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Fig. 1. A forest fire threatening the community at s'ilverado Conyon, California,
was stopped by the 80 foot firebreak seen in the centre of the picture.
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INTRODUCTION

" Seventy-one lives were lost. Sixty-nine mills were
burned. Millions of acres of fine forest of almost incalculable
value were destroyed or badly damaged. Townships were
obliterated in a few minutes. Mills, houses, bridges, tramways,
machinery were burned to the ground ; men, cattle, horses,
sheep were devoured by the fires or asphyxiated by the scorching debilitated air. " 1
This happened in Australia in 1939 and was paralleled in
the same country in 1951. Similar disasters, caused by man or
nature, have been happening in many countries for a long time.
The growth rings of the giant Sequoias of North America date
great fires as far back as the year 245 A. D., and today great
fires are still not unusual, despite the knowledge that now
exists of their behavior and control.
Fire is a frightening element and to be involved in a great
forest fire out of control is an experience that few people would
want to relive. The tragedy of such waste and destruction is
that it is unnecessary. Given understanding, foresight and
determination, forest fires can be kept within bounds.
All countries are not of course faced with an equal potential of forest destruction and human tragedy; some, indeed, are
fortunate enough to have practically no area of risk. But
the fact that great losses have not as yet occurred is no reason for
assuming that they cannot happen. France had never previously
experienced such a disaster as the destruction of the pine forests
of the Landes region in 1949. Yet history shows that the
build-up for great fires goes on in similar countries of low fire
hazard. The Black Forest of Genhany suffered huge fires
about r8oo, and in 1826 forest fires swept over parts of Sweden
and Denmark. For very many countries, therefore, there is
1
Report of the Royal Commission to enquire into "The Causes of and Measures taken to Prevent the Bush Fires of January 1939 and to Protect Life
and Property, and the Measures to be taken to prevent ... future Bush Fires."
Government Printer, Yictoria, Australia, 1939.
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a fire problem, and it is to be hoped that it will not always take
bitter experience to bring about support for preventive action.
But it is not only the great, dramatic fires that are dangerous. Many small fires, perhaps occurring only in certain parts
of the country, can also cut insidiously into that rich natm.·al
resource, the forest. Admittedly such fires sometimes control
the plant succession to man's advantage, as in the teak forests,
where annual ground fires appear to repel invasion by less valuable and less fire resistant evergreens, or in temperate forests
where burning helps to maintain a subclimax of conifers against
encroaching hardwoods. On the other hand, in Africa and
South America bush fires tend gradually to turn enormous
stretches of forest into sterile savannahs. Repeated fires originating from clearing ground for temporary cultivation or for
grazing lead to the partial or even total disappearance of the
woodland and ultimately to the destruction of the vegetal
cover and humus. Only if fires are checked before this
stage is reached can forest vegetation be re-established.
Fires great and small are usually, therefore, the enemies
of the forest. The spectacular crown fires that destroy everything in their path -- man, beast and tree - are a scourge
plainly seen by all. Tlie loss of timber is obvious and so is
the damage to human life and property; the loss of the recreation values of the forest and the destruction of wildlife are also
quite readily perceived. Even in the case of a big fire, however,
the damage to the protective values of the forest are not equally
discernible. vVith smaller fires the effects on production, accessory and protective values, are not obvious for all to see.
Perhaps immediately after a fire it could be noted that young
seedlings and trees of no great height had been killed, but the
partial burning of the butts of trees, the loss of increment, the
reduction in vigor rendering trees more susceptible to insect
and fungus attack, the gradual alteration in the composition
of the forest- stand- all these features would go unobserved.
In short, since so-called light fires appear to do little superficial
damage, they are regarded as unimportant, and are allowed
to happen year after year.
It is fatal to be lulled into such a sense of false security.
Where uncontrolled
fires exist, losses ar.e inevitable ; the quesr
tion is whether the extent and seriousness of the .damage ju:stifies
2

the cost and effort of preventing or suppressing fire outbreaks.
This is a matter for investigation and policy decision in each
individual country.
In many countries the forest fire problem has been -correctly assessed and efficient protection has been organized not only, in fact, for forest areas but for all rural lands. But
there are many countries which have not yet given the problem
the attention it deserves. This study is accordingly addressed
to the technical administrators and their colleagues in such
countries, and to those who must size up the need for protection against forest fires, approve policy, and provide the means.
In other words it aims at helping countries less developed in
this field to plan and organize protection against forest fire using the experience and knowledge of the more advanced countries. 1 It attempts to describe the successive steps which need
to be followed in the formulation of policy, the setting up of
an organization to translate that policy into action, and the
means by which plans can be carried to fulfillm~nt. For many
aspects of the problem greater detail is obviously required and
the works listed in the bibliography should provide information
on how to do various jobs that is purposely omitted from
this text.
It must be stressed at the outset how variable is the problem of establishing effective forest fire control. not merely
from country to country but also within the boundaries of one
country. The means at the disposal of countries through education, equipment and manpower vary widely. These variations are, however, a matter of degree rather than of principle ;
the main problem is usually· finance. Countries will insure
their political survival with military budgets but are loath to
insure their economic survival. However, even if the goal
of fully effective forest fire control is far off, much can
be achieved in the process of striving towards it. A degree
of protection against destruction, tr.e principal cause of which
is fire, is the first necessary step towards proper forest management.

1
This was also the aim of the Forest Fire Control Training Program arranged
for senior officials from 21 countries by the United States Forest Service in I95I,
as a joint project of FAO and the U.S. Economic Co-operation Administration.
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I. Policy at the national level
Among the basic " Principles of Forest Policy " expounded
by the FAO Conference in 1951 occurs the following:
" Each country should (seek) to derive in perpetuity,
for ~he greatest number of its people, the maximum benefits
available from the protective, productive and accessory
values of its forests. This implies.... that protection
should be afforded against damage or destruction by man,
or by such causes as· fire, insects and tree diseases. "
Included in a national forest policy, therefore, should be a
definite expression of the official attitude towards protection
of the forest domain from fire, and this in turn should be
elaborated in an Act or Ordinance in the legislation of the
country 1 .
Such legislation, some of it effective and some largely inoperative, has been enacted in a number of countries. Where
legislation is inoperative, this can usually be traced to the fact
that it does not in reality properly interpret the official forest
policy as regards protection against fire.
It should theref&re be emphasized that the first task in
attacking an admitted fire problem is the formulation of policy
at the national level, and experience has shown that a definite
statement of policy is desirable for the proper guidance and
co-ordination of subsequent actions. At the outset the lack of
a stated policy may not be felt because the enthusiasts responsible for the inauguration of fire control have clear and definite
objectives. But when developing a fire control organization

1

In Australia, for instance, the Forestry Act provides for the control of fire
on dedicated forests and problems of controlling other rural fires are dealt with
under the Bush Fire Act of 1949. The Indian Forest Act provides for protection
against fire only in reserved or protected forest, as also does the Forest Preservation Act in Thailand. In Canada all provinces have legislation which enables
them to carry out those phases of forest protection against fire which they desire
(e.g. The Forest Fires Prevention Act, 1948, of Ontario}. In New Zealand the
Forests Act, 1949, provides for fire prevention and control on state forest land
and the Forest and Rural Fires Act, 1947, covers the whole of the rest of the country.
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with a wide delegation of responsibilities, confusion will be
avoided if a definite policy is laid down. A declaration of
policy at this level must indeed be broad, and it should be so
conceived that it is readily adaptable to modification in thelight of experience and changing conditions.
EFFECT OF FIRE ON FOREST VALUES
Policy should natqrally be founded on a basis of factual
information. It is unlikely, however, that detailed factual information will be easily available in a country wishing to
embark for the first time on a systematic :fire control program,
and therefore the policy makers must interpret from what is
available and from experience elsewhere.
The main guide in the formulation of policy must be the
major purposes of management of the forest land concerned.
Then, in the light of the general fire history of the country,
there are four general criteria that can be applied in determining what policy should be:
r. How much damage does fire cause to the protective
value of the forest ?
z. How much damage does fire cause to present and
potential timber values and to accessory forest
values ?
With what degree of difficulty can forests be reestablished after fire ?
4- Is future protection increased in difficulty after
fo:cest fixes ?
The answers to these questions are not easy and an arbitrary assessment may be all that is possible. Take, for
instance, the estimate of damage to timber values. Artificial
plantations can be valued at the replacement cost, and the
stumpage value of standing timber already assessed presents
no difficulty. But in many countl-ies potentially useful timber has not yet had its value established through sales and it
may be many years before this happens. The relative value
of the species of the crop is not known, and until complete
inventories are made, the quantities of each species occurring
in a stand can only be roughly estimated. The value of
3-
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+--Figure 2. Devastation after a fire near Timber, Oregon.
By courtesy of the U.S. Forest Service.

young growth will be even more speculative, and by the time
consideration is given also to damage to soil and watershed
values, the problem may appear almost insurmountable.
In one series of studies made in the United States 1 the
damaging effects of fire were considered in the following categones:
(a) Timber values. Marketable and young growth, including regeneration ; effect on stand composition ;
insect and disease damage directly resulting from
fire ; deterioration or improvement of the site for
timber growth.
(b) Watershed values. Flood, erosion and sedimentation damage attributable to fire ; reduction in
ground water reserves and in base streamflow.
(c) Wildlife values. Loss of game birds and animals;
the effect on their habitat.
(d) Recreational ·values. Damage to established facilities and the effect on recreational use of forest land.
(e) Grazing values. Effect of fire on range valu~s and use.
(f) Other property values. Loss of or damage to agricultural produce, farm buildings, fences, and other
miscellaneous property.
(g) Socio-economic values. Effect of loss of growing timber on the social and e·conomic pattern of the q,rea.
While this study was not able to provide a general formula
for assessing the various damaging effects of fire, it did illustrate
the problems to be considered and the difficulties involved, even
for such a relatively advanced country as the United States.
After all, how is it possible to place a simple monetary value
on human life ? Lack of information should not, however,
lead to neglect in tackling the problem.
For the country where definite values for standing timber
and young growth are not known, it must be assumed in the
light of the experiences of other countries, that, given protec1

R.B. Craig, B. Frank, G.1\:l. Jemison, G.L. Hayes, and T.F. Marbourg.
Fire losses _an~ justifiable protection. costs. in (a). So.u.thern Piedmont of Virginia,
1945 ; (b) Southwestern coal region of Virginia, 194-6 ; (c) Coastal plain region
of South Carolina, 1946.
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tion and management, timber values will increase and that
species at present of little value are likely to assume greater
importance in the future.
For the other values cited it will suffice to recognize that
they are affected by fire, and the various lands concerned can
be assigned relative importance as having low, medium or high
values.
Not only must the policy makers get forest values in the
right perspective but they must aiso take account of the human
factors which create the fire problem. The great majority of
forest fires are caused by man and are therefore preventable.
Policy makers must face up to the fact that control measures
may run counter to traditional methods of land use, such as
shifting cultivation, and to confirmed popular attitudes and
values attached to the forest.
In one direction, however, the experience of countries
which already have fire control organizations gives a clear indication. No distinction should be made between public and
private lands ; policy should be national and concerned with
the protection from fire of all forest lands. It will frequently
happen that many of the highest quality forested areas will
be privately owned but their loss or damage would severely
affect the community interest. Again, many of the lands adjoining the forest and from which fires originate, will not be
public lands. A single policy will avoid confusion and its
attendant problems.
SCOPE OF PROTECTION NEEDED
If, after consideration of all available data, the policy
makers fee) that an active program of protection against fire
is necessary, the next step is to determine the limit to which
damage by fire must be held and an assessment of the costs
involved. Obviously if the costs for the desirable limit appear
higher than the country can reasonably be expected to bear,
the limits must be lowered.
+---Figure 3. Bush fire in indigenous forest in New Zealand.
By courtesy of the New Zealand Forest Service.
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Complete fire exclusion is, for instance, not generally a
practicable goal because in most instances it would be too
costly. Nevertheless, an objective in fire control has to be
set for each forest land type or region, based on an estimate
of the damage that may permissibly be sustained, annually or
periodically, without radically impairing the forest values as
determined by the predominant purposes of management.
The costs involved also must be assessed broadly at
thiss tage. Reasonably accurate estimates can be made, for instance, of the cost of publicity campaigns or of such recurrent
items as wages and purchase of light equipment and for the
amortization of such major items as housing for personnel,
communication and transport systems., lookout towers, detenctio
instruments ; and, if their use is envisaged, heavy equipment
like trucks and tankers. Roughly speaking, a justifiable total
for yearly costs is the monetary value of the damage experienced plus the actual suppression expenses during an average year.
RESPONSIBILITY FOR PROTECTION FROM FIRE
When the broa·d objectives have been established in the
light of the costs involved, the next step is to decide responsibility. Running a fire control publicity campaign is not very
different from any other public relations activity, but fighting forest fires is a different proposition from dealing with
fires in cities or built-up areas. It demands special organization, methods and techniques for which special training is
required and consequently, insofar as public forests are concerned, the responsibility in all phases should clearly be placed
upon the body charged with the administration of the forest
domain.
However, as already stated, it is to the national advantage that private forests should also receive protection. Many
private owners, communities and companies will protect their
lands of their own volition ; tho£e who do not, may be responsible for the collap~e of an entire protective organization.
The situation may be met in different w~ys but whatever course
Is adopted should receive recognition in law.
10

Three methods have g1ven satisfactory results :
(a) a monetary levy of so much per acre is made and
the funds collected are given to the national or local
authority responsible in law for protecting the forest.
(b) private owners are required by la.w to set up the
organization necessary for a certain minimum standard of protection.
(c)

Co-operation with private protective associations,
for which funds are provided by private contributions, is recognized in law.

It may be added that in some areas of North America
where private owners or companies provide their own protection, the protection so given is often considerably in excess
of the minimum required by law. It is also of interest to note
that in parts of Scandinavia where forest fire insurance by
private compa.nies has been in operation for many years, some
protection is actually organized by the insurance company.
Policy makers should consider the type of situation existing in their own country. If the privately-owned forests 9-re
comparatively small and scattered, so that the owners are not
themselves able to afford adequate protection, the gover?ment
authorities may decide to rnake a levy on these owners. The
same system may be introducerl where there are large private
forests but where records indicate a lack of interest in protection on the part of owners. In either case the responsible
local authority must be capable of o'fganizing the protection
job for which the levy is imposed.
There arises at this stage the question of co-operation.
Policy should direct that the authority responsible for protecting the forest shall co-operate with all other organizations interested in prevention and suppression of fires ; and for this
purpose, depending on the extent ~f the problem, it may be
desirable to appoint special personnel. As a further step toward
co-operation and co-ordination, an overall advisory body, composed of members drawn from the ,various interests concerned,
is worthy of consicieration.
The National Forest Service or its equivalent, as the executive organ normally responsible in fact, will have the duty
11

of giving effect to the official policy adopted and of creating an
appropriate organization. To enable it to do so, the legislature
must enact the necessary laws and provide sustained funds.
STATEMENT OF POLICY
It is appropriate at this point to give an example of the
sort of statement of policy which, in the words used at the
beginning of this chapter, embodies a definite expression of the
official attitude towards protection of the forest domain from
fire. Such a statement of policy might read as follows :

"The Minister of Forests, in co-operation with appropriate
officials of the various other departments of government
or agencies concerned, will recommend for each forest region of the country such systems of forest fire prevention
and suppression as shall serve to protect the productivity
of all forest lands 1 therein, safeguard the forest and water
resources, and ensure the continuous production of timber
on lands dedicated to this purpose. Special consideration
will be given in the recommendations to the protection of
watersheds of navigable streams, and to the protection of
any forested lands or watersheds from which water is
secured for domestic use or irrigation. Parliament will
authorize the expenditure in each fiscal year of amounts
for the .above purposes appropriate to the recommendations of the Minister of Forests when approved. If the
Minister of Forests :finds that the system and practice of
forest :fire prevention and suppression provided by local
authorities or pr.ivate agencies substantially promotes the
objects described above, he will, under such conditions as
he may determine to be fair and equitable in each case
and within the amounts authorized to be expended, cooperate with such authorities or agencies in the protection
of forest lands from fire. ''
1

Forest lands should be defined in the Forest Policy.

12

II. Planning a protection program
Within the broad policy directive, the National Forest
Service or its equivalent must draw up a protection program.
In preparing this there are certain factors which experience
has shown must be taken into account and which are outlined
below.
FACTORS TO TAKE INTO ACCOUNT

Causes of Fire
It is important to know as much as possible of fire causative agencies.
Classifying the number of fires and the acreage burned
according to specific fire causes is probably one of the most
widely kept statistical records in fire history. It is, nevertheless, doubtful if these records are utilized to the fullest extent ; very often they remain as a group of unrelated figures
or are used merely to record the extent of fire destruction.
Moreover, the data are not kept in a uniform fashion in all
countries, nor, for that matter, in different parts of the same
country.
The United States Forest Service uses a classification that
has been developed over many years of striving to obtain a
sound, practical system. It has proved to be satisfactory, and
is presented here as a useful model. The classification may
be illustrated by the following table.
For complete understanding of this classification, descriptions of each category are given as follows :

Lightning - As a cause of fire, this natural phenomenon probably reaches its peak in the Rocky Mountains
of Canada and the United States. In many other parts
of the world, it is of no great importance. Frequently,
lightning storms are accompanied by rain which prevents
the spread of such fire as may have been started. Lightning strikes, however, are often responsible for serious fires;
13

TABLE 1. NUMBER AND PERCENTAGE OF FIRES BY CAUSES
CALIFORNIA REGION - U.S.A. 1943-47
CAUSE

Number

Percentage of total

3 863
3 918

Lightning
Man-caused

276
215
318
1 795
206
179
929

Railroad
Lumbering
Camp fires
Smokers
Debris burning
Incendiary
Miscellaneous

3.5
2.8
4.1
23.1
2.6
2.4
11.9
7 781

ToTAL number of fires

49.6
50.4

100.0

these frequently occur in inaccessible rough country where
suppression is difficult. The time from the commencement of the fire to the commencement of suppression enables the fire to gather almost uncontrollable momentum.
Even if preventive measures are out of the question,
action can be taken to minimize the seriousness of fires
developing from this cause by providing adequate lookout
coverage in strategic areas or by using aircraft for observations at specific times. In the United States, a fast
transit service for suppression forces ha,s been developed
by using aircraft and parachutists, called "smoke-fumpers. "

Railroads (railways) Under this classification are
included not only the fires started by locomotive sparks and
other causes incidental to operating trains but also fires
caused in the course of construction or maintenance of the
right of way.
Lumbering (forest exploitation) Assigned to this
group are fires caused by logging operations and by woodprocessing mills, but not those caused by smokers or slashburning. Fires caused by the activities of persons lawfully engaged in gathering or processing forest products
other than wood are also included (e. g. resin-tapping).
14

Camp fires - Includes forest fires originating from fires
built for cooking, warmth or light by persons not engaged
in lu:r;nbering or railroad duties. The incidence of such
fires is normally along travel routes and hence outbreaks
can usually be detected and suppressed while still small.
Smokers - Forest fires traced to any burning material
discarded by smokers. This is a major cause of fires in
the United States, Canada, European countries, Australia
and Russia.
Debris burning (dearing) - Includes forest fires which
originate from fires set for clearing land for any purpose,
including cultivation or pastoral purposes, from burningoff operations, or the disposal of slash and rubbish, without intent on the part of the burner to have such fires
spread to lands not intended to be burned. During the
5 year period from 1946 to 1950, this cause was responsible
for 17 percent of the fires reported on protected forest
and watershed lands in the United States ; in the Australian state of New South Wales, 77 percent of the forest
fires occurring in 1944-45 were attributed to this cause,
and throughout the tropics this is of course a major cause
of forest fires.
Incendiary -Forest :fires which within a reasonable degree of certainty were deliberately set to cause damage or
mischief. Persons setting fires maliciously generally want
to do as much damage and cause as much trouble as possible and, therefore, choose a period when fires will spread
rapidly. Fires in this group are at times purposely set
by persons to gain employment during the suppression of
the fire.
Miscellaneous - Forest fires which cannot be satisfactorily placed in one or other of the above classifications.
For example, a fire started by a crashed aircraft or burning automobile would be classified in this group. In
Brazil a number of such fires are apparently caused by
fire-balloons " released as part of the celebrations on
St. John and St. Peter's Day.
lt

The classification " unknown " should prefera?Iy not be
used, otherwise there IS a natural tendency on the part of
15

observers to lump into this classification many fires of which
the cause is doubtful or difficult to determine. Additional
effort often uncovers the actual cause of many fires beyond
reasonable doubt, and those which cannot be definitely placed
in one of the categories can be assigned to the most probable cause.
A generally acceptable classification, such as this, is required for analytical purposes. A precise evaluation of fire problems and decisions on methods of solution can only be satisfactorily made when standardized statistical records are available. What most countries want to know is how fires can be
prevented from starting, and how, once started, they can be
detected and put out while still small. But unless the causes
of the prevalent kinds of fire are known, action to prevent similarly caused fires is not possible, and the experience of other
countries cannot be drawn upon unless it is expressed in comparable terms.
To show further how planners can use fire records, let us
examine Table 2 which gives some French fire statistics.
These statistics from France are particularly interesting
on two counts ; firstly, of r,o96 fires recorded, 902 are classed
as starting from an unknown cause. Thus, for 82 percent of
the fires starting, the kind of prevention methods that might
have been appropriate cannot be determined. Secondly, after
seven years of relatively few fires (r928-r934) the position
deteriorated badly.
The explanation of the increase· in fires from 1935-49 has
been given by the French forest authorities as follows.
The years I929 to I934 were a period of great economic
crisis during which forest owners were not able to clear the
forest under-brush or remove brush from the roadsides. As
the economic situation 1mproved from 1935 to the end of 1939,
the proprietors could not be persuaded to recommence cleaning <:>perations, because no bad fires had occurred in the meantime, so the fire hazard steadily increased. During the war
years from 1939 to 1945, any hope of re-instituting the necessary cleaning operations completely vanished. Added to the
increased hazard within the forest was the fact that the population in the rural areas had steadily decreased after 1930
and there was consequently insufficient man-power for fire16

TABLE

2.

1922-1949

FoREST FIRES IN THE LANDES, FRANCE -

Causes
No. of
Area
fires
burned
per year
per
year
Ha.

Year

1922 ........
1923 ........
1924 .......
1925 ...... '.
1926. '.' .. '.
1927. '' ''
1928.' . . . . .
1929 ... '. '.'
1930 .. ''
1931. . ...
1932 .... ' ...
1933.' ' .....
1934 ... '.' ..
1935 ... '' .. '
1936 .... '' ..
1937.' .....
1938 .. ' ' .. 1939 .... ' ''.
1940 ... '. ' ..
1941 .... ' ...
1942... ' ... '
1943.''. ' .. '
1944 ...... ''
1945 ........
1946 .. '' '. ''
1947 .. ' .....
1948 ... ' ....
1949 ... . . . . .
'

'

'

TOTAL . . . . . .

28
27
26
29
17
9
4

1
2
2
6
5
11
6
30
33
9
18
24
55
191
134
70
47
111
30
144
-1099

1 069
532
1 839
1 156
916
388
4 .)~88
40
1 027
481
821
2 897
808
65
15 831
2 002
599
584
2 634
33 386
60 690
5 868
44 970
26 139
14 819
437
65 374

Evaluation of
damage
(in thousands
of francs)

728

1
1
10

13
1
27
2
1
1
10
34
56
133
300
313
215
10
2 500

645
473
913
078
430
170
79
725
463
500
000
000
60
000
000
122
000
000
680
000
000
000
000
000
000
000

Railroad

Careless
ness

Incentiary

-

-

-

-

-

-

-

-

-

-

-

-

--·

-

--

-

-

--

-

-

--

-

3
7
3
3

15
21
26
2
21

19

85

£

8

Unknown

28
19
26
29
-

8

17
9
4
1
2
2
6
4
10
6
30
31
8
18
22
53
147
131
46
43
73
20
112

90

902

-

-

1
1

-

-

2
1

2
2
44
3
6
7
5
-

fighting. The forests of the Landes were thus npe for the
serious conflagrations of 1949.
This explanation illustrates how, even with incomplete
statistics, a careful analysis of what is available adds considerably to an understanding of a fire problem, and, therefore, to
the possibility of solving it .
. Apart from those caused by lightning, fires are almost
always the result of human carelessness, negligence, or ignorance. and can, therefore, be prevented by creating better
understanding and a sense of resp.onsibility. Forest protec17

tion may therefore often be largely a matter of "public relations. '' A knowledge of fire causes enables planners to decide
what kind of approach to recommend, and whether prevention
is the chief requirement, or whether in addition it is necessary
to build up a strong fire suppression organization.
Certainly in many countries both prevention and suppression measures will be necessary ; the degree to which they
shall be developed is a poli-cy decision dependent on the planners' recommendations.

Fire Occurence Zones
The zone is a practical concept and aid to fire planning.
Definition of zones is based on records showing points where
fires have started. When for the first time these starting
points are marked on a map, it will be of extreme interest
and almost surprising to the planner to note the concentration
in certain areas. Even without knowledge of the causes of
these fires the experienced forester will quickly recognize logical reasons for such concentrations. Likely zones are along
major thoroughfares, where intensive logging operations are
in progress, and where grazing interests adjoin forest areas.
When these points are plotted for a period of years, it
will be found that a definite pattern of occurrence appears,
and although this record needs to be checked from year to
year in order to pick up any important variations which may
result from some alteration of public activity, it can in general be accepted as one of the bases for control planning. Where
this subject has been studied it has usually been found :
(a) that the starting points of fires are concentrated in
areas adjacent to villages, roads, railroads, logging
operations, etc. ;
(b) that surrounding these areas of concentration there
is a zone of scattered starting points ;
(c) that there are parts of areas in which no fires have
originated although fires from other areas may
have spread into them.
This knowledge properly recorded on maps is of immense
assistance when detailed plans for the. location of detection
points and of attack force stations are being formulated.
18

Duration of Fire Season
In each area there is a period of the year during which it
can be expected that fires, once started, will spread and during
which organized protection may be needed. This is called the
normal fire season ; it depends primarily on the climate as
reflected in the amount and distribution of rainfall and in
the effect it has on vegetation.
From season to season there are departures from the normal pattern, according to the regularity of the rainfall, or to
climatic variations when unusual winds and temperatures
hasten the drying out of the fuels 1 . In most countries where
the fire problem has been studied, the fire season is usually
stated to commence on a certain date and to finish on some
specified date. Variations from these dates will be primarily
a concern of local executives, but the overall plan will need
to make provision for regulations, within the framework of
the fire control laws, to be varied on the advice of authorized
executives.

Peack Periods
In most forest types and in many countries, extremely
severe fire conditions and situations develop from time to time
and ii is at these periods that fire control authorities are often
overwhelmed, with a resultant loss of life and severe losses to
the forest estate and other property. FoHowing such holocausts there is usually a great outcry, much publicity and a
public demand that steps be taken to prevent a recurrence of
such disasters. Planners must be fully cognizant of conflagration hazards and of the way in which they build up, and
must make provisions accordingly.
A dangerous situation may arise because of an abnormal
number of fires starting at the same time during a fire danger
period, or during such a tim=. a large number of fires may
start in inaccessible areas. In all cases, disaster is due to
the fact that the volume of fires is greater than the existing
organization is able to cope with.
1

For definition of fuels see Glossary on page g8.
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+--Figure 4. Wild fires are still the greatest enemy of southern forests as they destroy
seedlings and saplings, and injure l"arge trees exposing them to decay and
insect attack.

By courtesy

of the U.S. Forest Service.

Efforts are necessary to anticipate and reduce the magnitude and frequency of such occurrences. The measures to be
planned include emergency steps to prevent fires in danger
periods, provision for the rapid expansion of control forces,
and the speeding up of suppression activities. These various
measures are discussed in the appropriate sections of Chapters
IV, V and VI.

Fuel Types
The reason for the development of this concept in fire
control is that it can be fairly generally recognized that once
a fire starts, it gets going much more quickly in some places
than in others; also that it is much easier to bring a fire under
control in some vegetation types than others. For example,
a fire starting in open grassland travels, under similar atmospheric conditions, much faster than .a fire in a densely crowned forest, at the same time the forest fire takes longer to extinguish than the grass-fire because of the difficulties of movement and the greater persistence of fire in forest litter and
decayed wood.
Therefore a fire control authority needs to know that a
fire starting at a certain point is likely to spread at such and
such a rate and that approximately so many men with certain type of eql!ipment will be required to suppress it. The
approach to thi:s problem is made through a knowledge of fuel
types 1 •

The rate of spread of a fire is the increase in the perimeter
of the fire per fixed unit of time, and this is affected by the
density of the cover, the climatic elements and the type of
fuel. For instance, the density of cover has a very definite
bearing on the moisture content of the natural fuels within a
forest and on the wind. The fuels in an open-grown or a
heavily cut-over stand are more exposed to the drying effects
1

For definition of " fuel type" see Glossary.
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of sun and ·wind. Also the direct action of wind on a fire is
greater here than in a densely crowned forest. Because fires
spread more rapidly uphill than down, steep topography has
effects similar to wind. The topography is important, too, in
the exposure to sun and wind that it creates. At the beginning of a fire season, the fuels, though inflammable, retain a certain amount of moisture and the rate of fire spread is therefore
slower than later when the fuel moisture becomes reduced.
Also in the early part of the season, the moisture in the soil
tends to keep the fuels damp and thus can have a retarding
effect on fire. As the season progresses, fuels become more
desiccated and fires will spread more rapidly. In many areas
of Canada, however, fuels are driest and fires spread most rapidly in the spring or at the beginning of the season.
Day to day changes in atmospheric humidity and wind
velocity affect the fuel moisture content and consequently the
rate of fire spread.
The chief climatic elements are :
(a)
(b)

(c)
(d)

amount and distribution of rainfall,
atmospheric humidity,
wind velocity,
temperature.

The main fuel elements are or may be :
(a)
(b)

(c)

(d)

(e)

the crowns of living trees, through which crown
fires may spread ;
the accumulation of litter, compacted duff, dead
trees and logging slash on the forest floor ;
standing dead trees which are often the means
whereby fires spread laterally considerable distances away from the main fire;
grasses and other herbaceous plants which become
desiccated during the dry season, often forming
a continuous body of fuel ;
shrubs and scrubby undergrowth, either dead or
desiccated due to dry conditions, from fuel for some
of the most severe fires. This type of veg.etation
often greatly increases the danger of crown fires
developing.
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The fuel affects not only the rate of spread but the difficulty of fighting a fire, i. e. resistance to control. The quantity
of fuel, the arrangement and size, whether it is fresh or decayed,
and the species which form the fuel, are all questions of importance when requirements are being worked out for fighting fires.
Apart from fuels, the topography and the soil conditions
are factors in determining resistance to control. Men can obviously work faster on level country free from stones than on
steep and stony hillsides.
The basic cover types affecting fire fighting are the forest
trees, the scrub and the grasses; these are fairly generally recognizable, but within each type there can be many variations
in composition and density and in conditions modified by man's
influence. Planners need to recognize the major types and
variations in drawing up protection programs. However, the
preparation of fuel type maps, which indicate the rate of fire
spread and the difficulties of fire-fighting, not only requires
knowledge of the cover types but must also be coupled with
research to determine how rapidly fires spread under various
conditions. Account must also be taken of practical experience in fire control. The results of such research and experience can often be "borrowed "·by one country from another.
Because of the information which these maps provide, they
are a major advance in fire control planning and well worth
the effort involved.
AREAS NEEDING PROTECTION
It has been found by experience that planning cannot be
precise unless those areas which are to be protected are clearly
defined. Some areas may have to be classed within the protection area in terms of the policy directive, e. g. in order to
prevent fire from spreading to forest lands of primary importance, and they will have to be included in the plans even
though for reasons such as lack of trained personnel these
plans may not be fully implemented immediately 1.
1 It must be remembered that it may be inappropriate to recommend special
protection measures for forested areas which will inevitably be cleared for agricultural purposes as population increases. It may be necessary from the outset
to dedicate forest lands in law by definition and r·eservation.
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In determining which areas need active protection, within
the policy directive, the major factor is the nature and magnitude of the fire hazard, as sketched in the preceding sections.
Broadly speaking, the protection area should include the
following classes of land :
(a) l'nbroken tracts of forest, where fires will tend to
continue to spread until s:.1ppressed or where intervening areas of cultivation are too isolated to prevent
the spread of fire. On the other hand, large areas of
agricultural land containing isolated patches of forest can be omitted from the protected area. However, where an isolated forest area is of local
importance, the planners may need to make special local arrangements for its protection.
(b) Unproductive forest not classed as protection forest,
or low value areas of scrubby growth, or grasslands
which adjoin lands requiring protection, are to be
included if fires originating in them are likely to
spread to areas of importance. In view of the
necessity of directing funds and efforts towards the
main task of protecting the areas of major importance, the planners will have to consider carefully
the desirability or otherwise of including in the
protection area lands at present classed as ''wastelands", where ownership is vague.
PRIORITIES FOR PROTECTION
It is almost certain that there will be occasions when a
decision must be made whether to carry out protective works
on one or another area, and when a system of priorities must
be prepared so that efforts can first be concentrated on
the most vital areas. The actual determination is a planning
JOb but decisions must be reconsidered from time to time.
For instance, idle tracts of land may be reforested or "wastelands " be afforested; or logging operations as they proceed
may from time to time create a particular fire hazard; or an
area may be dedicated as an experimental forest that needs
special protection.
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Again it is the magnitude of the hazard, the probable loss,
and the public interest which must serve as criteria in setting
up a system of priorities.
Policy, even if it does not define them precisely, wiU
stress those functions of the forest which are of the greatest
consequence to the community and which are to have the
highest priority for protection from fire. For example, a tract
of non-commercial forest may be vital to the protectio.n of
watersheds in an area where water supplies are critical ; this
area consequently may be of greater concern to the local population than another area devoted to valuable timber production but where the forest is not situated within a vital
watershed. The decision that has to be made may often be
easy, but there will be borderline cases where the relative
importance of each function of the forest, as it affects the
community and national interest, will require careful balancing.

NATURE AND INTENSITY OF PROTECTIVE MEASURES
It is now necess·ary to determine for each area needing

protection what phase of fire control should receive the greatest
stress, whether prevention or actual fire suppression.
Having made this decision, it is necessary to consider the
intensity with which each phase should be pursued. Usually
the budgetary possibilities will determine the issue. It n1ay
be decided to spread available funds over the entire protection
area with emphasis on the highest priority areas ; or it may
be decided that the highest priority areas should receive a full
measure of protection, and protection of other areas be deferred until more funds are likely to be available.
This is often a difficult decision to make. In principle,
it is advisable to do a good job of protection on selected areas,
as funds permit, and thereby prove that the task of protecting
the forest from fire can be accomplished. When funds are
spread too thinly over many areas, it generally means that
only a mediocre or possibly bad job of protection can be done,
with a consequent lowering of the protective organization's
reputation. The former course is more likely to lead to public
confidence and a larger authorization of funds.
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11,1. Organization and administration

The mere existence of a law is not enough to put a fire
control program into operation. The recommendations of the
planners as to the extent of the work needed to translate law
into action must determine whether it is necessary to have
a special fire control organization, to add a limited number
of special staff or to delegate the fire problem to the existing
staff as an additional responsibility.
If it is indicated that public responsibility can be discharged by prevention alone, then requirements may well be met
by the existing staff of the forest service, although it may be
necessary to appoint an additional man at headquarters to
handle the necessary publicity ; perhaps in certain areas a
small additional staff may be needed to assist in enforcing
prevention laws.
Where additional help is necessary, it is unlikely that the
personnel would need to be e1nployed full time on fire prevention work, and they should therefore be able also to carry
out other forestry duties ; but if the volume of forestry w~
is not sufficient to warrant their efficient integration into the
permanent staff, then their employment would have to be
seasonal. It should be recognized, however, that full time
employment has many advantages.
There will be certain situations where both prevention
and suppression activities are called for but only on a limited
scale ; it may then be sufficient to strengthen slightly the regular staff and have certain members detailed for protection
jobs as circumstances require.
A different situation occurs in countries where fires are a serious problem only in a particular sector. Under such circumstances it may be advisable to establish, within the administrative
unit or units concerned, a special group of personnel whose
job will be to protect the threatened areas from fire. This
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means full time employment of certain key members on protection duties, and additional assistance to be made available
as danger increases.
FORM OF ORGANIZATION
There will be various gradations from the position where
no additional staff is demanded to that where fire is a serious
nation-wide problem, requiring special staff a,t headquarters
and in aU administrative units. Whether the special staff
should constitute a separate branch or only a unit of the
forest management branch will largely depend on the volume
of work and the existing administrative pattern.
Whether the scale be large or small, there must be proper
co-ordination of the various activities of prevention, presuppression, suppression, and research 1 . Organization can be
effective only when each individual concerned is fully aware
of his responsibilities and duties. Where the fire problem is
serious, it is important that every effort should be made to
decentralize and to ensure that there is a clearly defined responsible person at each level. This is no doubt highly desirable in most fields of work but with such a problem as fire
control it is of the utmost consequence. Preparations have
to be made carefully and in detail. In all suppression activities, the rapid decisions that have to be taken can be made
only in the knowledge that they will be promptly and faithfully carried into effect.
Two ways by which decentralization can be satisfactorily
achieved are :
(a) A special branch with its chief at the general headquarters of the administration and its officers spread
in various parts of the country, independent of other
district forest officers, although working in close
liaison with them. (See Diagram I).
(b) A special branch at the rst District 1evel 2 (or at.
a lower district level if so requ-ired) with its chief

1
2

For definitions see Glossary.
See FAO Study "Forest Policy,

~aw
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and Administration," Chapter XX,

directly subordinate to the Distric't Officer who is
responsible for all phases of forestry activities.
(See Diagram 2).
This second type of organization has several advantages
in that the job of fire control is more closely linked with other
forestry activities than is possible through the liaison method
of Fig. I. However, one must also recognize that under such
a system the particular interests of the District Officer may
lead him to concentrate on some phase of his responsibilities
other than protection from fire, with detriment to the latter.
The integrated set-up of Fig. 2 does, however, provide
the more flexible administrative pattern, and, because existing
facilities can ·more promptly be made available, fire control
activities can more readily be expanded or contracted to meet
needs in particular areas than is possible in Fig. r, where
there is only liaison at the district level.
Nevertheless both systems properly applied, will give good
results, and as previously stated, a choice depends chiefly on
the pattern of forest administration already existing.
ADMINISTRATIVE NEEDS
Once the pattern of organization has been decided and
the staff provided, everything hinges on detailed planning.
All fire control activities must be planned ahead to be
effective.
Although the need for planning any operation might be
considered self-evident, it is nevertheless in practice often
not done, and very frequently remains as a praiseworthy intention in the minds of one or two people. Effective planning
takes a considerable amount of time and hard thinking, and
the results of this work need to be written down and studied
by all personnel having any part in the operation.
Whether the job of fire· control is big or small, plans should
be prepared, and be kept under review and revised from time
to time in the light of experience. If written plans are not
prepared, the dependence on a few key personnel is too great ;
and the absence of such people during periods when fires are
starting all over the place may cause a breakdown of the whole
organization. Written plans covenng normal and emergenc"y
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operations are the logical first step in ensuring that any g1ven
situation is being faced in the right way.
Experience has shown that there are certain aids necessary
to this detailed planning phase, taking into account the factors already discussed in Chapter II.
The most important
of these are good maps.

1\'laps
(a)

Topographic and planimetric maps

For areas with much variation in elevation, topographic
maps are desirable, but in flat country a planimefric map is
quite satisfactory. These maps should show towns, villages
and transportation routes. In order to give an overall picture, a small-scale map (such as )-4 in. to a mile) is
desirable. Large-scale maps will be required for detailed
planning by local executives.

Climatic maps
Maps showing the main climatic elements such as annual
and seasonal rainfall, and mean and maximum temperatures,
are useful in estimating the duration of the fire season and the
intensity of fire risk.
(b)

(c)

Land u.se maps

Maps which show the fragmentation of the country into
farm lands, range and pasture lands, forests and waste lands,
are helpful for:
(i) indicating the location of the forest land in relation
to other lands ;
(ii) marking fire occurrence zones.
(d) Cover type maps

If maps exist showing the forest types, areas of young
growth and areas of mature growth, they are extremely useful in aiding decisions as to priority areas and in the preparation
of fuel type maps. If they do not exist, it is possible from gen~ral knowledge to prepare such maps on a broad basis at
least to the extent of distinguishing broadleaved, coniferous,
and mixed forest. Aerial photographs are helpful in prov.iding
such information.

Records
'For fire control planning, specific data accumulated over
a period of years are desirable ; countries which have not previously had any form of organized fire control and only a
skeleton forest service are unlikely, however, to have such
information. The planners must therefore get such general
data as can be obtained by interviews with local people and
officials, and by inspection of forest areas. Useful data which
can be so obtained include :
(a) the location of areas in which fire damage is most
severe;
(b) the location of areas where fires are most numerous;
(c) indications of the causes of fires.
Whether planning is based on such general data or on
more specific records, the final pattern should be sufficiently
elastic to permit modification according to new evidence,
and steps should be taken to see that good records are kept
in the future.
ln order to assemble good forest fire statistics, organizations in several countries require a report to be submitted for
each fire that occurs. So that the information gathered for
each fire can be analyzed and correlated for individual districts
and the country as a whole, such reports need to be standardized. Appended to this Chapter is an Individual Fire Report
form. as used by the Forest Service of the United States. The
questions asked are framed as the results of many years of
experience and effort to find out just what information is relevant.
Foresters in a country just embarking on a fire control
program would not be in a position to provide all the information which is asked for in this particular report, but it can
at least serve as a useful model towards which to aim. There
are, however, certain items of information which have major
implications tor subsequent planning and which should be
demanded from the outset. These are :
(a) location of a fire ;
(b) what caused it ;
(c) what was the size of the fire ;

(d) when the fire occurred ;
(e) how long did it take to bring under control ; with
how many men, and what sort of equipment ;
(/) how great an area of productive forest was burned ;
(g) other damage ?
It is to be noted that these are all questions which can be
apswered by the man on the spot, and that for the most part
they are questions which, the sooner answered, the greater will
be the accuracy of the information supplied. The exceptions
are the questions relating to the cause and to damag~. where
a little additional time rna y be necessary in order to give an
accurate assessment. Answers to these two points shoula,
however, be insisted ~pon, and whoever is in charge of the ·area
where a fire occurs should be made responsible for reporting
to his senior officer within a reasonably short period of time
following each fire.
Altliough apparently simple questions, they are basic to
~ound planning, as can be briefly shown.
(a) Location of fire. Whert all individual fire records
are summarized,. it can be readily seen what district
and what part of a district has had the most fires.
Collecting such information over several years will
indicate a pattern of occurrence. (See Chapter
II - Fire Occurence Zones, page ·r8).
(b) Causes of fires. Knowing what has caused a fire
is the first step towards taking prevention measures
which can in turn eliminate some of the weak points
disclosed by such knowledge.
(c) Size of fire. Apart from providing information on
how much of the forest has been burned, ·such facts
can be correlated with the number of fires to give
some indication of the efficiency of the organization
in suppressing outbreaks. Greater success is indicated by many outbreaks with a small total
area burned, i.e., many small-sized fires, than from
a few fires with a large total area burned. In
other words, if the average size of the fites is small,
the organization is making progress towards the.
achievement of its aims.
Correlation with fire causes serves to show
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which of the causes are the greatest menace to
successful fire control, so that appropriate steps
can be taken to minimize such causes.
(d) Details of when fires occurred. Over a number of
years, these will reveal to planners that in a normal year, certain months, certain days of the week,
and certain hours of the day are the most dangerous, so that special precautions during such
periods should· be taken. The day of the week on
which the greatest number of fires may start has
particular importance where the forest is used for
recreational holidays.
(e) Time taken to extinquish fires. The answer to "how
long did it take to suppress and extinguish the
fire ? " when correlated with the numbe:r of men
and type of equipment used, is not only of interest
from a cost point of view but can, at a later stage,
be considered in conjunction with the type of
forest and topography. This will help in planning
how many men to use in any particular instance,
and the most efficient type of equipment. This is
a refinement which can hardly be developed in the
first years of organized fire control, but the information asked is easy to give and will prove of increasing value as the organization develops.
(f) Damage to productive forest. Not only should the
area burned be known but also, whenever possible, it
is desirable to know just how much timber has
been lost. It is obviously important for any management or working plan - i t can also have much
publicity value.
(g) Other damage. It is not expected that in the early
stages any reliable estimate of the damage to watershed values, wildlife, and recreation facilities can be
made, but damage to such improvement works as
buildings and fences should certainly be recorded here.
Not mentioned in the listing of major questions is any
reference to meteorological records. In the specimen report
form given later, such records are synthesized in Item 3I Danger Class Rating, which is a refinement, discussed later in
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this study, not likely to be available in the early stage of fire
control. However, any meteorological records which are
available should be obtained and reported. This should be
made the responsibility of the forest officer nearest to any existing weather station or stations.
RESEARCH
Any technical service needs to be supported by a research
program, and research is as necessary in fire control as in any
other field. The progress made in systematic fire control over
the past twenty years has been due to the efforts of those few
people, researchers and administrators, who have persisted in
their investigations.
The objectives of a fire research program should be the same
as those of control itself - to find out how to prevent fires
from starting, and how to put out a fire, once started, while itis
still small. This naturally requires investigation into all the
factors involved in prevention, pre-suppression and suppression.
Majorlines of research recommended have now to be considered.

Collection and analysis of statistics
Statistics are of value in practically every phase of fire
control. Careful thought is necessary in determining the kind
of data needed and how they should be gathered. In North
America much work has been done in this field and the individual fire report form given on pages 50 o 5I is one of the
chief means by which information is collected.

Prevention
In the next chapter, education, legislation and forest
management are considered as the means of approaching the
problem of prevention of fire. Prevention is probably the
subject given least attention in the struggle against forest
fires, and it warrants far greater emphasis in research.
The education phase is for the most part being carried out
by foresters not specifically trained for such work, and better
methods are needed of assessing the value of public education
campaigns and of developing the right approach to various
population groups. Development of silvicultural systems or
forest crops inhibiting fire damage is a long-term research job.
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Fire behavior
The study of fire behavior is an engrossing and continuing
field of research which involves the fundamental physical and
chemical laws of combustion. It extends to an evaluation of
all the physical factors affecting fire, which includes meteorology, the study of fuels, and of how various elements behave
and interact under field conditions.

Fire control
Research on fire control embraces administrative methods
and the planning of fire organizatwns along scientific lines ;
the analysis of fire statistics plays a major role in planning.
Also included is the development of equipment, suppressiOn
techniques and special methods of suppression.

Economics
There is need for research into the evaluati"on of the effects
of fire, as has already been stressed in an earlier chapter. Unless the full weight to be attributed to damage by fire is known,
the administration is severely handicapped. It is probably
safe to say that the need for protection of forest lands from
fire is of such magnitude that the stage of over-expenditure
has not been reached in any country and that, for the majority
of countries, there is a gross under-expenditure on protection.
How a research program is best devised and carried out
depends on the existing or proposed organizational pattern.
In some countries research is successfully undertaken through
the posting of special workers to the staffs of research stations
or universities. Research stations may be state or provincial
organizations or even private institutes but whatever the pattern, close co-operation should be maintained with all other
-(---

Figure 5. Laboratory test burning in fire behavior study at Harrison Experimental
Forest, Desoto, MississiPP!· U_ndFr controlled cond~tions, fuel of various m~is~
ture contents is burned wuth dtffe'rent amounts of wand movement to determme
the effect on rate of spread and fuel consumption.
By courtesy of the U.S. Forest Service.
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agencies interested in fire control, guaranteeing that investigation programs are based on a realistic approach.
Many examples could be cited to show that research pays ;
one particular instance is the case of fire danger forecasting
which, in those countries where it is used, has had a great influence on the planning and efficient operation of the fire control organization.
It is unnecessary o dwell on the fact that the results of
research need to be published and widely disseminated.

DANGER MEASUREMENT AND FORECASTING
The development of fire danger forecasts during the last
twenty years represents an advance in fire control of major
importance. It is now an accepted tool in several countries
and merits adoption wherever a fire control organization exists
or is contemplated. Here its practical significance only is
considered and for the underlying principles the reader should
consult the references cited in the Bibliography.
The fact that there are considerable variations in the rates
at which fires spread, and also in the periods when fires are
apt to be numerous and serious, has already been dealt with
in Chapter II. It would obviously be of great assistance if
some precise method of measuring these variations were evolved;
the concept of " degree of fire danger " synthesizes in one measurement all those factors which affect the starting and behavior of fires at a specific time.
Just as weather forecasts are made for shipping and aircraft, in some countries special fire weather forecasts are made
for the purpose of fire control. These forecasts relieve the
control organization of many uncertainties, and the protection area is much better insured than it can be when the only
forecasts made are personal estimates. Without doubt, long
experience with forest fires enables some men to make shrewd
estimates of what the fire situation is likely to be, but such
estimates can only be local and men having the necessary
~--

Figure 6. A forest meteoroilogical station in t-he vicinity of the Shasta National
Forest, California.
By courtesy of the U.S. Forest Service.
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Figure 7. A fire danger meter, as used in the
By courtesy
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United States.
of the U.S. Forest Service.

experience and skill are few; further, any personal estimate is
more likely to err than a forecast made through the interpretation of instrument measurements.
From an organizational point of view, it is of importance
that correct comparisons of potential danger in various parts
of a protection area should be possible. For instance, if the
situation becomes critical during a fire season, a knowledge of
the relative danger in the various parts of the area will enable
any reserves of manpower and equipment to be placed at the
disposal of the areas where the need appears to be greatest.
Personal estimates do not permit such relative assessments to
be made but standardized measurements can give an accurate
picture of the position.
Where systems of fire danger measurement have been highly developed\ it has been possible to lay dawn the administrative action that should be taken according to the degree of
danger existing. This is illustrated by the Canadian system, 2
shown on page 44 .
A developed standard such as this eliminates much of the
guesswork of fire control administration and relieves fire control personnel of those doubts which must arise from personal
estimates. It ensures that proper action can be taken even
by personnel who do not have long experience to back up their
judgement. However, it must not be concluded that the operation of fire danger measurement systems replaces experience
- they should rather be regarded as additional aids which
have been found to assist the man of experience, who will still
have to carry out the main organization job. Moreover, fire
weather measurement systems in countries where they are in
force, are by no means static; further investigations are
continually being undertaken, r.ecords of actual fires are carefully analyzed, and improvements are constantly being
made.
It is strongly urged that this line of work be vigorously
pursued in all countries where fire control is deemed necessary.
1

All systems in use are adaptations of the system of the late H. T. Gisbo'rne

f the ·Northern Rocky Mountain Forest-Experiment Station, who initiated· fire

danger ratings.
2 H.W. BEALL.
Forest Fire Danger Tables.
Dominion Forest Service, Canada. I 948.
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CANADIAN SYSTEM OF FIRE DANGER MEA.StTREMENT AND CONTROL
NUMER-~
IC"-L
INDEX

DANGER

I

DESCRIPTION

ADMINISTRATIVE APPLICATION

I

0

! Nil

Generally safe from man- 1-. Unless a thunderstorm has occurred in the
caused fires. Lightning
past 48 hours, lookout men may get supplies
fires may start and
work on phone lines, etc.
'
fires already burning 2. Patrols are needed only after thunderstorms or
may not go out, but
on fires not completely extinguished.
.
will not spread.
F' ld
!3. 1e personne1 may be engaged on mamte1
nance and construction work, repairing equipment, clearing trails, etc.

----1----- ------------- ------ ----------------

1 to 4

Low

Fires spread slowly from 1. Primary lookouts are to be manned. Particular
attention should be paid to manning lookouts
~lash-piles, camp-fires
promptly when the hazard starts to rise at the
and other larg.e sources
beginning of the fire season. Do not go by
of heat, but are quite
calendar dates.
easily controlled. ·
2. Main patrol routes are to be covered.
3. Most field personnel may still be employed on
maintenance and construction: Work in the
less accessible parts of the district should be
done in Nil and Low Danger periods.

-------·-1---- - - - - - - - - - - - -5 to 8

Moderate Fires often start from
matches and tend to
spread more rapidly
as they increase in
size. Control is not
usually difficult if action is prompt.

1. All lookouts are to be manned.
2 All regular patrols should be covered.
·
.
3. Key pe~sonne_l a~e to remam close to or in
touch With D1stnct Headquarters.
4. Curtail long trips by trucks used for fire transport.
5. One pump, operator and 30-man equipment
kit should be ready for immediate action. A
I standby crew should be on close call.

I

--------------1----------------------9 to 12

High

Fires start readily from
matches and rn.aY start
from glowing embers
or cigarette butts.
Rate of spread is rapid
and control difficult.

1. All lookouts are to be manned.
2. All regular patrols must be covered, with extra
patrols on much-travelled routes.
3 · Stop all bt..ming permits till danger falls to Nil
4. AU field personnel should be on protection work
and in as close· touch with Headquarters as
possible.
5. Road crews and other organized unit's which
may be needed for fire-fighting should be in
communication with Headquarters and ready
for fire· duties.
6. Arrange for immediate reglacement of key
: personnel who may be called out to fires.
7. All transport, fire-fighting equipment and regular pump operators should be ready for immediate action. Key personnel and standby
crews should remain on duty during Sundays
and holidays.
8. Issue a fire danger waming to the local press
and radio.

I

- - - - - - - - ---------------1-----------------------------13 to 16

Extreme Fires may· start from 1.
small sparks; they bum .
fiercely and " spot" 2.
readily. Conditions are
often · called '' explo- 3.
s ive. "
4.
5.

I
l

All items under 'High Danger' remain in
force.
Place additiqnal patrols as required according
to visibility conditions.
An adequate reserve force is to be held on
standby duty on Snnday:s and holid<tys.
Build up press and radio publicity if pbssible'
In general, exercise the greatest possible strength
as a unit in the fire-protection systt·m.
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FIRE CONTROL PLANS
A most important planning activity of the administration
is the preparation of measures for day-to-day fire-control problems. Such plans, based on the fire history of a given area,
should be an integral part of the management plan, which
in turn is the written expression of the forest policy to be pursued. If such plans are not put down on paper, something
is likely to be overlooked to the detriment of efficiency.
Fire control operations can be divided into three phases
which will be discussed in later chapters ; these phases are
prevention, pre-suppression and suppression. (Detection enters into. both the latter phases). For each phase there ought
to be a detailed plan, so that all personnel may know precisely
what their responsibilities are and so that supervisory officers
may check progress rapidly at any stage.

Prevention plan
The aim of prevention is to eliminate those fires that are
started by some preventable action ; the basis of planning,
therefore, is a detailed analysis of fire records to determine the
causes of fires, the locations where they are most prevalent
and the periods of the year when they are most likely to start.
Preventive action can be subdivided into actions necessary under forest management, public education and legislation. In connection with forest management, a particular
point needing emphasis is ha:0ard reduction. The specific areas
for treatment should be charted on maps and time limits set
by which such operations must be completed. To determine
on which education media the most stress should be laid, a
careful study of fire causes is imperative ; this study will at
the same time indicate what legislative action is required. Legislation to be effective must be accompanied by police action.
Officers concerned should know the laws, acquaint the community with them, and then see that they are enforced.
The prevention plan should designate the persons whose
responsibility it is to take these actions.

Pre-suppression plan
Once a fire has started despite prevention measures the
objective is to suppress it within the shortest possible time consistent with the cost and the values at stake. To do this
the organization must be prepared, and the permanent arrangements made for setting the control of an actual fire into operation, are covered by the term "pre-suppression "
This
entails :
I.

Needs -z.n manpower and equipment

Experience, records of past fires, and fuel type maps will
indicate the number of men likely to be required to control a
fire in a particular forest area on, a certain type of day. Estimates should be made, for each forest and under varying danger
conditions, of the number of men and the amount and type of
equipment required adequately to meet the situations likely
to anse.
2.

Facilities to meet manpower and equipment needs

To make the most effective use of manpower, a sound basis
must be established for recruitment and training, and accommodations must be provided where necessary. Adequate
means of storage and maintenance for equipment are required,
and also prqper transportation facilities, if the optimum value
is to be obtained. Water supplies may have to be provided
where conditions make this necessary.
3·

Distribution of manpower and equipment

If the protection standards which have been set are to
be achieved, it is of paramount importance that both manpower
and equipment be located in the right places. Fire occurrence
maps, fuel type maps and maps showing transportation ~nd
communication systems will provide the. basic information
necessary for such decisions.
4-

Mobilization plans and fire atlas

From the moment of detection to the time when a fire is
suppressed is the province of the suppression plan, but before
a fire-control organization moves into action, the -.person who
46

will initiate action must be clearly designated. This person
is called the dispatcher and it is he who receives reports of the
discovery and status of :fires, determines their location, calculates the needs in terms of men, supplies, and equipment to
bring the fires under control, and sends them to the most
effective location. To do this he requires all possible information at his disposal. A directory of all manpower and equipment should be prepared; this will indicate the location and
sk1lls of all personnel, both regular service and co-operators.
For equipment the ~irectory will need to give the location, type
and quantity. In addition to complete manpower and equipment records, the dispatcher needs a fire atlas. This is a most
important tool, as a wealth of information can be charted on
maps so that the situation is quickly visualized. The maps
which one would expect to find in this atlas are 1 :
(a) Burned area map. On this are marked those areas
of forest burned during past years. These may be segregated in five or ten year periods as desired, but areas
burned during the previous season should be specially
charted.
(b) Hazard reduction map. Here areas are shown which
have been proposed for' hazard reduction treatment and
those where such treatment has been successfully carried
out.
(c) Fire occurrence map. This is the same as the fire
occurrence zone maps discussed in Chapter II.
If
entered on a land use map they become more meaningful.
(d) Fuel type map. 2 • See Chapter II, page 23.
(e) Visible area map. See Chapter V, page 76.
(f) Transportation map. This map details all roads
and trails and should be zoned according to travel times
from key points where manpower and equipment are located.
(g) Facilities map. This should show the location of

1 Forest fire control plan for
the Petawawa Forest Experiment Station.
Dominion Forest Service, Canada. I 948.
2 See I,.G.
Hornby. 1936: Forest Fire Control Planning in N&thern
Rocky Mountain Region, Northern Rocky Mountain Forest Experiment Station,
Progress Report No. I.
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firebreaks, firelines,
logging camps, etc.

water facilities, equipment depots,

This atlas and the plans concerning manpower and equipment must all be ready when a fire starts. As with the prevention plan, it is necessary that the responsibility for this be
clearly allocated. Someone must also be designated as responsible for seeing that detection systems are operable, that
communications are in working order, that roads and firebreaks
are properly maintained, that equipment is ready for use and
that all necessary training is given.
Where an organization depends· on fire danger forecasts,
those stations responsible for this work must follow the weather
situation continuously. If no such system is in operation, some
person must be given the responsibility for making the appropriate decisions.

Suppression plan
Here must be set down the time standards (i.e. the time
allowed between the beginning of any action and its actual
accomplishment) expected for detection, communication, dispatching, and getting to the fire. There should be briefly listed
those things which must be done on arrival at a fire and those
things which must be done before leaving the scene of a fire.
Action taken during the actual suppression operation will largely
have to depend on training and experience, as each fire will
have its own particular problem (See Chapter VI).
A few further words should be added here about time
standards.
For each fuel type, the attack forces must arrive at the fire
within a certain specified time if the fire is to be stopped while
still small. The difference in time between the commencement of any action and the completion of that action is, in
North American fire control terminology, referred to as elapsed
time and is divided into :
Discovery. Elapsed time from start of fire (known or
estimated) until the time of the first discovery which
results directly in subsequent suppression· action.
Report. Elapsed time from discovery of a fire as defined
abo\·e until the first man who does effective work on the
fire is notified of the existence and location of the fire.

Attack. Elapsed time that begins when the man who
performs the first effective work on a fire learns
that there is a fire and ends when he begins first
control work. Sometimes subdivided into Getaway
time a:ad Travel time.
Control. Elapsed time from the first effective work until
spread of the fire is controlled.
M op-,up. Elapsed time from completion of control work
until enough mop-up work has been done to make it
reasonably certain ihat the fire will not break out
agam.

Patrol. Period from mop-up until it is certain fi1e is
completely extinguished.
If the elapsed times for certain areas in which fires spread
rapidly are obviously too great for successful control, consideration must be given to the improvement of one or more of the
time control components. For example, the detection system
may have to be improved; or travel time may have to be
reduced by increasing the network of roads within the area;
or the delivery of the attack forces by air may provide the
solution.
Knowledge of the fuel type and prevailing conditions permits an estimate of the rate of fire spread and therefore, if
the permissible elapsed time is known, the strength of the
necessary force can be estima,.ted. When planning, the elapsed
time standards can be determined for a few basic types and the
necessary variations within these basic types can be worked
out by the local executives.
In all the deliberations on planning it is as well to realize
that actual performance by human beings is variable; nevertheless certain standards must be accepted and certain desired
standards set. It will be a constant preoccupation of fire
control executives to see that performance is maintained as
close as possible to the standards in order that fire losses are
kept to the ::lesired minimum. At times safety factors can
be applied, but as these are costly they should be used with
caution having ~~gard to the value of the asset being p:r:otected
and -to the funds allocated. For example, the addition of one
man to a three-man fire-fighting crew increases the cost by one49

third. Or, to reduce detection time by constructing two lookouts instead of one involves additional capital expenditure
plus the employment of two obs.ervers instead· of one.
In practice, it is normally acceptable to set up a minimum
system on a well-planned basis arid to modify and strengthen
it as dictated by experience.

Individual Fire Report
Explanatory Not-es
Code No & Col. No. These code numbers and column numbers are
the purpose of classifying all fires according to a punch
card system which is in operation in the United States
Forest Service.
Item

II.

Item

12

F.F. etc.

Cost-Class firefighting expenditure within $roo, $zoo,

and footnote. Fires are classified as A, B, C, D, E class fires
according to size. Thus in footnote certain items are mandatory according to the size class of ·a particular fire.

Item 44·

o-r-2-3- L.O. The number of lookout stations fr.om which
the point of origin of the fire could have been seen.

Item 52.

(N.F. and other inside) (outside) National Forest and other
lands inside the National Forest protection area, and land
outside the protecti<;>n area.

Item 64.

Some lands are the responsibility of individual states and
this ·question is asked in order to avoid the duplicate recording of an individual fire both as a state fire and as a
federal fire.

Item 65.

Same purpose as item 64. The State ordinarily reports all
fires except those in federal protection units.

Map Record. The lettering TWP - Township, R--Range, Sec- Section, Mer - Meridian is the United States method of survey
reference.
Item 6g.

M.B.M. -

thousand board feet measure.
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UNrn:D.STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE

INDIVIDUAL FIRE REPORT
(All classes of fires)

COllE
1!0.

ITEM

COL
110.

~ &..... Na. ···-···················-··

Region fire No. --·-·-------·--··-····-·
CODE
110.

ITEM

1. Name of fire-·-····------··--··-·····-···"··········· X X X X X X X 34. Fud type prevailing on burned area-··---·---·-···----..........

COL
NO.

61-62

35. Man hours to control (In ten>) ________ _

2. Ranger district-----------··-··--···················· ..•••.••••

36. Man hours to mop-up (In tens) ________ . ---·--·-··

67-70

4. Region • • . • _ . • • • _____ • - _ - .: - ·-·--·····

4 37. Character oi fire on arrival·--····-------·---------------------·

71

5. State .•••• _._. ____________ ..•• ____ •• _---· _•••••.....••.•.•....

38. Point of origin in feet from outer tradt of road or railroad
(If over 99 feet, disregard) ---·-·-··-··----. ----· ___ . ------·--

72-73

39. Slope"···--········-·-·-·----·-----. _______ . _________ ---·- ___

74

40. Exposure-·----------------·-··----·-·-----·----------------·

75

.41. Elevation above sea---·-·-----··-------·----··------------·---

76

3. Forest ··------------··-·---··-·-----··············- •••••••...

2-3

6. County------------------------------------·-------· X X X X X X X
7. Superviscr's fire number . ____________ ----··-···

6--a

8. Year discovered . . ____________ - - - --·--·---·

9

9. Month discovered_ . . . ____________ ·-----···-

10

10. Day discovered ___ . . _________ • • - ·--·--··-·

11-12

II. FF cost das. ($ ________________ ) ____________________ ·-·-··---·
(.·tpprox. F F Co:ot)

42. Method of travel ..• ---·---------------------------------·----

77

43. DUtanee traveled-miles _____ • _____ . ------·---

7Pr-79

13

12.. Sizedass ( ....•...•. ) -------·--------------------·- ---·------

14

44. Point origin in seen area from 0--1-2-3 L. 0. Stations
(Occupied--- ..... _ Unoccupied . __ .. _ _) _ . .

13. General cause-------------------------------·---------··----·-

IS

45. line held by tankers or pumpers (Chains)

16--16

14. Specific cause ...... -----··------------------------·------------

16--17

46. IJne built by dozers (Chains) __ . . _______ ----------

19--21

15. Class of people-------·----------·-----------·---··------------

IPr-19

47. Line built by plows (Chains} ___ :. ______ -·--------

22-24

16 Fire started on------------------------------------------------

20

48. Line built by trenchers (Chains}. _________ ----------

2S--27

X X X 49. Line built by hand-tools (Chains)__________ ---------·

2Pr-31

.1

.E.LAPSED TIME

~

A M

r: M:

HOUR

17. Ongm:

EL\PSED TIME
Boors i~

'80

,

: ~~· ~ : :·~· · · · · · ·~· .••••:x·~· · ·

21

50. Area when discovored ______________ --·-------

32-33

22-26

Sl. Area

34--36

when attacked ______________ --·-·-----

27-29

52. Area when controlled----------------

30--33

53. Perimeter in chains when controlled ________ ----------

42--46

-------!-------

34-37

54. Perimeter increase in chains per hour discovery to attack. _-------- _

47--49

22. Fire controlled

(22-20) ----·---- --····· -·----- -·-----·-------

38--42

55. Wind. velocity at time first attadt (---·-·--------) __ ----·-----

S0--51

23. Fire mopped up

(2}--22) ......... ------- ------- -------•-------

4}--47

56. Wind velocity at time greatest run( ______________ ) __ ----------

SZ-53

21. Firstreinforcements(21-20) ------·-- --------------

2~-

Fire out----·-----··--··- .: .....•. ·------ ------- X X \ X X

25. Discovered by------------------·(Clan of di:corcur)

26. Reported to....................
(TU/c)

( ____________ ) ----·-----

37--41

( OulJ"idt).

(Direction)
(Direction)

X X X 57. Danger rating

elMs or burning index at time

of greatest

run _____. _______________ ----------

54--5)

S8. Maximum number of line worlr.ers _________ -----·----

56--59

59. Timber type------------

60--63

48
(Location)

··--·-·--·--------- X X X X X X X
(L<><atlon)

27. Type of first attack------·-·-----·----·--····-------------·-·-·

49

28. Number men first attack (Boss-··-··----------------> ----·--·--

50--51

(Titlt}

29. Type reinforcement action-----··---·-····----------------------

52

30. Number men first reinforcements . • ____ :' __ -----------

5}--54

31. Danger tating class, or burning index - - - - - - - - ------·---

5S--56

31 Tunber type-vicinity point of origin... ·--·--------·-·-----·-----

57-56

33. Specific fuels in which fire •pread -------------· -·--·--- __ ---------

59--60

( Onqtn to aua.;-k)

MANDATORY ITEMS:
1. Claaa A: l-33; 64---{>5; and Map Record.
Fonn FS 929
(Revised H·I>Ol

(..~·. F. and othtr in6idt)

Acres burned------------·-------·--·

60. Timber type--------·---

Acres burned---------------·-----··-

6~7

61. Timber type .•...•.•..•.

Acres burned ______________ ·-·-····--

68--71

62. Timbertype -----------·

Acres burned ••...••...••.. ---·-··---

72-75

63. Timber type------------

Acres burned------·-----------------

76--79

64. J. this fire being reported by the State as its fire? ______ ( •••••••••• )

65. Is thi~ fire being reported to State by any agency for Clarke-McNary
recor.l of fires in the State? . . ___ -- ________ (----------1
•o--,;u:Jo•-•

2. Class B: 1-36; 4S--54; 64---{>5; Map Record; and 67-68. 3. Classes C-0-E: l-36; 4S--)4; 64---{>5; Map ;<=nl;
and 67--l!O.
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MAP RECORD
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------------------------~--------~----------~------SUMMARY OF FIRE DAMAGE

For Oass B fire>- Lin<" .•and 68 mandatory; lines 72 and 79 optional. For Class C and larger fires-all items mandatory.
(l)
N. F. Land,

Object• of Dnmarp

(2)

C.l. No.

67. Aero noncommemal forest burned ...................................... .

16-20

63. Acres commercial forest burned .....•.. ------- .. __ ............. ' __ ..... .
69 MBI\1 timber destroyed (Convert cords to,. MBM).

70 Acres young growth destroyed .......................................... .

Other. lnaida

(3)
Out.ide N. F.
Prot. by F. S.

Cot. No.

Col. No.

49-53

16-2()

21-25

54-58

21-:?.S

26-29

542

26-29

30-33

6}-66

30-33

71. Other timber values

(Dollars) ...............................·..........

XXX

XX-X

n::: Total timber values

(Dollars)________________ ......................... .

34-38

67-71

34-38
39-43

XXX

39-43

72-75

{Dollafs) ..• __ ............ .

XXX

XXX

XXX

(Dollars) ................. .

XXX

XXX

XXX

76. Improvements damage {Dollars)................ ..

XXX

XXX

XXX

(Dollars) __________________ ·---------------------- X X X

XXX

XXX

78. Other nontimber values damage(Dollars) .............. ·------------------ X X X

XXX

XXX

73. Watershed damage
74.

Rccrca~on

75.

Wildlife~

damage

77. Forage damage

(Dollars) ............ --- __ ........ --.-- .. -- ...... .

79. Total nontimber values damage (Dollars) .............·............. ----- __

76-80

80. GRAND TOTAL damage {Dollan) ______________ ...................... . X)(X

44-48

XXX

XXX

REMARKS:
(a) Date n:port wntten ___ ..... __ . ___ .... ___ . , __ .,. ______ ---------------------------(Davl

(.\fontll)

(Y«<r)

(b) By --------·-- -----·------------.- ·--.-- --<Inttiata (.Ra.J19er or adlna))

(c) &aminal and approved -----------"---------------------(mlll4lll (Supermor or lldinq))

-16-:-GJIOl-1
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a.

G. GCrn:•tUIDIT PaiNTI•G otf ICC

IV. Prevention
In any country where forest fires do even slight damage,
measures should be taken towaTds their prevention. This
applies even to countries where there is clearly no need for a
special public fire control organization.
While it is obviously not possible to remove all chances
of fire starting, a reduction in the number of man-caused
fires can be readily accomplished by the following means:
education;
legislation with law enforcement ;
fl)rest management, applying to all fires regardless of cause ;
reduction of hazard.
EDUCATION
Education as a. means of fire prevention must be .concerned with all age groups both in urban and rural areas; the
best method or combination of methods requires to be worked
out for each particular prevention problem. The key to success
is a detailed comprehension of the causes of the preventable
fires that at present occur and an un.derstanding of the attitudes of the people responsible. Here again the maintenance
and analysis of statistical records of fire causes are prerequisites to finding the right answers.
The media for a campaign of public education are : press
and radio ; posters, signs, and gadgets ; films and lectures;
demonstration, personal contacts and competitions; inclusion
of fire prevention lessons in school curricula; and organization of co-operative groups. Education of school children
is extremely important where feasible ; in the brief space
of one decade these ,children become themselves part of
the adult public and influence many of the factors causing
fires. School instruction must naturally be varied according
to localities and the fire problem of a particular locality.

Figure 8. A typical poster which has been designed to educate the American public
in forest fire prevention.
By courtesy of the U.S. Forest Service.
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In rural areas, school forest plots can help teach the value
of forests and create a personal interest in their protection.
Arbor day activities serve the same end, and if, when other
conditions permit, they can be held at the commencement
of the fire season, this will have added value insofar as fire
pre-vention propaganda is concerned.
For a school education program to have real success,
the schoolteachers themselves must have an appreciation of
forest values and of the need for their protection. Special
lectures on this subject and on conservation· generally can
well be included in the curricula of teacher training institutions. Competitions in essay writing, and poster design are
often effective.
For adult education programs, it is. sound psychology to
stress the loss which the individual suffers through the burning of the forest. For instance, the city-dweller who uses the
forest and causes fires through careless smoking habits and
failure to take proper care with camp fires destroys thereby
his own recreation area. In rural areas, the farming community,
the woodsmen and hunters all stand to lose if the forest is
burned; the farmer may directly lose valuable timber, while
the conservation of his soil and water is in part dependent
on maintaining a green forest; the woodsman may lose his
job, the hunter his game.
Press, radio, posters, signs and gadgets such as rulers,
blotters, schoolbook covers, pipe cover screens and ashtrays
bearing appropriate slogans, post-office stamp cancellation die
slogans and fire prevention weeks can all contribute something toward the desired goaL Some people can only be persuaded to change their ways by actual demonstrations of the
evil effects of fire and by personal contacts. In his district,
the forester must make as many personal contacts as possible
with farmers and with those using recreation areas.
Personal contacts can be supplemented by the organization of local groups and in some instances by gaining the
support of local leaders. In local groups, a few enthusiastic
persons commanding respect in their communities can greatly
speed up a change-over from a community attitude of unrestricted use of fire in the forest to one of reasonable care.
The tradition of using fire in the forest is deep-rooted in some
55

communities and can be traced back to the feeling that the
forest is a hindrance to man's progress and pro-sperity. It
takes time and trouble to alt8r these ideas, especially in primitive communities.
Public education, as a means of fire prevention, does not
yield immediate results and it is indeed often difficult to assess
its value, but with patience and persistence it can serve as a
very real weapon in the struggle against fire.
LEGISLATION
Education of the people may reduce the number of fires
starting and the size of some of the fires that occur, but many
activities of men certainly cannot be controlled by this method
alone and as in other spheres legislation is needed. in order
to safeguard the public and private interest.
Legislation should cover :

Acts which are forbidden
The law must recognize certain acts which are the direct
causes of fires and expressly forbid such actions. However,
the period of the year when certain actions are a danger to
the forest will generally vary for different parts of a country,
and it will engender greater respect for the law if this situation is recognized ; this can be satisfactorily accomplished by
varying the regulations accordingly. Direct and unauthor·ized
lighting of fire in a protected forest should l?e an offense at
all times. Seasonal offenses may include smoking, burning-off and blasting operations, and would apply to all
districts where the starting of a fire would endanger areas
under protection. Offenses should be classified as accidental
or deliberate and penalties be prescribed accordingly.

Special precautionary measures
Records of fire causes will indicate any special precautionary measures required.
These would generally include :
screening of railroad and stationary engines ;
disposal of debris and other fuels along rights-of-way ;
56

clearing around. sawmills, camps, dwellings ;
clearing around camp fires ;
special areas set aside for tourist camps ;
closure of the forest both to industry and to tourists.
in certain ·countries when and where necessary.

Legal duties of citizensApart from requiring them to report fires and to take
independent action to suppress outbreaks, the law in some
countries provides that citizens can be drafted into fire-fighting crews. Where such a law is in force, it has the effect not
only of providing additional manpower in time of emergency,
but of engendering public disapproval of persons who light
fires and thus take citizens away from their normal duties
to carry out the difficult and most unpleasant ·task of fire
suppressiOn.

Authority of forest officers
Officers may be given authority to :
arrest persons observed in the act of lighting fires m
contravention ·6f the law;
issue summons to appear in court ;
order the removal of hazards ;
enter premises for the purposes of inspection for compliance with the law.

Protection of officers
Officers must be legally protected in such ways as :
interference in the performance of duties to be an offense ;
protection in law for actions taken during performance
of duties.

Law enforcement
The processes of law enforcement require to be stated,
namely:
the authority which will issue warrants ;
the court which will hear the various· types of cases ;
the punishments which may be imposed for breaches
of -the ·law.
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Pure stands
Some tree species, particularly conifers (wi-th certain specific exceptions), are highly susceptible to damage by fire and
also most readily tend to produce the forest condition in which
a fire can start and spread. On the other hand, many of the
broad-leaved species are more resistant to fire damag~ and
produce forest conditions under which it is more difficult for
fires to gather momentum. Fire danger can be reduced by
favoring a mixture of conifers and broad-leaved species, and
by eliminating from the edges of the forest those species with
highly inflammable foliage or bark, or which produce inflammable ground litter.
Where forests are artificially created, plantations of pure
stands are, for economic reasons, generally favored in many
parts of the world, but an admixture of fire-resistant spe'cies
should certainly be considered. These species can be planted
at strategic places on the forest border, such as along highways
and railroads. The resistant species, if more heavily crowned,
will also help to prevent the growth of inflammable grasses,
and the greater shade so given will tend to create moister conditions, where the ground cover is likely to be less combustible.

Sub-division of the forest by cultivated or grazed areas
The role of firelines and firebreaks in protection from fire
is discussed in Chapter V, because they are not so much a
means of prevention as a means of stopping the spread of fire ;
in countries that suffer big fires the .construction of permanent,
effectual barriers of this sort against possible fires is not an
economic possibility.
In regard to fire prevention, however, there is a trend in
both France and the United Kingdom to establish firebreaks
of cultivated or grazed land, and this practice may be well
suited ,to some other countries.
A proposal for the Landes region of France is thai completely cleared and grassed firebreaks 300 meters wide shall
be constructed around a given number of hectares and that
these areas should be fenced and grazed by sheep. This proposal will permit rotating a forest crop with the gril.ssland grazing areas to the mutual advantage of both.
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The greater variety of employment so offered will also
enhance the possibility of building up a local community on
a sound economic basis. This is important to such areas as
the Landes, as one of the problems over the last two decades
has been the drift of population to centers offering a greater
variety of employment, with the result that there were not
sufficient people available for the protection of the forest. The
prospective advantages should more than outweigh the chances
that greater forest usage will increase the incidence of fires.

Planned grazing of the forest
Since in some forest types, grasses and herbs suitable for
grazing form a natural part of the ground cover and in no way
interfere with tree growth, it is a sound policy to make good
use of this resource, provided this can be done without detriment to forest production.
From the aspect of fire prevention, it is in many instances
an advantage to have animals grazing to prevent the build up
of a large body of inflammable material, but for success the
whole operation must be well planned and controlled. The
animals need to be restricted to those areas where they will
not damage young trees or prevent regeneration. This means
either that they must be constantly tended or that the forest
must be well fenced ; in either case the costs involved need to
be commensurate with the grazing values.
Above all else, the owners of stock must be prepared to support the protection policy, which at times may mean closure
of the forest to grazing, either to secure regeneration or at
times to avoid unnecessary risks of fires starting. If there is
the slightest possibility that those holding the grazing rights
will engage in uncontrolled burning of the forest in the hopes
of increasing forage values, then the area is probably better
left ungrazed 1 . Grazing within the forest can be regarded
as a protective measure and as wise resource use policy only if
these principles are strictly observed.
It must be recognized that many forest areas are too remote for such a grazing plan to be feasible, and also that many1

See section on controlled burning.
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forest types do not produce grasses and other fodders palatable
for grazing.
REDUCTION OF HAZARD
Hazard reduction, involving the removal or reduction of
fire fuels, is a preventive measure. Apart from the indirect
hazard reduction measures just described, there are several
direct methods of removing fire fuels :

Standing dead trees
Dry trees or snags, as they are often called, are a senous
menace to successful protection. They act as torches and can
readily transmit a fire for considerable distances ahead of the
main body of fire ; at times, with high winds, burning pieces
from snags have been recorded as being carried half a mile
ahead of the main fire. They enable a fire from outside the
forest to be carried into the forest, and within the forest they
spread the fire from one section to another; roads, trails, and
even brea~s· of widths up to 50 meters are quite ineffectual
against such a hazard.
Not only do snags spread fire, but they can be a hindrance
to personnel attempting to stop the spread of a fire ; by collapsing and burning over roads, trails and telephone wires, they
hamper transportation and communications, and endanger
the lives of men in the forest.
It is frequently impracticable to remove this menace
from an entire forest, but at least standing dead· trees should
be removed within a safe distance around strategic areas, such
as roads, trails and firebreaks; and from the forest boundary
and adjacent stretches both within the forest and outside.
The determination of what is a safe distance depends on
the height of the snags, on the topography of the country and
on what wind forces can be expected.
The use of portable power saws can greatly facilitate the
work of snag felling in some localities.

Other fuels
Reduction or removal of other inflammable material such
as brushwood, etc., might be carried out along toads, firelines,
iirebreaks, or throughout an entire forest.
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Methods to be used will depend on the locality, available
equipment and manpower and type of fuel being removed;
it may be better to use bulldozers, graders, or men with hand
tools, to plow, to burn at a suitable time, or to use chemical
herbicides.
Removal of fuel throughout an entire forest can only
be done economically by controlled burning.

Controlled burning
The regulated use of fire within the forest has received
considerable attention f~om foresters for many years. It is
now generally accepted that, under certain circumstances, fire
can be a useful silvicultural tool. Also, as counter-agent to
possible elimination of a forest by uncontroHed fire, it is a
useful expedient at certain times and in certain places ; when
thus used, the circumstances and the forest type must receive
careful consideration so that the methods employed may
be the most effective and do the least damage. To quote
from a Royal Commission Report on serious fires which occurred
m Victoria, Australia, in 1939 :
" It has already been recommended that the Forestry
Commission must recognize the necessity for protective
burning in its areas. It is not suggested that the practice
be followed in Mountain Ash 1 country, except to a small
extent, where necessity demands that it should be done.
In all other parts where less valuable timber, less susceptible to fire, occurs, this method of prevention of outbreak
and spread cannot either in the public or private interest, be ignored. "

This principle is applicable in other countries.
The following are some of the special circumstances which
may call for a decision on whether or not to use fire, having
in mind those attributes of the forest which make it of value
to the community.
The accumulation of fire fuels may be so great, that it is
first not feasible to maintain a sufficiently large fire-fighting
1 Mountain Ash (Eucalyptus regnans) is extremely sensitiYe to fire and is the
most important commercial tree in the State of Victoria.
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organization to cope with all the possible fire situations which
might develop; therefore, no other course is open but to carry
out so·me protective burning in a 'safe' period if the risk of a
devastating conflagration is to be guarded against. When
this course is adopted, the area to be burned must be carefully
selected so that the fire can be kept within specific limits, and
so that as far as possible only inferior lands are burned over
and areas of regeneration are avoided.
The period of the year and the time of day when such
burning operations can be successfully carried out are extremely hmited and the fire control organization must act quickly
and skilfully. Following the deliberate fire, all burning or
smouldering material that eould cause the fire to spread out
of the selected area must be con1pletely extinguished. The use
of controlled burning as a means of hazard reduction does not
in any way lessen the degree of efficiency required of personnel in any phase of their activities designed to protect the
forest from fire.
A special set of circumstances exists in the Southern pine
country of the United States, where fire is used to assist in the
establishment of longleaf pine (Pinus palustris) and at the same
time to reduce the fire hazard 1 . But so important and controversial is the subject of burning in the forest here, that a considerable amount of research has already been done, and is
still in progress in order to determine the c9rrect burning
procedure.
Fire is also used in this part of the United States to limit
the competition of hardwoods in stands of Loblolly pine (P.
taeda), and again in the longleaf-slash pine (P. palustris-P.
caribaea) forest type to improve grazing 2 • There is in this
case very little variation in elevation, and no apparent soil
and water conservation problem. The advantages to be obtained from the use of fire to reduce hazard and to assist the
silviculturist and range manager, are clear, but there is prac1 C. A. BICKFORD and J. R. CURRY.
The use of fire in the protection of longleaf and slash p'ine forests. Occasional paper ~o. 105. U.S.D.A. Forest Service, 1943.
2 ~.E. CHAIKEN.
The behavior and control of understory hardwoods in
I,oblolly Pine stands. Technical Note No. 72. U.S.D.A. Forest Service, 1949.
P.C. ~EMON. Prescribed burning in relation to grazing in the longleaf slash
pine type. Reprint from Journal of Forestry, \'ol. .t-4, No. 2.

tically no knowledge of the long-range effect of fire on. these
sites. Research work is therefore being continued into all
phases of its use; any recommendation to use fire is always
accompanied by exhortation to regard this tool as a powerful
agent which can be extremely destructive. The term for
its. use in any phase of forestry activity in the United States
is '' prescribed burning. ''
A final example of controlled burning is its familiar use
to reduce the hazard resulting fro111. logging operations. In
many types of forest, if all logging slash is permitted to accumulate, the tremendous hazard so created will - if a fire
starts -result in an outbreak that is extremely "difficult to
control and which will do considerable damage to all forest
values. The hazard can be lessened to some extent by lopping
and stacking of the tree tops and branches, which can be allowed to lie unburned, but burning of the piles of slash during
some ' safe ' period will definitely limit the danger of an tmcontrollable fire. If a complete operation is too expensive, the
controlled burning may be confined to strips through~the forest.
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V. Pre-suf>Pression
A fire control organization must be prepared beforehand
to meet the various sitllations that may arise as and when
fires start, so that it may function efficiently at the right time.
Pre-suppression is the term general1y given to the necessary
preparatory activities which cover:
(a) training and co-operation ;
(b) provision and maintenance of equipment ;
(c) fire danger measurement and forecasting (already
discussed in Chapter III, page 4I) ;
(d) detection ;
(e) communications and transport ;
(f) firebreaks and firelines.

PERSONNEL
It is difficult to apportion greater or less importance to one
or the other phase of preparation for the job of fire suppression;
a weakness anywhere will seriously affect the efficiency of the
entire organization. The selection and training of officers
has been given ronsiderable thought in several countries pa:rt1cula:r:ly in regard to the executives and specialized personnel. But in order to be able to execute the well-prepared·
plans of the specialists and to use highly developed equipment,
the personnel who will be on the actual fire line need also to
be carefully selected and trained. A small improvement in
the skill of an actual fire-fighting force seems to achieve a
g:r:eater increase in suppression efficiency than improvements
in the other factors of suppression. Unless the personnel
responsible for every one of the various operations involved
know their particular functions thoroughly, all other preparations however elaborate will be largely of no avaiL
For the most part, the job of protection against. fire 'Yill
be performed by foresters and woodsmen - members of the
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forest service, of lumber companies, of wood-using industries
and perhaps of co-operative fire-fighting organizations. The
men to direct operations should be selected for their proved
executive ability. Many of their pre-suppression duties ~an
usually be carried out in conjunction with other tasks; however, when the fire season starts, key personnel may need to
be detailed solely for fire control.
Training, as a pre-suppression activity, should commence
with the executives and continue down the line to the firefighters. Through conferences, study of literature and so on,
top executives should keep up to date with developments in
their own country and elsewhere, and significant information
should be passed on to their subordinates through discussions,
directives and training schools.
Training schools, held in the off-season, should deal not
only with theoretical consideratio-ns but should include practice in the use of equipment under field conditions. All permanent petsonnel and as many as possible of the people who
are called upon during emergency conditions, should receive
basic training. This serves to provide a more efficie:J?.t fighting
force, and keeps all concerned alive to the urgency of protecting the forest from fire.

CO-OPERATION
As indicated in Chapter I, the protection of forest lands
is often a community job - and one that cannot be handled
alone by the regular staff and employees of the bodies which
are directly concerned with the task. It is incumbent .on the
responsible authorities at the local level to seek and maintain
co-operation with outside groups and individuals.
This
may be done through local fire brigades, specially organized
forest fire brigades, youth movements, and the like. Forest
officers should establish friendly relations with the community in general and, in particular, as has been said before,
should endeavor to enlist the support of those who influence
local public opinion. Personal contacts should be made with
occupiers of land within and adjacent to a protection area
in an endeavor to obtain mutual co-operation.
67

~

oc

Figure 9. Plowing a fire Iine with tractor and ploVh in heavy broom sedge through
National Forest, Illinois.

wet clay loam sotj at Shawneee

By courtesy of the U.S. Forest S-ervice

Co-operation should also be encouraged between aU bodies
or individuals owning forest land or having an interest in it,
so that they may work together in efforts to prevent fire outbreaks and to suppress fires.
Several interesting examples of the development of this
type of co-operation can be seen in the United States. In
several states, over a period of years, a good deal of protection
has been provided by private owners and by associations of
private owners working together with the State authorities.
To quote from a study of this problem 1 :
"The Associations have demonstrated the advantages
of co-operation in fire control. But fire control to be successful in a highly developed community must be applied
to all lands without exception. This need for complete
coverage made the Associations more successful than
(unco-ordinated) private control, and it may be one factor
which ·will make the State, which is in effect an all-inclusive
co-operative, assume greater direct responsibility for fire
control on all forest land. "
This indicates a definite trend in thought towards the
belief that fire control on aU forest lands is in the n~tional
interest and that, therefore; everyone should co-operate to this
end. Under the Weeks Law of. rgrr and then under the ClarkeMcNary Law of 1925, the Federal Government of the United
States has extended co-operation for the protection of both
State and private forests, provided that certain minimum standards of protection are met (See Chapter I).
PROVISION AND MAINTENANCE OF EQCIPMENT
Some form of equipment, whether it be hand tools or
mechanized tools, is required both for preparation against"
fires and for suppression of fires. For convenience, equipment
can be grouped according to various phases of the fire control
job:
(a) fire danger forecasting,
(b) detection,
1

D.M. MATHEWS and \V.G. "MORRIS. Forest Fire Control in \Vestern Snohomish County, \\yashington. P.S.D.--\.. Forest Service. I9{0.
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Figure 10. A collection of hand tools.

By courtesy of the U.S. Forest Service.

communications,
(d) transportation,
(e) construction and maintenance of firebreaks, etc.
(f) suppressiOn.
(c)

Much of the equipment used in the preparatory stages is
also Used in the suppression phase (and iJ:~.cidentally may also
be used for other (orestry activities).
A description and listing of the multitude of types of equipment that exist ·in various countries would need a volume in
itself, and it is not proposed to go into details here ; several
periodical publications in the United States and Canada publish
current information on the subject.
The type of equipment needed must vary from country
to country and even from one locality to another, and the
factors affecting requirements should be carefully considered.
Availability and cost are of prime importance : for example, a bulldozer may be the piece of equipment best suited to
the terrain for rapidly constructing a fireline, but a bulldo?er
or the fuel or the personnel to operate it may be too expensive,
or roads to permit delivery of the machine sufficiently close to
a possible fire may not exist.
With hand tools there are usually local preferences and
prejudices, but these should not be allowed to prevent the introduction of new tools or else all progress will be precluded.
Topography will obviously affect many forms of mechanized equipment, and the availability of water will in part determine ·the extent to which power pumps can be used. The
forest type, the ground cover and soil type must all have an
influence on the selection of equipment. For instance, a rake
may be a good tool for removing forest litter in some forests,
but is not of much value on stony ground or where tussocky
grass is prevalent.
Local conditions, as well as the national economy, will
often preclude much of the mechanization which ha-s proyed.
possible in such countries as Canada and the United .States.
Moreover, experience shows that there are several general limiting factors which must be considered before making deci71

Figure 11. The front end of a spiral-rotar trencher.
Figure 12. Transporting

a bulldozer by

float.

By courtesy of the· U.S. Forest Service

swns regarduig the use of mechanical equipment, and these
may be summarized as follows:
(a) There are no all-purpose units. Machines and methods have to be adapted to meet various situations.
(b) Operation and maintenance of many machines requires special facilities involving capital expenditure, and it is necessary that an assured supply of
skilled personnel be available.
(c) The fire protection organization should have complete control of the required machines and facilities, in order that they may be available on call.
(d) Once a decision is made to have any part of the
organization mechanized, provision must also be
made for the financing of replacements as part of
the normal operating costs.
Finally when the types of equipment have been selected.
every effort should be made to have them available in sufficient
quantity at strategic locations and maintained in good order
and condition.
DETECTION
The aim of a fire control organization is to prevent as
many fires as possible and to suppress all fires that do start
while they are still small. If this is to be accomplished, it must
be possible to detect fires promptly. This implies not only
glimpsing a fire at an early stage, but also locating its precise
position and passing a warning and full information to whoever
must initiate the suppression action. If detection is inefficient,
fires that have started may have grown to large proportions by
the time suppression forces arrive, and under these circumstances, even in a normal fire season, the organization might
prove incapable of handling the situation that would most
probably develop.
To be efficient, the detection of fires must be a planned
operation, making use of all the possible means of detection,
whether it be ground patrols, observations from lookout towers,
air patrol or co-operation by the public in reporting fires.
The most efficient system will be able to make use of all methods.
as circumstances dictate. However, in a newly formed fire
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control organization or in countries in the early stages of forest
development, the most modern facilities are unlikely to be
available and first reliance will probably be on ground patrol.

Ground patrol
In theory this is a quite simple arrangement but, as with
most things, it can be vastly improved if executed methodically.
The planners will have determined which areas have pnority
of protection and it is on these areas that detection efforts
must be concentrated.
Ground patrol can be carried out on foot, on horse; by
vehicle or vessel. The areas where fires generally start are
frequently those near railways or where there are most roads
and, if rail or motor transport (especially general purpose
transport such as jeeps) is available, this is probably the
method to adopt. Such patrols should not be restricted to
cruising, but every opportunity should be taken to make
contact with the people using the forest.
Patrolling where there are no roads may be on foot, animals, or, if trails permit, bicycles ; and provided the patrolman
is a keen observer adept at making use of various vantage
points (including tall trees especially prepared for easy climbing), and knows his area well, he can do quite a good job of
detection. Knowing the area well means knowing not only
the topography and the various trails, but also the work and
habits of the people who are using the forest. One man can
only cover a limited area and it is therefore of importance that
the areas assigned to patrolmen should be the most valuable
or those where the danger of fires starting is most acute.
Because of the limited areas that can be covered by ground
patrols, it is logical that the desire for wider coverage should
lead to the development of a lookout system.
Lookout systems
This is at present generally regarded as the most satisfactory single method of providing good detection. From simple
use of the vantage points selected by ground patrolmen it has
~---

Figure 13. A modern .fire lookout with living quarters in Kaingaroa State Forest.
Rotorua.
By courtesy of the New Zealand forest Service.
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developed into the modern and precise practices whereby it
can be stated that if such and such lookouts are manned.
then such and such areas are covered and a fire starting on a
certain area will be observed within a specified time limit.
No lookout system, nor for that matter any system of
detection, can aim at giving roo percent coverage to all land
within the protection area - the cost would be prohibitive.
It should, however, aim at giving a high percentage of coverage
of those areas which experience and records indicate as being
the places where fires a:re most likely to occur. It is in this
way possible to develop a detection system at a reasonable
cost, which is. effiCient enough to detect fires sufficiently soon
to enable prescribed protection standards to be met.
A good lookout system has to be developed gradually,
since funds rarely permit complete installations to be made
from the beginning of systematic fire control and, indeed, it
is advis·able only to elaborate the system as experience and
knowledge is gained. Nevertheless, an initial plan of development should be made in order to avoid costly mistakes.
To plan a lookout system, good maps are needed of the
protection area such as are mentioned in Chapter III. A topography map will help considerably in locating possible lookout sites.
With such basic material, possible lookout sites can be
tentatively selected from the map. The next step is to see
just what areas are visible from these sites on the ground, mark
them on a map, and note the compass bearings to specific
points. For this reconnaissance, at least one member of the
party should be thoroughly familiar with the local terrain. Note
must be made of whether the possible sites are accessible or
can be made accessible at reasonable cost ; this is of importance when it comes to the construction of living quarters for
personnel, lookout cabins and the communication system.
From the preliminary investigations, the potential lookout
sites can be plotted on a map according to their range of vision
and should be classified into primary, secondary and subsidiary
lookouts. The primary lookouts will be those which command
the maximum range of territory. The secondary lookauts
will be those which, while not having the range of view of the
primary lookouts, are good sites and will probably give a better
view of certain areas already covered by the primary lookouts.
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The subsidiary lookouts may also be termed emergency lookouts,
which will be manned to give coverage to forest areas of high
value or great hazard on days of bad visibility or of high danger.
After the classification and mapping has been completed,
the selection of those points which are lik-ely to serve best as
permanent lookouts can be made with sufficient accurancy
to warrant more intensive field work. The object of this further
work will be to select those sites which, in combination, give
satisfactory coverage to the entire protection area and really
good coverage to priority areas.
It must be realized that (except in flat country), no lookout
can cover all the area within range, and that some parts of the
forest will inevitably be hidden from direct view by intervening spurs ; such hidden areas are commonly referred to as blind
areas or unseen areas. The smoke from a fiTe starting on a blind
area will not be detected till it reaches above the intervening
spur and by that time, because of wind movements, it is unlikely to indicate the exact location of the fire. Therefore it
Is desirable to have as few blind areas as possible, and to this
end it is an advantage to have areas covered by two lookouts
viewing them from different angles. This will add to the speed
of detection and will permit a more accurate location of a fire
by means of cross-bearings. The taking of panoramic photographs or the drawing of visible area maps for each of the
projected sites is an invaluable aid in selecting th.e best combinations1.
From all this data it is possible to make the final selection
of-lookouts and prepare a general plan of the system. Installation can then proceed as funds become available.
Various designs for lookout towers, cabins and equipment have proved successful and plans for these are available
from: the countries which have developed them. Communications have already" been discussed; it is important that the
detection equipment should also be efficient. The essential
equipment for a lookout observer is the fire- finder. ...(see definition on page 97) record books and maps. Binoculars of

1

S. B. Snow et al. Planning, constructi\]-g, and operating forest fire lookout
systems in California. tT.S.D.A. Forest Service Circular No. 449. 1937.
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medium power, say 6 x 30, are especially useful. On the maps
the precise location of his own lookout station and of other
stations within the area must be marked. Good equipment
will amply repay the cost of purchase, but of course well-trained
observers are essential to the success of the whole detection
system.

Air patrol
As a means of detecting fires, observation from aircraft has
in recent years become extensively used in several countries, and
is likely to increase. In general, however, the use of aircraft
for this purpose only supplements the fixed lookout system.
The major disadvantage of air detection is that any given
section of the forest area can only be under observation for a
short period and this is of particular importance in areas with
flash fuels where rapid detection is essential. It would be impracticable to provide anything like the number of air sorties
that could furnish the continuous observation possible from
fixed lookouts. As a supplement to detection from lookouts,
however, there are some very definite advantages to be gained
from the use of aircraft patrols :
(I) In the early part of the fire season before the lookouts are manned, useful reconnaissance (:an be performed at a reasonable cost. Air patrols can be
placed in. operation, or called off duty at short
notice and are therefore not a constant charge as is
the case once the lookout stations are manned.
(2) In periods of high danger, the flight line for an
aircraft can be mapped out so that observations can
be made on the blind or unseen areas of the fixed
lookout system.
(3) The path of a lightning storm can be followed to
observe quickly whether any fires have started as
<l result of lightning strikes.
~--

figu-re 14. Helicopters assisting in fire-fighting in Ca1iforn'ia. On one occasion two
l'ives were saved by this means, and many fire-fighters evacuated sufferifl'g from
exhaustion and smoke-poisoning.
By courtesy of the San Francisco Chronicle.
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Figure 15. A firefinder at work in the lookout cabin.
By courtesy of the. U:S. Forest Service.
Figure 16. A fire control room at headquarters.
By courtesy of the New Zealand Forest Service.

(4)

When the visibility from lookout stations is poor
and their ~ffective range is. ,reduced, observations
from the q.ir are a good means of making up this
deficiency.
(5) While to a certain extent a lookout observer can
watch and report the progress of a fire and the
progress of suppression forces at a fire, an aircraft
is in a better position to obtain such information
and pass it on to headquarters and to the " fire
boss."
COMMUNICATIONS
Without adequate means of communication, fire control
work is difficult and fire detection systems are valueless. The
last decade has seen much progress in this field, notably in the
development of the use of radio, and it can be expected that
there will be many further improvements in the next few years.
In South Africa the televising of a fire has been tried out as an
aid to the man directing the fire-fighting operations.
These developments all tend to consolidate the fire control
job and enable close contact to be maintained between all the
personnel involved. But however spectacular modern progress
may seem, it has not displaced, nor is it likely to displace, telephonic communications under all conditions. In fact for
many countries the difficulties of financing and of obtaining
radio equipment will mean that the telephone will remain the
major method of communication for many years to come.
However, even a satisfactory telephone network is not a
practical proposition in some countries, and reliance must
therefore be placed on the most efficient system possible
locally. For example, visual signals or even the u~e of runners
can be quite effective. The more simple methods obviously
place greater responsibility on individuals, whereas modern
means of communication make a fire control organization into
a more closely knit entity.
During the fire season, it is imperative that members
of a fire control organization should be able to intercommunicate at all times. This cannot usually be assured simply
by maintaining the forest service telephonic systems in good
order because the forest network is usually linked up with the
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public network, which in some countries does not always operate on a continuous basis. This particularly applies in sparsely populated rural areas which are usually the most important
sectors from the viewpoint of the forester.
Holiday and
week-end periods, when a large percentage of fires are apt to
occur, are the periods when continuous telephone services are
most needed and when quite often they are least available.
Considerable efforts may therefore have to be made to have
both forest and public networks in continuous operation
throughout the fire season.
Temporary telephone lines are of great assistance in
maintaining contact with standby fire crews during danger
periods, and also for communicating with crews at a fire.
For
communications of this sort and for mobile units generally,
radio can be expected gradually to displace the telephone.
As regards radio networks, there are many problems of a
technical nature to be solved in the initial stages of installing
communications, such as location of major transmitting and
receiving stations, effect of topography on various types of
equipment and availability of replacement parts; any forest
service contemplating the use of radio will be well advised to
get expert technical advice from civilian or military sources.
Where aircraft are being used for patrol or transport operations, radio communication is clearly desirable, otherwise
the increased efficiency to be gained from air observation will
be largely counteracted. The use of radio from observing aircraft at the actual scene of a fire can provide much helpful
information to the man on the ground in charge of operations,
information which would take much valuable time to obtain
by any other means. Voice amplifiers in aircraft, supplemented
by a simple system of signals from ground crews to aircraft,
are used to good advantage by several forest protection agencies. Their special value lies in their cheapness and simplicity.
Speedy and efficient communication regarding the start
and progress of fires is one of the vital factors in reducing the
time taken to bring them under control and i.a preventing their
spread.
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TRANSPORTATION
What has just been said about the necessity for speed in
communication applies equally to speed in transportation of
men and equipment to an outbreak of fire.
Transportation of men and materials may be accomplish~d:
(a)
(b)

(c)
(d)

on
by
by
by

foot, by men or animals,
water-craft,
motorized equipment,
air.

Even considering recent developments· in the use of aircraft and the greater developments still to be expected, a
good road system is still a major requirement. Obviously
all-weather roads are not a necessity; dry-weather roads are
a first consideration.
For successful forest management of areas subject to fire~
good access roads are required anyway and, as subsidiaries to
the main system, fire-roads and bridle tracks can be cleared.
Not only do such facilities enable suppression forces to be delivered quickly to a fire, but often a light fire will be halted by
them and they form excellent lines from which a fire can be
counterattacked. The greater the subdivision of the forest
by roads and tracks, the greater is the chance of confining a
fire to a limited area.
The extent to which capital expenditure on roads within
a forest area is warranted is limited by the economic importance
of the forest tract ; normally road constr~ction is not carried
out in advance of exploitation. The type and availability
of possible construction equipment will determine hov.' expensive road-making will be. If major road construction projects
cannot be immediately justified, it IS nevertheless advisable
that the plan for a road system within a forest area be p:-epared
from the outset, and trails and bridle tracks which can be
justified for protection purposes should follow as closely a~
possible the proposed road lay-out.
All means of access to a forest, including waterways for
use of canoes or motorized water-craft, should be charted on
the maps used by the protection personnel, and the loss oi
much valuable time in getting to a fire can be avoided by the
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simple expedient of erecting appropriate signboards throughout
a forest area.
In some countries where adequate airfield facilities have
been provided or where numerous lakes and rivers permit the
use of float-equipped planes, aircraft are already extensively
used for the transport of men and materials. Helicopters
are likely to prove more useful because they need little landing
space, and can be used to deliver supplies to ground attack
forces without landing at all.
In the United States and in Canada, the existence of large
tracts of high quality forests where there are practically no
roads has led to the use of a system of cargo-dropping from
conventional aircraft, and the creation of a corps of parachute
firefighters known as " smoke-jumpers. " The time which
would ordinarily elapse from the discovery of a fire to the arrival of suppression forces in such areas would often entail two
days of fire-burning time, and in high danger periods that
would mean a big fire, much damage to the forest, and high
costs for suppresswn.
WATER SUPPLIES
For drinking and cooking purposes, water in limited quantities is always required, but its value as a means of suppressing
forest fires has been gradually extended until today its use
in fire suppression is limited largely by its availability and the
availability of water-delivering equipment.
It is considered that, in all countries, equipment for the
delivery of water to fires will gradually become more readily
obtainable and that, therefore, no opportunity should be lost
of increasing water storage facilities, where 1tecessary. This
can be done through provision of field dam~, roadside dams,
iron storage tanks, wells and access to water holes and streams,
and in some areas, by using sand-point equipment for obtaining
sub-surface water quickly.
Since special funds for such undertakings are often hard
to obtain, construction is normally not undertaken at all, unless there is a clear immediate need. The construction of
roadside dams and the provision of access to water holes and
streams can, however, often be economically undertaken while
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road construction is being carried out, when the necessary
equipment and manpower are available. Certainly the provision of water supplies must not be lost sight of in the overall forest management plans.
FIREBREAKS AND FIRELINES
The term firebreak is defined in English terminology as a
natural or already existing barrier, or a barrier artificially
constructed before a fire occurs, from which all or most of
the inflammable materials have been removed. Such a barrier
is designed to stop or check creeping or running fires but not
spot fires 1 , and if possible to serve as a lane for the movement
of men and equipment in attacking the fire. Waterways, swamps,
road networks, etc., should form part of the firebreak
system but may, depending on their location, warrant improvement by construction of additional firebreaks along their
borders.
A fireline is defined as a narrow portion of a control line
from which inflammable materials have been removed by
scraping or digging down to mineral soil. (A control line
is an inclusive term for constructed or natural barriers used
to control a fire). Here we are concerned only with those
.:firelines constructed prior to the outbreak of fire.
Other terms which are sometimes used, such as firelane,
.:firestrip, greenbreak and fireguard, are either synonyms or
local variations of the above definitions.
Firebreaks can be quite successful in stopping the spread
of a creeping fire, but a crown fire or one burning fiercely in
heavy undergrowth or slash, and fanned by strong winds,· will
not be stopped by any normal firebreak. Sparks or burning
material are often thrown great distances ahead of the main
.fire and a firebreak intended to counter such occurrences
would generally be uneconomic to construct and wasteful from
the point of view of land use. An exception is where wide
firebreaks are utilized as grazing areas, as discussed in Chapter IV.
For the most part firebreaks and firelines are regarded as
bases from which a fire can be attacked and between which
1

See Glossary.
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a fire can be confined. By affo:Ming free movement for attack forces and an already prepared line of defense, th~y can
help to avert considerable losses.
The several types of breaks are :
natural breaks,
existing roads, trails and logging tracks,
cleared :firebreaks of varying widths from which all
vegetation and inflammable material has been
removed,
tree-covered breaks,
:firelines which have been cleaned down to the mineral
soil.

N~dural breaks
All possible use should be made of existing naturol breaks
such as rivers, creeks, swamps and permanent cultivation.
In tropical and sub-tropical regions, rain forest types which
intrude into dry forests form barriers against fire, and where
they exist as intrusive strips rather than as sizeable areas, protection is warranted against any operations that will destroy
their effectiveness. It may in fact be advisable to prohibit
logging operations within them.
Accumulations of slash near natural firebreaks should
be avoided as far as possible, and should in all events be got
rid of during some suitable period prior to the beginning of the.
fire season. If this is not done, a natural greenbreak can gradually be destroyed by the inroads of fire, and the chances that
burning material will be blown across a stream, for instance,
are greatly increased.

Existing roa.ds, trails a.nd tracks
The value as fire barriers of such improvement works
as roads can often be increased by clearing firebreaks along
either side or at times by planting the borders with species
especially resistant to fire. All roads and trails should, however, be kept clear of inflammable material and in particular
drains and culverts should be kept free of leaves and other
trash. This is simply good road maintenance practice, but
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if neglected, there is always the possibility of creeping fires
getting acro'ss the road or burning wooden culverts and bridges.
Logging tracks and temporary logging roads soon become overgrown and useless after the finish of logging operations; where
power equipment is available, they can often be kept open at
reasonable cost to the gre<:lt advantage of the protection system.

{'leared firebreaks
Completely cleared firebreaks, one to two chains (zo-40
meters) in width and located in strategic sectors. are still
often used where the clearing required is light and power
machines are available. They are, however, tending to lose
favor as construction and maintenance costs rise. Such breaks
can be maintained free of vegetation by plowing, brushing
and burning, and sometimes by use of chemicals. Spraying
with chemicals is especially economic where the break is alongside a road from which power spraying can be done rapidly.
(See also firebreaks of cultivated or grazed land, page 6o.)

Tree-covered breaks
Standing dead trees, trees with inflammable bark and
accumulation of combustible material on the ground should
be removed from this type of break if it is to b.e effective.
Undesirable trees can be felled and, if possible, sold and remove9-, but those left lying on the ground will gradually be
consumed by the periodic controlled burning which should
be carried out to remove ground accumulations. Where
this is done, the break should be flanked on either side by a
fireline to prevent the fire getting out of control ; if a road exists
on one side, then only one fireline need be constructed.
A tree-covered break is less costly to maintain than a
cleared break as brushing is not required so frequently. Although constant burning may prevent the establishment of
regeneration and slow down the growth of .the remaining trees,
it can be expe·cted that some return will eventually be obtained from the sale of the trees
Artificial greenbreaks of fire-resistant species are some87

times prescribed as a border to danger areas such as railroads
and public roads through the forest.

Firelines
Firelines, when supplementary to other types of breaks~
need to be from 2 to 4 feet (about I meter) in width, but
when used alone, they should be wider. The actual width
will generally be determined by the facilities available for
construction and maintenance. When only hand labor and
tools are available, narrow lines are all that can be expected.
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VI. Suppression
The effective and economical suppression of forest :fires
can only be accomplished by following an orderly process, by
making decisions and applying the correct solution to each
tactical problem as it is met ; by looking ahead and appraising
probable future situations or conditions and providing in
advance suitable means to meet them. The responsible person must be ready to modify tactics during suppression action
whenever there is a significant change in the behavior of a
fir£.

METHODS
There are three chief methods of suppressmg fires which
can be used either singly or in combination :
(a) water, sand or light soils ;
(b) clean fireline ;
(c) backfiring or counterfiring.
In areas where there are dangerous fuel types and large
fires can be expected, a combination of all three is preferable.
Where surface fires 1 without great force are the rule, these
can generally be extinguished by direct application of water
or by the construction of a clean fireline directly across the
fire front. The use of backfiring or counterfiring is maybe
an expedient to be deplored from the point of view of forest
management, but in many situations, direct attack becomes
a physical impossibility and attempts to use it merely result
in a greater loss to the forest estate than the amount of forest
sacrificed during a backfiring operation. Backfiring is not
to be regarded as a haphazard action, but as a carefully considered plan of attack designed to reduce the total area likely
to be burned, and needing skill and experience.
Correct fire suppression practice may be described as the
proper use of and co-ordination of the elements which have
been discussed in the previous Chapters. How these elements
1

See Glossary for definitions of ground, surface and crown fires.
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are to be integrated can only be broadly indicated in a fire
plan ; integration in practice takes place only when a fire actually has to be faced and the fire control organization goes into
action. Failure to apply correct procedure will result in
small outbreaks developing into large :fires and the defeat of the
organization.
TRAINING
Fire-fighting is therefore a matter of discipline and training - training through organized courses and training through
experience. Although it is impossible to set down a list of
rules for fire-fighting, which if followed would automatically
mean satisfactory suppression, there are certain basic principles which can be learned. Intensive training and on-the...,spot
experience in the application of these principles can produce
reliable men at all levels.
The need for training schools has been mentioned in an
earlier chapter ; separate schools are required at the various
levels. The man fighting the fire does not need to know all
the principles of fire-fighting that the fire-fighting " boss "
must know ; the latter must impart the required standard of
training for the man at the fire. Men who show aptitude
at the lower levels are the ones to be selected to attend more
specialized training schools, so that in time a complete and
efficient fire-fighting force is built up.
The type of course instituted for the man at the fire must
be largely a practical one on how and when to use various
types of equipment. He must learn the safety measures to be
taken to prevent fire escaping and measures necessary for
personal safety.
The next level of training is that required for specialist
operators, such as teams for using water equipment, specialized
fire-fighting equipment or. normal equipment that must be
used in particular ways for forest fire-fighting.
Foremen are needed to co-ordinate the work of the men
~--

Figure 17. One year after the Landes forest fire of 1949, the area was still devasted,
although some ground vegetation was re-appearing.
By courtesy of P. 8. Collins.
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from the above groups. These men should understand thoroughly the practical side of the job, but they must also understand something of fire behavior, and know what action to
take in terms of existing fire danger classifications (see page 4I).
They must know how to prepare fire records and reports, and
understand why such records are necessary. They must know
their forest a,reas and how to take advantage of roads, trails
and any natural features which may help to bring a fire more
quickly under control. These are the men who, with experience, will become the fire-bosses, able to direct men and
equipment and successfully fight q. big :fire.
Higher training will be given to the executives, and it
will generally take the form of post-mortems on large
fires or discussion exercises to learn of the latest results of
research, see demonstrations of new equipment and formulate plans of action. This is the top organizational level.
The problems of suppressing fires are chiefly a matter of
organization. Whether a fire be sma11 or large, the general
direction of offensive operations must rest with orre individual. In the case of small :fires, this individual wil( have
direct contact with the men and the fire. Personal contact
must of necessity decrease in inverse proportion to the size
of a fire ; as personal contact becomes less, the need for a good
communication system from the actual fire to the center of
direction becomes more and more important.
Competence to take command at large and difficult fires
is only acquired through training and experience. The
responsible person must understand fires and he must understand men. Small fires present m.fl5t of the problems and solutions for fire suppression in general, and therefore full understanding of the suppression of small fires is an essential step
towards dealing with large fires.

CORRECT PRACTICES
The summary of correct fire-fighting practices as laid
down for the United States Forest Service, Region 5 - California, is given below as an example of the experience of a
highly developed fire control organization.
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Initial action
When a fire is observed, the lookout or other person discovering the fire will advise the duty officer or dispatcher of
the exact location of the fire, its size, and any other relevant
information.
The dispatcher's duties
I.

2.

3·

45.
6.
J.

8.

He receives and records the reports of all fires.
Checks on location.
From the conditions described by the lookout and
from his own knowledge of the country, supplemented
by the fire atlas, he decides on the necessary action.
He then notifies his senior officer of the outbreak
and of the action taken.
He requests the lookout for a report at short intervals on the progress of the fire.
He records all telephone calls and all actions taken.
He makes arrangements for assistance to be sent to
the first attack crew, and if no report is received
within a reasonable period of time from the crew
foreman, arranges to send reinforcements.
Once contact has been made with the crew foreman,
further action will be based on his reports ; the dispatcher will keep the crew foreman posted on fire
weather information.

At the fire
The duties of the person in authority at the fire, apart
from keeping the dispatcher informed of co'nditions and pro-·
gress, are in order of sequence :
r. Estimation of the fire.
2.
Selection of the point of first attack.
3· Location of the control line.
4· Construction of the fireline.
5. Backfiring.
6. Mopping up.
J. Patrol.
8. Abandonment of the fire.
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I.

Estimation of the fire

Go around the fire and see the entire edge.
Rapidly decide the effect on present and future burning
conditions of those factors which go to make up fire danger.
Decide where the fire is most likely to spread quickly
into sectors where control will be difficult.
Look for spot fires and determine action required.
Determine which is the most vital point for first attack
and begin work.
During this investigation of the fire, determine the cause
of the fire and if it is man-caused, preserve any evidence.

z.

The point of first attack

The fire should be prevented from reaching dangerous
fuels.
It should be confined to one major area.
Existing barriers should be utilized to the fullest extent.
J.

Location of the control line

Select the shortest and easiest route and take advantage
of all existing barriers.
A void sharp angles.
Where practicable, avoid high hazard types and select
open locations.
Give ample clearance to snags which might fall over the
line.
As far as possible endeavor to provide uphill burning for
backfires, but avoid material which might roll back over the
fireline.
Locate line as close to the fire as practicable.
The estimated speed of line construction must be balanced'
against the rate of fire spread.

4·

Construction of fireline

Make the line no wider than necessary.
Clean the line down to mineral soil.
Dispose of material removed, so as not to interfere with
subsequent work - make use of it to aid backfiring.
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Take precautions against material likely to roll down
slopes.

5.

Backfiring

1

A~apt

backfiring practice so as to make use of topographic
features - it is normally best to begin a backfire on the
higher sections of the line.
Take prompt advantage of favorable weather conditions.
When hard pressed, setting the backfire may be timed to
utilize the draught created by the main fire.
At times chances must be taken to prevent the main fire
escapmg.
Backfiring is specialized work, and use should be made of
soil, water and any special tools available which will enable
the backfire to be held.

6.

Mopping ·up.

Commence work on each part of the line as soon as possible after the completion of backfiring.
Ensure that no fuel will roll over the line.
Spread smoldering fuel that cannot be extinguished.
Allow fuel to burn up if it will do so promptly and safely,
and, when possible, use water to extinguish as much burning
material as possible.
Eliminate promptly, both inside and outside the line,
any special threats such as snags, stumps, decayed logs and
singed brush.
Look for burning roots that might carry the fire under
the line, and search for any smoldering material that might
be over the line.
On small fir-es extinguish all burning material, and on large
fires extinguish everything for a distance sufficiently far behind
the line to be certain that, under the worst possible conditions,
escape into unburned country is not possible.

1

Al.,;.o known as counter-firing. Burning-out, a related system practised in
some regions, involves burning intervening inflammable •material when the fire
edge and the control line are close together.
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7·

Patrol

The necessity for patrol begins when the backfire is set
or, in the case of direct attack, when the line is being built,
and ends when the fire is out.
Definite beats should be allocated to each patrolman.
Special danger points should be designated and, where
~pecial hazards exist, they should be worked on as well as
'atched.
Systematic search for fire outside the line is necessary.
Patrols should. contact each other at specified times, and
arrangements for communication should be made in order
that calls for help are possible.
8.

Abandonment of the scene of the fire

A thorough check of the control line and of the ·area inside and outside of it should be made before leaving, to ensure
that all operations have been properly executed. There must
be no possibility of further trouble from the fire.
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Glossary of

Ter~

As forest fire control has developed, a specialized terminology has
also evolved.
The first comprehensive attempts to codify terminology were made
in the U.S.A., first by the U.S. Forest Service (1905, 1930, and 1939)
and later by the Society of American Foresters (1944). Glossaries have
also been prepared in Canada (1947-49) and by the British Commonwealth Forestry Association (1952). Both of these are· largely based
on the Forest Terminology of the Society of American Foresters.
An agreed international language of technical terms is necessary in
fire control so that developments in one country may be understood
in others.
The present glossary is only included here to explain terms used in
the text of the study and does not attempt to provide a complete glossary
of terms used in fire control or even a recommended list. The definitions are based on the publications referred to above. Synonyms are
placed in brackets.

A

Area, allowable
burned

The maximum annual loss in acreage burned
which is accepted under the limitations of
adequate fire-control for the area involved.
It is used as a standard in measuring the
success or failure of fire-control activities.
(Syn. Allowable burn)

Area, blind

An area where the ground or the vegetation
growing thereon cannot be seen directly from
an established or proposed lookout station or
point, when atmospheric visibility is normal.

Area, dosed

An area in which human travel is prohibited
or restricted.

Area, visible

In fire control, the ground or the vegetation
growing thereon to be seen directly from any
established or proposed lookout point when
atmospheric visibility is normal, i.e., visib~e
area decreases with reduced atmosphenc
transparency. (Syn. Seen Area)

Atlas, fire

The repository of fire maps, charts and other
records used as a basis for fire control planning.
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B

Backfire

Blowup

A fire intentionally set along the inner edge
of a control line located ahead of an advancing fire, for the purpose of facilitating control by-a widening of the control line and the
removal of intervening combustible materials.
(The use of such a fire when the control line
is close to the fire edge is sometimes called
" burning-out " or " clean-burning ".) (Syn.
Counter-fire.)
A term applied to a going fire that becomes
uncontrollable.

Burn, broadcast

Fire used to destroy surface material in
such a way that it burns freely over a considerable area, with or without the use of
firebreaks.

Burning, controlled

Any deliberate l)Se of fire on land whereby
burning is restricted to a predetermined area
and intensity.
Controlled burning early in the dry season,
before the leaves and undergrowth are properly dry, as an insurance against later fire
damage.
The application of fire to land under such
conditions of weather, soil moisture, time of
day and other factors as presumably will
result in the intensity of heat and spread
required to accomplish speeific silvicultural,
wildlife, grazing or fire-hazard .reduction
purposes.

Burning, early

Burning, prescribed

Cabin, lookout

Class, danger
Control, fire

Control, resistance to

A building _used as a fire lookout; sometimes
serves as a combination observatory and
living quarters; normally equipped with
glass walls or windows permitting unobstructed view on alL sides; located on a lookout
tower or other artificial or natural elevat_ion.
A numerical or percentage rating of fire danger.
All activities concerned with the protection
of wild land and forest growth from .fire.
Includes Prevention, Pre-suppression, Detection and Suppression.
A fire-fighting term used to express the relative difficulty of constructing and holding
a control line as determined by the character
and density of fuels, soil conditions and topography. It may be expressed in chains of
held line per man-hour, per· machine-hour,
or a combination of the two. It is most
commonly diviaed into four broad classes
termed low, moderate, high, or extreme re·sistance.
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D
Dam.~ge,

fire

The loss, expressed in monetary terms or
otherwise, caused by fire. Jt may be direct,
throvgh immediate injury to or destruction
of property and life; or indirect, i.e., all other
losses, not necessarily restricted to the area
on which the fire occurs.

Danger, constant

A term used to include all phases of fire danger
which are, for a given area, relatively unchanging, e.g., normal risk, topography, all
fuels, exposure to prevailing wind, etc.

Danger, fire

The resuitant of both constant and variable
factors which determines whether fires will
start, spread, and do damage, and determines
as well the difficulty of control. Covers
both Risk and Hazard. Constant factors are
those which are relatively unchanging, e.g.,
normal risk of ignition, topography, all fuels,
and exposure to prevailing wind. Variable
factors are variable from day to day, season
to season, and year to year, e.g., all weather
elements, fuel moisture content, and variable
risks of ignition.

Danger, variable

A term used to include all phases of fire danger
of a given area which vary from day to day
and result in producing variations of danger
within the season and from year to year,
e.g., all weather elements, fuel moisture content, variable man-caused hazards, etc.

Dispatcher

A member of the fire-control organization who
receives· reports of discovery and status of
fires, determines the locations of fires., and
sends I:Q.en, -supplies, and equipment to suppress fire. (A central dispatcher functions
over an entire forest or several ranger districts;
a ranger district dispatcher, within a ranger
district only).

Disposal, slash-

Treatment or handling t>f slash to reduce the
fire hazard or for other purposes (preferred
to Brush Disposal), such as :
Broadcast burning. A method of applying
fire over a considerable area and permitting
it to spread freely with or without the use of
firebreaks.
Diversified disposal. The application of twoor more methods of slash disposal over a
general area, each where best adapted to
local conditions.
Live burning. Burning of green slash progressively as it is cut.
Lopping and scattering. Lopping the slash
soon after logging and spreading it more or
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less eveniy over the ground, without burning.
Lopping may be done without scattering.
Partial disposal. Slash disposal, by any
method, resulting in the destruction of only
a portion of the slash on a given area.
Piling and burning. Piling the lopped slash
at the time of, or soon after, logging, and
burning it when weather conditions permit.
Progressive burning. Burning the slash as
it is piled.
Pulling tops. A method of slash disposal
in the southwestern United States in which
unutilized tops with limbs attached, or accumulations of slash, are dragged away from
seed trees or advance growth to reduce damage in case of accidental fires.
Spot burning. A modified form of broadcast
burning in which only the heaviest accumulations of slash are fired and the fire is not
allowed to spread over the- entire cut-over
area. (Syn. Patch-burning).
Strip burning. Burning the slash on strips
usually Ioo to 300 feet (Approx. 30-90 meters)
wide, along roads or barriers in such a way
as to sub-divide the slash into blocks with
natural protection advantages. Except in
the strips the slash remains untreated.

Distance, visibility

The maximum range of vision in miles (kilometers) at which a lookout man can distinguish a standard smoke column or other specified object.

Duff

In general, the decomposed and partly
decomposed vegetable matter making up
part of the forest floor. More technically
this matter is litter, duff or humus. The litter
is the loose debris of dead sticks, branches,
and twigs lying on top of the duff. The
duff is the top layer of only partly decomposed dead vegetable material forming
a mat or carpet covering the ground. In
this layer the unit structures have not decayed to the stage in which their original
form cannot be recognized. The humus is
the lower layer of thoroughly decomposed
organic material found between the mineral
soil and the duff. Decomposition has destroyed the original forms of the unit structures so that they can no longer be recognized
in this layer.

E
Equipment, fire
control

All tools, conveyances, machinery and special
instruments or devices purchased for. or
allocated to fire-control purposes, but not
including structures.
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F
Firebreak

An existing barrier or one prepared before a fire occurs, from which all or most of
the inflammable materials have been removed ; designed to stop light surface fires and
to serve as a line from which to work and
backfire if necessary, also to facilitate the
movement of men and equipment in fire
fighting. (Syn. Fire guard; Fireline : India ;
Fire belt. South Africa.)

Firebreak, green

A belt of trees retained or planted and conserved to suppress the growth of inflammable
vegetation and retain soil conditions as moist
as possible for the purpose of arresting flying
sparks.

Fire, bush

See Fire,

Fire-controJ plan

An organized statement of policy and written
plan of action based on the fire atlas record
of cumulative fire facts. The plan is revised
as its parts are tested, developed and perfected.·

Fire, control of a

The surrounding of a fire and all spot fires
therefrom with control lines and completion
of the backfiring of any unburned surface
adjacent to the inner edge of the control
lines.

Fire, creeping

A fire spreading slowly, usually with low
flame.

Fire, crown

A fire which burns through the tops of living
trees, brush or chaparral or which burns all
or a large part of the upper branches and
foliage.

Fire-finder

A device or instrument used in determining the
location of fires after discovery.

Fire, forest

Any fire on forest land which is not being
used as a tool in forest protection or management in accordance with an authorized
plan. (Syn. Bush fire.)

Fire, ground

A fire that not only consumes all the organic
materials of the forest floor, but also burns
into the underlying soil itself, as for example
a peat fire. (Usually combined with, but not
to· be confused with, a surface fi1·e).

Fire-line

That portion of a control line from which
inflammable materials have been removed
by scraping or digging to the mineral soil.

Fire, running

A fire spreading and with a ·.vell-defined head
but little or no spotting· or crowning.

Fire, smoldering

A fire making no appreciable spread and
burning without flame.
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forest.

Fire, spot

Fire set in advance of or away from the main
fire by flying sparks or embers.

Fire suppression

All the work of extinguishing a fire, beginning with its discovery.

Fire, surface

A fire which runs over the forest floor and
which burns only the surface litter, the loose
debris
and the smaller vegetation. See

Fire, ground.
Fire trail

A trail constructed primarily to facilitate
travel to and from or along the edge of a
fire. (Not to be confused with fir'eline).

Fireproofing

Treating fuels on a specific area so as to
reduce the danger of fires starting or spreading,
e.g., to fireproof a roadside or campground.
(A relative rather than an absolute term.)

Free burning

Describes a fire or portion of the perimeter
of a fire on which no work has been done
to hinder or stop itc:; spread.

Fuels, fl.a:tt

Light fuels, such as grasses, ferns and tree
moss, which ignite readily and are consumed
rapidly bv fire and thus contribute to rapid
ra,te of spread.

Fuels, heavy

Fuels, such c>,s snags, windfalls, branchwood
and deep compact duff which, while they
generally burn slower than flash fuels, liberate a greater amount of heat when ignited
and burn more fiercely or hold fire much
longer, thus materially increasing the diffi~:-ulty of suppression.

Fuel type

An area of vegetation having definite forestfuel, topographic, and soil characteristics
denoting a specific rate of spread of fire on
an average bad fire day and a specific resistance to the constructing and holding of a
control line.
H

Hazard, fire

(1) A term applied to materials which form
a threat of special suppression difficulties if
ignited, and which it is practicable to treat
in ways which will remove or diminish the
threat. (For example : snags ; tangles of
windfalls ; fuels imrr.ediately adjacent to roads
or railroads; fuels around village dumps,
ash dumps, or buildings ; such dumps and
buildings themselves as d~stinct from the
fuels surrounding them; the burnable materials collected at small sawmills ; old sawdust piles; meadows covered at certain times
with inflammable grass ; and man-made debris around homes.)
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(2) The relative amount, character, moisture
content and condition. of fuels.
(3) Fuel involving a threat either of special
suppression difficulty if ignited or of probable
ignition because of these ·locations.
(4) As used by insurance companies, hazard
includes all factors which affect positively or
negatively the safety froni fire of any, subject
of insurance.

Haze

An atmospheric condition caused by the
presence of light vapor, fine dust or smoke,
which impedes vision and decreases the transparency of the atmosphere; also produced
at times by optical irregularities in the atmosphere.
I

Improvements, fire
control

The constructions used in fire control, e.g.,
lookout towers, ranger cabins, telephone
lines, roads, bridges, trails, etc.

Index, burning

A relative number_ denoting the combined
evaluation of the inflammability of forest
fuels and the rate of spread of fire in such
fuels for specific combinations of fuel-moisture· content, herbaceous stage, and wind
velocity. See also Index, relative inflammability.

Index, danger

A relative n~mber expressing a combined
evaluation of some or all of the principal elements of fire danger. The Wright danger
index is on a scale of o to I6. (See page. 44).

Index, hazard

Similar to I nde_x, burning, but with the effect
of wind velocity omitted.

Index, relative
inflammability

A relative number denoting an integrated
evaluation of the moisture content of a specified fuel:.moisture-indicator device a.nd the
wind velocity into a. rating of relative inflammability on a scale of o.o to ro.o See also
Index, burning.

Inflammability

The relative susceptibility of fuels to take
fire or ignite readily, i.e., the ease with which
fuels ignite regardless of the quantity of the
fuels. A part of the fire danger of any area .

.J

.Jumper, smoke

Member of a suppression crew who reaches
the location of a forest fire by parachuting
from an aircraft.
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L

Line, control

An inclusive term for all the constructed or
natural barriers used to control a fire.

Lookout

(1) An individual employed to detect and
report forest fires.
(2) A station or post used primarily in the
detection of fires. (Syn. Lookout staiion).
Such a post may be primary or secondary,
depending upon its importance in the detection program and the period for which it is
manned. A temporary lookout is manned
only when special need arises, as extremely
low visibility or high fire danger. A permanent lookout is generally equipped with
a lookout tower or structure erected to enable
the towerman to get above nearby obstructions; this may be either .a lookout house,
equipped for living quarters, or m.erely a
lookout observatory.

Loss, acceptable

The reasonable, maximum, average area
burned per year, expressed in acres (hectares)
or percentage of area protected, which is
considered as constituting successful protection. Ordinarily varies by forest types, by
regions, or by values involved.
M

Map, panoramic photograph

Panoramic photographs from a lookout point,
on which azimuths and vertical scales have
been marked, for use in connection with a
fire-finder to locate fires.

1\:Iap, panoramic profile

A map drawn around the circumference of
a fire-finder map to show the profile of the
topography as it appears from the lookout
point.

Map, seen area

A map showing the particular territory in
either the ground surface or the vegetation growing thereon is seen directly up to
some predetermined radius from a lookout
point. (Syn. Visible area map.)
whi~h

Map, travel time

A map that shows the length of time required
to reach various parts of a unit by the initial
action fireman or crew from specified positions.

Meter, burning index

A device which, by integrating the combined
effect of fuel-moisture content, herbaceous
stage, and wind velocity, rates current inflammability and rate of spread into numerical classes.

Meter, danger

A device for rating current fire danger by
numerical classes.
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Meter, dispatchers

A device which, by integrating current fire
burning indexes, resistance to line-conS'truction factors, fatigue and travel time, indicates for specific fuel types the strength of
attack required to control a fire within specified speed of attack standards.

Meter, preparedness

A device which, by integrating current burn-.
ing-index conditions, risk and visibility, rates
in numerical classes the degree of pre-suppression organization required.

Meter, rate of spread

A device for integrating current burning index
and the effects of slope and aspect, in
order to estim2~te the initial rate of spread
of a fire, expressed in length of perimeter
per hour, for a specific fuel type.

l\1opping up (Mop-up)

The method of making a fire safe after it
has been controlled consisting of work done
by men engaged in line patrol, such as firing
small unburned areas between the control
line and the edge of a fire, removal of snags
and other hazardous materials, extinguishing
smoldering fires with earth or water, cutting
roots, etc. Rarely if ever completed until
all of the fire has been put out.

0
Occurrence, fire

The number of fires on a protection unit for
a given period. The rate of occurrence is
termed fire concentration.

p

Patrol

(r) To travel over a given route to prevent,
detect, and suppress fires.
(2) To move back and forth over a length of
control line during or after line construction,
to prevent breaks discover spot fires, and,
when time permits, to do mop-up work.

Period, burning

That part of the day or night when a fire
spreads most rapidly.

Pre-suppression, fire

Those fire-control activities concerned with
the organization, training, instruction and
management of the fire-control organization,
and with the inspection and maintenance of
fire-control improvements, equipment, and
supplies to· insure effective fire suppression.

Prevention, fire

Those fire-control activities concerned with
the attempt· to reduce the number of fires
through education, hazard reduction, and
law enforcement. This definition is that
used in North America. It can be extended to
108

cover other prevention activities which are
discussed in the text under forest management.
Pr~tection,

forest

The activities connected with the prevention
and control of damage to forests from fire,
insects, disease, and· other injurious and clustructive agencies.

R
Rating, fire-danger

The process of evaluating or the numerical
evaluation of current fire danger based upon
integral measurements of the principal elements, natural and human. The integration
is usually accomplished by the use of a firedanger meter.

Reduction, fuel

Any action taken to reduce the volume of
fuel as by burning

Reduction, hazard

Any treatment of fuels other than on a going
fire that results in diminishing the chances
of fires starting or· spreading in them.

Report, individual fire

A \Vritten statement, usually on a special
form, giving the essential facts relating to a
single fire.

Rjsk, fire

The relc>,tive probability of fires starting, as
determined by the presence or absence of
causative agencies.

s
Season, fire

The period or periods of the year during which
fires are likely to occur, spread and do sufficient damage to warrant organized fire control.

Season, normal fire

A season in which weather, rated fire danger
and number and distribution of fires are
approximately average.

Snag

A standing dead tree from which the leaves
and most of the branches have fallen, or a
standing section of the stem of a tree broken
off at a height of zo feet (approx. 6 meters)
or more.

Spread, rate of

The increase in size of a fire expressed m
chains (meters) of perimeter per hour or
some other similar unit.

Standards, elapsedtime

Definite maximum allowable periods of time
set for various steps of a fire suppression
job.

Sticks, fuel-moisture,
indicator.

Specially prepared wooden sticks of known
dry weight, that are exposed to atmospheric
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conditions and reweighed periodically to
determine their change in moisture content
as an indica tor of the change in moisture
content of light-weight forest fuels.
'l'

Tables, danger

A set of tables by means of which prevailing fire danger may be rated on a numerical
scale ; a tabular form of danger meter.

Theory, economic

In fire control, a concept which postulates
that the objective is to keep total cost (prevention plus pre-suppression plus suppression
plus damage) to .a minimum. (Abbreviated
as minimum P.P.S.D.)

Theory, minimum
danger

In fire control, a theory which assumes or
asserts that the objective is to keep fire danger
to a minimum.

Time, elapsed

In fire control, the difference in time between the beginning of any action and its
actual accomplishment. Customarily divided
into : discovery, report, attack, control, mopup, patrol.

Type, fuel classification

The division of forest areas into -.units according to both the normal rate of spread of fire
on an average bad day, and the resistance to
control line construction offered by the fuels,
topography and soil.

v
Visibility

The character or quality of an object or
image with reference to its background and
the transparency or clearness of the intervening atmosphere that permits it to be distinguished by the eye.
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