

Business as usual is not the pattern of today or tomorrow. Someone
has said that "the advancing waves of other people's progress sweep over
the unchanging man and wash him out." Agencies and men who take their
stewardship of the forests and related resources seriously cannot let that
happen to them.

Issued

Edward P. Cliff
Chief, Forest Service

For sale by the Superintendent of Documents, U.S. Government Printing Office, \Aashington, D.C. 20402 - Price 35 cents
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FOREWORD

Forest fire detection techniques in the United States are changing
rapidly. State and Federal agencies responsible for forest fire protection
are studying and adopting new methods and are analyzing historical data
on fire detection accomplishments and costs in light of changing conditions
and values of the forest.

Aircraft are being more widely used for fire detection than ever before.
This trend will continue as aircraft and airborne equipment developed
specifically for fire detection come into use. On the other hand, fixed
detection networkssuch as lookout towersare becoming less widely
used as an exclusive detection system. They are proving to be increasingly
expensive to operate and maintain because of higher costs of labor,
materials, training, and administration.

The use of airborne remote sensing devices signals the first promising
new operational concept in locating fires since air patrol was introduced
around 1920. This new capability has great significance because, for the
first time, agencies charged with fire detection are able to overcome many
problems, including the increasing amounts of atmospheric impurities
which have made detection much more difficult in many areas. New
equipment and techniques permit the detection and surveillance of fires
despite darkness, clouds, smoke, or other factors that limit visibility by
conventional means.

This publication is intended to assist fire-control officers and planners
in their efforts to obtain maximum efficiency at the least cost in their
protection programs.

E. M. Bacon,
Deputy Chief,

State and Private Forestry.
Forest Service
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The first forest fire detection in America was
carried on by the Indians and the colonial set-
tlers. Their motivation was self-preservation
rather than fire control. They had to know where
the fires were, and the direction they were
headed, so they could back-fire or plan to move
out of the path of the fire. There were frequent
threats to life and property from wildfire, and
the sentiment among the early settlers was
favorable to forest protection.

In Massachusetts, early laws provided for the
care and protection of forests adjacent to com-
munities. In New Jersey, laws against forest
fires were also written early. Respect for forests
acquired by their ancestors in England carried
over to the protection of the forests in America.
However, this attitude was short-lived. A grow-
ing realization of the vast forest resources at
their command, together with the bitter struggle
of the frontier farmer against the forest for his
livelihood, eventually eliminated all desire to
protect the forests. This feeling, brought about
by the battle against the forest for livelihood,
began to take a dominant place in the minds of
the people and to create a mental attitude which
was responsible for much of the forest destruc-
tion which continued undiminished for many
years.

In 1899, Gifford Pinchot wrote The Progress
of Forestry in the United States in the U.S. De-
partment of Agriculture Yearbook. He made
this statement on the forest protection of that
day:

Practical forestry has not yet been introduced on any
State forest land and even New York, which owns about
1,250,000 acres in the Adirondack and Catskill Moun-
tains, has not yet progressed beyond the stage of simple
protection.

FOREST FIRE DETECTION

By Eliot W. Zimmerman

Division of Cooperative Forest Fire Control

CHAPTER I

THE HISTORY OF FIRE DETECTION IN THE UNITED STATES

About the turn of the century there was some
recognition that a successful forestry program
would be dependent upon adequate protection
from fire. Fire protection was then carried out
on a very limited basis and was, for the most
part, fully the responsibility of the individual
property owner. The most common method of
detection and control during this period was
through an organized fire patrol. (See figs. 1, 2,
3, 4, 5, and 7.)

In the year 1900, some lumber companies be-
gan patrol operations which consisted, pri-
marily, of men following every train during the
dry season to extinguish fires that might be set
by the locomotive. Other companies hired what
they referred to as "rangers" during the dry
seasons to patrol the forests, watch campers,
and in case of fires, suppress them at once.

Figure 1.Forest patrolman locating forest fire from lookout point.
Montana, 1909.

F. 50299



This system is well illustrated by a statement
made by a lumberman in Forest County, Pa.:

In dry times, we patrol especially exposed areas. In
spring and autumn during dry weather our woodsmen
all have orders, no matter what they are doing, when-
ever they see a smoke arise, to go to it and put out the
fire. It is usually done by back-firing entirely around and
watching it until we are sure the fire is out. By this
means we have kept serious fires from our timber when
we are working. It costs us a few hundred to a thousand
dollars annually. Usually successful, but not always.

During the period of 1900 through 1910, a few
States were making some effort to protect the
State and privately owned forest lands from fire.
At this time, the state forestry organizations
were very poorly financed and, as a consequence,
were largely ineffective. New York and Pennsyl-
vania were leaders in the State forestry pro-
gram. Although 25 States had forestry organi-
zations of some kind in 1911, their functions
were mainly to gather information and give ad-
vice to private woodland owners. Financial sup-
port was meager and progress extremely slow.
Only 16 States had forest fire protection organi-
zations which were headed by either a State
forester or a chief fire warden.

The total area of State and private forest
lands then being given some measure of protec-
tion was estimated at about 60 million acres.
However, the "protection" given to these forest
lands was superficial indeed. The measures
taken at that time would not be considered today
to be protection in any sense of the word.

During this first decade of the 20th century,
the best forest fire protection job on an exten-
sive scale was being performed by a few private
protection associations, mainly in the North-
western States. There, some of the larger timber
landowners had pooled their individual fire-
control activities and had organized so-called
protective associations to carry on fire patrol
and firefighting for all of their members. Each
member paid his share of the cost according to
the acreage he owned.

At about this time, several smaller private
protective associations were being organized in
the Northeastern States, but, in general, they
only collected assessments from their members
and turned the funds over to the State forestry
department which handled the protection work.
The New Hampshire Timberland Owners Asso-
ciation formed in 1910 is believed to be the first
association in the East which followed the West-

2

F-18264A

Figure 2.Maxwell runabout on fire patrol in California, 1913.

em pattern of maintaining a protection organi-
zation directly.

The disastrous 1910 forest fires in the North-
western States, especially in north Idaho, stim-
ulated the organization of additional private
protection associations and also strengthened
those which had been recently organized.
Among them were the Northern Montana Asso-

F-18263
Figure 3.Ranger in 20 horsepower Ford roadster fitted with

flanged wheels, California, 1913.



F-176440 F-27290\

Figure 4.Fire patrol guard on "leg-power' speeder, North Figure 5.Lookout spotting a forest fire from Satula Mountain,
Carolina, 1923. NC., 1916.

Figure 6.Combination living quarters and fire observatory at Hunter Peak, Wyo., 1918.
F-42459,
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Courtesy of Massachusetts Div. of Forests and Parks
Figure 7.Mossczchusetts Forest Fire Service Patrol and Fire Suppression Unit, 1922.

ciation and six associations in western Oregon.
In Georgia, as in the far West, organized fire

control was initiated by a number of private
protective associations. They started in about
1924 but the effort was greatly stimulated in
1933 in order to qualify for the Civilian Conser-
vation Corps camps and for the protective bene-
fits from the CCC program.

Federal cooperation with the States in pro-
tecting forest lands from fire originated with
the act of March 1, 1911, commonly known as
the Weeks law. This law inaugurated a new and
then untried national policy of cooperation with
the States to control forest fires. The Federal
Government had been protecting Federal for-
ests, but about 80 percent of all forest land in
the country was privately owned and was almost
wholly unprotected. The major forest fire prob-
lem of the day centered in these areas.

Upon passage of the Weeks law, 11 of the 16
States then having forest fire protection pro-
grams promptly entered into agreements with
the Federal Government to cooperate in the For-
est Fire Control Program (table 1). The States
which joined the program during the first year
were: Connecticut, Maine, Maryland, Massa-
chusetts, Minnesota, New Hampshire, New
Jersey, New York, Oregon, Vermont, and Wis-
consin. Each year thereafter, under the Weeks
law, one or more new States were added to the
list of cooperators, except in the years 1917
and 1923. In the last year of the Weeks law pro-
gram (1925), the Federal Government was co-
operating with 29 States which were protecting
about 178 million acres.

TABLE 1.States cooperating with the Federal
Government in forest fire control by years

Total Number
Year of States Cooperating States
1911 11 Connecticut, Maine, Maryland, Massa-

chusetts, Minnesota, New Hampshire,
New Jersey, New York, Oregon, Ver-
mont, Wisconsin.

1912 12 Washington.
1913 17 Idaho, Kentucky, Montana, South Da-

kota, West Virginia.
1914 18 Michigan.
1915 20 North Carolina, Virginia.

1916 21 Texas.
1918 23 Louisiana, Rhode Island.
1919 24 California.
1920 24 Pennsylvania (Kentucky dropped out).
1921 25 Tennessee.

1922 26 Ohio.
1924 28 Alabama, New Mexico.
1925 29 Kentucky (came back in.)
1926 33 Georgia, Missouri, Mississippi, Okla-

homa.
1927 34 Indiana.
1928 38 Illinois, South Carolina, Florida, Dela-

ware.
1931 40 Nevada and Hawaii.
1932 38 (Illinois and Missouri dropped out.)
1933 39 Arkansas.
1938 41 (Illinois and Missouri came back in.)
1939 42 Colorado.

1941 43 Utah.
1946 44 Iowa.
1955 45 North Dakota.
1958 46 Nebraska.
1959 47 Wyoming.

1960 48 Alaska.
1962 49 Kansas.
1966 50 Arizona.



During the first 10 years under the Weeks
law, the Federal funds were limited to detection
only, to employ lookout observers and patrol-
men. As the State fire-control operation ex-
panded, it became apparent to both the Forest
Service and the States that it would be necessary

Starting about 1900, the use of fixed lookout
points originated and expanded The earliest
fixed-point lookouts were simply a platform
mounted in a tree with slats nailed to the tree to
facilitate climbing to the platform (fig 8) This
was followed by simple structures located on
prominent peaks in the West and crude tree
towers in the Eastern States Initially these
fixed lookout stations were used primarily by
patrolmen as observation points on their routes,
and were gradually converted into permanent
lookout stations with telephone connections to
the dispatcher's headquarters. The early lookout
stations were usually constructed with locally
available timber (fig 9) The steel tower later
came into use and, due to reasons of cost, sim-
plicity of erection, and durability, has for the
most part replaced all other types of towers On
many lookout sites where observation is not ob-
scured by surrounding forest or terrain, the
lookout is built on the ground, it may be two-
storied with the lower portion used either for
living quarters or storage (figs 6 and 10)

The number of lookout towers used by the
State Forestry Departments and the National
Forests increased steadily until 1953 when they
reached a peak of 5,060 towers Since that time,
there has been a steady decrease The most re-
cent count in 1967 indicates a decrease of about
30 percent since the peak year. Conversely, the
number of aircraft used by the States has rap-
idly increased. In 1945 there were only four
State-owned aircraft used for fire protection in
the United States. In 1967 there were over 200

The Evolution of the Lookout Tower

for the Federal Government to share in the com-
plete State fire-control program. Accordingly,
the policy was changed and each cooperating
State was given a specific Federal allotment
which it could use, on a reimbursement basis, for
any legitimate fire protection obligation.

State-owned aircraftone of the largest non-
military air fleets in the world. An equal or
larger number of privately owned aircraft are
hired for aerial observation under contract.

F-158847

Figure 8.Sisters Lookout Tower, Oreg., 1921.
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Figure 9.First "lady lookout in the Olympics, Wash., 1920.

Figure 10.Little Bald Mountain Lookout, Wash., 1937.



The History of Aircraft

The early use of aircraft for patrol is an inter-
esting story. There are many who claimed to
have first used aircraft for fire detection, but
certainly one of the first uses was just after the
end of World War I, when the U.S. D.A. Forest
Service and the U.S. Army Air Corps combined
their efforts to establish an aerial fire patrol in
California in 1919. This civilian-military fire
patrol was soon extended to include parts of
Washington, Oregon, Idaho, and Montana (fig.
11). In 1925, the Forest Service organized a fire
patrol flying out of Spokane, Wash. The initial
uses of aircraft were purely supplemental to the
lookout and ground patrol detection systems
(fig. 12).

In each of the States a period of similar evolu-
tion in the wildland fire detection program has
taken place. For understandable reasons, the
type of detection varies considerably from State
to State. In a few States, such as Michigan, and
in some National Forests, such as the Superior
National Forest in Minnesota, there has been
an almost complete conversion to air-ground
detection. In other States where conditions of

Figure 12.The gondola of a pony blimp, ready for takeoff on fire patrol, California, 1921.

Use for Fire Detection

F-46265B

Figure 11.Forest patrol airplane, Olympic Air Patrol, Washington,
1921.

accessibility, fire risk, and fire hazard are differ-
ent, the change has not been as rapid. When we
consider all States, however, there is a definite
trend toward the increased use of aircraft for
detection. This trend does not necessarily indi-
cate a complete conversion to aircraft from
lookout stations, however.

F-156937



CURRENT TRENDS IN FOREST FIRE DETECTION

With the development of highly efficient ra-
dios and modern aircraft, the overall forest fire
detection dimension has changed considerably.
Telephone lines from lookout towers to ranger
stations are rapidly being dismantled to save
the high maintenance cost involved. Many units
have completely converted to radio communica-
tion and have developed a network which ties

Modern aircraft offers an effective means of
fire detection. Fire control personnel frequently
indulge in heated arguments relative to air pa-
trol versus ground detection. The uses of air-
craft are primarily: (1) Detection of hitherto
unreported smokes, (2) checking of such
smokes, and (3) reconnaissance of going fires.
Use of aircraft for reconnaissance has proved
to be very effective. Aircraft are invaluable in
checking smokes, in sizing up control problems,
and in providing data to dispatchers. In some
cases, aircraft are used in directing ground
attack action. There is also considerable evi-
dence that aerial reconnaissance is a deterrent
to incendiarism.

Aircraft as a primary detector has been most
successful in the detection of lightning fires
which, in the United States, are most prevalent
in the mountainous areas of the West.

During periods of low fire danger, the time
tolerance is fairly long and operation of a tower

Within the limits of visibility, the width of
the strip of forest lands seen and the proportion
of total territory seen increase with the altitude
of the aircraft. This is particularly true in a
steep terrain. The feasible detection limits of in-
creasing altitude, in addition to visibility itself,
is the total area an observer can effectively view
and the angle from which smokes are most
visible.

8

CHAPTER II

The Advancement of Aerial Detecton

Some Considerations of Aerial Detection

into commercial telephone communications. Re-
cent studies of fire lookout effectiveness have
resulted in the discontinuation of tower-
manning at many stations. Frequently this has
resulted in vandalism at lookout towers and
service buildings and residences. This in turn
has brought about the dismantling of lookout
stations entirely at many points.

system very expensive in relation to the likeli-
hood of detecting wildfire. A few patrol flights
may serve the needs in such situations.

In Canada, there are vast areas of relatively
low-value lands which must be protected. Here
is an example of where a fixed point detection
system is both difficult and exceedingly expen-
sive to install and operate. Fire occurrence is rel-
atively low and acceptable discovery tolerance
is fairly long in most cases. Under such condi-
tions, the Canadians have found the use of air-
craft for p r i m a r y detection to be most
economical.

Conversely, in many southern areas, aircraft
have been correspondingly less successful and
the economic advantage is less in relation to a
fixed-point ground detection. This is true
where discovery time tolerances are short, val-
ues-at-risk are high, man-caused fires predomi-
nate, and ground-detection systems are econom-
ical to operate.

It is true that aircraft detection has a short
observation time for any particular spot and it
is also true that there is a definite limit as to how
much area a man can effectively scan in the brief
time available. The observer must keep in mind
that the angle of the view is important. In gen-
eral, smokes are more easily seen in profile than
at an oblique angle. The higher the plane, the
more nearly the observer is looking directly



F- II

Figure 1 5.Modd 47 G-2 helicopter in talceoff from helispot.
Idaho, 1958

OO72
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Figure 13.Lookout tower on Superior National Forest, 1940. Tower no longer manned. Only three lookout stations are now manned on
the forest.

F-446GO

Figure 14.Composite photo-radio communication between ground
and blimp for fire control. California, 1943.



down on the smoke column, and the less of it
he sees. In the case of small fires, this can make
a significant difference in detection.

For the most part, patrol aircraft fly rela-
tively low. The most common elevation is be-
tween 1,000 and 2,000 feet above terrain. The
area under observation is generally a strip ex-
tending 5 to 10 miles on both sides of the ob-
server's flight course. The route of patrol flying
conditions and type of terrain will determine, to
a large extent, the elevation in which the air-
craft will fly within the described limitations.

Haze is less of a problem with aircraft than
ground detection because the observer looks
through less of it the more nearly he can look
downward (fig. 17). When haze depth is low, as
in many fairly level areas, aircraft detection
may be effective when visibility from ground

The trend of most fire protection organiza-
tions at this time is toward a combined aerial
and fixed-point detection system (fig. 13). The
most frequent point of discussion here, is
whether the air detection should supplement or
dominate the ground detection (figs. 14 and 15).
Here again, the local situation is the guide to
proper use of both aircraft and fixed-point sta-
tions. The objective is to exploit the strength
and advantages of each to bring about the most
effective forest fire detection possible in any
particular area.

Efficient radio communication is essential to
the successful operation of the air detection unit.
Each patrol plane must be equipped with a suit-
able receiver and transmitter on the same fre-
quency as used by the lookouts, dispatchers,
patrol cars, and smokechasers. It is necessary to
require that contract patrol planes be shielded

10

The Air-Ground Detection System

points is much restricted.
All things considered, fire detection from air-

craft is highly efficient at the time of flight. Of
course, there are exceptions. For reasons unex-
plained, there are occasions where smokes which
apparently are fully visible are unseen by the
observer.

The majority of aircraft used for fire detec-
tion are those which can be operated most eco-
nomically, provide optimum observer visibility
and where payload and speed are not an im-
portant factor. Commonly used aircraft are the
Super Cub, Cessna 180 or 185, the Helio Courier,
the Dornier Do-28, Centaur, Twin Beech,
Beaver, Turbo-Beaver, and the Otter. The more
powerful of these craft are also used for initial
attack or to cool off a fire with water or retard-
ant drops until reinforcements can arrive.

or otherwise made suitable for the radio instal-
lation. Modern high-frequency (FM) sets are
entirely suitable for the necessary two-way
communication.

Radio repeaters are essential to insure com-
munication over large areas. Use of repeaters
eliminates need for ground personnel to monitor
and relay reconnaissance flight messages. With-
out repeaters, 20 miles is considered the maxi-
mum effective distance from the aircraft to
ground contacts.

Training of observers is extremely important
in the air-ground detection system. They need to
be thoroughly indoctrinated in the techniques of
observing and also radio operations. Additional
details on planning and operating the air-
ground detection system are given in Chapter
Iv.



The advantages and disadvantages of the
three major types of detection now being used
in the United States must be considered in the
light of local conditions. Most fire-control ex-
perts agree that the most desirable detection
system in any one area is dependent upon a num-
ber of local variables.

In considering the system to use in any par-
ticular unit, the fire chief, or planner, must take
into account such factors as:

The inaccessibility of the area being
protected.

The topography.
The prevalence of haze or air pollution

Lookout

The principal advantages of the fixed station
are: (1) The full-time coverage including night
detection, (2) detection during periods of ex-
tremely high winds when aircraft are unable to
fly, and (3) more stable and reliable radio com-
munication in some cases.

CHAPTER III

ADVANTAGES AND DISADVANTAGES OF SPECIFIC DETECTION SYSTEMS

BLIND AREA

FIXED DETECTION STATION

Figure 16.BIind areas from fixed detection stations.

which affects visibility at the lower
levels.

The principal causes and locations of
fire.

The prevalence of extremely high winds
during the critical period.

The availability of trained observers and
suitable aircraft for patrol.

The frequency of night fires.
The cost of each detection system.
The availability of accurate and detailed

maps or aerial photographs.
The importance of the other uses of

patrol aircraft for smokechasing and
fire reconnaissance.

Towers

The primary disadvantages are: (1) The
excessive cost of towermanning which has in-
creased substantially in recent years, (2) inade-
quate detection in blind areas (fig. 16), and (3)
the lack of ability to obtain detailed information
on the fire.

4-
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LOOKOUT VIEW OF SMOKE THROUGH 5 MILES OF HAZE

12

HAZE LEVEL

Figure 1 7.Comparative haze problem: fixed detection station and air patrol.

Both these advantages and disadvantages can
be tempered somewhat, however. Although, in
theory, the towerman had full-time detection
coverage, experience has repeatedly shown us
that this is not necessarily true. Smokes which
should have been readily visible to towermen
have been reported by other means. Studies of

Aircraft, in most areas, are efficient and eco-
nomical in the area that can be seen per unit of
time. No fixed-point system can compare with
them on this count. Flexibility is a major advan-
tage of aircraft. Any specific area can be fully
seen; there need not be any consistent blind
spots to aircraft. By varying the route, time, and
elevation, aircraft can be efficient over a wider

Air Patrol

AIR PATROL
VIEW OF SMOKE THROUGH

500 FEET OF HAZE \\

FIRE

fire reporting have indicated that some towers
have been extremely ineffective overall. These
studies reveal that certain towers have not made
a first report on a smoke over a period of years
(figs. 17, 18, and 19).

Towers can be manned at night but, here
again, experience has shown that night man-
ningof towers in many instances is not effective.

range of visibility conditions than ground de-
tection. Aircraft also have the advantage of be-
ing able to circle and thoroughly scout a newly
discovered smoke. In many cases they can pre-
vent false runs by identifying controlled burn-
ing and fires which cannot spread. Fire patrol
aircraft can be of much help in control opera-
tions by directing men along the safest and best



route to use in reaching the fire and also in ad-
vising fire-control crews of the best locations for
line construction and backfiring (fig. 20).

The disadvantage of aerial detection is prin-
cipally the lack of continuous observation. Stud-
ies have shown, however, that observation of
critical areas at least once an hour is feasible in
all but the very high rate-of-spread areas. Ad-
verse flying conditions, suth as extremely high
winds or other atmospheric turbulence, can
sharply limit the use of aircraft. Frequently
these are also periods of extremely high fire
hazard, which is an unfortunate combination of
circumstances. Night flying is not considered
safe enough at low levels to be used extensively
at this time. However, with the increased num-
ber of well-lighted air fields and the growing
possibilities for the use of airborne infrared
systems, air patrol at night is being used more
frequently.

Air-ground detection has the advantages of
both lookout and air patrol systems It also re-
duces the disadvantages of both systems Then
too, it can be varied, dependent upon local condi-
tions In some areas it has been proven feasible
to convert largely to air patrol leaving only a
very few key lookout towers for communication
and continuous observation In other areas, de-
pendence is primarily upon the tower system
with only supplemental support p1 ovided by the
air fleet.

In areas of mixed or adjacent protection ju-
risdiction, air patrol offers mutual advantages
Cooperative arrangements for air patrol are
proving successful throughout the country. All
indications point to future expansion of cooper-
ative detection systems.

Air-ground detection also provides an oppor-
tunity for intensive patrol of exteremely high
value areas Those areas with heavy man-caused
fire risk and "flashy" fuels require more fixed

Air-Ground Detection

F-3S373

Figure 1 8.Radio-equipped lookout tower, Florida Forest Service.

detectors than areas where fires are primarily
lightning-caused in mountainous areas with
comparatively short burning seasons. The look-
out stations also provide weather information,
supplement radio communication networks, and
in some cases, provide smokechasing and ground
patrol coverage.

The air-ground system permits great flexibil-
ity. Air patrol may be expanded or curtailed as
required on short notice. During periods of low
fire danger, flying hours are "banked" for use
when needed.

To a large extent, this system eliminates the
uneconomical manning of isolated towers and
reduces the maintenance costs of towers and
other structures. In recent years, vandalism has
become an increasing problem at isolated tower
locations. These high labor costs and mainte-
nance costs can be reduced by the use of the air-
ground system.

13
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Figure 9.Towerman sighting smoke with alidade; Bake Butte
tower, Arizona.

Figure 20.Beaver fire patrol plane, Superior National Forest,
Minn.



The basic aim in forest fire detection is to spot
smokes promptly enough to permit control while
they are small. Equal discovery time is not neces-
sary for a21 fires. How quickly fires must be
detected is dependent on suppression-force ef-
ficiency, fuels, and fire danger. Report and get-
away elapsed times are usually short and
relatively constant.

Discovery and travel time are consequently
the key variables. Travel time, along with needed
control forces, can be closely estimated once the
location and size of the fire is known. Discovery
of a fire is, in a sense, a creative act subject to
no direct administrative preplanned control. Its
fundamental importance rests on the fact that
no suppression action can be taken until a fire is
seen.

In practice, general detection-time standards
are commonly established on an area basis in
relation to average travel time requirements and
the rate of spread and resistance to control of
major fuel types.

In view of the fact that an area is seldom
fully visible to observers at any given time, and
because of the many human factors involved,
it is extremely difficult to establish minimum
discovery times. Detection of fire is not an exact
science, though many would like to visualize
it as such. It is also necessary to keep in mind
that tolerable discovery time is also a variable,
changing from area to area, season by season,
and day to day. In some cases, to tolerable dis-
covery time may change from hour to hour.

Although detection standards are used as gen-
eral guides, modern detection systems are ba-
sically designed to find the fires as soon as
possible in order to bring about effective sup-
pression action, rather than to meet any fixed
time standard. Commonly, the manning of look-
out towers and the use of aircraft in detection
are founded on taking calculated risks based on
acceptance of probable discovery time (figs. 21
and 22).

CHAPTER IV

PLANNING A DETECTION SYSTEM

Basic Considerations

In addition to fire-control organization per-
sonnel used in detection, many fires are reported
by people outside the control organization.
While few, if any, control organizations rely en-
tirely on voluntary detection by people outside
the control organizations, such sources can be
extremely important. There are many such
sources, for instance, local residents, tourists,
hunters, fishermen and private or commercial
aviators. The effectiveness of volunteer fire re-
porting is mainly a direct consequence of pre-
paratory fire prevention work. Volunteer re-
porting is particularly important during periods
of low visibility when normal sources of detec-
tion are ineffective.

A basic consideration in planning a detection
system is the identification of high risk areas
where fires are most likely to occur or where
dangers are potentially very high. Not all areas
are equally dangerous and the detection problem
is more complex than the need to see all areas
equally.

Three major steps are involved in determina-
tion of these dangerous areas: analysis of risk,
hazard, and value.

F-474427
Figure 21.Zone dispatcher checking map with lady pilot previous

to takeoff for air patrol.
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Figure 22.Lookout dispatcher locating a fire by triangulation, Arizona, 1939.)

Analysis of risk centers on the facts of fire
occurrence as given by past experience. Fire
statistics may be broken down into the following
categories: (1) Cause, (2) time of year, (3)
time of day, (4) size of fire.

These data are tabulated and ordinarily pre-
sented on maps. Various techniques are em-
ployed to use this information most effectively.
This information when recorded upon a map can
be used to determine the high occurrence areas
for both lightning and man-caused fires. Light-
ning follows an entirely different pattern of
occurrence than man-caused fires.

The second step is an analysis of fuel hazards.
This involves appraisal of fuels from the stand-
point of potential rate of spread as well as resist-
ance to and means of control. Areas of extreme
hazard are given special consideration.

The third step is an appraisal of values that
may be damaged by fire. Timber, recreation,
water, wildlife habitat, and other forest values
may be considered as well as property and
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esthetic values. Consideration of these values is
of the utmost importance. A valuable recrea-
tional and summer-home area around a lake
would be given special consideration to insure
close detection coverage. The same might be true
of an experimental forest, or stands of especially
valuable timber, particularly if the risks were
also considered to be high. If an area has an espe-
cially high recreational or watershed value, de-
tection may be intensive if risk and hazard
warrant.

Risk, hazard, and value information is utilized
in determining specific areas of total danger and
in general zoning of forest areas. The complete-
ness of the information utilized, the detail of the
analysis, and the specific procedures used will
vary from State to State. No general formula
can be provided. From a detection standpoint,
the essential fact is that important areas be
identified to the degree that adequate steps can
be taken to detect fires in time to prevent intol-
erable losses.



The northern region of the U.S.D.A. Forest
Service has pioneered in the development of air-
ground detection systems The handbook which
they have developed for air-ground detection is
a handy working tool for any fire detection plan-
ner. Much of the information included in the
following discussion is drawn from the work
done by the northern region and the Northern
Forest Fire Laboratory.

The first step in air-ground detection plan-
ning is to become familiar with all available
maps, charts, seen-area composites, and written
plans. Accurate mapping is the first step in set-
ting up a detection plan for any area. Whenever
possible, topographic base maps should be pro-
vided. If these are not available, reliance must
be placed on the best maps that can be obtained.

Any detection plan must segregate and define
the areas to be covered Early fire planning
treated all areas alike and did not differentiate
between long or short season areas, or areas
which because of value, occurrence, or fuels,
constituted the most important area from a
detection standpoint.

The organization for the combined air-ground
detection unit remains essentially the same as
the fixed-point system that has been most com-
monly used in the past The major difference is

Planning an Air-Ground Detection System

the expanded use of aircraft and the reduction
in the number of lookouts.

Calculation of flying costs for the average
season is done by polling the hours of antici-
pated patrol indicated by costs per hour of flying
time. There is no adequate mechanical means or
formula for calculating the amount of patrol
time required for the different danger classes.
This must be left to experienced judgment, with
consideration given to the amount of coverage
required for detection in accordance with the
need existing at the time.

One advantage of aerial detection is the fact
that it costs little to have the patrol planes avail-
able for early or late season detection when fire
dangers do not usually require fixed detectors or
there are rapid shifts from low danger to high
danger and back to low danger. Substantial sav-
ings may be made by reducing the period of
occupancy of lookouts to a minimum. Planners
should therefore carefully review fire danger
and occurrence records and reappraise the
periods of occupancy for the fixed detector
group.

Despite years of study and research in the
field of detection, we still have much to learn.
The use of modern technology in fire detection
continues to be a challenging field.
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Economic justification of forest fire control
(including detection) is essential because
finances are not unlimited. Cost must be weighed
against benefits received through reduced dam-
age. It is the responsibility of the fire-control
chief to determine and achieve a desirable
balance.

In the early days of forest fire control in the
United States, justification of fire control was
not a problem. Without organized fire control,
intolerable damage from wildfire was inevitable.
Some type of control was obviously needed, and
few people argued against this point.

As fire control has become more effective, and
more costly, the point of diminishing returns is
being approached in some situations. In most
States of the Nation, as well as most Provinces
of Canada, fire-control organizations have be-
come both highly developed and expensive. The
protection goals that were set a quarter of a
century ago have been surpassed and are now
considered inadequate. Forest resource values-
at-risk from fire have increased tremendously.
In general, these values-at-risk have increased
more rapidly than the effectiveness of wildfire
control.

As forest and related resources become more
valuable and more diversified, their manage-
ment also intensifies. Also, as recreation and
other uses of the forest continue their spec-
tacular increases, the ever-present threat of fire
becomes more severe. Fuels build up in volume
as a result of effective fire prevention and con-
trol efforts, to the point that hazards are sub-
stantially increased.

There is, therefore, a need to more closely
examine the present and future protection needs
and costs. Good fiscal management requires
knowledge of costs as a prerequisite to any help-
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CHAPTER V

BUDGETING AND COST FACTORS

ful economic analysis of fire-control needs. The
fire-control officer cannot reasonably expect in-
creased detection and control budgets without a
clear showing of what is being achieved with
present expenditures and what output is antici-
pated from increased funds.

Fire control usually must compete with other
demands for money within a wildiand manage-
ment organization. Fire-control budgets must be
considered along with entomological and patho-
logical protection needs, and various land man-
agement activities such as timber production,
utilization, recreation, wildlife, grazing, and
soil and water conservation. Today, fire has to
plead its case along with the needs of other
resource management activities.

Forest fire detection accounts for a large part
of the year-to-year expenditures in forest fire
control. This is due to the high cost involved in
salaries for lookouts, radio communications net-
works, construction and maintenance of lookout
stations and telephone lines, and purchase or
rental of aircraft. In recent years, there has
been a growing realization that fire detection
costs can be reduced substantially through the
use of modern technology and equipment. As an
example, the expensive and frequently ineffec-
tive telephone line systems connecting lookout
towers and dispatchers are rapidly being dis-
posed of. Radio communication is not only con-
sidered to be more reliable, but it is much less
expensive than the maintenance of many miles
of telephone line.

Many State forest fire divisions and the U.S.
Department of Agriculture, Forest Service, are
reducing their detection costs substantially
through the increased use of patrol aircraft. The
State of Michigan is an example. Before obtain-
ing its first detection aircraft in 1959, Michigan
was manning 150 towers each year. In 1967 this



number had been reduced to 50 by the use of
aircraft.

TABLE 2.Aerial detection cost, Michigan Depart-
ment of Conservation, based on 1965 costs

Towers only
Lookout's salary and expense $4, 000
Tower and road maintenance 100

4, 100
Total for 150 towers $615, 000

Aircraft and towers
Lookout's salary and expense $4, 000
Tower and road maintenance 100

4, 100

Total for 50 towers $205,000
Pilot's salary and ex-

pease $10,750
Total for nine

pilots 96, 750
Airplane maintenance

and operation

Net savings $298, 626

The above table from the State of Michigan
indicates a lookout salary and expense at the
1965 rate of $4,000, which would project to
$600,000 for 150 men. Tower and radio mainte-
nance figured at a nominal $100 average would
add $15,000 to the cost, for a grand total of
$615,000 to operate the conventional tower
system.

The cost of operating nine State-owned air-
planes and 50 towers is considerably less than
the old tower system. A pilot's salary and ex-
pense is approximately $10,750 each for a total
of $96,750. The airplane operational expense for
1965 was $14,624 which included gasoline and
oil, minor repairs, major overhauls, and all other
maintenance costs. There is an additional
amount of $205,000 for lookouts' salaries and
expenses, and tower maintenance. The total cost
of operations was then $316,374. The savings for
the year of 1965 was $298,626. The State of
Michigan expects to be able to further reduce
the number of remaining lookout towers.

Before embarking on a program of aerial de-
tection, it is necessary to consider the initial cost
of aircraft as well as to decide which is the best
type of aircraft to meet the particular needs.
There are many types and models of aircraft in

14, 624 $316, 374

use. Michigan is using four Piper Pawnees,
three Piper Super Cubs, and two T34Bs. The
Pawnee is designed for spraying and crop dust-
ing with no passenger space and an average
cruising speed of 90 miles per hour. The Super
Cub can carry one passenger and has an average
cruising speed of 100 miles per hour. Both of
these planes are capable of flying at extremely
slow speeds and of landing or taking off in very
short distances.

The U.S. Department of Agriculture, Forest
Service, in Michigan now uses contract flying.
In the fiscal year of 1964, on the Huron-Manistee
National Forest, nine towers were in use at a cost
of $17,180. By converting to contracted air de-
tection at a cost of $14,120, a savings of $3,060
was realized. Other savings also were signifi-
cant; such benefits as being able to check the
exact location of smokes, determining the equip-
ment and manpower needs prior to attack, de-
scribing the fire behavior to the fire boss, and
directing firefighters to the fire by the best route.
Records indicate that detection efficiency in-
creased from 54 percent of all fires reported by
towers to 57 percent reported by aircraft. The
per-hour cost of contract flying averaged about
$20 and standby time cost about $8 to $10. There
is very little standby time as the aircraft are
normally in the air according to fire danger
ratings.

A study was conducted in southwest Wash-
ington in 1966. To make a direct comparison be-
tween an air detection system and a conventional
lookout system, the plan followed was to run the
two systems on an operational basis in the same
area with one superimposed over the other. The
fixed detection system was managed in the nor-
mal fashion throughout the districts involved.
An aerial patrol administered independently of
the district was flown over the lookouts. The
two detection systems were on separate radio
frequencies to avoid one taking advantage of
the other's smoke reports. The study area con-
tained about 2.5 million acres gross, approxi-
mately 1 million acres of which is paying for
forest protection. Detection flights were made at
high elevations using Cessna 175 or equal air-
craft. Flight frequency varied from one 2-hour-
flight per day to five 2-hour-flights per day de-
pending on fire weather. The study period ran
6/2 months from April 1 to October 15. Sixteen
lookouts were manned in the study area.
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Cost of test operation (1 year)

Cost/acre $ .0087
Cost/fire detected $98

The Superior National Forest in Minnesota
made a study of the aerial detection on that for-
est over a period of 3 years (1956-58). The
study indicated that detection costs of fixed sta-
tions as compared to air-ground detection are
approximately the same. However, in this study,
building and tower maintenance were not taken
into consideration in the fixed station cost, but
airplane maintenance and repair were included
in aircraft costs.

Advantages of air patrol over fixed stations
were revealed in the study. Briefly, air patrol
was found to be more flexible, required less com-
munication equipment and provided the means
of leading ground crews to fires in isolated areas.
Air patrol made it possible for the observer to
give a more detailed description of the fire to the
dispatcher, prevented many costly false alarms,
provided more satisfactory detection than look-
out towers, and provided fast transportation for
small crews to island fires in the lake area.

In 1965 the Shawnee National Forest in Illi-
nois made a comparison between aerial detec-
tion and tower detection costs. This analysis
revealed that a significant savings could be made
by the use of air patrol. Conversion to aerial
detection brought about an annual savings of
$5,700.

The Shawnee also found that there were other
savings effected by the substitution of aircraft
for towers. The aircraft eliminated the need
for checks of nonreportable fires by ground
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crews. They also found that discovery time was
reduced, resulting in smaller fires and decreased
suppression costs. As in Minnesota, they found
that detection aircraft were able to direct
ground crews to difficult-to-find fires.

TABLE 3.Total number of manned lookout towers
in the United States, 1953-68

National
Year States Forests Total

The Canadian Province of Ontario has made a
number of studies of detection systems. A 1962
study was made to assess the efficiency and eco-
nomics of the existing system and recommend
changes, if warranted. Ontario at one time had
a very sophisticated network of strategically
located fire towers as the backbone of its detec-
tion system. Since first using aircraft for detec-
tion in 1921, the Province has consistently
increased its aerial patrol. There were a number
of reasons for the study. The cost of tower mate-
rials, tower erection, and tower maintenance has
risen sharply in recent years. Some lookout sta-
tions cost more than $10,000 to establish, in-
cluding the cost of steel tower purchase, tower
erection and the living facilities required for the
towerman and his family. Capable men avail-
ale for tower duty have been extremely hard to
obtain in recent years. In some instances Ontario
found it was necessary to leave towers un-
manned because of the labor shortage. In addi-
tion, they experienced steep increases in tower-
man's wages and in the cost of the communica-
tions equipment required for each tower.

Ontario found through its visible-area map-
ping program that a great many towers were
poorly located and that many additional towers
would be needed to fill in the area where no cov-
erage existed at all. The fixed stations system of
detection was found to be inflexible. Air patrol
on the other hand can be fitted to the actual daily
detection requirements.

A most important factor in these considera-
tions is that the effectiveness of the fixed-point
system depends on the capabilities of many tin-
skilled individuals, whereas, with use of air-
craft, two or three skilled pilots and observers
can accomplish the same function.

Lookouts (16):
Salary $18,000
Depreciation 5, 120
Batteries 960
Supply source 720
Mileage 160
Propane 120

Total 25, 080

Cost/acre $.025
Cost/fire detected $720

Air Detection:
Photos $331
Plane rental 6, 987
Insurance 262
Observer time 1, 200

8, 780

1953 3, 230 1, 830 5, 060
1963 3,410 1,250 4,660
1968 2, 730 960 3, 690



Ontario viewed all of these considerations in
terms of costs. ils studies have been aimed at
the question: Can the job of fire detection be
accomplished with the same or greater effective-
ness for equal or less costs using aircraft prin-
cipally as opposed to fixed-point tower lookouts

For example, on the Temagami Division the
costs of detection per square mile were $7.90
for tower detection and $3 59 for air patrol The
costs per acre were $.0123 for towers and $.0056
for air patrol.

Ontario has concluded that aircraft will play
an increasing role in its forest fire detection
Future detection systems will consist of a few
key fixed-point stations combined with regular
air patrols.a completely integrated system.

Helicopters have been used for forest fire de-
tection, but they are generally considered to be

too slow and expensive for general use in air
patrol. Currently, a Bell G4 or Hiller 12E cost
approximately $150 per hour; a Bell 204 costs
$600 per hour; and the Sikorsky S-61 costs at
least $1,200 per hour.

In spite of the high cost of helicopter opera-
tions, the use of this aircraft for detection pur-
poses, combined with other fire control uses,
should not be ignored. California has found that
helicopters serve a valuable purpose in water
drops directly on the fire line.

A dual-purpose helicopter, which would both
detect and make water drops on fires when they
are very small, obviously has possibilities. Fire
research and fire-control equipment develop-
ment personnel are now seeking ways to use the
helicopter more effectively for overall fire-
control purposes.
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CHAPTER VI
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MODERN TECHNOLOGY IN FOREST FIRE DETECTION

An ideal forest fire detection system would
detect fires the instant they start, day or night,
under any condition of visibility. Attainment
of such a system now appears to be well within
the reach of modern space-age technology. The
fire detection system that the fire-control super-
visor dreams about would have these essential
attributes related to the varied kinds of detec-
tion problems:

It would be able to detect and pinpoint
the location of a fire the instant it
started.

It would be as effectively operable in
darkness as in daylight.

Likewise, it would be operable despite
low visibility caused by smoke, fog, or
dense timber cover.

It would be reliable, safe, and inexpen-
sive.

The primary consideration for any fire-
control operation is (1) The size of the fire, and
(2) its potential for causing damage at the time
of initial attack. This depends upon type and
continuity of fuel, rate of spread, and time
elapsed from ignition to initial attack.

Under some circumstances, instant detection
might be desirable, but not critical. The value
of the area under protection would certainly in-
fluence the tolerability of delay; so would
weather and fuel conditions at the point of igni-
tion. If a longer interval between ignition and
detection is tolerable, intermittent surveillance
would be acceptable and an airborne system
could be used. In some cases this delay would not
be tolerable; then a fixed-location continuous
lookout is required. Probably there will always
be need for some fixed lookout stations. How-
ever, in many situations some delay would be
tolerable, and the inherent advantages of in-
termittent surveillance could be exploited.

Hence, the first major question to be answered
in a detection analysis must be: Does the par-
ticular area under study require continuous or
only intermittent surveillance?

A second attribute of an ideal system is equal
operability by day and night. Fires usually
spread more slowly during nighttime hours, and
quite often they could justifiably be ignored until
daylight permitted detection by visible means.
Ability to detect fire during the hours of dark-
ness, however, would permit suppression forces
to attack them at a time when control is much
easier to achieve. Visual systems, such as
manned lookouts, routine aerial patrols, and tel-
evision, require daylight for their operation.
Infrared, microwave, or active optical systems
work satisfactorily in either daylight or dark-
ness, but infrared functions better in darkness.
The question here is: How urgently is a night-
time capability needed?

Another attribute of an ideal system is oper-
ability under any condition of visibility. On
many days during the fire season, the atmos-
phere is clear and smoke can be detected by vari-
ous means. There are, however, many days when
visibility is obscured by smoke and haze; and
these days are frequently the most dangerous.

When there is no smoke haze, no smog, nor
cloud cover, detection of small smoke columns
above a fire is relatively easy (fig. 23). However,
when the atmosphere is cluttered with smog or
smoke, such detection becomes extremely dif
ficult either by the visual system or by other
systems. Thus we see that any attempt to de-
velop systems capable of operating under all
atmospheric conditions is doomed to failure if
it relies upon the detection of smoke. Fortu-
nately, there is great promise in technological
developments. New devices have been developed
which rely upon energy radiated directly from
the fire.

Instant detection cannot always be achieved
from fixed locations. In many cases, fires may
burn for extended periods before enough smoke
rises to permit detection. A detection system
scanning intermittently to detect the primary
heat source may deduct a fire before a continuous
surveillance system could detect a smoke column.



Figure 23.Aerial view of Elk Mountain fire, California.

FIRE DETECTION EXPERIMENTS

DENSE SPRUCE STAND
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Figure 24.A comparison of an aerial photo and an infrared image of the same area.



The manned lookout station depends upon vis-
ual detection of a rising column of smoke above
a fire. If we are limited to using visual systems
either manned, television, or a combination of
bothwe are limited to daylight operation un-
less we provide some active source of illumina-
tion. Optical radars employing lasers for
illumination may usefully supplement manned
lookouts by providing a capability for detecting
small smoke columns at night, and by providing
a very high accuracy in range and air current
for smokes detected during either day or night.

A television system installed at a lookout
tower could do approximately what the human
lookout can do, but it appears to add very little
in terms of capability and does present some
problems of a psychological nature as related
to the viewer of the television screen. Conceiv-
ably, however, in some situations, a lookout
equipped with a television system could reduce
costs enough to be justified.

In situations where delays between ignition
and detection can be tolerated, the detection sys-
tem can be placed in aircraft to obtain a direct
measure of the primary heat source. These are
situations where modern electronic technology
can be best applied. Fires radiate large amounts
of energy in portions of the electromagnetic
spectrum where the human eye has no sensi-
tivity. Both infrared and microwave devices are
sensitive to these portions of the spectrum and
can be applied effectively to detect small fires
both in daytime and at night. Both types of
devices can detect small fires when smoke or
smog makes it impossible to use visual systems.
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The current research in fire detection at the
Northern Forest Fire Laboratory of the Forest
Service under Project Fire Scan has been di-
rected toward implementing airborne infrared
systems. Although microwave radiometry has
the potential for operation under conditions of
complete cloud cover, and infrared does not, the
current state of technology dictates the choice
of infrared in spite of this one major drawback.

Any practical airborne surveillance system
must be capable of covering at least 5 miles to
either side of the aircraft. Coverage is deter-
mined by the altitude and scan angle used. Data
accumulated during recent years indicates that
timber obscuration becomes a limiting factor
beyond 60 degrees from the vertical. Because of
this angular limitation, an operational altitude
of 15,000 ft. above terrain is required to achieve
10 miles coverage. If the frequency of cloud
cover below this altitude is too great, infrared
techniques must be abandoned in favor of
microwave.

The studies conducted by Project Fire Scan
show great promise for improving detection
capabilities where intermittent surveillance can
be tolerated. If continuous surveillance is not
required, then present infrared technology may
achieve a detection capability during both day-
light and nighttime hours and under conditions
where smoke and smog eliminate conventional
techniques (fig. 24). In short, the dreams of
fire control officers may come to pass before
many more years of development and testing are
required.



This bibliography has been prepared to pro-
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ences available dealing with forest fire detec-
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MISSION STATEMENT

As our Nation grows, people expect and need more from theirforests-
more wood; more water, fish and wildlife; more recreation and natural
beauty; more special forest products and forage. The Forest Service of the
U.S. Department of Agriculture helps to fulfill these expectations and
needs through three major activities:
I Conducting forest and range research at over 75 locations ranging from

Puerto Rico to Alaska to Hawaii.
Participating with all State forestry agencies in cooperative programs to
protect, improve, and wisely use our Country's 395 million acres of State,
local, and private forest lands.

I Managing and protecting the 187-million acre National Forest System.
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