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PRIORITY EVALUATION OF FIRE HAZARD IN THE DOUGLAS
FOREST PROTECTIVE ASSOCIATION DISTRICT IN OREGON

INTRODUCTION

What influences the behavior of wild fires that have threatened

the forest resources of this land for decades? It is easy to recognize

the staiting agents of most forest fires. Careless action by man or

natural phenomena in the form of lightning, volcanoes, or spontaneous

combustion are the most common of these agents. Once a 'spark' or

a heat source is available for the beginning of cumbustion, what

nurses or allows the development of that 'spark' into a wild fire?

The agent, or cause of a spark' or heat source that results in

a fire being started, is referred to as fire risk. Risk is defined as

the probability of a fire being started by a causative agent. Those

elements in a forest environment that allow for further development

of this ignition 'spark' into an actual fire are regarded as fire hazard.

The fuel complex, vegetational cover type, the aspect and steepness of

an area where a fire occurs, and the influence of weather are the

major components of fire hazard study.

Fuel complex is concerned with the kind, size, continuity, and

quantity of fuels. Three categories, according to position, account

for the kinds of inflammable materials in the forest: ground fuels,

surface fuels, and aerial fuels (Davis, 1959). The size of the fuel in
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terms of length and diameter, along with its physiological structure,

reflect its susceptibility to drying by weather elements. Continuity or

dispersion of these individual fuels, and the quantity (amount or weight

per unit area) of each, affect a fire's continuation, increased spread,

and intensity. Furthermore, the expected job of building a control

line and halting fire spread has some proportionate relationship to

fuel size, continuity, and quantity.

Many combinations of these fuel characteristics exist in the

forest environment. Often, but not always, a certain fire behavior

pattern is associated with a particular environment. For instance,

fire in a large quantity of fine fuels may burn with a fast rate of

spread and increase rapidly inintensity, but may easily be controlled.

A fire in heavy fuels may spread slowly, develop intensity slowly,

but be difficult to control.

Vegetational cover type also is used as an expression of the fuel

complex found on an area. Not only are the fuels derived from the

vegetation on the area, but they follow and are controlled by the

development of the existing plant associations (Davis, 1959).

The amount, character, arrangement, and inflammability
of fuels present in an area are a direct consequence of the
species composition stocking, age, and general conditions
of the plant cover (Davis, 1959, p. 162).

In addition, vegetation existing on an area may affect the pre-

combustion conditioning of fuels by influencing in some way the daily
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or seasonal drying effect associated with the weather elements.

The expected fire behavior may either be directly or indirectly

influenced by aspect of the area. The kinds of fuels and their moisture

content also differs, depending on the area's aspect. "Fuels on a

south..facing slope may be dry enough to burn furiously, while

similar fuels on an adjoining north slope will not carry fire at all"

(Davis, 1959, p. 19Z).

Slope steepness can. pose an effect similar towind in that it

permits more rapid pre-heating fuels with a consequent increase in

fire spread (Chandler, 1963). "On a hillside, fuels of the same kind

are more dangerous than on the level" (Folweiler, 1938, p. 111). In the

control of a fire, rapid and successful completion of a control line may

be hampered by steepness of the area.

Weather is important in two phases: (1) in conditioning the fuels

for combustion, and (2) by creating conditions that influence the actual

behavior of an existing fire. Atmospheric humidity, air temperature,

and wind'are the primary agents affecting fuel moisture content.

These same elements pl3y an important role in a fire's spread,

intensity, and difficulties of control. The conditioning of fuels for

combustion may be influenced by the other features of an area

(cover type, aspect and steepness of the area), yet weather is the

prime factor in this conditioning process and can be regarded as a

separate environmental factor.
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Fuel complex, steepness and aspect of the area where a fire

occurred are of a constant nature in the forest environment during a

single fire season. Except for certain seasonal deviations in stage,

vegetational cover type is also predominately a constant. The

weather elements, on the other hand, fluctuate daily and hourly

throughout the fire season. These environmental factors, either of a

constant or fluctuating nature, may act separately or together in the

development, movement, and behavior of a forest fire.

The importance of each factor on the behavior of a fire may be

assessed by observing what has already taken. place, i. e., study of

past fire history. In the early stages of fire control study1 past fire

history on an area was reviewed as a. pragmatic approach to Lire

control planning and administration. Sparhawk (1925) proclaimed that

the "only scientific and clear basis for study of fire behavior was to

review the actual fire history on the different forest areas (p. 696). The

studies of Show and Kotok (1923, 1929), and Hornby (1936) followed

this same thesis.

An indication of how a fire commonly behaves in relation to the

surrounding environmental factors may be gained by observing its

average rate of spread, resistance to control, and final size. Rate of

spread indicates the speed at which a free burning fire may move

under specified conditions. Resistance to control involves action by

man as a controlling agent to stop this fire movement under these



conditions. Final size may partially indicate the overall fire

behavior for these specific environmental conditions.

Purpose

In past studies of fire behavior, mention is often made of fire

hazard or the factors associated with fire hazard, but seldom have

studies been restricted only to fire hazard. Studies of fire hazard

commonly are related to just one or two of the environmental factors

discussed earlier. The author believes that studies confined to one

or two factors of forest fire behavior are beneficial, but cannot be

used as a representative measure of fire hazard existing on a forest

area. Studies of this nature tend to overlook the practical nature of

fire hazard as it exists in the field. The value or practicality of the

results and conclusions from these attempts are somewhat distorted.

However, a study of fire hazard in its entirety, incorporating all

related factors, may present a better description and indication of

fire hazard in an area. This study attempts to evaluate hazard from

a broader scope.

The literature review suggests that fire behavior is influenced

by the fuel complex, aspect, slope steepness, vegetational cover type

and the daily and seasonal weather. This study will not be concerned

with all specific parts of the fuel complex as they were described in

the introduction, but will tend to view these combustible fuels as an

5



association and product of the vegetation pertinent on thearea. In

this respect, vegetational cover type, aspect, steepness of slope and

weather are the four environmental factors considered in this study.

Relying on principles and methods outlined by past researchers, this

study reviews the actual fire history on a selected area in the Oregon

Cascades. Such a review may show which areas of the forest are

more hazardous aid also point to those environmental factors more

important in evaluating fire hazard. A fire's initial rate of spread,

difficulty of control and final size are the three measures of past fire

behavior used in this review.



LITERATURE REVIEW

Fire Danger

Efforts to combine the various phenomena of fire intensity,

spread, and difficulty of control led to the creation of 'fire danger

rating systems. ' These systems provide fire control personnel with

a basis for daily and seasonal fire prediction and planning. In other

words, they give a general indication as to the probabilities of a fire

starting, spreading, and creating damage during any selected period

of the fire season. The fire danger rating system for a particular

region serves as the basis for establishing forest protection plans and

control organization for that area.

Throughout the fire season a 'fire danger rating' may be posted

along travel routes and included in news reports on radio or television.

This 'rating' not only aids protection personnel with the daily opera-

tion of their fire control organization and the necessary prevention

measures to be taken, but also acts as a simplified medium of

communication with the general public, advising of precautions while

in the forest area.

Various devices have been prepared to measure the degree of

fire danger prevailing at any one time on a small fraction of the forest

or the entire forest region. Gisborne (1936) of the Northern Rocky

Mountain Experiment Station was the first to objectively measure fire

7
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danger. His rating system was principally concerned withweather

elements and other factors of fire danger that showed current

variability during a fire season. Any form of human activity that

might be the cause of a fire was not included in this rating system.

Mathematical weights were assigned to each of the following

variables which he felt were principal causes of forest fire danger in

the Northern Rocky Mountains: (1) character and value of the

common forest fuels, (2) topography, which influences the exposure

of fuels and the rate of spread, (3) lightning, (4) wind which often

controls rate of spread, and (5) current moisture content or inflam-

mability of the fuels which is determined principally by precipitation,

temperature, humidity, solar radiation and soil moisture (Gisborne,

1936).

For any particular area, the first mentioned is relatively
constant, the second is more so, and the third, fourth and
fifth vary from year to year, day to day. Consequently,
these demand dailymeasurements to anticipate fire danger.

This Rocky Mountain Fire Danger Meter embodies
a system of proportional weighting and integrating measure-
ments of the variables . . into a scale of seven classes, each
signifying a specific probable rate of spread and each there-
fore warranting specificmeasures for preventing and sup-
pressing fires. It makes possible readily understandable
statements of fire danger as a thermometer makes possible
readily understandable statements of heat (Gisborne, 1936,
p.Z).

"The various combinations have the effect of a slide rule in

producing varied results; these are known as fire danger class days"

(Folweiler, 1938, p. 70).
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Hornby (1936), also of the Rocky Mountain region, attempted to

devise a fire danger rating system that "integrated" the combined

effects of "fuel conditions, frequency of fire occurrence, and values

at stake" (p. 80). He died before his efforts were completed.

In the years that followed these earlier attempts for rating fire

danger, additional variables and interacting phenomena were

uncovered. In the most recent fire danger rating system devised by

the U.S. Forest Service, many 'determinates' (variables) are

observed. In some instance, these 'determinates' may contribute

to more than one aspect of the total fire control scheme. This new

system measures 'determinates' "which give components and the

components in turn give a danger rating" (Countryman, 1966, p. 533).

The following figure is used to outline the 'determinates' and their

relationships with 'fire danger components' which are basic units of

fire danger.

Fire Hazard

A fire danger rating system is not a direct indicator of hazard,

ithough by inverse deduction, it may denote to some extent the

hazard existing on an area. An evaluation of fire hazard is only a

partial evaluation of the total fire danger (Countryman, 1966).

Fire danger consists of two essential components, hazard and
risk. The objective of fire danger control is to manage these
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two components so that the proper combination for the caus-
ing damage, occurs as rarely as possible (Schroeder, 1938,
p. 35).

The study of fire hazard, therefore, only comprises one aspect of the

fire danger existing on an area.

What is hazard? In the early stages of studying forest fire

hazard, it was recognized that answers for all questions presented

could not be answered in just one season or from just one study.

The problem of hazard is too complicated and the conditions
involved too varied to permit a solution in one season. The
results presented must, therefore, be taken as tentative and
the conclusions drawn as indicative rather than conclusive
answers to the questions asked (Mitchell, 1929, p. 1).

According to FoJ.weiler (1937), hazard is defined as a term that

indiôates the intensity with which a fire will burn after it has

started. Davis (1959, p. 79) defines intensity as "the rate of energy

release or rate of heat release per unit time per unit length of fire

front. . . . The primary unit is BTU's per second per foot of fire

front. " If conditions in the field are such that a large amount of heat

is released, then the hazard is high; and conversely, if the amount of

heat exchanged is low, the hazard is rated as low.

In more measurable terms:

If the fire spreads rapidly or is difficult to control, the hazard
is high; but if a fire spreads slowly or is easily controlled,
the hazard is low. . . . A fire's rate of spread and resistance
to control are determined by the fuels, wind velocity and slope.
These factors in association with each other constitute forest
fire hazard (Folweiler, 1937, p. 94).

11
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Sparhawk (1925), in his article pertaining to a 'liability rating'

as a means of planning forest fire protection, defined hazard as "the

chance of destruction by fire of the values on a given forest area" (p.

694). Continuing further with his discussion of hazard, it was stated

that "the destruction of these values depends on the probability that

they will be destroyed as a result of such a burning on that area" (p.

694). If his statements "chance of destruction by fire" and "the

probability that the values could be destroyed if there was a fire" can

be interpreted correctly, then it might be concluded that hazard is

something present in an area which would 'nurse' a spark or allow the

spark to develop into a ragtng destructive fire.

Shepard (1935) was also concerned with liability or the loss of

forest values, and thus attempted to establish forest fire insurance

in the Pacific Coast States. The insurance rate followed a rating

system based on hazard. According to Shepard, the term 'hazard'

was synonymous with the term 'fire danger', however. There were

causative hazards (lightning, railroads, recreation, and logging), and

there were contributive hazards which influenced a fire's spread or

extent of damage. (Under present day terminology, causative factors

are risk and contributive factors are hazard. ) Contributive factors

were listed as (1) physical factors of the area such as composition and

density of the stand, snags and slope of the terrain; (2) climate; and

(3) level of protection. Both Sparhawk (1925) and Shepard (1935)
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concluded that in order to develop a method for rating hazard and

liability, it was necessary t0 study the relations between the various

combination of factors to be found in different units and the results in

losses plus suppression costTM (Sparhawk, 1925, p. 696).

According to Hawley and Stickel (1948), hazard "applies to fuels

that form a threat either of special suppression difficulty if ignited, or

of probable ignition because of their location" (p. 61). The word

hazard "concerns fuels only, while. . . the term causative agents

or. . . risk refers only to the agencies which cause the fires" (Hawley,

1937, p. 250).

Folweiler (1937) strictly adheres to observing distinction between

fire danger terms.

Risk refers to the magnitude of the presence of causative
agencies. Hazard has been defined as the volume and
character of fuels that are combustible. It has no relation-
ship with the inflammability of the fuels. . . . Inflam-
mability is the relative ease with which a fuel will arrive
at combustibility when a given unit of heat is applied.
Fuels are the combustible material in the forest that makes
possible the start of a fire and the extension of its perimeter
after starting. Fire danger is the combined product of risk,
hazard and inflammability of the fuels (Folweiler, 1938, p.
12 ; Hawley, 1937, p. 250).

Distinction between hazard and risk is generally observed in

forest fire literature, and as so used, these terms have that limited

meaning in scientific phraseology. Use of these two words, as defined

above, is preferable when referring to forest fire protection; however,

fire insurance companies and the general public rarely make distinction



between these terms.

Attempts to Measure Hazard

Some of the earliest attempts at measuring hazard were based on

the fuels, or some factor or factors which had an effect on inflam-

mability of the forest fuels. Martell. (1937) felt that the term 'hazards

has been used essentially for two highly different concepts, (1)

amount of fuel and (2) the inflammable state of fuel?? (p. 1057). Davis

(1959) implies that fuels are a basic indication of the hazard on the

area, and employs an elaborate systematic method for classification

of forest fuels (p. 162). Again it was Foiweiler (1937) who stressed

that "of all the constant factors connected with measuring hazard,

fuels are the most important" (p. 36). Schroeder (1938) stated that

"hazard in itself has to do entirely with fuels, their condition,

qualities, and arrangement, and "an inventory of these fuels is as

necessary to fire control planning as an inventory of timber is to

forest management?? (p. 156, 45).

A fire will spread differently in different fuels because of
quality, and will spread differently in the same fuels because
of quantity and arrangement. . . . Quality of fuels is
dependent on the structure, presence or absence of oils and
resins and the size of the individual growth units. . . . The
presence of oils and resins within the fuel aids in the oxidation
process. Less heat is needed to ignite these substances and
the heat given off by the chemical process of burning is great.

Some fuels are light and have a porous nature of growth
with larger air spaces and fragile cell walls. These fuels are
faster burning because a large amount of oxygen is present in

14
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proportion to the fuel. Other fuels are very dense in structure
with little air space in their make-up. The proportion of aix
to fuel substance is consequently lowered, and the fire burns
more slowly (Schroeder, 1938, p. 110).

Different aspects of the fuel complex result in a variety of fire

happenings. "Quantity of fuel may be the limiting factor in spread of

firet' (Schroeder, 1938, p. 110). If fuel is sparse, fire spreads

slowly; if it is abundant, fire spreads rapidly. Arrangement of fuels

determines the type of fire that may occur. Fires commonly spread

very slowly in duff which lies compactly on the ground. If the surface

fuels are loosely arranged, such as litter, needles, and grass, the fire

commonly spreads more rapidly. If the fuels are loosely arranged

and extend some distance above the ground surface, in the form of

brush, logging slash, and young reproduction, the fire will usually

spread rapidly and furthermore may develop into a crown fire

engulfing the entire forest stand.

Fuels with large cell units are apt to be more variable in their

inflammability, because of more rapid exchange of moisture content in

response to changes in temperature, relative humidity and precipita-

tion. Meterological factors such as precipitation, atmospheric

moisture, wind movement, rate of evaporation, temperature, and

barometric pressure in addition to other relating factors suchas

slope, altitude, aspect, forest cover, and height of the ground water

table, are all said to contribute toward the relative amount of moisture

content contained in the fuels (Folweiler, 1937).
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A study showing the relationship among weather elements as an

indication of hazard is essentially using 'inflammability' as the basis

for its index. Williams (1916) proclaimed that "fire hazard is

proportional to the rate of evaporation at the fuel surface" (p. 135).

Either some characteristic of the fuels themselves, or some factor

affecting the drying of these fuels was important in the study of fire

hazard.

In 1935, Loveridge (1935) established a countrywide index for

measuring the forest fire hazard. This index was based on precipita-

tion and "gave a measured weight to the cumulative effect of deficien-

cies orsurpluses in precipitation during extended periods preceeding

the current fire season" (p. 379). It was further stated that

. conditions noted during the ultra-critical fire season.
showed in a way too obvious to be ignored that some degree
of relationship did exist between the volume of pre-fire
season precipitation and the degree of fire hazard in the
following months (Loveridge, 1 935, p. 380).

This relationship might be due to winter drought, but whatever the

cause or reason for surplus or deficiency in precipitation, this

cumulative effect was revealed by the moisture content of fuels

themselves.

A system has been devised for combining the various weather

elements pertinent to combustion in the forest, and it results in an

index which gives an indication of the burning conditions or in.fiam-

mability stages of the fuels common in the area. For small
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geographical units one or two weather stations may supply the

necessary information, but in the case of a large administrative unit,

such as an entire forest or closure zone, several weather stations

may supply this 'burning index reading' (B. I.). This B. I. reading is

another administrative aid commonly used by fire control personnel

to make necessary preventive adjustments and assure adequate pro.-

tection on the enclosed forest lands.

A study made by Show and Kotok (1923) resulted in mapping the

forest according to 'hazard areas. ' These areas were determined by

plotting all fires and then drawing zone lines. Zone one, two, three,

and four corresponded to areas having four fires per 1000 acres

during the past ten years, one to three fires per 1000 acres for ten

years, less than one fire per 1000 acres, and no fires at all,

respectively. This phase of the study gave an indication which areas

should receive the most attention when planning fire control activities.

A second part of the study attempted to show the relative 'hazard'

of these various areas based on their relative proportion of class C

fires.2 Hazard class one, two, and three were areas with zero to

20, 21 to 40, and 40 and above percent of class C fires, respectively.

Areas with a large percentage of class C fires might be regarded as

highly hazardous. The fires in these areas became large because of

very rapid spread due to conditions of cover or weather conditions.
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and could not be held to a smaller sizeH (Show and Kotok, 1930, P. 19).

On the other hand, if a fire had either a low rate of spread or low

resistance to control, it probably would not have attained class C in

size, therefore it would represent an area of forest regarded as a.low

fire hazard class.

Some investigations of hazard referred to cover type as an

indicative component of existing fire hazard (Mitchell, 1929). In a

second study made by Show and Kotok (1929), behavior of past fires

was measured in relation to the cover type prevailing on the area

where the fire occurred.

Cover type or the typical tree or brush species or group of
species occupying a given area at the present time is clearly
an element of basic importance in fire control. . . . This
study resembles an analysis of a group of factors which
indicate the physical nature of the forest itself; the character
of vegetation or cover type, the behavior of fires as influenced
by the kinds and volumes of fuels peculiar to each type, and
the climate elements w1ich affect alike the cover type and the
occurrence and spread of fire. All of these are intimately
related (Show and Kotok, 1929, p. 1, 2).

In this study, rate of spread was measured in acres burned per hour

per cover type.

Aside from using rate of spread as the single indication of the

existing hazard, the term 'resistance of the fire to be controlled' or

sometimes listed as 'difficulty of control' was incorporated in the

study by Show and Kotok. Rate of spread serves as an indication of

the fuels present and the ease with which they may be ignited and burn

within a time allotment, while 'difficulty of control' refers to the same
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factors but more in terms of how they hamper the suppression work

and thus lead to a larger size fire (Schroeder, 1938; Hawley and

Stickel, 1948).

Difficulty of control was measured in terms of the average cost

of fires under one quarter acre in size per cover type. This cost

represented, with substantial accuracy, the amount of work that must

be done in each cover type to control and hold a given length of fire

line (Show and Kotok, 1929). It was felt that resistance to control

or difficulty of control was "definitely a measure of hazard.

because larger acreage burned and larger perimeter of line constructed

was a consequence of the Lire's intensity which developed from the

fuels present" (Show and Kotok, 1929, p. 29) in that cover type. The

intensity of the fire caused the crew or machinery to work at a

distance from the fire's edge, thus the increase perimeter of control

line and cost reflects the difficulty of control. This second study,

using both the measurements 'rate of spread' and 'difficulty of control,'

was a better indication of hazard than their earlier study which

utilized only the occurrence of fires per area as an indication of

hazard.

Additional studies and articles preformed and written by men in

the fire control field have usually included some measure of a fire's

difficulty to control as an indication of the existing hazard. In some

cases, this measurement appeared as 'cost of suppressing class A
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fires' or 'cost of suppressing all size fires per cover type' (Show and

Kotok, 1929), and in some cases it was measured in terms of 'man

hours required to construct and hold a certain perimeter of control

line' (Hornby, 1936).

Resistance to control has been eliminated in some recent

articles as an indicative measurement of fire hazard on an area.

Davis (1959) felt that "a fire's resistance to control is more an

administrative function of men and machinery" (p. 176). Present day

fire control researchers and planners still offer comments supporting

both sides of this distinction in terminology. Evidently many people

feel these two lines of thought are basically and practically synono-

mous, for the term 'difficulty of control' or 'resistance to control'

continue to appear in many fire control articles, notes, and pamphlets.

Another an3lysis of hazard on forest areas was performed by

Abell (1940) using methods similar to previous studies. Rate of

spread was measured for all fires in the fuels common throughout the

forests of California. The forest area was then divided into 'inflam-

inability zones' with each zone expressing a curve showing the per-

centage of fires that would probably reach a certain spreadrate as a

result of the fuels encompassed within the zone. Each zone indicated

some degree of existing hazard based on the ease with which the fuels

incorporated within would ignite and spread.

Synonymous with the inflammability zones and hazard zones as an
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indication of the hazard of an area, is another term called 'hour

control zone. ' Both Show and Kotok's 'hazard zones' (1923) and

Abell's 'inflammability zones' (1940) gave a corresponding minimum

time limit for each zone, in which some form of action should be

taken to suppress a fire that may occur. Regardless of the admini-

strative objective, minimum acreage burned or low percentage of fires

reaching class C or larger, the priority scale is synonymous: high

hazard areas denote high or easy inflammability and require immedi-

ate and rapid attack.

It was evident that the forest was a mosaic creation of nature,

withsome micro-areas possessing definite features that were

important for the formation of a certain intensity fire, with a certain

rate of spread and a relative resistance to control. But, as a rule,

the expected fire's intensity, rate of spread, and resistance to

control on an area were based only on a person's ownjudgement and

experiences.

The principle therefore holds that it is better engineering,
better forestry, and better science, to identify such a factor
consciously and according to certain standards rather than
subconsciously and without universal standards (Gisborne,
1939, p. 293).

At this time, Hornby was in the process of developing fire control

plans for forested areas in the Northern Rockies.

An extensive study reflecting the behavior of approximately ten

thousand fires with respect to physical elements at the locality of the
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fire, led to the concept of 'fuel type mapping, ' Following careful

instructions and schooling in the principles outlined by Hornby (1935),

actual field surveys were conducted and fuel type maps drawn for all

forests throughout the Northern Rocky Mountain Region. Fuels- -all

kinds- -were classified and mapped in terms of relative initial rate of

spread and the resistance they offered to control.

Using a general word index with four levels: low, moderate,

high, and extreme, an area would receive a dual rating. One rating

expressed a fire's possible rate of spread and one indicated a fire's

possible resistance to control. Both ratings combined were

shown on a single map (Hawley, 1937). Appendix A lists the

classifications for the fuels conditions typical in the Northern Rocky

Mountain Region as to probable rate of spread and probable resistance

of controlling a fire. A fuel type map for another forest region would

require a similar list of fuels pertinent in that region and with a dual

rating as to their probable rate of spread and difficulty of fire control.

An advantage of fuel type mapping is that it serves as a more objective

and measurable indication of expected fire spread and control in a

given area (Schroeder, 1938).

Schroeder (1938) summarizes the principal items used by the

fuel type mapper in estimating rate of spread and resistance to

contr ol.

Principal items used in estimating rate of spread:
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Volume of fine fuels
Fineness of fuels
Arrangement of fine fuels
Slope of the ground under the tuels (steeper slope means
faster fire spread)
Degree of exposure of the fuels to the sun (southern
exposures are more inflammable due to greater drying
from the direct heat rays of the sun)
Normal wind velocity and percentage of the fuels open to
the wind
Special items, such as snags, tree moss, bug killed trees,
etc.

Principle items used in estimating resistance to control:
Ground cover condjtions-low brush, weeds, vines, etc.,
that will slow up the rate of line construction
Number and size of snags to be cut
Number and size of windfalls that must be cut
Amount of rotten wood and depth of duff and litter to mineral
soil
Brush and reproduction to be cut in line construction
Soil conditions and roots as they offset rate of line
construction
Slope as it effects man power procktion (Schroeder,1938 p.46).

These are the factors that, together with weather conditions,
determine a fire 8 rate of spread, that is, the number of chains
of perimeter it produces per hour, and its resistance to control,
that is, the number of man hours of suppression work it
requires per chain of perimeter (Hornby, 1936, p. 89).

In summary, Hawley and Stickel (1948) give the following as a

definition of fuel type maps:

These maps represent an area of vegetation having definite
forest fuel, topographic and soil characteristics denoting a
special rate of spread of a fire on an average bad fire day and
a specific resistance to the construction and holding of a
control line (p. 125).

The original fuel type maps have their limitations. First, it is

costly to perform both the initial survey in the field and the periodic

remapping in order to keep the maps current. Secondly, these maps
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still depend on human judgement tegardless of the knowledge and

experiences of the mapper. Changes in personnel over a period of

years result in different subjective judgements performed in the field

and different interpretations of existing fuel type maps. The mapper

in the field was instructed to rate an area in such a fashion that the

rating would be adequate for five years following initial examination.

This projection over a period of time could only add to the human

error, in designating an area as to possible spread rates and resis-

tance to control.

Instead of drafting a map based on human judgement, it may be

possible to use maps already available such as timber type maps or

cover type maps. Research and experience have shown that certain

cover types have a built- in reference of expected fire behavior

(Show and Kotok, 1929). If some correlation could be shown

between past fire behavior as to the physical elements pertinent to

the burned area- - cover type especially- - then cover type or timber

type maps might be more valid for use in fire control planning.

"Fuels by themselves are not the sole criterion of fire

behavior" (Hawley and Stickel, 1948, p. 124), however. The entire

plant community, "together with the accumulation of partially decayed

vegetative matter in the form of mulch, duff and humus, determine

the amount and character of fuel" (Show and Kotok, 1929, p. 8)

present for a fire. It was Show's thesis that the forest cover types are
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"an index to fuel conditions and which reflect to a high degree the

many variables that together determine fire behavior (the vegetation

and its fuel, climate, and topography)" (Hawley and Stickel, 1948, p.

124). Althoughweather is the prime agent in conditioning the fuels,

"microclimates are formed by the forest cover and topography on the

area" (Hawley and Stickel, 1948, p. 48).

Lee (1941) suggested thepossibility of using air photos as a

reliable basis for depicting areas that possessed fuels and other

elements extremely important to the fire control planners.

The ability of recognizing and identifying classes of vegetation
through graduations in color tones and textures, coupled with
the intimate knowledge of the area gained in the field survey,
enables the office mapper to accurately assign fuel type
classification to homogeneous vegetation ass ociations having
the same inherent reactions to fire as similar types inspected
and rated in the field (Lee, 1941, p. 531).

The fuel type map of the Petawawa Forest Experiment Station in

Canada is based on the existing cover types (Van Wagner, 1965).

There are actually two maps in one. Immediately available
is the written description of each stand, giving species
composition, age class, and density class. In addition the
stands have been grouped into a few broad classes that, in the
best available local judgment, account for the most important
differences in fire behaviour. The actual factors most con-
sidered were: potential fire intensity at extreme fire danger,
nature of the surface litter, and seasonal variations in hazard.
The fuel type classification should be based on the local fuel
factors most responsible for differences in fire behaviour. At
Pétawawa the forest is fairly even-aged and the major variable
is species composition. Elsewhere the presence of age
differences, extensive cut overs, recent burns, insect-killed
stands, etc. could be more important and dictate the basis for
fuel typing (Van Wagner, 1965, p. 17).
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In defending this method of fuel type mapping, it was stated

that the old classic fuel type mapping which depended on field surveys

acknowledging a: rating for the area according to possible rate of

spread and resistance to control really represents more of a

subjective fire behavior map than a fuel map.

If subjective fire behavior ratings are applied to a fuel
type classification which itself is subjective, then errors in
judgment are likely to be compounded. The fire behavior
map, with its four basic ratings, can accommodate any
any number of fuel types, since the same rating can be
applied to more than one type. The greater the number of
types, however, the more difficult is the consistent assign-
ment of ratings.
It seemed better, therefore, to limit the fuel types to a small
number, and to show them directly on the map. The fire
control officer can thus see at any point what fuel type is
present, rather than a fire behavior rating that could apply
to a number of different types.
He may then either use his own judgment of- what fire
behavior to expect or refer to separate notes on the subject.
Further advantages of this simple approach are:

One map covers all seasons
The map holds true for all burning conditions
The map is an ideal complement to a file of numerical
fire behavior data. It does not become obsolete as new
fire experience is gained that might show up errors in a
fire behavior map.
The map is easily prepared by people with limited fire
experience. The original cover type map alone might be
adequate in some areas (Van Wagner, 1965, p. 18).

Mathews and Morris (1940) analyzed fire behavior according to

the cover types existing in Western Snohomish County, Washington.

The various cover types listed in the forest survey were grouped into

four generalized cover types: timber, reproduction1 non- forested,
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and unburned slash areas. "These cover types are a key to several

important considerations; (1) they indicate where present values are,

and (2) they indicate type of fuel to be dealt with" (Mathews and

Morris, 1940, p. 10).

To know the relation between cover type and fuel types, each

condition was viewed as to its rate of spread and resistance to

control, using zero, low, moderate, high, and extreme as the five

possible choices. Then the possible combination of fuel ratings that

existed within each general cover type, gave an indication of the over-

all fire hazard each cover type posed.

The study area was then divided into 'present land use' classes.

These classes represented either the present nature of the area or

accepted land use of the area (Mathews and Morris, 1940). Virgin

forest, cutover, rural residential, and agriculture were the four

broad classes within which the our earlier mentioned cover types were

grouped. This gave a picture, not only of which land uses may have

the largest number of fires, but also which land uses have a cor-

responding degree of fire hazard (Mathews and Morris 1940). A

study of this nature could be particularly helpful from the administra-

tive point of view, wherein a protection agency must provide pro-

tection and assess protection fees on a district characterized by

various land uses.
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Study Area

The nature of this study demanded certain criteria as the basis

for selection of a study area. It was necessary for the area to (1) have

a high annual fire occurrence record, and (2) possess a reasonably

equal representation of the five generalized cover types commonly

found west of the Oregon Cascades. It was essential that fire records

for the area be consistent and contain the items selected for analysis.

For these reasons, fire records for the period 1956 through 1963 in

the Douglas Forest Protective Association District of Southern Oregon

were selected. This period of time provided a sample size of 524

fires.

Data Collection

Individual fire reports available through courtesy of the

Protection Division, State Department of Forestry, Salem, Oregon

provided the following information:

-Location of fire (township, range, section, 1/16 quarter
section)

-Date of fire origin
-Time of origin
-Time of first attack
-Time of control
-Size of fire at first attack
-Final size of fire
-Cover type in vicinity of fire
- Total cost of controlling the fire

28
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Cover type in the vicinity of the fire was listed on the individual

fire reports in specific terms (species composition, age class, and

density). These specific cover types have been arranged Into more

generalized groups by the Pacific Northwest Forest and Range

Experiment Station, U. S. Forest Service. Specific cover types for

fires observed in this study, group into the following general cover

types': non-forest lands, woodlands, non-stocked lands, merchant-

able Douglas -fir stands, and non-merchantable Douglas -fir stands.

Hence, five generalized cover types were possible in this study.

These generalized cover types might be viewed as representing

the natural conditions or land use of the area, as Mathews and

Morris (1940) referred to in their study. By using these generalized

cover types or land-use classes, this study tends to follow "an

analysis of a group of masses by using the principles of averages

rather than an analysis of each specific part" (Show and Kotok, 1923,

p. 2) The specific cover types pertinent to the Douglas Forest

Protective District and their associated generalized groups are listed

in Table 1.

Aspect and steepness of slope for the area where the fires

occurred were not listed on the individual fire reports. The author

3Specific types and generalized groups are listed on forest type map
for Douglas County by U. S. D. A., Forest Service, Pacific Northwest
Forest and Range Experiment Station, Portland, Oregon, November
1, 1948. R. W. Cowlin, in charge.



Table 1. Generalized cover types and the respective units.

Gene rat i z e d
cover types

Non-forest
Lands

Non- stocked
Areas

Douglas -fir
Timberlands
(mer chantable

stands)

Douglas -fir
Timberlands
(non-merchantable

stands)

Specific cover types
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- Agricultural zone: Large areas of agricul-
tural land containing scattered forest land
too small to map in place.

- Agricultural: cultivated or cleared pastures
on operated farms.
Grass, sagebrush and brush: Grass, herbs,
brush, shrubs, or sagebrush not part of
farm unit.

- Cutovers: Areas cut at least ten years ago
which have failed to restock to a density of
ten percent or more.

- Burns: Old burns that have failed to restock.

- Recent clear cut areas.

- Old growth: Forest of over 60 percent
Douglas-fir, 22 inches and larger d. b. h.

- Large second growth: Forest of over 60
percent Douglas-fir, 22 to 40 inches d. b. h.

- Large poles: Forest of over 60 percent
Douglas-fir, 16 to 20 inches d. b. h.

- Pole timber: Forest over 60 percent
Douglas-fir, five to 11 inches d. b. h.

- Seedlings and saplings: Forest over 60 per-
cent Douglas-fir, zero to five inches d. b. h.

4This type is usually listed as a timberland type, but for this study it
seems practical to include it as a woodland type.

- Oak madrone: Forest of more than 60 per-
Woodland cent oaks and/or madrone.

Types - Hardwoods: Forest in which merchantable
hardwoods predominate.



31

was of the opinion that an attempt should be made to find the average

aspect and slope for the area where the fire occurred in order to make

the study more meaningful and practical. National Geological Survey

topographic maps with a scale of 1:62, 500 (approximately one inch

equals one mile) and a contour interval of 80 feet were obtained. The

quadrangles containing the Douglas Forest Protection Association

District are listed in Appendix B. The location of each fire was

plotted on the map according to its quarter sub-section (1/16; 40-acre

unit). It was then possible to estimate with reasonable accuracy the

aspect and slope steepness (in percent) of the area where the fire

occurred. This method of abstracting aspect and slope from a map is

subject to error. This should be considered when interpolating the

results associated with these two factors. The error may be a result

of inaccurately locating the fire in the field with respect to map

location, or from the actual abstraction of aspect and slope from the

topographic map.

Aspect of the area where the fire occurred was reduced to

either north or south. Each direction includes one-half circle of the

compass. Hornby regarded exposure of the fire's site in this same

fashion (Hornby, 1935). To obtain aspect, an imaginary line must be

viewed passing from the compas point Northwest to the Southeast

point. The aspect assigned to a fire is that direction in which most

of the ub-section location listed for the fire faced, i. e. , a fire



located to the right of line AB occurred on a north aspect. Figure 2

shows specific compass directions regarded as north and likewise

those regarded as south.

Southern
Aspect

w

N

S

Figure 2. Compass points regarded as northern
aspect and southern aspect, in estimat-
ing an average aspect of the fire's site.

Slope steepness is important in evaluating the fire hazard of an

area for two reasons. First, slope influences fire spread due to pre-

heating of the fuels above the fire, and second, it may be a serious

problem when attempting to build a control line around the fire.

Laboratory studies have erected scale models featuring slope condi-

tions that exist in the field, and thus are able to measure effect of

slope on fire size and intensity. Other studies have observed past

fires and noted the increase in fire size with increase slope. Chandler

Northern
Aspect

E
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(1963), in observing past fires in California, noted that the rate of

forward spread will approximately double for each 15 degrees (27%)

increase in slope.

The only practical assessment of weather influence on a fires

intensity and subsequent behaviorwas related tothe daily computed

burning index (B. I.). These daily B. I. readings for fires that occur-

red during the period of time studied were available through the Oregon

State Department of Forestry The computed B I readings for fires

that occur in the Douglas Forest Protection District are based on data

collected by the U.S. WeatherBureau at the Roseberg Airport. As a

rule, weather data is not taken at the site of every going fire, there-

fore it is impossible toknow the specific local weather conditions

under which a fire is burning. However, the general pattern of

weather conditions existing over the area can be known by observing

weather data collected at some central point such as the local airport.

'Limits' From Which Sam des Were Taken
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Attempts to minimize the sampling error were accomplished by

defining 'limits' from which to draw samples for this study.

(1) Fires occurring between July 1 and the end of the fire

seasonwere selected. A fire prior to July 1 would be

burning under fuel conditions quite different from those later

in the fire season, even though a similar B. I. reading was
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observed. Grass arid herbaceous fuels are still in a

'green' state and their contribution to the fire's behavior is

different than would be the case during most of the fire

season when these fuels are in a drier curing stage. Little

(1945) notes that curing stage of vegetation during the fire

season was one of the causes for variability in fire danger

among the fuel types in his study area.

Only those fires that originated between the hours of 0900

and 1900 were considered. Before or after this time

period, a fire's behavior may be quite different than

normally would be the case during the most of the daylight

hours.

Fires not attacked on the same day of their origin were

eliminated. This included fires that were 'hidden' for a

period of time, burned through the night before being

attacked, or originated during the night hours. Their

computed rate of spread and final size would be greatly

effected by night weather conditions.

Also disregarded were single-tree fires, and the few that

occurred in Ponderosa pine and rocky non-commercial cover

types (less than one percent occurred in scattered ponderosa

pine and rocky non-commercial areas).



Rate of spread
(perimeter feet =

per minute)

Measurements of Fire Behavior

Rate of spread, resistance to control and final size were the

three dependent variables used in this study as indicators of a fire's

intensity and behavior. It was impossible to compute the rate of

spread for approximately 30 fires because of missing data; however,

these fires did have the necessary data to be included in analyzing

resistance to control and final size.

Rate of spread was expressed in perimeter foot units increase

per minute. It is better to measure "rate of spread in perimeter

increase rather than area (acre) increase, per unit of time, because

the former indicates the rate at which suppression work is increasing"

(Hornby, 1936, p. 67). Rate of spread was determined by the following

method:
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Size upon attack (perimeter in feet)
Free burning period (minutes)

Free burning period is defined as the elapsed time, from origin of

fire to first attack, before any control effort is applied.

The size of a fire upon attack was not always listed on the

individual fire reports. This was especially true with fires that never

attained a size larger than 3 /10 of an acre (Class A fires). Since it

was essential to know the size upon attack in perimeter foot units,

guidelines were formulated in order to make a consistent, logical
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estimate from the data that was recorded. These guidelines follow

actual situations from which it was felt a reasonable estimate could be

made without incorporating any great error. However, there were

situations which had too much data missing to make a reasonable

estimate. The 30 fires mentioned on page 35 are from such cases.

Table 2 lists some related situations that existed and the correspond-

ing 'rule' that applied for making an estimate of the size upon attack

in perimeter units.

Fires with a final size larger than Class A (over 3/10 acre in

size) sometimes listed the size upon attack in acres rather than

perimeter foot units. The only logical approach in this case was to

use a set of conversion tables and convert the area in acres back to

perimeter unit measurements.

These conversion tables are based on six basic shapes generally

assumed by a free burning forest fire. Without knowing which shape

the fire had, it was necessary to rely on the law of averages and

assume that the fire was of an 'average shape. Acreage for each

'average shape' fire was the mean of all six. possible shaped fires

having a certain perimeter measurement. In some instances it was

necessary to interpolate between the whole acre intervals in order to

obtain a truer perimetermeasurement. These conversion tables and

the computed 'average shape' fires in perimeter units are listed in

Appendix B.



In cases where the size upon attack
was missing, but the final size
of the fire was still in the A class
(3/10 acre or less).

In cases where the size upon
attack was missing, and the
final size was between 3/10 and
one acre in size.

In cases where the final
size was smaller than the
size upon attack.

In cases where both size upon
attack and final size were
missing, but the fire was
recorded as remaining in the
A class.
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Table 2. Fire report situations with missing data and the corres pond-
ing 'rule' for interpolating a logical estimate.

The final size was used as the
corresponding size upon attack.

It seemed reasonable to list the
size of the fire upon attack as
3/4 that of the final size.

The perimeter measurement
of the final size was used in
place of the already recorded
size upon attack. This type of
contradiction in sizes is likely
to happen because of different
people estimating the sizes of
the fires, or quite often the size
upon attack is more of a guess
than an actual measurement.

An *average shape' 3/10 acre
(maximum A class size) equals
600 feet. It seemed logical to
use 1/2 of this perimeter size
or 300 feet as the perimeter
size upon attack. (Average
shape is explained further in the
text paragraph.)

Situation Rule
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In past studies, resistance to control or the difficulty involved

in suppressing a fire's intensity and spread was expressed either in

terms of man hours required per unit of perimeter line constructed

andheld (Hornby, 1936), or the cost of suppressing class A fires

(Show and Kotok, 1929). In this study, the term resistance to control

was replaced by the expression 'total effort needed for control. ' This

expression is a measurement of the total cost required for suppres-

sion and mop-up of thefire in relation to thefinal fire perimeter.

The reasons for using a different term are: (1) the number of

men involved in controlling a fire were not listed for all fires that

occurred during this study period, and (2) there is the problem of how

to combine that fraction of line built by tractor withline built by man-

power, as is the case in some fires. Total cost, as defined by the

Oregon State Department of Forestry's individual fire records,

includes all men and machinery engaged in suppressing the fire.

Therefore, it represents the best measurement available of a fire's

resistance to control.

'Effort needed for control' was expressed in cents per perirn-

eter foot of the final fire line.

Effort Needed for Control Total cost of fire (cents)
(cents /perimeter foot) - Final perimeter (feet)

In some previous studies the final size of a fire was referred to

only if it attained a size of class C or larger. The percentage of fires

reaching class C or larger for a given area served as an indication of
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existing fire hazard, an indication of past fire behavior for an area,

and also an indication of the protection efficiency (Show and Kotok,

1923, 1930).

In the study performed by this author, the final size of each fire

in perimeter measurements regardless of its size class, was used in

the analysis. Final fire size should be regarded as an 'overall

product' of the forces and elements aiding a fire's build-up, minus

those operating toward its control and extinguishment.

Preparation of the Data for Testing

The items listed on the IBM card for each fire were:

-Fire number (consecutive from one to 540)

-A listing of both the specific cover type, and its corresponding

'general cover' or 'land use' class

-Average aspect, either as northern or southern direction

-Existing weather on the day of fire origin, listed by numerical

burning index (B. I.

-Average slope, listed as numerical percent

-Rate of spread (perimeter feet perminute)

-Total effort needed forcontrol (cents per perimeter foot)

-Final size (perimeter feet)

The pertinent data for each fire was entered on an IBM card

according to the coding system listed in Table 3). One IBM card was



Table 3. Description of item or data to be listed on IBM card.

Fire Number

General Cover Types

Douglas-fir timberland type, non-merchantable

Douglas-fir timberland type, merchantable

Woodland types

Non-forest types

Non-stocked types

(Continued on next page)

Numerical figure (one per fire)
consecutive from one to 540

1

2

3

4

5
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General cover type and Respective 'Specific Types' Gen. Cover
Type

Specific
Type

D. F. timberland, -Seedlings and saplings under
non-merchantable five inches d.b.h. 1 01

I,

D. F. timberland,
merchantable

-Poles, five to 11 inches, d. b.h.

-Large poles, 16 to 20 inches,
d.b.h.

1

2

02

03

I, -Large second growth, over
20 inches d.b.h. 2 04

I, -Large second growth and old
growth over 40 inches d. b. h. 2 05

Woodland types -Oak-madrone stands 3 06

I, -Hardwood stands, other than
oak-madrone 3 07

Non-forest types -Grass or brush cover 4 08

I, -Agricultural areas and
pastures 09

Non-stocked types -Recent clear-cut areas 5 10

I, -Old clear-cuts or cut-over
areas that have failed to restock 5 11

I, -Déforested or burned areas that
have failed to restock to 10
percent stocking 5 12

Item Coding Description

Aspect

Northern Direction 1

Southern Direction 2



Table 3. (Continued)

Item Coding Description

Fire Weather Severity

(recorded as numerical B. I.
reading with one decimal place)

Sloue Steerness

(recorded as numerical percent,
nearest whole percent)

Measurements of Fire Behavior

Rate of spread (recorded as
numerical reading, two decimal
place)

Effort needed for control (recorded
as numerical reading with two
decimal places)

Final size (recorded as numerical
reading, to nearest whole perimeter
foot)
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Coded as it appeared, as a
three digit number

Coded as it appeared, as a
two-digit number

Coded as it appeared

Coded as it appeared

Coded as it appeared



required for each fire.

Treatment of the Data

The data was tested with two objectives in mind. It is assumed

that data collected on cover type, exposure, weather and slope in this

studyhave someinfluence on the fire's behavior. The first objective

is to find which of the above factors are the most influential or the

most important in explaining the variations observed in each of the

three measurements of fire behavior.

In this study, (1) rate of spread, (2) effort needed for control,

and (3) final size are used to describe fire behavior. Each descrip-

tion was regarded as a separate measurement of fire behavior and was

treated as a separate dependent variable, termed Y1, Y2, and Y3,

respectively:

Y1 = rate of spread,

Y2 = effort needed for control, and

= final size.

The second objective attempts to view the difference in rate of

fire spread and effort needed for control within each cover type. In

making this more refined comparison, only those factors considered

most influential under the first objective were used. Final size is not

included in the second objective, for it was felt that explanation of

final size differences among the five cover types would only be a
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repetition of the discussion of the analysis for rate of spread and

control effort.

First Objective - Preliminary tests of the full model

The following model is proposed to evaluate the importance of

each factor (and interactions) on fire behavior.5

ijk = + + + (v) + lXljjk +PZXZjjk + P3Xiik + P4Xijk +

PSX1..kXZ..k + Ejik

where:

i=l,...,5
j = 1, 2

k=l,...,n..
13

and = some dependent variable (in this case, a
dependent variable is some measurement of
fire behavior, i. e. , rate of spread, effort
needed for control, or final size)

= the effect common for all observations

= the effect of cover types, i = 1, ..., 5

y = the effect of exposure, j = 1, 2

(aY ).. = the interaction between cover type and exposure,
13 j = , . . . , 5; j = 1, 2

= the linear regression effect of weather, i = 1,
5; j = 1, 2; and k = 1, . ., n.

13
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5 This model was written by Dr. David Thomas, Assistant Professor,
Department of Statistics, Oregon State University.



= the linear regression effect of slope, for all
values of i, j, k

the quadratic expr
curvilinear effect,

= the quadratic expr
curvilinear effect,

ession of X1, allowing for
for all values of i, j, k

ession of X2, allowing for
for all values of i, j, k
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135X1..kXZ..k = the interaction between weather and slope, for
all values of i, j, k

E.. = the error term, for all values of i, j, and k.ijk

In this model, the quantities aand y are constants; the X's are

observable fixed quantities, usually called concOmitant variables; and

13
..., are unknown regression coefficients. All values on the

right-hand side of the equals sign contribute some effect to the

dependent variable Y.

The author is not certain that this is the best model or that a

model exists which objectively predicts fire behavior. The model does

fit the data collected and is the basis for the speculative or indicative

conclusions drawn from this study.

The proposed model may be regarded as a "full model, in that

it contains all treatment effects ard regression terms. Several

hypotheses are made and tested against the full model. (The hypo-

theses are listed in Table 4. ) Each hypothesis states that a factor or

an interaction is not important in explaining the variation observed in

the dependent variable (Y1, Y2, or Y3).

The first set of hypotheses (one through eight) involves the



Table 4. Hypotheses tested in this study. Each hypothesis
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elimination of one factorafra time from the model. In some cases,

this process may indicate the relative significance of that factor.

However, not each factor is an intricate part by itself, but may

actually interact with some other factor. Therefore, grouping of

some terms is in order, such as hypotheses nine through 16.

Each hypothesis by itself actually does propose a "reduced

model. " In reality, however, each of these hypotheses constitutes a

step toward reducing or simplifying the original proposed full model.

After results from all hypotheses are analyzed, a final reduced

model, replacing the full model, is proposed for Y1, Y2, and Y3.

These final reduced models contain only those factors that were most

with one or more factors equal to zero means that
that particular factor is excluded from the model.

Hypotheses

(1) a = 0, i = 1, . . . ,

(2) 'y. = o, j = 1, 2

5 (9) p1, 133 5
= 0

(10)
P21

P4 35 = 0

(3) ('i). = 0, i= 1,
13 j=1,2

(11) 133 P4' P5 = 0

(12) p3, p4 = 0
(4) p1 = 0

(13) (&y'),, p5 = 0
(5) P2 = 0

(14) a, (cfY).. = 0
1 1)

(6) P3 = 0
(15) 'y (ay).. = 0

(7) P4 = 0
(16) a, (ay).. = 0

(8) p5 = 0
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significant in explaining the variation that was observed with each

measurement of fire behavior. The models are expected to involve

less computation and be almost as adequate as the full model in

explaining fire behavior.

The proposed model and hypotheses were executed with ticannedit

computer program (BMDO5V) available at the OSU Computer Center.

This program performs the calculations required for a general linear

hypothesis model. In this program the factors can be of two general

types: (1) terms used to specify the analysis of variance or factorial

design factors, and (2) variables used as covariates in regression

analysis (Yates, 1967). In this study, cover type and exposure are

associated with the first type of factorsmentioned, andweather and

slope expressed in: linear and curvilinear form are associated with the

second type of factor. (Note that the design variables for cover type

and exposure take on the value one, leaving only the coefficients in the

model.) Curvilinear effects for each factor weather and slope were

added in this model. This addition follows from the assumption that

most phenomenon in nature tend to follow a curvilinear rather than a

linear pattern.

Results from hypotheses tested are expressed in F-values.. The

F-value is a ratio of themean square associated with some hypothesis

(reduced model) to the mean square from the full model. A large F-

value tends to show rejection of the hypothesis, or in this case, that
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the factors not included in the reduced model were important in

predicting some aspect of fire behavior. A small F-value shows

acceptance of the hypothesis, or that the factors not included in the

reduced model were not important in predicting some aspect of fire

behavior.

In order to decide on the rejection or acceptance of a certain

hypothesis, Ftables with V1 and V2 degrees of freedom are consulted.

V1 represents the degrees of freedom of the numerator or reduced

model, and V2 the degrees of freedom of the denominator or full modeL

The significance levels are . 25, . 10, and . 05.

Testing Mechanics of Computer
Program (BMDO5V)

The testing mechanics in this computer program follow formulas

and calculations associated with the method known as least squares

estimation. First the full model is ?lfittedll to the data andnumerical

coefficient estimates are found for each factor and regression coef-

ficient. With these estimates in the model, a residual sum of squares

is calculated for the full model. Residu3l sum of squares is explained

by the following equation:
A AA A

Residual SS (full model) = . [y.. - ( + a + 'y. + (a' ).. +
1, j, k ijk 1 1)

A AZ Az
1Xlijk + PZXZjjk + I33Xlijk + 134X2..k +

6Explanation of testing mechanics was given by Dr. David Thomas,
Assistant Professor, Department of Statistics, Oregon State University.



A 2
5xlijkxz1Jk)

where:

k
denotes the total sum of all squared deviations of the

' "y" observations from the regression curve contain-
ing the estimates,

and the connotation A denotes the estimate of a factor or of a
regression coefficient. (The samples in this study are only a
fraction of the total population of fires that occurred in the
study area; therefore only estimates of the true population
values are available. )

When a hypothesis is made that the effect of some factor is equal

to zero (or, equivalently, that some factor is not important in

explaining the variation observed in Y1, Y2, or Y3 as is the case in

this study), a "reduced model" is proposed. This reduced model is

therifitted to the data, also by the method of least squares. Again

estimates are found for the factors, substituted in the model, and a

residual SS calculated for the reduced model. The residual sum of

squares for the full and that for the reduced model are used to

calculate the F-value for the particular hypothesis under considera-

tion. The F-value is calculated by the following formula:

(Residual SS for reduced model) - (Residual SS for full model)
(d. f. for reduced model - d. f. for full model)

Residual SS for full model
d. f. for full, model

where d. f. = the degrees of freedom, which is listed in the computer
print-out sheet.

The regression curve of some reduced model is not expected

48'



Figure 3 Sketch of usual F-
distribution.
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to fit the data as well as the regression curve for the full model,

because the effects of some factors are not included in estimating the

new regression curve. Therefore the deviations of all "y" observa-

tions will probably be greater and result in a larger residual sum of

squares. Whether or not this increase in the deviations of the obser-

vations from a reduced model's regression curve as compared to the

deviations of the same observations from the full model's regression

curve is significant, is determined by the F-value and degrees of

freedom associated with the hypothesis being tested.

Interpretation of F-values

The usual F-distribution follows a curve similar to that

sketched in Figure 3.

If the computed F-value occurs somewhere in the larger area of

the curve, i. e., to the left of the . 25, . 10, or . 05 level of significance,
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the hypothesis is accepted. It must be remembered that in this

study, the decision to accept a hypothesis means that the factors

excluded from the model are assumed equal to zero, that is, they

are assumed to have little or no effect in explaining the variation

observed in the dependent variable.

If the computed F-value occurs somewhere to the right of the

25, . 10, or 05 significance level on the curve, the hypothesis is

rejected. The higher the level of significance at which a hypothesis is

rejected, the greater the assurance that the decision to reject is

correct, i. e., at a higher level of significance, there is less likeli-

hood of rejecting the hypothesis when it is, in fact, true. For

example, suppose our hypothesis H is actually true. With a . 05

significance level, and underrepeated random sampling,, only five out:

of 100 times would the sample drawn have an F-value greater than the

F-value listed in the tables. In other words1 5percent of all possible

samples will lead to the rejection of the true H. If a hypothesis is

rejected at a lower level, such as the . 10 or . 25 level, there is less

assurance that the rejection is valid, although under natural phenom-

ena, this particular significance level may still suggest strong indica-

tion of actual occurrence.



RESULTS AND DISCUSSION

Analysis of data and computer output revealed the following

relationships. Only the F-value statistic from the computer print-out

was used at this time. F-values of thehypotheses performed for

Y2, and Y3 are listed in Tables 5, 6, and 7, respectiveLy. Asterisks

are used to show the level at which the hypotheses were rejected.

These results for rate of spread, effort needed for control, and final

size pertain only to the preliminary tests of the full model.

Rate of Spread
(Common for all cover types)

The results for the first set of hypotheses (one through eight)

indicates that cover type (a), interaction between cover type and

exposure (a'), linear regression of weather (1X1), and linear

regression of slope 32X2) are not significant in explaining the varia-

tionobserved in a fire's rate of spread. Thus, at first choice, the

model is reduced to the following:

lijk = +
j

+ + 4Xi.k + lijkXzijk + Eijk

for all i, j, k.

To support the eliminations already made, or to obtain evidence

for reducing the model further, hypotheses nine through 16 are

considered. The effect of exposure (y) is barely significant at the

25 level (hypothesis two). However, when it is combined with the
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Table 5. Results, listed as F-values, for hypotheses performed in
analyzing rate of fire spread common for all cover types.

lijk = + a + + + PlXlj5k + PZXZjjk + P3Xijk +

P4X..k + P5X1i.k + Ei.k

**
. 25 level 10 level . 05 level

52

Hypothesis Computed F-value d. f.

1.

2.

3.

4.

5.

6.

a

aY

p3

=

=

=

=

=

=

0

0

0

0

0

0

. 66698

1.46512

. 23294

. 13023

. 10947

1.58421*

4,

1,

4,

1,

1,

1,

486

486

486

486

486

486

7. p4 = 0 1. 67850* 1, 486

8.

9.

10.

p5

a, a'/

Y, aY

=

=

0

0

0

3. 13164**

.64517

.55912

1,

8,

5,

486

486

486

11. a, y, ay = 0 .79292 9, 486

12. p11 p31 p5 = 0 4. 25382*** 3, 486

13. P2' p5 = 0 2. 49289** 3, 486

14. p3, p4, = 0 2. 67319*** 3, 486

15. p, = 0 1. 52342* 2, 486

16. a, = 0 .81011 5, 486



Table 6. Results listed as F-values for hypotheses performed in
analyzing effort needed for control of fires common in all
cover types.

2ijk = + + + + 131X1ij+ PZXZijk + 133Xik +

P4X..k + PSX1i.kXZi.k + Eijk

* **25 level . 10 level . 05 level
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Hypothesis Computed F-value d. f.

1.

2.

3.

a

aY

=

=

=

0

0

0

9. 39020***

. 72017

1. 13052

4,

1,

4,

524

524

524

= 0 1.65216* 1, 524

5. I3 = 0 .27963 1,524

6.

7.

8.

9. a, a'Y

=

=

=

=

0

0

0

0

2. 02833*

. 003407

1. 3 1642*

5. 04429***

1,

1,

1,

8,

524

524

524

524

10. , ai = 0 1. 11662 5, 524

11.

12.

13.

y, aY

P, 134 135

=

=

=

0

0

0

4. 66947***

2. 39143**

1. 72312*

9,

3,

3,

524

524

524

14. i33 i34' 135 = 0 1 33407* 3, 524

15. P3 134 = 0 1.01989 2, 524

16. aV, = 0 1. 20149 5, 524



Table 7. ResuLts, listed as F-values, for hypotheses performed in

* **
25 level . 10 level . 05 level
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analyzing final size of fires common in all cover types.

Hypothesis Computed F-value d. L

1.

2.

3.

a =

=

aY =

0

0

0

1.26468

6. 04418***

. 49924

4,

1,

4,

524

524

524

5. P

0

0

4. 9lozo***

. 00247

1,

1,

524

524

6. 13 = 0 7 1575 l*** 1, 524

7. P4 0 1. 99548* 1, 524

8. p5 = 0 1. 67426* 1, 524

9. a, aY = 0 1. 2268 9* 8, 524

10. V, aY = 0 1. 47494* 5, 524

11. a , r = 0 1. 77616** 9, 524

12. 13s 33 = 0 7. 9902 1*** 3, 524

13.

14.

2' t34 p5

f33 p4, 13 =

0

0

1.87260*

3. 44958***

3,

3,

524

524

15.
p31 P4 = 0 4. 71072*** 2, 524

16. aY, = 0 . 71241 5 524
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effects of the interaction term (ay) in hypothesis 10, or with the effects

of both cover type and the interaction term (hypothesis 11), the .25

level of significance is not reached. Results from these hypotheses

indicate that the effect of exposure may not be important, and there-

fore it too is eliminated from the model.

Results obtained in hypotheses 6, 7, 8, 12, 13, 14, and 15 gave

evidence that the terms 133X, I34X, and 5X1X2 (weather, slope, and

their interaction term) should be retained in the model. Although

hypothesis 16, which contained both interaction terms in this analysis

interaction between cover type and exposure; and 135X1X2, inter-

action between weather and slope), is not significant, the obvious

importance of is reassured when the results for hypotheses 8,

12, and 14 are observed. Hypotheses 12 and 13, which include the

linear expressions of weather (1X1) and slope (132X2), were signifi-

cant; however, the extremely low F-values encountered when these

two terms were tested by themselves (hypotheses four and five) tend

to support the original conclusion that their effects were not very

important and that they could be eliminated from the model.

The best reduced model resulting from the preliminary test of

the proposedmodel is written as

1ijk = + P3Xijk + P4X..k + PSXlXZijk +

or that the rate of fire spread in this study for all areas is best
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explained by a general mean, plus the effects associated with

quadratic expressions of both fire weather severity and slope steep-

ness, plus the effect of interaction between fire weather severity and

slope steepness, plus some error term.

This model is compatible with possible happenings in the field.

Fire weather severity and slope steepness both are regarded as very

important to rate of fire spread. Forest fire literature pays particular

attention to the effects of these two factors on rate of fire spread

(Davis, 1959 Hawley and Stickel, 1948). In comparison, the effects

of aspect although regarded in forest fire literature as being important

toward fire spread, did not prove significant in this analysis. The

same is true concerning the effect of the vegetational cover type.

From the results thus obtained there is no valid reason to say

that the same factors would always be the most important in explain-

ing fire spread. For one thing, the model is very general in nature.

Effects of each cover type, for instance, are not distinguishable but

are assumed to possess a similarrelationship to the rate of fire

spread, except for some slight difference in numerical spread rate

among each cover type.

Since the main objective of this study is an attempt topredict or

evaluate fire hazard as it is associated with the surrounding environ-

ment, further testing should be performed, subdividing one of the

factors into more easily recognizable units. Only through more
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refined testing can a better evaluation be made as to the importance

of cover type, aspect, weather, and slope steepness as they influence

rate of fire spread.

Rate of Spread
(In each cover type)

In further analyzing rate of fire spread, all factors in the

original full model are used, with the exception of the term for cover

type and the cover type-aspect interaction term. All levels of cover

type (a) were formerly analyzed as a single level having some effect

on a fire's rate of spread. Now each level of cover type is analyzed

by itself and is treated as part of the general mean (.i). The cover

type-aspect interaction term originally proved to be insignificant

(Table 1), therefore it was valid and convenient not to include it in

this further testing. However, by using most of the factors that were

included in the full model, additional evidence and reasoning is

provided for further evaluation of the importance of each factor. The

model for further analysis of fire spread is written as:

lijk = + Yj + + ZXZ..k + P3X..k + +

135X1..kXZi.k +

for each level of i (j. = 1, 2, 3, 4, 5).

The bases for making the different hypotheses in this second

analysis are the results obtained in the preliminary test that was



performedwith the full model. Hypotheses performed in this second

analysis and their results (listed as F-values) are shown in the follow-

ing tables. The F-values are treated in the same fashion and

interpreted with the same reasoning as they were in the preliminary

tests with the full model. The acceptance or rejection of a hypothesis

indicates which factors are more important and should be included in

the best-fit model for each particular cover type.

Table 8, Results, listed as F-values, for hypotheses performed in
Douglas-analyzing rate of fire spread in non-merchantable
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fir stands.

Hypothesis F-value d. f. Tabular F-value
(V2 = 60)

1. 133) 1.38
1. 95

(.25)
(. 10)

2.

3.

4.

134) 135

13i 13

.Y, P' 13

1'

=0

= 0

= 0

= 0

1. 6123*

.2428

.0136

. 1635

5,

2,

1,

3,

66

66

66

66

2.37

1.42

1.35

1.41

1.35

(.05)

).25)

(.25)

(.25)

(.25)
133 134) 135 = 0 1. 3456* 6, 66 1.87 (. 10)

**
25 level 10 level 05 level

Non-merchantable Douglas - fir Types

Hypothesis one is rejected at the . 25 level. This indicates that

some of the factors in this group are important at the . 25 level in

explaining rate of fire spread in stands of non-merchantable Douglas-

fir. After observing hypotheses two, three, and four, which are not



H yp othe s is

=0 .2577

=0 .1029

F-value

= 0 1.6635* 1, 81 1.35 (.25)
2. 79 (. 10)

y = 0 .6629 3, 81 1.41 (.25)

.Y, 13

133k 134 135 0 .5129 6, 81 1.35 (.25)

* **
25 level

d. f.

4, 81

2, 81

10 level . 05 leve'

Tabular F-values
(V2 =60)

1.37 (.25)

1.42 (.25)
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Table Results, listed as F-vaLues, for hypotheses performed in
analyzing rate of fire spread in merchantable Douglas-fir
stands.

Hypothesis F-values d. f. Tabular F-value
(V2 = 60)

1.
13 2' I33

1.37
1. 95

(.25)
(. 10)

2.

3.

4.

5.

1341

l'

'1,

',
133k

135

2

1311

13

1341

Z'

135

= 0

=0

=0
=0

= 0

1. 9648**

.7070

.0666

.4969

1. 7815*

5,

2,

1,

3,

6,

76

76

76

76

76

2.37

1.42

1.35

1.41

1.35
1.87

(.05)

(. 25)

(.25)

(.25)

(.25)
(. 10)

*
25 level

**
10 level .05 level

Table 10. Results, listed as F-values, for hypotheses performed in
analyzing rate of fire spread in oak-madrone woodland
cover types.
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Table 11. Results, listed as F-values, for hypothese performed in

* **
25 level . 10 level . 05 level

analyzing rate of fire spread on non-stocked forest lands.

Hypothesis F-values d.f. Tabular P-value
(V2 = 40)

1. 1331

3.

1341 13

13k, 2

V

=0

=0

=0

.9580

.2022

4.5239***

5,

2,

1,

32

32

32

1,41

1.45

1.38
2. 88

(.25)

(.25)

(.25)
(. 10)

4. 17 (.05)

4. V' =0 1. 9260* 3, 32 1.44
2.28

(.25)
(. 10)

5. V' 13

1331 1341 t3 = 0 1. 4044* 6, 32 1.39 (.25)

analyzing rate of fire spread on non-forest cover types.

Hypothesis F-values d. f. Tabular F-value
(V2 =

1.
13 13 1331

2.

3.

1341 135

V

=0

=0

1. 0582*

.0245

.8826

5,

2,

1,

211

211

211

1.33

1.39

1.32

(.25)

(.25)

(.25)

4.

5.

t3; 13

y, 13k, 13i

=0 .3332 3, 211 1.37 (.25)

1331 1341 135 =0 1. 160 1* 6, 211 1.31 (.25)

**
25 level 10 level . 05 level

Table 12. Results, listed as F-values, for hypotheses performed in
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significant even at the low level of . 25, it is concluded that the three

factors (quadratic expression of weather), (quadratic

expression of slope steepness), and XJX2 (interaction term of fire

weather severity and slope steepness) are most important in explain-

ing the variation in the rate of fire spread that occurs in this particu-

lar cover type.

The best-fit model is written as:

X +E
1jk = + P3X.k + P4X.k + PSX.k Zjk jk

for i = 1 and all j, k,

or that the rate of fire spread is best explained by a general mean,

plus some effect of fire weather severity and of slope steepness

expressed in quadratic form, plus some effect due to an interaction

between fire weather severity and slope steepness, plus some error

term.

In this cover type, the effects associated with aspect of the area

appear to be very slight. Usually an area having a southern aspect is

a greater recipient of the daily weather influences, as compared to a

northern aspect (Barrows, 1951). But in a cover type characterized

by stands of seedlings, saplings, and young poles (which, as a rule,

are densely stocked) the influence of weather on the surface fuels is

evidently greatly reduced. The fuel moisture in a densely stocked

stand of saplings will change very little as a result of the weather
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existing for the day (Morris, 1939). Therefore, the inflammability of

the surface fuels could be similar irrespective of the aspect of the

area.

Merchantable Douglas-fir Types

The effects associated with the aspect of the area are significant

at the . 25 level (hypothesis three). The two linear expressions of

fire weather severity and slope steepness are not significant

(hypothesis two). Also, there is no clear evidence that the quadratic

expressions of fire weather severity and slope steepness or their

interaction term are important (hypothesis one).

It is concluded that the variation in the rate of fire spread with-

in this cover type is mostly a result of the different spread rates of

fires that occurred on north-facing areas versus those on south-

facing areas. Hayes (1941) noted that the fuel moisture was noticeably

lower on south-facing areas and the consequent rate of fire spread in

similar fuels was higher as compared to that of north-facing areas.

Aside from this fact, it is still difficult to imagine that the effects

associated with the aspect of the area were more important than the

effects due to cover type, slope steepness or fire weather severity,

especially in this timberland type.

One possible answer might coincide with the slight influence of

the other factors, fire weather severity and slope steepness. From
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the results obtained, neither the linear nor the quadratic effects of

fire weather severity and slope steepness were significant. Earlier

studies in the field of fire control noted that microclimates formed by

the vegetation on the area would reduce the general influence of

weather (Show and Kotok, 1929; Hawley and Stickel, 1948). More

recent textbooks discussing fire spread also support this thesis

(Davis, 1959). With the influence of weather and slope steepness

somewhat minimized by the nature of this cover type, the mere

differences between the numerical spread rates of the north versus the

south-facing areas could significantly account for the variation that

was observed in the analysis. Another possible answer might be that

there is some error incorporated in the method used for determining

average aspect of the burned area (page 31, Methods chapter).

Woodland Types: Oak-madrone Stands

Hypothesis one is significant at both the . 25 nd . 10 levels,

therefore some factors in this group are definitely important in

explaining the fire spread in this cover type. Hypotheses two, threes

and four are not significant even at the lower-level of . 25. Therefore,

it is concluded that the same three terms 134X, and 135X1X2 are

probably most important in explaining the variation observed in rate of

fire spread for woodland types.

The best-fit model for the woodland types is written as:



ljk = + P3X.k + 4X.k + P5X1.kXZik + E.k

for i = 3, and for all j, k,

or rate of spread can be expressed in terms of some general mean,

plus an effect due to the quadratic expressions of fire weather

severity and of slope steepness, plus some effect from the interaction

between fire weather severity and slope steepness, plus some error

term.

The effect associated with the aspect of the area, in comparison

with that of fire weather severity and slope steepness, is extremely

low. Since this cover type is characterized by a partially closed

canopy but partially open ground surface, the expected influences

associated with aspect could be minimized. Similarweather condi-

tions could exist near the surface fuels irregardless of the aspect of

the area. The ground surface may have a large amount of flash-type

fuels which are very sensitive to quick changes in their inflammability

with very little influence from the weather (Barrows, 1951). Or

again, the answer may be associated with the method used to estimate

the average aspect and slope of the burned area.

Non-forest Cover Types

From the results obtained in analyzing rate of fire spread for

this cover type, there is no clear evidence that one factor or group

of factors is more important than another. The high F-value for
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hypothesis one in relation to the other hypotheses might indicate that

effects associated with fire weather severity and slope steepness are

slightly more important to the rate of fire spread in these cover types

than is the effect associated with the aspect of the area.

Non-forest cover types are areas listed as grass, brush, or

farmlands. Essentially these types have no existing overstory to

affect daily weather influence or pattern. They are relatively open

areas. The effects of slope steepness, fire weather severity, and

aspect of the area could each have an equal chance of influencing the

fire spread.

For the most part, the vegetation type itself is the surface fuel

in which a fire ignites and spreads. Surface fuels of this nature are

usually classified as 'flash' fuels. 'Flash1 fuels in turn signify a

high level of inflammability and probably a fast rate of fire spread

(Hawley and Stickel, 1948; Barrows, 1951). Such conditions as

stated above make it very difficult to conclude that one factor is more

important than another.

Non-stocked Forest Types

Immediately evident is the importance of aspect of the area on

the rate of fire spread. This importance is expressed by the high

level of significance observed in hypothesis three. The significance

of hypothesis four is probably due to the fact that the factor aspect is
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also included, along with the effects associated with the linear

expressions of fire weather severity and of slope steepness. This

assumption is supported by the results of hypothesis two, which

concludes that the effects due to the linear expressions of fire

weather severity and slope steepness are not important. There is no

clear evidence that the effects due to the quadratic expressions of fire

weather severity and slope steepness, or their interaction term, are

significantly important either (hypothesis one).

Non-stocked areas comprise recent clear-cuts, old cutover

areas, and old burns. A majority of the fires in this study occurred

in recent clear-cuts and old cutover areas. The surface fuels

common on these areas are left-over logging slash that exists in

various sizes, amounts, and continuity. The smaller finer parts of

slash are classified as 'flash' type fuels and usually constitute a fast

rate of spread, while the larger parts are listed as 'heavy' fuels and

usually constitute slowerrates of spread.

With the surface fuels common to this cover type, and with very

little canopy cover, the effects associated with the aspect of the area

could definitely bean important factor influencing fire spread. South

facing slopes are more susceptible to the direct rays of the sun, thus

allowing for higher temperatures, lower relative humidity, and a

consequent higher state of inflammability of surface fuels (Hayes,

1941). The same fuels located on a north-facing slope would have a
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lower state of inflammability resulting from the samereported daily

weather, relative humidity and wind influences (Barrows, 1951).

The results from analyzing rate of spread according to (1) a full

model which treated cover types as a common effect, and (2) a model

which treated each cover type separately are summarized according

to a best-fit model or equation below.

Full model that assumes all cover types the same:

1ijk = + 3Xiiik + P4Xiik + PSX1..kXZi.k +

Best-fit model for each cover type separately:

Non-merchantable Douglas-fir (i = 1)

1jk + P3X.k + P4X.k + PSX1.kXZ.k + Ejk

Merchantable Douglas-fir (i = 2)

1jk = .L + +

Woodland types = 3)

1jk = + P3Xk + 4X.k + PSX1.kXZ.k + E.k

Non-forest types (i = 4)

1jk = + Ejk

Non-stocked types (i = 5)

ljk = + + Ejk

Aside from the analysis of variance, the statistical analysis

provided numerical estimates for each factor or coefficient in the



model. These estimates when substituted in the model produced

best-fit equations for the three-dimensional response surfaces. In

essence, the response surface serves as a visual observation of the

resulting reduced or best-fit model.

Six response surfaces were generated from the results of the

analysis of rate of fire spread. One conforms to the reduced model

that explains rate of fire spread common for all cover types, and the

other five conform to the best-fit model explaining rate of spread

within each cover type. These response surfaces are presented in

Appendix C. A visual abstract of Appendix C is presented in Figure

4 so that comparisons among the five spreads may be convenient.

(Interpretation of these surfaces is similar to reading a topographic

map- - each contour follows a rate of spread of equal value.

Rate of Spread
Common for all Cover Types

(Figure 6, Appendix C)

The response surface conforming to the reduced model from the

preliminary tests against, the full model is represented by surface A.

Substituting the estimates from the print-out, the equation represent-

ing this particular surface is

-10. 6Z + . OZ2X + . 083X2 - . 069(X1)(X2)

The surface resembles the shape of a 'valleyM when viewed in
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three-dimensional perspective. Fast rates of fire spread occur either



Common for all cover types

Slope steepness

Non-forest Lands

Slope steepness

Merchantable Douglas-fir

Non-.mer chantable Douglas - fir

I
Sl9pe steepness

Oak-madrone

a)

a)

Woodland Types

Non-stocked Lands

Slope steepness

Figure 4. Visual abstract, in reduced scale, of response surfaces representing rate of fire spread in
each cover type as a function of increasing fire weather severity and slope steepness.

Slope steepness Slope steepness



at critical levels of fire weather or on very steep areas, i. e., for

very high values of or for very high values of X2.

With level of fire weather (X) held constant, rate of spread

decreases with each increase in slope steepness (X2), until some

minimal point is reached, after which rate of spread increases with

each corresponding increase in X2. This phenomenon also is true on

steep areas when increasing severity of fire weather serves as the

function of increasing fire spread.

Explanation of these strange phenomena can only be speculation.

"Gaining knowledge about fire spread in forest fuels is complex

because many variables are involved and because we still lack full

understanding of the interaction of these variables" (Anderson, 1964,

p. 1). The samples used in this study were collected from actual field

reports. It is very unlikely that the effect of one factor remained

constant throughout the entire combustion period. One factor may be

counted as most important in the formation of pyrolysis, but once this

process has started, the effect of that factor could decrease as the

effects of other factors start to be more influential, or as the fire

begins to create its ownweather and behavior pattern. "Some

uncertainties enter the relationships if the environmental conditions

cannot be controlled" (Anderson, 1964, p. 1). Perhlaps it is only in

controlled laboratory studies that rate of fire spread can be directly

correlated with the increasing function of a particular factor.
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As a matter of interest, imaginary lines A-B and C-D were

drawn on the response surface connecting minimal spread rates along

each level of weather and 1ope, respectively. Within this zone, H

rate of spread always showed an increase with each corresponding

increase in either weather or slope, or both. But a majority of the

spread rates conforming to this surface lie outside this MzoneH and are

characteristic of the strange behavior discussed earlier. This in

itself may be an indication of strong interaction between weather and

slope.

The hypotheses that tested the effects of weather and slope

by themselves (six and sevens Table 6) resulted in F-values that

were both significant at the . 25 level and had numerical values nearly

equal in magnitude. Since the degrees of freedom were the same for

both tests, this might indicate the seemingly equal importance of the

two variables toward fire spread. The hypothesis testing the effect

of interaction between weather and slope on fire spread (hypothesis

eight) was significant at the . 10 level. This also might indicate that

it is meaningless to view the dependent variable (rate of spread) as a

function of one factor only.

However, increases in fire weather severity may exert a

slightly greater influence on fire spread than does slight increases

in slope steepness. This is most noticeable for fires that occur on

level to moderately sloped areas (0-20%). On these areas, higher
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rates of fire spread are observed per unit increase of fire weather

severity as compared to perunit increases of slope steepness. The

numerical values aside, the shape of the response surface when

viewed in its three-dimensional perspective, projects a steeper

incline along the axis representing effects of fire weather severity

than along the axis representing slope steepness, indicating the -

greater effect of theweather factor.

It is difficult to say that one factor is more important than the

other, although by consulting the numerical values conforming to this

surface, increases inweather severity do show faster fire spreads.

Also the slightly steeper gradient of the response surface with

increases of weather severity indicates that weather is slightly

more important, at least until the very steep areas are reached.

Rate of Spread
Within Each Cover Type

Fire spreads for each cover type are shown by the response

surfaces listed as Figures 7, 8, 9, 10 and 11 in Appendix C. The

surface for each cover type is a solution to a separate equationwith

its own estimates, but using the same three terms, f3X, I34X, and

135X1X2. These three terms were definitely important in at least two

of the best-fit models for the five cover types, and therefore they were

included in the best-fit model for each cover type. Effects of linear
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expressions of weather and slope were not significant in either of

these cover types and were not included in these equations.

In choosing a best-fit model, those factors whichwere signifi-

cant are included in the model to avoid committing a type II error.

(A type II error is accepting a false hypothesis, or in this case, saying

that some variable is not important when it actually is. ) No error is

committed when a factor which was not significant in the analysis is

included in the model. The main reason for including a factor which

was not significant is to have a consistent model for a comparison

basis among all cover types.

Aspect was significant in both merchantable Douglas-fir and

non-stocked types. It should be included in the best-fit equation for

these two cover types, but it is not necessary in the other three.

Since it is a constant term, its effect is merely a numerical additive

effect in thefinal solution of the equation. Only the effects associated

with a regression-type variable (weather or slope) are important in

generating the shapes of the response surfaces conforming to the

equations.

It is from the shapes of the response surfaces that some con-

clusions can bemade as to the relative importance of fire weather or

slope steepness to the fire spread. An indication of theimportance of

a constant term, such as y, can be found from the significance level

of the F-value in the preceding section.
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From the foregoing comments, the best-fit models for the five

cover types are the same as listed on page 67, except that the three

terms 133X, I34X, and are now included in all equations.

Substituting the estimates from the computer print-out, these models

produce the following equations (all pertain to north aspect

The degree of importance of one factor in relation to another

cannot accurately be stated from this analysis. This would involve a

separate study. Some speculations can be made which indicate the

relative importance of one variable to another, but they must be

regarded only as indicative and not conclusive.

Except for different numerical spread rates, fires appear to

have a similar spread pattern in merchantable Douglas-fir, oak-

madrone stands, and non-forest types (Figures 7, 8, and 9

respectively, Appendix C). The general form of the surfaces is

similar, but they differ in scale. In contrast, the surfaces for non-

merchantable Douglas-fir and non-stocked types may indicate entirely

(1) Y = 4.40 + . 0057(X) - . 0093(X) + . 0016(X1)(X2)

(2) y = (9. 14) + . 0079(X) + . 0202(X) - . 0198(X1)(X2)

(3) Y = -102.5 + . 061(x) + . 254(X) - . 211(X1)(X

(4) Y = 14.90 + . 0156(X) + . l38(X) - . 074(X1)(X2)

(5) Y = (19. 37) - . 0108(X) - . 079(X) + 0646(X1)(X2)
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different spread patterns.

The strongly concave appearance of the surfaces for oak-

madrone stands and non-forest types (Figure 8 and 9) indicates

the greater effect of both weather and slope on fire spread in these

two cover types as compared to merchantable Douglas-fir (Figure 7).

The lack of any prominent three-dimensional shape in the surface for

non-merchantable Douglas-fir (Figure 10), other than a gradual

incline plane, indicates the strong importance of increasing weather

severity on fire spread and the relatively low importance of slope

steepness. The nearly symetrical convex shape of the surface for

non-stocked areas (Figure 11) may indicate a spread pattern in which

both weather severity and slope steepness have an equal effect on fire

spread.

Merchantable Douglas-fir Types

The moderately concave shape of this surface (Figure 7)

indicates that for this cover type, weather and slope affect rate of fire

spread in the same manner as for other cover types (Figures 8 and 9,

for example), but on a different scale. The shape of the surface is

slightly more prominent along the axis representing increasing

weather severity. This might indicate that the effect of weather

severity, although not as marked in this cover type in comparison to

others, is more important to the fire spread than is the effect of
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increasing slope steepness.

An older-age stand of Douglas-fir could greatly reduce the

effects of weather severity and slope steepness on fire spread. In

this,case, the various elements of weather are less effective in

preparing the surface fuels for combustion and fire spread. In

addition, the surface fuels are likely to be in the form of duff and

litter, compactly arranged. With fuels of this nature, existing ina

low state of inflammability, fire spread is expected to be low and fire

behavior relatively calm (Barrow, 1951). The effects of slope steep-

ness on the fire spread of a slow burning fire would probably be very

low, and its importance would be very difficult to measure. Davis

(1959), and Show and Kotok (1929) noted that microclimate s are

produced by the vegetation covering an area, and that the expected

fire behavior is greatly influenced by the covering.

Woodland Types: Oak-Madrone Stands

The strongly concave appearance of this response surface

(Figure 8) indicates that the effect of increased slope steepness and

weather severity is more important to the fire spread in these areas

than for merchantable Douglas-fir types. Increasing weather severity

is slightly more important than increasing slope steepness on fire

spread. Again this is indicated by the more prominent angle of in-

cline of the surface along the axis representing fire weather.
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Oak-madrone stands are characterized by a hardwood species

having a partially open crown surface and with a majority of this

crown foliage existing near the top of the boles as a one-.layer over-

story. The natural openness of the stand through the bole region

results in the freer movement of air which has a marked influence on

the inflammability of these surface fuels. A high state of inflam-

mability can be expected during the fire season. A fast rate of fire

spread could be the consequence.

L4tter and deciduous foliage from this species which accumulates

to form surfacefuels is classified as flash fuel?? and usually has a

high state of inflammability. Also the open nature of the stand allows

for the growth of additional flash fuels such as grass, ferns, and

small brush. These flash fuels, partially open to the influences of

weather, indicate a probable high rate of fire spread. Only a slight

increase inweather severity is needed to bring these fuels into a

high or explosive state of inflammability (Barrows, 1951).

Non-forest Types

Comparison of the two surfaces (oak.-madrone stands and non-

forest lands, Figures 8 and 9 respectively) clearly indicates that fire

spread has some similarity in these two cover types. However, the

effects of fire weather severity and slope steepness on the fire spread

does vary in scale. These two factors have more of a profound
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influence on fire spread in oak-madrone cover types.

For the most part, surface fuels in non-forest cover types

(grass, brush, and farmland) are classified as 'flash fuels. By

themselves, flash fuels involve a probable high rate of fire spread

(Barrows, 1951). Weather and slope steepness can greatly add to the

high rates of fire spread that were observed.

The surface representing non-forest types indicates that slope

steepness and fire weather severity have about an equal effect on fire

spread for low values of slope steepness. In very steepareas,

weather severity has almost no effect on fire spread. Chandler

(1963) regarded the effect of slope as similar to wind on fire spread,

and noted that the rate of forward spread nearly doubled with each

15 degree increase of slope.

Possibly thereason the slope factorhas greater importance in

steep areas is that the surface fuels have an extremely open exposure

to the influence of weather. With essentially no overhead vegetation

to disrupt the movement of air over these flash fuels, a high state of

inflammability is reached with very little change of fire weather.

With slope having effects similar to wind and with the lack of any

obstructing overhead story of vegetation, it is reasonable to relate

rate of fire spread to the steepness of slope.



Non-merchantable Douglas-fir Types

The relatively horizontal form of this response surface (Figure

10) indicates that one variable is definitely more important than the

other. En this case, weather is more responsible for increased fire

spread, since the planes of the response surface are almost parallel

to the axis representing slope.

Of all the cover types studied, the lowest rates of fire spread

are noted in this cover type. Being a timberland type, it is probable

that some of the surface fuels exist in the form of compactly arranged

layers of duff. This in itself would indicate a low rate of fire spread

(Barrows, 1951).

According to Barrows (1951), young stands of timber might

either accelerate or slow up the rate of spread of a fire. Shading

from the overstory prevents rapid drying of other ground fuels and a

relatively high moisture content of the surface fuels most likely

exists. It then follows that this would mean a low rate of fire spread.

With relatively little space between crown story and surface

fuels, the effect of wind as a drying agent could be greatly reduced.

In addition, temperature would be reduced and relative humidity

increased. Morris (1937) observed that moisture content under

closely stocked stands of either old-age or sapling size timber changed

very little throughout the day, and as a whole, remained at a higher
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level than under other Lorms of vegetation.

In contrast, an older-age stand, althoughhaving similar surface

fuels, has a larger open space between the surface fuels and crown

foliage, thus allowing freer movement of air and a consequently higher

state of inflammability. In this study, in comparing the two timber-

land types, older-age stands did show a faster rate of fire spread than

the younger-age stands.

Non-stocked Types

The shape of the surface (Figure 11), although convex, indicates

a gradual increase in rate of fire spread with each additional increase

of both weather severity and slope steepness, for low values of both

weather and slope. The almost symmetrical shape of the surface

makes it difficult to identify the relative importance of the factors.

One factor may be more important during part of the combustion

process and the other factor at a different time during the process. On

level to moderate slopes, the rate of firespread appears to be more

a function of slope steepness. On steep to very steep areas, increasing

rate of fire spread appears to be mostly the function of weather

severity.

In the general analysis of fire spread for this cover type, the

effect of aspect was found to be more important than either weather

severity or slope steepness. (See Table 12, page 60. Hypothesis
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three was significant at the . 05 level.)

These surfaces shown in Figures 7-11 conform to rate of fire

spread on a north-facing slope. The numerical rates of fire spread

can be expected to be higher on a south-facing slope. This fact aside,

the response surface generated by the best-fit model conforming to

rate of fire spread on a south-facing slope would have the same shape

as the surfaces just discussed. As mentioned earlier, the effect of

a factorial...type variable such as aspect is merely an additive effect.

Expected rate of fire spread is one criterion used toevaluate the

hazard of an area. Using only the analysis of fire spreads, some

indication can be made as to which areas or which cover types are

more hazardous. The overall average rates of spread for each

general cover type are listed in Table 13. These averages were

available from the computer printout sheet. These average rates

of fire spread for the various cover types are consistent with those

observed in studies by Show and Kotok (1929).

Table 13. Average rate of fire spread per cover type.

Cover type Perimeter
(ft/ mm)

Non-me r chantable Douglas -fir stands 35. 8

Merchantable Douglas-fir statids 52. 8

Woodland types 95. 0

Non-forest lands 74. 4

Non-stocked lands 38. 7



82

Timberland types had the slowest rate of fire spread. Fuels in

these types receive some shading from the sun rays by the overhead

cover. Consequently there is a lower daily temperature at the ground

surface. This in itself would suggest a slow rate of fire spread.

Other features associated with timber covered areas such as the

reduction in growth of flash type fuel, and the fact that surface fuels

usually exist in compactly arranged layers, also suggest a probable

low rate of fire spread.

The most rapid rates of spread were observed in cover types

with low forms of vegetation and with a high percentage of surface

flash fuels. The open characteristics of woodland and non-forest lands

permit freer movement of air, a consequent lower moisture content of

the fuels, and growth of additional flash-type fuels such as grass,

brush, and herbaceous plants. These features are conducive to fast

rates of fire spread (Barrows, 1951).

The open nature of non-stocked lands allows for greater

inflammability of the surface fuels due to the aspect and daily weather

influences. At the same time, the heavy-type fuels are probably the

result of the observed slower rates of fire spread. It takes a longer

period of time for a fire to become established in these heavy fuels,

and the spread may be slow unless there is a large amount of flash-

type fuels to help the fire move to adjacent fuel particles (Barrows,

1951).
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There is a noticeable relationship between the average numerical

rates of fire spread and the corresponding shapes of the response

surfaces. For instance, woodland and non-forest types which had the

highest averaged rates of fire spread, generated surfaces strongly

concave in appearance. Those cover types with lower rates of fire

spread (merchantable Douglas-fir, non-stocked, and non-

merchantable), generated surfaces more moderately concave, convex,

or level in appearance, respectively.

Both the magnitude of the numerical spread rates and the shape

of the response surfaces indicate woodland and non-forest types are

extremely hazardous. Both timberland and non-stocked types are

moderate to slightly hazardous.

Conclusions

Rates of fire spread for all cover types cannot be explained by

one general model. Differences in the shapes of the response

surfaces indicate that fire spread for each cover type is partly

a result of the various interactions between the environmental

factors and the particular characteristics of the cover type.

Weather and slope factors expressed as linear terms are not

significant in explaining rate of fire spread. Weather and slope

expressed as quadratic terms are important, however.

Weather seems to be more important than does slope in explaining
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the rate of fire spread for low values of slope teepness.

Future studies of fire spread might profitably concentrate on

cover types, aspect, and weather as the most important factors

contributing to fire spread.

There appears to be some correlation between low forms of

vegetational covering on an area and the influence of slope.

Chandler's observation (1963) that slope effect is similar towind

effect might explain the relationship. These areas, essentially

free of any obstruction (trees) allow the free movement of air,

and consequently a higher state of inflammability of the surface

fuels. This in turn is synonomous with the effects of wind on the

surface fuels. In this study, the analysis for treeless areas

(non-forest and non-stocked types) showed that the effects of slope

steepness were slightly greater than or equal to the effects of

increasing weather severity on the fire spread.

Effort Needed for Control
(Common for all cover types)

In evaluating the amount of effort needed for control of fires

that occurred in the Douglas Forest Protection Association District,

hypotheses similar to those discussed in the rate of fire spread

section were used. Results for the first set of hypotheses (one through

eight) indicate that the effects of aspect ('), interaction between cover

types and aspect (a'i'), linear expression of slope (X2), and the
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quadratic expression of slope (B4X) are not significant in explaining

the variation observed in effort needed to control a fire (see Table 7,

page 53). Thus at first choice, the model is reduced to the following

ijk = + a + lXl..k + P3Xiik + SXliikXZijk + Ei.k

for all i, j, k.

Further evidence for the elimination already made, or toward

further reduction of this model is obtained by consulting hypotheses

nine through 16. Hypotheses 9, 10, and 11 indicate further that the

effects of aspect (y) and the interaction between cover type and aspect

(aY) are not significant. These same hypotheses also re-emphasize

the importance of cover type (a. The significance of hypothesis 12 at

the . 10 level supports the decision to leave the factors 131X1 (linear

expression of fire weather severity), 133X (quadratic expression of fire

weather severity), and 135X1X2 (interaction between fire weather

severity and slope steepness) in the model. The decisions made in

respect to the other hypotheses show that the reduced model is

allowable.

Thus the best reduced model is:

= + a + P1X1i.k + P3X..k + PSX1..kXZ..k +

for all i, j, k,

or that the amount of effort needed for control of a fire is best

explained by a general mean, plus the effect of cover type, plus the
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effect associated with the linear expression of fire weather severity,

plus the effect associated with the quadratic expression of fire

weather severity, plus the effect of some interaction between fire

weather severity and slope steepness, plus some error term.

The results obtained in this preliminary analysis of the amount

of effort needed for control of a fire are the basis for additional

hypotheses which were performed for each cover type. The extremely

high F-value of hypothesis one indicates that the effort needed in

controlling a fire may be closely associated with the characteristics of

each cover type. Thus valid reason is provided to further analyze the

effort needed for control of a fire according to each cover type.

Effort Needed for Control
(According to each cover type)

After examining the results from all the hypotheses that were

performed for each cover type, it was concluded that the effects

associated with aspect (\), and the linear expressions of fire

weather severity (31X1) and slope steepness (f32X2) were not significant

in explaining the variation observed in the amount of effort needed for

controlling a fire. The effects associated withquadratic expression of

fire weather severity (3X) and slope steepness (134X) are significant,

however (see Tables 14, iS, 16, 17 and 18).

For some cover types, it was obvious which factors were more

important to the effort needed for control of a fire; in some of the
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Table 14. Results, listed as F-values, for hypotheses performed in
analyzing effort needed for control of fire in non-
merchantable Douglas - fir cover types.

* **
25 level 10 level . 05 level

Hypothesis F - value d. f.
Tabular F-value

(V = 60)

1.
13 133 135 = 0 2.86 *** 3, 74 1.41 (.25)

2. 18 (. 10)
2.76 (.05)

2.
13 134 = 0 1. 10 3, 74 1.41 (.25)

3. 13 13 = 0 .0075 2, 73 1.42 (.25)

4. 134 = 0 .897 2, 74 1.42 (.25)

5. P, 13, P = 0 1.06 3, 74 1.41 (.25)

6.
13

= 0 .006 1, 74 1.35 (.25)

7. B4 = 0 1.47 * 1, 74 1.35 (.25)
2. 79 (. 10)

8. = 0 .220 1, 74 1.35 (.25)

9. y, 13 =0 2.25 ** 4,74 1.38 (.25)
2.04 (. 10)
2.53 (.05)

10. 2' ' .874 4, 74 1.38 (.25)

11. '' I3. 2
=0 .076 3.74 1.41 (.25)

12. Y P, 131 =0 .689 3.74 1.41 (.25)

13. V. 13. 134 =0 .881 4. 74 1.38 (.25)

14. V' =0 .111 2.74 1.42 (.25)

15. V' 134 =0 .860 2,74 1942 (.25)

16.

1331 134) 135 =0 1.77** 6, 74 1.35 (.25)
1. 87 (. 10)
2.25 (.05)
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Table 15. Results, listed as F-values, for hypotheses performed in
analyzing effort needed for control of fires in merchantable
Douglas-fir cover types.

Hypothesis F-value d. 1.
Tabular F-value

(V = 60)

1.

2.

3.

4.

5.

6.

7.

8.

9.

l3i 1332 (3

1342 13

13 13

1332 134

13 1342 135

134

y, 13 1332 135

=0

=0

=0

=0

=0

=0

=0

=0

=0

.506

.495

.411

.694

.499

.206

.620

1.11

.627

3,

3,

2,

2,

3,

1,

1,

1,

4,

89

89

89

89

89

89

89

89

89

1.41

1.41

1.42

1.42

1.41

1.35

1.35

1.35

1.38

(.25)

(.25)

(.25)

(.25)

(.25)

(.25)

(.25)

(.25)

(.25)

10.

11.

12.

13.

14.

15.

16.

1342

y, 13

V' 134

V' 1332 1342

1' 13

1, 13i 2

135 =0

=0

=0

=0

=0

=0

.683

.624

.856

.674

.695

.969

4,

3,

3,

4,

2,

2,

89

89

89

89

89

89

1.38

1.41

1.41

1.38

1.42

1.42

(.25)

(.25)

(.25)

(.25)

(.25)

(.25)

1332 1342 135 = 0 .655 6, 89 1. 35 (.25)

* 25 level
** 10 level . 05 level



* **
25 level . 10 level . 05 level
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Table 16. Results, listed as F-values, for hypotheses performed in
analyzing effort needed for control of fires inwoodland
cover types.

Hypothesis F-value d. f.
Tabular F-value

(V =60)

1. '' 1331 135 =0 .499 3, 81 1.41 (.25)

2.
13 1341 135 = 0 1.34 * 3, 81 1.41 (.25)

2. 18 (. 10)

3.
13

=0 .423 2, 81 1.42 (.25)

4. P, 13 = 0 . 191 2, 81 1.42 (.25)

5. 1331 1341 135 =0 .455 3, 81 1.41 (.25)

6.
2

=0 .653 1,81 1.35 (.25)

7. 13 =0 .083 1, 81 1.35 (.25)

8. =0 .728 1,81 1.35 (.25)

9. 'y 13k, 133 =0 .493 4,81 1.38 (.25)

10. y, 13s P =0 1.31 * 4, 81 1.38 (.25)
2. 04 (. 10)

11. 13 13
= 0 .477 3, 81 1.41 (.25)

12. j, 1331134 =0 403 3, 81 1.41 (.25)

13. 13 1341 135 = 0 479 4, 81 1.38 (.25)

14.

15.

y,

y,134

=0

=0

573

392

2, 81

2, 81

1.42 (.25)

L42 (.25)

16. 'y,

1331134' 13 =0 1.02 6, 81 1.35 (.25)
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25 level . 10 level . 05 level
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Table 17. Results, listed as F-values, for hypotheses performed in
analyzing effort needed for control of fire in non-forest
cover types.

Hypothesis F-value d. f.
Tabular F-value

1. 133 135 = 0 .331 3, 222 1.37 (.25)

2. 13' 134k f3 = 0 2. 083** 3, 222 1. 37 (.25)
2. OS (. 10)
260 (.05)

3.

4.

6.

7.

8.

9.

131

j3, 134

133 134 13

-Y 13
133 13

= 0

= 0

= 0

= 0

0

= 0

= 0

- 099

.688

.506

.033

1. 18

.161

.308

2,

2,

3,

1,

1,

1,

4,

222

222

222

222

222

222

222

1. 39 (.25)

1.39 (.25)

1.37 (.25)

1.32 (.25)

1.32 (.25)

1.32 (.25)

1.35 (.25)

10. y, f3 = 0 1. 62 * 4, 222 1. 35 (.25)
1. 94 (. 10)

11.

12.

13.

14.

15.

16.

y 13i P

'y, 13, t4

y, 133 134

y,

,

133 134 13

135

= U

= 0

= 0

= 0

= 0

= 0

. 129

.496

.403

.087

.618

1. 30 *

3,

3,

4,

2,

2,

6,

222

222

222

222

222

222

1.37 (.25)

1. 37 (.25)

1. 35 (.25)

1.39 (.25)

1.39 (.25)

1.31 (.25)
1.77 (. 10)
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Table 18. Results, listed as F-values, for hypotheses performed in
analyzing effort needed for control of fires in non-stocked
cover types.

* **
25 level . 10 level . 05 level

Hypothesis F-value d. f.
Tabular F-value

(V = 40)

1.
' 13 = 0 .905 3, 38 1.42 (.25)

2.23 (. 10)

2. I34 135 = 0 1.34 * 3, 38 1.42 (.25)

3.

4.

f3,

P3 134

=

=

0

0

. 047

.174

2, 38

2, 38

1.44 (.25)

1.44 (.25)

5. 13, 1342 135 = 0 .484 3, 38 1.42 (.25)

6. = 0 . 039 1, 38 1. 36 (.25)

7. 13 = 0 .293 1, 38 1.36 (.25)

8. = 0 .330 1.38 1.36 (.25)

9. y,
13 1332 13 = 0 .721 4.38 1.40 (.25)

10. y, = 0 1. 00 4, 38 1.40 (.25)
2 09 (. 10)

11.
2

= 0 .134 3, 38 1.42 (.25)

12. = 0 .204 3, 38 L 42 (.25)

13. -y, 133. 1342

(35 = 0 .369 4, 38 1.40 (.25)

14. = 0 .1697 1, 38 1.36 (.25)

15. = 0 .275 1.38 1.36 (.25)

16. , (3k,

!33 1342

2'
13 = 0 , 902 6, 38 1. 37 (.25)

1. 93 ( 10)



Non-merchantable Cover Types
Y2 = .386 + O025(X) + . O1(X) + . 0071(X1X2)

Merchantable Cover Types

Y2 = 20. 71 - . 0026(X) - . 016(X) + . 017(X1X2)

Woodland Cover Types

Y2 = 4. 15 - . 0OO1(X) - . O003(X) - . 002(X1X2)

Non-forest Cover Types
Y2 = 5.06 - . O0O2(X) + . O03(X) - . 00009(X1X2)

Non-stocked Cover Types

Y2 = 1.27 - . 003(X) - . 023(X) + . 0264(X1X2)
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other cover types, however, this was not clearly evident. In compar-

ing the amount of effort needed for control among the five cover types,

the best-fit model chosen for each cover type does include the three

factors (133X, and 135X1X2), and can be written as:

Yz = + P3Xi.k+ P4Xi.k + PSX1..kXZi.k + Eijk

for all i, j. k in each cover type.

This best-fit model was used to generate the response surface

of the amount of effort needed for control of a fire in each cover type.

Coefficient estimates for the three factors in this model for each

cover type are given in Table 19. The response surfaces are pre-

sented in Appendix C, Figures 13-17. A visual abstract of these

surfaces is presented in Figure 5.

Table 19. Equations used to generate the three-dimensional response
surfaces representing the amount of effort needed to
control a fire in each cover type (for north aspect, y



Common for all cover types

Figure 5.

Slope steepness

Woodland Types

Slope steepness

Non-merchantable Douglas-fir

/111>
Slope steepness

Non-forest Lands

Slope steepness

Merchantable Douglas-fir

Slope steepness

Non-stocked Lands

Slope steepness

Visual abstract, in reduced scale, of response surfaces representing effort needed for
control of fires (1) common to all cover types, and (2) in each cover type, as a function of
increasing fire weather severity and slope steepness.



Effort Needed for Control
(Common.f or al1:cover.: type)

The surface indicates that the amount of control effort needed

for fires observed in this study is mostly a function of increasing

fire weather severity, particularly for small values of fire weather

severity (Figure 12, Appendix C). There is a slight increase in

control effort with increases in slope steepness, but this increase is

relatively small compared to that observed for consecutive increases

in weather severity.

Overall, the greatest control effort is needed for fires that

occurred on days having high-extreme weather severity (B. I. readings

above 80) and on steep-very steep areas (slopes above 25%). This

could merely be a reflection of the faster spread rates and larger fires

that often occur under these same conditions.

On relatively level areas, there is a noticeable decrease in the

amount of control effort needed for fires that occur on days having

high-extreme levels of fire weather severity. This is contradictory

to expected happenings in the field. Possibly there are other factors

and interactions not collected in this study or accounted for in the

evaluation performed by this general model. The relationships and

interactions among all the factors with each other is not really known,

especially for fires that occur under the conditions just mentioned.

In evaluating the amount of control effort needed for fires in
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relation to the factors observed in this study, increases in slope

steepness do not appear to be very significant. In referring to Table

6, page 53, hypotheses five and seven, which tested the importance of

slope steepness, were not significant. This further supports the

indication that the effect of slope steepness is not important in

determining the control. effort needed for a fire.

After generating the response surfaces for each cover type, the

importance of increasing slope steepness is more clearly indicated.

Also, fire weather severity proved to be less important to the control

effort than was first indicated by the results and response surface

conforming to the full model just discussed.

Non-merchantable Douglas-fir Types

The concave shape of the surface (Figure 13) indicates there is

an increasing need of more control effort as fires occur on steeper

areas and/or on days having higher levels of fire weather severity. It

appears that under certain conditions this increased need of control

effort is mostly the function of only one factor ata time. This is most

evident in two unique cases: (1) on very level areas, 3nd (2) on very

steep areas. For instance, on gentle slopes (0-20%) the amount of

control effort needed greatly depends upon the level of fire weather

severity existing for that particular day. Fires occurring on days

having high-extreme fire weather conditions require a greater effort
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for control.

On steeper areas (25+%) the significance of fire weather severity

is less. Especially on very steep areas (above 35%) and on days having

low levels of fire weather severity, the amount of effort required for

control of a fire is dependent mostly on the steepness of the area.

In this particular cover type, special attention should be given

to fires that occur on the very gentle areas and with days of high fire

weatherseverity, or equally so, for those fires that occur on very

steep areas irregardless of the fire weather severity level for the day.

Although the surface indicates a greater need of control effort for

fires that occur either on days of adverse weather conditions or on

very steep areas, there is an increase in control effort required for

concurrent increases in both fire weather severity and slope steepness.

This increased effort may be slightly less than that observed when one

factor at a time is observed, however, this phenomenon more closely

resembles actuality. Often more than one factor, in some proportiox,

contributes to the particular behavior of a fire.

Merchantable Douglas-fir Types

In this cover type, on very gentle to moderate slopes (0-15%),

the surface (Figure 14) indicates that the effort needed for control

rises very rapidly with only slight increases in slope steepness. In

comparison, on the same areas the control effort needed actually
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decreases with each increase in fire weather severity. On moderate

slopes (15-30%), the influence of fire weather severity appears to

become more important. On these areas,, increases in the slope

steepness also contribute to this greater need for control effort. On

very steep areas (above 30%), the influence of fire weather severity is

more noticeable and actually serves as the main factor of the increas

ing need for control effort.

Unlike the previous timberland type, the effect of slope steep-

ness in this cover type appears to be slightly more important to the

amount of control effort needed. Gradually the influence of fire

weather severity becomes more significant and eventually serves as

the major contributing factor, especially on very steep areas.

The reasons for the happenings mentioned can only be specula-

tory. The effect of fire weather severity might be reduced in this

cover type on level areas because of the enclosure produced by the

tall, older-aged timber. The tree crowns existing as an overstory

high above the ground surface disrupt air movement at a great height

above the ground surface. Consequently, only a fraction of the daily

fire weather influences affect the surface fuels. With the effects of

fire weather greatly reduced, it is reasonable that the effects of slope

steepness might represent a greater influence on the control effort

required.

The enclosure formed by this cover type is conducive to slower



98

burning and spreading fires (from previous analysis dealing with rate

of fire spread, page 76). However, the control effort needed for

those fires which did occur was much greater than that observed in the

other cover types. This is probably due to the fact that most of the

surface fuels in this cover type exist as duff and in a low state of

inflammability. The smoldering characteristics of duff fires makes

them somewhat difficult to control" (Barrows, i9l,-p. 67).Gatereffort

is needed to extinguish and mop-up the fire inside the fire line, plus

the actual construction of an adequate fire line down to mineral soil is

more time consuming.

As this surface indicates, there are some contradictions,

especially at the outer extremities. For instance, on very gentle

slopes, there is a decrease in the control effort needed with each

increase in fire weather severity and on very steep areas, the control

effort needed decreases with increasing slope steepness- -both cases

which would be expected to be reversed in an actual fire. Perhaps the

interaction between these two factors is extremely great in this cover

type. However, the overall trend, as indicated by the surface, is

for increasing need of control effort with increases in slope steepness

and fire weather severity.

From the surface, it might be concluded that only those fires

that originate on moderate to steep slopes should be of much concern.

Of these fires, those occurring on days having adverse weather



conditions should receive special attention.

Oak-madrone Woodland Types

For this cover type, the response surface (Figure 15) indicates

that, particularly for small values of both fire weather severity and

slope steepness, the effect of increasing slope steepness has a greater

influence on the control effort needed than does the effect of increasing

fire weather severity. At each level of fire weather severity, there is

a noticeable increase of control effort needed as the steepness of the

area increases. Athigher levels of fire weather severity (readings

above 70, for instance) the increased need for more control effort

with concurrent increases in slope steepness is greater than that

observed at lower levels of fire weather severity.

Beginning on moderate-sloped areas (20%), the surface illustrates

a slight curvature which becomes more prominent as the areas

increase in steepness. This indicates that the Influence of fire weather

severity is more important on the amount of control effort needed for

fires that occur in these areas. Especially on very steep areas (40±%),

the effect of fire weather severity on the control effort required is

definitely noticeable.

The low importance of fire weather severity on the control effort

needed in comparison to the importance of slope steepness might be

attributed to the partially open characteristic of this cover type and the
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high percentage of flash-type fuels present. Flash fuels are more

sensitive to abrupt changes in their state of inflammability as a result

of only slight increases or decreases in weather severity (Barrows,

1951). A partially open cover type, such as woodland types, allows for

freer movement of air and a consequent increased drying of the surface

fuels. Thus, a fast rate of fire spread may occur on days of low Lire

weather severity as well as on days of high fire weather severity.

Likewise, a fire in these fuels may easily be controlled irregardless

of the existing fire weather for the day. As a rule fires in these fuels

are easily controlled (Barrows, 1951). With this being the case, it is

conceivable that the effect of slope steepness, in comparison with the

effects of fire weather severity, may have a greater hampering effect

in controlling fire spread in the fuels pertinent to this cover type.

For fires that occur in this cover type, special consideration

should be given to those that occur on the steeper areas (areas above

30-35%), and especially so if the fire weather existing for that day is

rated as high or extreme (B. I. readings above 80).

Non-forest Lands

Although this surface resembles that of the woodland types, the

effect of slope steepness appears to be slightly more significant than

fire weather severity on the amount of control effort required for a fire

in this cover type. This is noticeable at each level of fire weather
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severity, and is illustrated by the seemingly one-sided shape of the

response surface and increasing in gradient with increases in slope

steepness (Figure 16). On steeper areas, this effect of slope steep-

ness is more important to the amount of control effort needed than on

the level to moderately steep areas.

Fire weather severity appears to be of very little importance to

the amount of control effort needed for fires that occur in this cover

type especially on more level areas. On steeper areas, however, fire

weather severity seems to increase in its importance. But even on

very steep areas, this effect still does not appear to be as influential

to the control effort needed as that of slope steepness.

This phenomenon, which was also evident in the analysis of rate

of fire spread in this same cover type, might be related to the openly

exposed flash fuels characteristic of non-forested lands The dis-

cussion for the previous cover type is also pertinent in the explanation

of this observed phenomenon. Basically, fire spread could behalted

and a control line built relatively easily, irregardless of the influence

associated with fire weather severity. In comparisons steepness of an

area could create a major obstacle to the fast containment of the fire

spread in these flash fuels. Steepness of an area aids fire spread,

and additional length of control itne would have to be built. This in

turn signifies a greater amount of control effort required for complete

control of the fire.
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When fires occur in this type, special considerations should be

given to those that occur on moderate to very steep areas, irregard-

less of the fire weather severity for that day. Although the response

surface doesn't show it, it might be expected that fires occurring in

these areas and on days having high-extreme levels of fire weather

severity, would probably require a slightly greater control effort than

those occurring on similar areas on days of low fire weather severity.

Non-stocked Lands

The response surface representing the control effort needed

for fires in this cover type (Figure 17) is similar to that for fires in

merchantable Douglas-fir cover types. The amount of control effort

needed for fires that occur on level to moderately steep areas

appears mostly to be a function of slope steepness. For areas having

moderate to very steep slopes, fire weather severity becomes more

influential toward the control effort. And on very steep areas, the

greater amount of control effort for fires is mostly related to

increasing fire weather severity.

These observed phenomena are similar to those which occur in

merchantable Douglas - fir, however the s peculatory reas oning differs.

In this cover type, the fuels (mostly logging slash) are openly exposed

to the influence of weather. On level areas (0-15%), at each level of

fire weather severity, slight increases in slope steepness may be more
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influential to the control effort required, because steeper areas

allow for pre-heating of adjacent fuels, increased fire spread, and

larger fires. Consequently, the major obstacle to the control effort

could be the slope steepness.

On the steep-very steep areas (35+%), heat is already being

transferred from fuel particle to fuel particle by the process of

radiation and convection, and each additional increase in slope steep-

ness means very little. In this situation, increases in fire weather

severity accounts for the greater fire spread and larger fires.

Consequently, it exists as the major obstacle to the control effort.

The amount of control effort required for those fires which occur on

areas classified as moderately steep (15-35%) is a dual function of

both slope steepness and fire weather severity.

These response surfaces (Figures 13-17) correspond to the

control effort needed for fires that occur on north-facing slopes. A

response surface representing the control effort on a south-facing

slope would have the same shapes, except the numerical values would

each have a consistent additive increase (the reasoning here is because

of the effect of a factorial type factor which was explained earlier).

Conclusions

Except for some inconsistencies, the major trend in all cover

types shows an increased need of more control effort for fires which
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occur on days of high to extreme fire weather severity and/or on

steeper areas. The greater control effort needed for these fires

coincides with the expected faster rates of fire spread and larger size

fires that often occur under these same environmental conditions.

In some cover types, increases in the control effort appear to be

mostly the result of one factor only. This is apparent from the shape

of the response surfaces. For instance, in woodland and especially

non-forest types, fire weather severity is evidently less important

than is the effect due to slope steepness.

Response surfaces for non-stocked and merchantable timber-

land types illustrate that the control effort needed as a function of

increasing fire weather severity and slope steepness follows almost

an identical pattern except for differences in the magnitude of the

numerical control effort values. Except for inconsistencies (on more

level areas with increasing levels of weather severity, or at low

levels of weather severity and increasing steepness on steep to very

steep slopes), there is a definite relationship between increased

weather severity, steeper slopes, a.nd a consequent need for more

control effort.

The response surface for woodland types illustrates a control

effort similar to that of non-forested types. However, a slight

difference exists in the magnitude of the control effort needed at each

level of fire weather severity and slope steepness, and in the greater



6These averages were listed on the computer print-out sheet.
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importance of slope steepness on the control effort on non-forest

lands. Non-merchantable timberland types show a pattern of control

effort different from the others mentioned above, but the control

effort required (numerical values) at the various combinations of

environmental situations is very close.

After comparing the shapes of all response surfaces, it might

be suspected that those having a more prominent shape indicate a

more hazardous situation as far as control effort is concerned.

Assuming this to be true, the most hazardous cover types based on

the control effort needed to control a fire (difficulty of control) would

bemerchantable Douglas-fir, followed by non-stocked types, non-

merchantable Douglas-fir types, woodland type, and non-forest types,

in that order. Table 20, which lists the average control effort

needed per cover type, gives the same result.
6 Therefore both the

magnitude of the average control effort values and the shapes of the

response surfaces indicate that the above sequence (startingwith the

most hazardous to least hazardous) represents the cover types

observed and analyzed in this study.

In general1 for future analysis of control effort needed for fires,

it can be said that:

(1) Effort needed for control cannot be explained by one general

model. There is a definite difference in the control effort



Table 20. Averaged control effort needed to
control a fire occurring in the
respective cover types.

Non-rner chantable Dougla - fir . 10

Merchantable Douglas-fir . 26

Woodland type 06

Non-forest type 04

Non-stocked type 16
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needed for fires that occur in the different cover types.

(2) Aspect, and the linear expression of fire weather severity

and slope steepness, are not significant in explaining the

variation observed in the effort needed in controlling a fire

that may occur in each cover type. Fire weather severity

and slope steepness expressed in quadratic (curvilinear)

form are significant, however, and should be used in the

analysis.

Final Size

After reviewing the results of the hypotheses performed with this

particular measurement of past fire behavior (Table 7, p. 54), it was

concluded that no valid or reasonable reduction of the original model

could be made. Since final size is a summation of the environmental

factors and their relationships to rate of spread and difficulty of

control, it might be expected that the results observed in this analysis

Cover type cents! foot
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of final size is true. Also any attempt to segregate any single

environmental factor and its relationship to a dependent variable such

as final size is almost impossible. Therefore, it was deemed

reasonable not to pursue this particularmeasurement of fire behavior

further.



SUMMARY

In addition to the conclusions mentioned at the end of each

section dealing with the analysis of rate of spread and effort needed

for control, some additional comments can be made pertaining to the

entire analysis itsel.f.

(1) Certain cover types possess characteristics which denote a

certain pattern of fire behavior. For instance, coniferous

forest st3rads symbolize slower spreading fires, yet more

costly control. This is attributed to the overhead vegeta-

tional cover which reduces the influence of fire weather

elements in drying of the fuels, the actual burning of these

fuels, and the nature or kind of fuels present in these

coniferous stands.

On the other hand, hardwood forest stands in this area

(mostly oak-madrone) symbolize fast spreading fires and

a moderate or low cost of control. The partial openness

of these stands allows for a greater influence from the fire

weather elements in drying of the fuels and the actual burn-

ing process. In addition, the open nature of these stands

encourages the growth of vegetation which, when cured, is

commonly classified as flash' or highly inflammable fuels

(grass, small brush and herbaceous plants).

Open areas such as non-forest cover types also
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symbolize fast spreading fires, yet denote the least costly

to control. The nature of non-forest types essentially

allows for complete influence of fire weather elements in the

drying of the fuels, and influences in the behavi,or of going

fires that occur in these fuels. Also the nature of these

fuels are conducive to fast spreading fires.

The only exception to open-type areas was the non-

stocked cover types, but, in this case the heavier type fuels

denote slower fires and a more costly effort to control.

(2) Those cover types that have stow spreading fires actually

require the most effort to control. This is just reverse for

fires having fast spreading tendencies.



RECOMMENDATIONS

This study suggests that an objective assessment can be made

of the fire hazard existing on a particular forest area. For instance,

an area exhibiting a fast rate of fire spread or requiring a great

amount of effort for control of a going fire is a greater fire hazard

than an area showing a slow rate of fire spread or requiring only a

small amount of effort for control of a fire. The assessed fire pro-

tection fee should be higher for the first area. The results found in

this particular study are in support of this higher assessed Lee.

In considering rate of fire spread, for example, nonforest type

lands (grasslands, brush, farm lands) suggest extreme fire hazard.

However, such lands may not be assessed a fire protection fee. Yet

these areas are intermingled with or adjacent to forested lands which

are assessed a fire protection 'tax. ' The question may be raised

should not non-forested areas help absorb part of the protection cost

for a district? Are not forest landowners (whether private, federal,

or state) paying more than their share of fire protection cost?

In designating which areas are more hazardous, the results

from this study need to be in the form of a numerical index, rating

chart, or some similar 'administrative tool. ' In present form the

results from this study merely list the vegetational areas on one

protection district, from most hazardous to least hazardous, when

judged by either (1) rate of fire spread, or (2) difficulty of a fire to
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control,

Although the five most common vegetational cover types found

on the western side of the Oregon Cascades were considered in this

study, these same cover types may not follow the same sequence of

most hazardous to least hazardous (according to either rate of fire

spread or difficulty of control) when observed in another area. The

results from this analysis may be used as an 'administrative tool' in

assessing protection fees, but only in a very limited area. There-

fore other analyses, using the same methods and statistical model used

in this study, might be made of another area in the western Cascades.

Comparisons can then be made to see if the same vegetational cover

types differ in sequence among the two selected larger areas. It is

quite probable that an analysis would need to be made for each pro-

tection district, or one analysis may be practical to cover two or more

protection districts.

In performing future analysis, it appears valid and reasonable

to use only rate of fire spread and difficulty of control as indicative

measurements of fire hazard. Also this study indicates that rate of

fire spread and difficulty of control vary respectively according to the

different vegetational areas, and therefore should be observed accord-

ing to each.
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Example Fuel Condition
number

Mature larch-fir, white pine, or lodgepole on protected
flats or northeast slopes, where windfall is light and not
continuous; stand dense enough to shelter fuels on ground.
Ground vegetation conspicuously low shrubs throughout.
Trees clean and snags few. Tree moss may be moderate.

2 If stand is exposed to almost full sun and wind has moderate
access to ground.

3 If windfall and. snags are moderate but conspicuous and
mixed with thin but continuous grass carpet and stand is
exposed to wind and sun.

4 If windfall and snags are moderate to heavy, continuous
and intermixed with only scattered trees of the old stand,
and reproduction does not fully shade windfalls

On protected NE slopes M H

5 On exposed SW slopes H H

6 If these same mature stands were burned over by
light fire, or were heavily bug-killed, resulting in
dense reproduction 20-30 years old, not completely shading
windfalls and mixed with very heavy accumulation of limby
windfalls and continuous rotten-broom-topped, or otherwise
inflammable snags 50-75 feet apart

On protected NE slopes H E

7 On exposed SW slopes E E

8 Single burn in very heavy overmature stan of hemlock
and cedar, on exposed flat and gentle south slope. Wind-
fall very heavy, and cluttered with limby tops broken
from snags. Grass conspicuous in patches. Snags to the
extent of one-third of original trees remaining, mostly with
broken tops and full of limbs. Aerial spread by sparks is
expected E E

= Extreme, H = High, M = Medium, L = Low.

APPENDIX A

Instructions for Fuel Mappinz

Classification1 of 43 fuel conditions, typical for the northern Rocky Mountain region, as to probable
rate of fire spread and probable resistance of fire to control. 2

Rate of
spread

L L

M L
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Resistance
to control

M

2Hornby, L. C. Fire control planning in the northern Rocky Mountain region. Northern Rocky Moun-

tain Forest and Range Experiment Station, Progress Report 1. September, 1936. 179 p.



Instructions for Fuel Mapping (Continued)

Example Rate of Resistance
Fuel Condition

number spread to control

9 If small limbs of above stand had been consumed by a
hotter fire, or if stand were on north slope or protected from
wind H E

10 Hemlock: old sale areas where heavy stands were girdled and
trees have now broken off in several sections, mixed with
wind-thrown trees. Much fine fuel on ground. Snags
numerous and broom-topped. Most exposed places E E

11 If partially protected from sun and wind, and fuel moderate
in amount H H

12 Hemlock and white pine, overmature, with mixture of laich-
fir. All species very defective. Scattered snags and windfall.
Moss conspicuous. Many trees bushy to ground

On S slopes, with mossy, bushy trees M H

13 On N slopes, with mossy, bushy trees L H

14 On N or S slopes, without mossy, bushy trees L M

15 Hemlock: extremely dense stagnated reproduction of
hemlock, cedar, and white pine 30-40 years old, on rolling
S slope. Windfall heavy and limby. Recent windfalls have
crushed reproduction. Snags of larch and: cedar remain,
mostly more than 50 feet apart H E

16 If stand is on a slope somewhat protected from wind M E

17 White pine 80 years to mature, 30% to 50% of trees bug
killed within past 10 to 15 years. Intermixture of spruce and
larch-fir. On exposed gentle to steep S slopes H H

18 White fir, about 50% dead, 80-200 years old, constituting
60% of dense stand of mixed ages and species. Trees bushy to
ground. Fine limbs and dead needles alreadr appearing on
ground. Moss not conspicuous on trees. Exposed flats and

gentle W slopes H H

19 Single burn 20 years old in white pine or larch-fir type,
on exposed SW slopes, gentle to steep. Old stand all
dead and most of it remaining as windfall, not yet shaded
completely by well-stocked stand of reproduction H H

20 If on protected NE slope M H

21 Lodgepole, full mature stand 60% bug-killed and wind
thrown, on exposed flats and rolling ground H H

22 If on exposed S slopes, over 10% E H
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Instructions for Fuel Mapping (Continued)

118

Example
number

Fuel Condition
Rate of
spread

Resistance
to control

23 Lodgepole, 1910 burn, windfall heavy but shaded by dense
reproduction 15 feet high. On most exposed SW steep slopes H H

24 If on gentle and somewhat protected slopes M

25 Subalpine: dense, mossy fir; spruce, etc. with limbs
thick to ground. Dead trees intermixed. Where fully
exposed to wind and sun H

26 On protected NE slopes, and uels safe between trees L L

27 On fully exposed ridge tops, but free from moss: and
bushy green or dead trees. Carpet of shrubs on ground L L

28 Mixed brush, with large volume of windfalls and snags. Dense

to medium ceanothus, willow of maple on SW slopes with
dead brush and windfall conspicuous. Grass scattered in
patches. Reproduction inconspicuous H Fl

29 If windfall and snags are only moderate H M

30 If dead brush, windfall, snags, and grass are inconspicuous

31 Mature ponderosa pine, larch-fir, Douglas-fir, or subalpine,
open and conspicuously grassy, on fully exposed SW slopes.

Windfall, slash, and snags almost absent H L

32 If stand is on protected flats M L

33 If intermixed reproduction is dense H M

34 If stand was heavy and was cut or killed leaving large amount
of broadcast slash intermixed with much grass, needles and
snags E H

35 Thrifty young stands 40-80 years old of white pine, larch-
fir, or mixed stands, including hemlock, cedar, and
lodgepole, fully stocked or nearly so. Old windfalls and
snags few and evenly scattered. NOrmal casualties due to
crowding-out process and snow breakage, existing frequently
as tangles up tO 5 feet above ground. Stands dense enough to shut
off wind and sun from ground, on any slope or exposure L

36 Stand open enough to permit wind and sun to reach ground.
On SW slopes, ridge tops, or upper parts of NE slopes M M

37 Same open stands on protected flats or lower portions of
NE exposures L



Instructions for Fuel Mapping (Continued)

Example
number

Fuel Condition

38 Spruce mature dense stands on protected stream bottoms
and flats. If many snags are present and trees are bushy to
the ground and carry an accumulation of needles, twigs, and

buds L U

39 II stand is normally exposed to considerable wind M H

40 If snags and bushy trees are so scattered that fire will not
spread among them L M

41 If trees are clean, snags are almost entirely absent, windfall
offers no problem, and fine fuels are almost absent L L

42 White fir: old decadent stand on gentle S slope. Considerable

moss, scattered dead trees. Fire likely to start only in white
fir snags L M

43 Cheat grass, densely covering exposed slopes E L
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Rate of Resistance
spread to control

Scale

Field work of satisfactory refinement cannot be done on maps of scale smaller than 1 inch to the

mile, and no smaller scale is to be used. Fuel-type maps on a scale of 2 inches to the mile are needed

by dispatchers, and this scale is consistent with the degree of accuracy to which locations of fires can

be determined with lookout instruments. Since all plan work is done on maps having a scale of 1/2

inch to the mile, it is necessary that the field maps be reduced in the office to this scale. In making

the office map, fine lines should be drawn with colored inks.

Field Suggestions

Fuel mappers should be required to use good-quality field glasses.

It is always best to decide on and record rate of spread first, since rate of spread has an influence on

resistance to controL

Pending decision as to a final rating, a tentative rating may be recorded by writing on the map, with

ordinary pencil, the initial letters of the class designations. Thus "HJvl may be written for high rate

of spread and medium resistance to control.

Where boundary lines between different fuels are conspicuous at the borders of burns, frequently they

can be observed and mapped at a considerable distance more quickly than at close range.

The best place to observe the top of a dense crown canopy is from across a valley.



Measure the perimeter of the fire by pacing and convert to hundreds
of feet.

Determine the general outline of the Lire and from the figure select
the one that comes the closest to matching the shape of the fire.

Read under the column for that figure the acreage listed opposite
the number of hundreds of feet of perimeter.

FIGURES REPRESENTING SHAPES OF FIRES

No. 1 (K = .016) Fire in the general shape of a circle or egg shape.
Where the length is not more than twice the width and the edges
are fairly even.

No. 2 (K = .013) Square or rectangular which is not more than twice as
long as it is wide or an ellipse three times as long as wide if the
edges are even.

No. 3 (K = .011) Triangle with moderately irregular perimeter. Rectangle

three times as long as wide. Ellipse three times width with
moderately irregular perimeter.

No. 4 (K .009) Rectangle or ellipse about four times longer than
width with fairly irregular perimeter.

No. 5 (K = .007) Similar to No. 4 with irregular perimeter or one
long finger.

No. 6 (K = .005) Similar to No. 4 with two or three long fingers or a
very irregular perimeter.

The area may be calculated by using the following formula:

A = P2K
where

A = area in acres
P perimeter in hundreds of feet
K = constant corresponding to the shape of the area.



Number 1 2

(.016) (.013)

Perimeter
(100 feet)

(Continued on next page)

APPENDIX B

o 0 c1 5?
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4 0 0 0 0 0 0

5 .4 3 0 0 0 0

6 6 5 .4 .3 0 0

8 1 8 .7 .6 .5 .3
10 2 1 1 1 1 1

12 2 1 2 1 1 1

14 3 3 2 2 1 1

16 4 3 3 2 2 1

18. 5 4 4 3 2 2

20 6 5 4 4 3 2

22 8 6 5 4 3 2

24 9 8 6 5 4 3

26 11 9 7 6 5 3

28 13 10 9 7 6 4

30 14 12 10 8 6 5

32 16 13 11 9 7

34 19 15 13 10 8 6

36 21 17 14 12 9 7

38 23 19 16 13 10 7

40 26 21 18 14 11 8

42 28 23 19 16 12 9

44 31 25 21 17 14 10

46 34 28 23 19 15 11

48 37 30 25 21 16 12

50 40 33 28 23 18 13

52 43 35 30 24 19 14

54 47 38 32 26 20 15

56 50 41 35 28 22 16

58 54 44 37 30 24 17

3 4 5 6

(.011) (.009) (.007) (.005)

Conversion table for expressing area in acres and perimeter units.
(Oregon State Department ofForestry, Salem, Oregon)

Area in Acres



(Conversion table, continued)

Number 1 2

(.016) (.013)

Perimeter
(100 feet)
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o 0 c7

60 58 47 40 32 25 18

62 62 50 42 35 27 19

64 65 53 45 37 29 21

66 70 57 48 39 31 22

68 74 60 51 42 32 23

70 78 64 54 44 34 25

72 83 67 57 47 36 26

74 88 71 60 49 38 27

76 92 75 64 52 40 29

78 97 79 67 55 43 30

80 102 83 70 58 45 32

82 108 87 74 61 47 34

84 113 92 78 64 49 35

86 118 96 81 67 52 37

88 124 101 85 70 54 39

90 130 105 89 73 57 41

92 135 110 93 76 59 42

94 141 115 97 80 62 44

96 147 120 101 83 65 46

98 154 125 106 86 67 48

100 160 130 110 90 70 50

3 4 5 6

(.011) (.009) 007) (.005)



APPENDIX B

The average perimeter in hundreds of feet based on
an taverage shape' fire of various sizes.
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Perimeter
(100 feet)

Area
(acres)

Perimeter
(100 feet)

Area
(acres

4 0 52 27.5
5 12 54 29.7
6 .3 56 32.0
8 65 58 34.3

10 1.2 60 36.7
12 1. 5 62 39.2
13 2. 0 64 41.2
16 2. 7 66 44.5
18 3. 3 68 47.0
20 4. 0 70 49.8
22 4. 7 72 52.7
24 5.8 74 55.5
26 6. 8 76 58.7
28 8. 2 78 61.8
30 9. 2 80 65.0
32 10. 2 82 68.5
34 11.8 84 71.8
36 13. 3 86 75.2
38 14. 7 88 78.8
40 16. 3 90 82.5
42 17. 8 92 85.8
44 19. 7 94 89.3
46 21.7 96 93.7
48 23. 5 98 97.7
50 25. 8 100 101.7



Quadrangles of National Geological Topographic Maps
That Cover the Douglas Forest Protection

Association District
(Text References. p.3l)

Elkton Glide Days Creek

Scottsburg Camas Valley Mace Mountain

Drain Roseburg Red Butte

Anlauf Dixonville Tiller
Suthe rlain Dutchman Butte Glendale

Tyee Canyonville Cottage Grove

1 ZZA
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Figure 6. Response surface representing rate of fire spread (perimeter feet increase per minute) common for all cover types, as a function of increasing fire weather severity
and slope steepness.
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Figure 8. Response surface representing rate of fire spread (perimeter feet increase per minute) in oak-madrone cover type, as a function of increasing fire weather severity
and slope steepness.
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Figure 11. Response surface repeesendng rate of fire speead (perimeter feet Increase per minute) in non-stocked forest lands as a flmction of Increasing fire weather severity
and slope steepness.
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Figure 12. Response surface repeesenting effort needed for control (cost in cents per perimeter foot), common for cover types, as a function df Increasing fire weather
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Figure 13. Response surface representing effort needed for conirol (cost in cents per perimeter foot) In non-merchantable Douglas-fir cover types, as a function of Increasing
fire weather severity and slope steepness.
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Figure 14. Response surface representing effort needed for contsol (cost in cents per perImeter foot) in merchantable Douglas-fir cover types, as a function of increasing
fire weather severity and slope steelileas.
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FIgure 15. Response surface representing effort needed for control (cost In cents per perimeter foot) In oak-madrone cover type, as a function of Increasing fire weatfier

severity and slope steepness.
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severity and slope steepness.
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