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Ignition of Grass Fuels by Cigarettes

Clive M. Countryman

Research Forester (Retired), USDA Forest Service,
Pacific Southwest Forest and Range Experiment

Station, Riverside, Calif.

Discarded cigarettes are often
cited as the cause of wildland fires,
especially when no other causative
agent is readily apparent. But the
evidence is by no means conclusive
that cigarettes as frequently cause
fires as is widely assumed. Infor-
mal tests by various fire agencies
have indicated that the ignition of
surface fuels, such as dead grass or
pine needles, seldom occurs when a
cigarette is dropped on the fuel.
Usually some manipulation of the
fuel or cigarette is necessary to
achieve ignition—an action unlike-
ly with a casually discarded burn-
ing cigarette.

This paper reports the results of
a study undertaken to determine
the conditions under which ciga-
rettes start fires in dead grass
fuels. Although the study was not
completed over the range of condi-
tions planned, sufficient informa-
tion was obtained to provide some
insight into the parameters con-
trolling the ignition of grass fuels
by cigarettes.

Study Development

Exploratory Tests. All ignition
tests were conducted in a chamber
in which air temperature, relative
humidity, windspeed, and simu-
lated solar radiation can be con-
trolled. Exploratory tests were first
conducted using samples of wild
oats (Avena fatua) and cheal grass
(Bromus tectarum L.}, These sam-
ples were cut from natural stands

of dead grass by forcing a sharp-
ened 6-inch-in-diameter steel tube
through the grass and 2 or 3 inches
into the mineral soil. The soil from
around the tube was then removed
and the sample cut off at the bot-
tom of the tube. A metal band was
used to hold the soil and litter in
place when the sample was re-
moved from the cutting tube. The
samples were stored in the labor-
atory at room temperature and
humidity for at least 2 weeks
before ignition tests were made.

In the test chamber the samples
were placed in a recess in the
chamber floor so that the litter
layer was level with the floor. The
samples were then conditioned for
2 hours at the air temperature and
relative humidity selected for the
tests, A windspeed of 3 mi/h was
used in all of these exploratory
tests. Cigarettes were allowed to
burn to a 2-inch length and then
were dropped on the fuel sample,

Ignition—either glowing or
flaming—was not artained in any
of these first tests. Individual
stalks of grass in contact with the
cigarette would char, sometimes
glow briefly and burn through, but
all combustion activity would cease
as soon as the cigarette burned
out.

The failure to obtain ignition of
the standing grass fuel appeared to
be associated with the character-
istics of the grass fuel bed. The
standing material had a very loose,
open arrangement, but was dense

enough to prevent the cigarettes
from reaching the litter layer. As a
result, the cigarettes were support-
ed above the litter by only a few
grass stalks. Cigarettes also burn
slowly, and consequently only one
or two grass stalks at any given
time were exposed to temperatures
high enough to cause ignition. Air
circulation through the loosely
arranged fuel bed was good,
facilitating rapid removal of

heat and combustible gases. As a
result of the slow rate of heat pro-
duction from the cigarettes, the
small quantity of fuel heated, and
the large heat losses, the probabil-
ity of ignition of standing grass
fuel by cigarettes appears to be
low.

The litter layer under the grass,
however, is fairly compact with a
relatively smooth surface. By
deliberately placing cigarettes on
this layer, sustained glowing com-
bustion of the fuel was obtained.
Thus, cigarettes reaching the litter
layer appear much more likely to
start a fire than those supported
above the litter by the grass. The
characteristics and condition of the
litter layer are, therefore, of major
importance in determining the pro-
pensity for cigarettes to start fires.
Consequently, further tests in the
study were focused first on the
litter fuel.

Procedures, To provide uniform
material for ignition tests, the litter
was simulated by chopping grass in
a Wiley Mill with the screens re-
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moved. The chopped material was
then separated into three size
classes—fine, medium, and coarse
—with a South Dakota seed biow-
er. This method separated the fuel
by density as well as size. The fine
fuel resembled a coarse powder,
with most grass bits less than 0.}
inch long, and a few thin pieces up
to 0.5 inch long. The medium-size
class consisted chiefly of grass
splinters 0.1 to 0.2 inch long and
some thin pieces up to 0.75 inch
long. The coarse fuel was made up
mostly of larger grass splinters and
thin whole grass pieces 0.75 to 1.50
inches long. This fuel class also
contained some small but dense
material.

Metal containers were used to
hold the fuel during the ignition
tests. These containers were 3
inches in diameter and either 0.25
or 0.50 inch deep. The bottoms of
the containers were lined with
asbestos paper to provide insula-
tion between the fuel and the met-
al. The fuel containers were fitted
into a wooden plate with the fuel
surface level with the plate surface,
and the plate was placed in a
recess in the test chamber so that
its surface was level with the
chamber floor.

Most of the tests were made
with a windspeed of 3 mi/h and an
air temperature of 80° F. Relative
humidity was varied from 14 to 85
percent o give different fuel mois-
tures. The fuel beds were condi-
tioned for 2 hours in the chamber
before ignition tests were made to

allow the fuel to reach air temper-
ature and to approach equilibrium
moisture. The fuel beds were con-
ditioned in groups of two to four
—one fuel bed was reserved in
each test run for fuel moisture
determination by the oven-drying
method.

The cigarettes were allowed Lo
burn to a 2-inch length before
being placed on the fuel beds.
Three burning tip orientations were
used in many of the tests—facing
directly into the wind (0°), at right
angles to the wind direction (90°),
and facing away from the wind
(180°), When mare than one orien-
tation was used, the tests were
made simultaneously on different
fuel beds., Each test was continued
until all combustion activity
stopped.

Results

Ignition tests were completed for
cheat grass at an air temperature
of 80° F and windspeed of 3 mi/h
with fuel depths of 0.25 and 0.50
inch. Fuel moistures ranged from
1.9 to 14.7 percent. The primary
aim of this series of tests was to
establish the fuel moisture at which
the fuel was not likely to ignite.

Deciding whether ignition oc-
curred was subiective because the
fuel in contact with the cigarette
charred or glowed in all of the
tests. Tests in which the combug-
tion of the fuel ceased soon after
the cigarette had burned out and
did not spread appreciably away
from the cigarette were considered

nonignitions. Tests in which the
fuel continued to burn after the
cigarette had burned out, but in
which the burned area did not
approach the edge of the fuel bed
before combustion stopped were
classified as marginal ignitions.
Only tests in which the fuel burned
to the edge of the fuel bed at one
or more points were considered as
positive ignitions. The results of
the ignition tests are summarized
in tables 1 and 2.

The fine fuel in the 0.23-inch
depth fuel beds ignited readily with
fuel moistures up to 10 percent at
the 3 mi/h windspeed (table 1). At
these moistures nearly all of the
fuel was consumed. Above 13 per-
cent moisture, however, the igni-
tion tended to become marginal,
suggesting that fuel moistures in
the order of 14 or 15 percent
would probably prevent ignition.
With a windspeed of 1.6 mi/h,
ignition was obtained at 5-percent
fuel moisture for both 'the 0° and
90° tip orientations, but the burn
pattern was irregular and not all of
the fuel was consumed. At 9.9 per-
cent moisture, the fuel burned for
only about 0.25 inch away from
the cigarette with the 0° tip orien-
tarion, and about half this distance
with the burning tip at 90° to the
wind direction.

The medium fuel gave much
more erratic results than the fine
fuel. Positive ignitions were ob-
tained at moistures below 4 percent
for both the' 0 and 180° tip orien-
tations. Above this moisture the
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Table |—{gnition of grass fuel by cigarettes (0.25-inch fuel depth)

Fuel wWind Tip Ignition
moisture speed orientation class'
Percent Miih Degrees into wind
Fine Fuel

1.8 30 0, |
4.7 30 Q l
6.3 3.0 0 !
6.4 3.0 0 |
8.4 3.0 Q l
8.7 3.0 0 I
9.4 3.0 0 |
96 30 0 l

10.0 3.0 0 1

13.4 3.0 0 I

135 3.0 Q M

13.5 3.0 90 M

13.5 3.0 180 N

50 1.6 a l
5.0 1.6 90 |
9.9 1.6 0 N
a9 186 0 N
Medium fuel
3.7 3.0 0 |
39 3.0 0 M
438 3.0 0 N
57 3.0 0 N
6.2 30 0 N
6.6 3.0 0 M
6.6 3.0 0 M
83 3.0 0 N
9.4 3.0 0] N
3.7 30 90 M
39 3.0 90 M
4.8 3.0 90 N
6.6 3.0 a0 N
7.4 3.0 90 N
3.7 3.0 . 180 |
3.9 3.0 180 1
4.8 3.0 180 M
6.6 3.0 180 M
Coarse fuel
19 30 0 N
6.7 3.0 0 N
10.7 3.0 0 N

'l = Ignition; M = Marginal; N = Nonignition

ignition of the fuel was marginal
or did not ignite at all. Only mar-
ginal ignition occurred with the
90° tip orientation at moistures
below 4 percent; no ignitions were
obtained with moisture 4.8 percent
and above. The coarse fuel showed
little inclination to ignite despite
fuel moisture as low as 1.9
percent.

The fine fuel in the 0.50-inch
depth fuel beds ignited quickly for
all three burning tip orientations
up to 11.8 percent fuel moisture
(table 2).

Results with the medium fuel in
the 0.50-inch depth fuel beds were
less erratic than with the 0.25-inch
depth beds, With the 0° cigarette
tip orientation, ignitions were ob-
tained with fuel moistures up to
13.6 percent, and marginal ignition
at 14.7 percent. The fuel did not
ignite at 14.7 percent meisture
when the burning tip was at 90° to
the wind direction, and only mar-
ginal ignition was obtained at low-
er fuel moistures. With the 180°
tip orientation, ignition occurred at
3.9 percent fuel moisture and
failed at 14.7 percent. Only mar-
ginal ignition occurred at interme-
diate moistures. No ignitions were
obtained in the coarse fuel.

Discussion. The ignition tests
were not completed over the wide
range of fuel and environmental
conditions originally planned,
Consequently, definitive relation-
ships could not be established from
the data obtained. However, the
results indicate that fineness of the
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Table 2—ignition of grass fuel by cigareites (0.50-inch fuel deprh) fuel, fuel bed depth, orientation of

_ . the burning cigarette tip with wind

Fuel Wind Tip Ignition direction, and windspeed all influ-
moisture speed orientation class’

ence the probability of ignition of

Percent Miih Degrees into wind grass fuels by cigarettes. In gener-
F'”%’;“e' - o | al, ignition was obtained more

a0 a0 0 | readily with increasing fineness of

5.8 3.0 0 i the fuel, fuel bed depth, and wind-

9.8 3.0 0 ! speed, and with decreasing fuel
106 3.0 0 ' moisture. Cigarettes with the burn-
1;? g'g 98 : ing tip facing into the wind also

4.0 30 90 | ignited the fuel more readily than

5.8 30 20 | with other tip orientations.

9.8 30 90 I Cigarettes appear to be marginal
10.6 3.0 90 ! causative agents because of the
1;? g'g 128 : relatively low temperature of the

a0 30 180 | surface of the burning cigarette

5.8 3.0 180 | and their slow rate of heat release.

9.8 3.0 180 i Consequently, factors affecting the
106 3.0 180 ' amount of heat needed to ignite

voginB 30 180 ! the fuel, the efficiency of heat

39 30 0 I transfer, and the heat losses

4.0 3.0 0 1 become relatively more important

6.6 3.0 0 | with cigarettes than would be the
136 3.0 0 : case with a more effective type of
1;:; g"g gg m firestarter. Fine fuels can be heated

40 30 90 M quickly to ignition temperature

6.6 3.0 80 M because of their large surface area
13.6 3.0 90 M to volume ratio and thus ignite
147 3.0 90 N more readily than do coarser fuels.

3:3 gg Jgg r:ll Mgre of the fuel particles were in

6.6 30 180 M intimate contact with the cigarettes
136 30 180 M on the fine fuel beds than with the -
14.7 3.0 180 N coarser fuel, further enhancing the

Coarse fuel probability of ignition of the fine

49 3.0 0 N iy .

64 10 0 N fuel. .The greater probability of

4.9 20 90 N sustained ignition in the deeper

5.4 3.0 a0 N fuel is probably due to the larger

4.9 3.0 180 N amount of fuel initially ignited by

5.4 3.0 180 N the cigarette and also to less heat

*1 = Ignition; M = Marginal; N = Nonignition loss through the bottom of the fuel
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bed. The fuel beds burned to their
full depth in all tests in which posi-
tive or marginal ignitions were
obtained.

The effect of tip orientation on
ignition probability appeared 1o be
associated with the wind. Ciga-
reites with the burning tip facing
into the wind tended to burn more
rapidly than with other orienta-
tions, thus providing a greater rate
of heat release. 11 is probable,
however, that there is an optimum
windspeed for ignition because
increasing air flow also results in
greater heat loss, and at some level
of windspeed the loss may exceed
the gain from more rapid burning.

In the tests listed in tables | and
2 the fuel burned by glowing com-
bustion—no flaming occurred. To
determine if higher fuel tempera-
ture could induce flaming, a few
tests were made with fine and
medium fuels using simulated solar
radiation to raise the fuel tempera-
ture to 136° F. Air temperature
was 86° F and the windspeed
2 mi/h. The relative humidity for
these tests was 14 percent and the
fuel moisture less than 2 percent.
All of the fuel in these tests was
consumed, but no flaming
occurred.

Some tests were also made using
lighted paper matches on the fuel
beds, The fine and medium fuels
flamed as long as the matches
burned and then reverted to glow-
ing combustion, Some of the tests
with maiches on the coarse fuel

did produce flaming combustion
that continued until most of the
fuel had burned. Lack of sufficient
oxygen in the compact fine and
medium fuels may be the primary
reason that these fuels do not
flame.

Additional Tests. To gain some
insight into the process by which
cigarettes induce flaming ignition
of grass fuels, two exploratory
tests were conducted. In these
tests, about two-thirds of the sur-
face of 0.50-inch depth fucl beds
of fine fuel were covered with a
layer of unprocessed grass and a
small amount of the coarse proc-
essed fuel, The fuel beds were con-
ditioned for 2 hours in the test
chamber at 104° F and 8 percent
relative humidity. Fuel moisture
was not obtained. A windspeed of
3 mi/h was used in the tests, but
obstructions were placed ahead of
the fuel beds to give the more
erratic air flow characteristic of
natural conditions in the open.
Lighted cigarettes were piaced on
the uncovered part of the fuel
beds. In one test the overlayer of
fuel burst into flame after nearly
all of the fine fuel had been con-
sumed by glowing combustion. In
the other, the overlayer smoked
and charred but did not flame. A
larger fuel bed may have induced
flaming, however.

The completed tests indicate that
the ignition of grass into an active
fire is probably a two-stage proc-
ess. A cigarette falling into natural

grass and supported above the lit-
ter is unlikely to start a fire. If the
cigarette reaches the litter, how-
ever, it can initiate glowing com-
bustion, but flaming of this fuel is
unlikely. Under some fuel arrange-
ments and conditions—not yet
clearly defined—the glowing com-
bustion in the litter can cause
flaming of the coarse and loosely
arranged fuel above the litter.
Once ignited, the glowing com-
bustion of the litter tends to be
persistent, especially at low fuel
moistures. The 3-inch-in-diameter
fuel beds burned for 8 to 30
minutes. Consequently, the fire in
the litter can spread slowly to an
area where flaming combustion
can be established. Active fires in
grass can thus occur long after the
cigarette causative agent has
burned out.

Conclusion. Fire occurrence
statistics indicate that many wild-
land fires originate along roads
and trails. Because these areas are
those in which cigarettes are likely
to be discarded, the fire starts are
often artributed to cigarettes. Such
areas are also the places where
grass is likely to be ground by
vehicle and foot traffic into the
fine material susceptible to ignition
by cigareties, Removal of the fine
material—for example, by blowing
it beyond the zone where cigarettes
are likely to fall—could be a
means of substantially reducing the
number of fires starting along
roads and trails. B
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FEES: Finetuning Fire Management

Economic Analysis

Earl B. Anderson

Operations Research Analyst, USDA Forest Service,
Pacific Southwest Forest and Range Fxperiment

Station, Berkeley, Calif.

Resource managers have general-
ly been given great latitude in
determining their program com-
position, but they are faced with
ever-tightening budgets. This has
forced them to closely consider
economic efficiency. Fire managers
are not exceptions.

In the face of increasing fire
protection expenditures with no
discernible increase in benefits, the
U.S. Senate Appropriations Com-
mittee in 1978 recommended that
the U.S. Department of Agricul-
ture, Forest Service conduct a
cost-benefit analysis of both pre-
suppression and suppression activi-
ties and base its fiscal year 1980
budget request on its findings.

Responding to the Appropri-
ation Committee’s recommen-
dation the Forest Service studied
fire management programs on six
widely dispersed National Forests
in 1979 (). Economic efficiency of
two program components—initial
attack force and aviation oper-
ations—were analyzed with mar-
ginal analysis. The criterion for
economic efficiency was the mini-
mization of the total fire program
cost plus net value change (C +
NVC) in resource outputs and
structures due to fire. Four budget
levels and 3 years of varying fire
severity were evaluated for each of
the six forests. The results were
surprisingly similar for all for-
ests: as budgets for initial attack
force and aviation operations in-
creased, simulated total suppres-

sion costs decreased. The decrease
contrasted with the historical rise
in total suppression costs that had
accompanied increasing presup-
pression budgets.

In 1980, the Forest Service
developed additional methodology
and analyzed the economic ef-
ficiency of the fire management
programs on 4] separate National
foresis with similar results. Also
this study found that effects of fire
on wildlife habitat and watershed
could be beneficial in selected
areas and in turn would subsian-
tially change those resource out-
puts after fire,

Subsequently, a procedure for
analyzing fire management pro-
grams that incorporated many
points from both of these analyses
was developed and published in the
“Fire Management Analysis and
Planning Handbook (draft)” (3).
It prescribes a four-level fire man-
agement analysis process to aid
managers in integrating fire man-
agement considerations into land
management planning,

The analysis process could be
improved by a procedure comple-
menting the present fire manage-
ment analysis process for first-level
(broad geographic) analysis that
would limit the number of fire
program alternatives that would
need to be examined at the Forest
level. This would significantly
reduce the effort required in the
second-level analysis, Developing
additional analysis procedures to

determine the most cost-efficient
fire management funding level and
atlocation has been assigned to the
fire management planning and eco-
nomics research work unit of the
Pacific Southwest Forest and
Range Experiment Station at
Riverside, Calif. The procedures
being developed at Riverside could
form an integral part of the first
stages of land management plan-
ning, in which the issues, concerns,
and capabilities of the area under
evaluation are considered in select-
ing broad-scale program alterna-
tives.

Fire Economics Evaluation System

The research unit at Riverside is
developing an integrated system,
called the Fire Economics Evalu-
ation System (FEES), to produce
two types of information for each
fire management situation evaluat-
ed: cost plus net value change,
including risk; and change in re-
source outputs, FEES, which is not
yet operational, bul is being devel-
oped for future application, will
have these atiributes:

@ The criterion of economic effi-

ctency will be minimizing the C
+ NVC.

° Risk will be represented by
probability distributions of the
range of possible consequences
of a fire program option due
to the inherent variability of
lre occurrence and behavior
in an area of given physical
characteristics.,
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& The effects of fire on physical
resource outputs will be meas-
ured by comparing the amount
and timing of the resource out-
puts expected without fires
with those expected after fires
occur.

® The analysis procedure or
simulation model will incorpo-
rate five major fire manage-
ment activities—fuel treatment,
prevention, detection, initial
action, and extended action
suppression—and will analyze
trade-offs between them. Pri-
ority in system development
will be given to fuel treatment,
initial action, and extended
action,

® The model structure will be ap-
plicable nationwide on all wild-
lands to aid fire managers at
the State level who are con-
ducting cost-benefit analyses
of their programs, as well as
Federal agencies.

* A societal viewpoint will be
used. It looks at costs and
benefits to society in general
when determining program
costs and fire effects, rather
than the perspective of a single
landowner.

Application of FEES

Once it is operational, FEES will
be tested over a broad range of
stylized ‘‘fire management situa-
tions™' distinguished from each
other on the basis of several di-

mensions that will significantly
influence the output. The dimen-
sions, which have been tentatively
identified, include land manage-
ment objectives, natural resources,
topography, access, weather, fire
occurrence, and fuel profiles.

The model will calculate an ex-
pected C + NVC value (a) for a
given program dollar level (A) and
fire management mix (FMM;),
which is a combination of fire-
fighting resources (see fig. 1). For
each fire management mix
(FMM, . . . FMMy), curves of
expected C + NVC values would
result from varying the program
dollar level by increments. The dis-
tribution of risk estimates about
each curve would be calculated as
the input and output parameters of
each case are expressed as proba-

Cost plus net value change

bility distributions. Both fire man-
agement mix and program dollar
level will have to be systematically
varied because both influence fire
program performance.

The primary output of changing
levels and mix will be the envelope
of the C + NVC curve across the
relevant range of program levels
(dashed curve in fig, 1), If realistic
mixes are evaluated, the fire man-
agement mix (FMM,) and program
dollar level (A) that minimize C +
NVC could be identified. Likewise,
the impact on the C + NVC (b)
from a decision based upon other
than economic factors, such as a
budget reduction (from program
dollar level A to B), could be esti-
mated. If the fire management mix
and program dollar level are
changed from the combination that

Fire management mix, (FMM,)

Fire management mix, (FMM,}
Fite manogement

mix, (FMM,)

_——

Envelope of programs
and mixes evalvated

| I
l |
| l
|

|
L
A C

Program dollar level

Figure 1-—The FEES model calculates an expected 1otal fire program cost plus net vaiue
change for a given program dollar level and fire management mix.
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maximizes economic efficiency—
for example, because of the desire
to achieve certain environmental
effects (1o level C)—the resulting
impact on C + NVC (c) could also
be determined.

Operational Use of FEES

QOperational access to FEES has
not yet been determined. One al-
ternative is to provide the fire pro-
gram planner a computer software
package. A second alternative is to
collect data and operate FEES at a
central location for a wide range
of fire management situations and
fire program options. Centralized
processing would not mean central-
ized decisions, however, Weights
on the decision parameters and re-

sults would still have to be applied
locally.

Perhaps the most useful output
format could be a display—a
“FEES Guidebook’’ containing
pages similar to figure 2. The first
category of model output, cost
plus net value change (expected
value), will provide the economic
efficiency information. The fire
management mix (FMM, . ..
FMMy} and program dollar
level (PL, . . . PLy) that yield
the lowest expected value C +
NVC, and thus the highest eco-
nomic efficiency, can be identified
by the manager. Each FMM and
PL can also be evaluated for dif-
ferent suppression strategies
(SS, ... SS8y)as well.

Fire Management
Program Option

Cost-Plus-Net Value Change

Change in
Resource Dutputs

Cumulative

ACRES)

A Ri

Expected Value Probability Per::m o 2
Distribution ®z3
T3]
YT
o Z ok
- 2 35 q
& & Eg 33
o= o @
x| % o5 o A4k
Z 3 = z Q z = T 5 [0
gd 9% 3| & 8 % To83Le
g o=z ﬁg 2 Z o L = zl Tw oz =
wo oy Fo w2 =T | 1 & i
£ £= @ r @ 4 T 22 |l oww:=:=
af LIl om o o 3 > » > > m o ] 1 R gy oW
& U ww 4 wo @I o LW oW i o T LFEZZ
Sr 3% ax S = £ 2 - R Gwuecw I E 50
g 2z 32| B g2 g £ | "2l s2L 303588
8z S R I ] T 25500
§E = 8a F 2 2 2 VIV VLYV VI VLV ffzEscuoz=

[SIMILLION (THOUSAND DOLLARS) {PROBABILITY) {PERCENT)

PL, FMM, 85
]

! )
! ! S8y
]
PLy  FMMy 55,
]

1
S5y

PL,  FMM, 55

“CF = CUBIC FEET, AUM = ANIMAL UNIT MONTHS, AF = ACRE FEET, RVD = RECREATION VISITOR—DAYS, LB = POUNDS

Figure 2—FEES output display,

The second output, cumulative
probability distribution, is an ex-
pression of risk inherent in each
fire management program option
evaluated. It answers the ques-
tion: What is the probability that
the C + NVC is, say, one-quarier
the expected value (0.25 EV) or
twice the expected value (2.00
EV)? This distribution display per-
mits the decisionmaker to appre-
ciate the risk associated with the
decision and weigh its importance
relative to economic efficiency and
resource output effects.

The third output, risk percent, is
the statistical 90th percentile risk
percent.

The fourth output category is
the change in resource output be-
tween fire and no-fire resource
output time streams, These effects
on resources provide insights into
the fire’s impacts upon various
wildland user groups, for example,
the timber industry and recrea-
tionists.,

Outlook

The Fire Economic Evaluation
System is but one step in a multi-
level process that provides inputs
on fire economics for improving
the land management planning
process.

10
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Seasons and Frequencies of
Burning

Forage studies reveal that May
seasonal silvicultural burnings ben-
efit the early growth of longleaf
pine seedlings more than March
burns, Now results are available
from a study comparing March
and May fires to determine if May
burning also benefits young slash
pines.

The study compared March and

May prescribed fires initiated dur-
ing 1972 in a 4-year-old slash pine
plantation in southwest Louisiana.
The annual March burn resulted in
the least amount of pine height
and diameter growth, accompanied
by higher herbage yield. May burn-
ing was not significantly higher in
survival and growth of young
planted slash pines than March
burning. While May burning bene-
fits early initiation of height

growth on longleaf pines, no ad-
vantage was found in the study for
its use in young slash pine planta-
tions. .

For more details, request ““Com-
parison of Scasons and Frequen-
cies of Burning in a Young Slash
Pine Plantation,’’ Res. Pap.
SO-185, from the Forest Service,
Southern Forest Experiment Sta-
tion, T-10210 U.S. Postal Services
Building, 701 Loyola Avenue, New
Orleans, LA 70113. &

Escaped Fire Study

About 5 percent of all wildland
fires in the United States escape
initial suppression efforts and be-
come project fires. These escaped
fires account for roughly 93
percent of all wildfire-related costs
and damages.

Current U.S. Department of
Agriculture, Forest Service policy
requires that suppression action on
individual escaped wildfires be

based on a formal analysis of al-
ternative strategies—the Escaped
Fire Situation Analysis. A 12-page
report describes an initial study to
determine the basic structure of es-
caped fire strategy decisions in
terms of reasonable alternatives,
appropriate decision criteria, and
critical information uncertainties.
Study results suggest that deci-
sion analysis methods can provide
a consistent and logical framework

10 evaluate alternative suppression
strategies on escaped wildfires. The
report also discusses the approach-
es to an escaped fire situation on
the Wallowa-Whitman National
Forest. A copy of the report, “The
Escaped Fire Situation: A Decision
Analysis Approach,”’ Res. Pap.
RM-244, can be obtained from
Publications Distribution, Rocky
Mountain Station, 3285 E. Mulber-
ry, Fort Collins, CO 80524. W
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FIRESCOPE Multi-Agency
Decisionmaking Process

Jerry L. Monesmith

National Fire Training and Safety Officer, USDA

Forest Service, Washington, D.C.

The cooperating agencies of the
Firefighting Resources of Southern
California Organized for Potential
Emergencies (FIRESCOPE) have
developed a decisionmaking system
to coordinate the development and
implementation of policy and pro-
cedures for over 250 Federal,
State, county, and local fire service
organizations.

FIRESCOPE was set up under
Congressional mandate by the U.S,
Department of Agriculture, Forest
Service after the disastrous fires
in California in 1970. To date,
FIRESCOPE activities have con-
centrated on designing and testing
systems for the day-to-day co-
ordination and on-site management
of emergency resources. Decision-
making groups have also been
identified. But fire service input
and consensus on specific system
requirements have remained elusive
during the design effort. Expecta-
tions were not totally met relating
to the role of individual agencies in
defining system performance
standards and requirements, and
how anticipated differences will be
resolved in reaching a consensus
position (7). Activities have now
shifted from system development
to implementation. The Pacific
Southwest Region of the Forest
Service has worked with six Cali-
fornia agencies to develop the deci-
sionmaking system. The California
Department of Forestry, Los
Angeles City and County Fire
Department, Ventura and Santa

Barbara County Fire Departments,
and the California Office of Emer-
gency Services (representing all the
remaining fire services in the
FIRESCOPE region) are involved
in the effort (fig. 1).

Figure 1—The FIRESCOPE region involves
the areq generally south of the Tehachapi
Mouneains in Sourhern California.

The Purpose and Process

The purpose of the decisionmak-
ing concept was to create a
‘“‘gquasi’’ organization capable of:
developing ownership in the pro-
gram; proposing realistic systems
and procedures; and functioning
effectively with or without the pro-
gram manager, his staff, and con-
tractor support (2). To accomplish
this the process was designed with
the following components (fig, 2):

& A command level, or board of
directors, responsible for
making final decisions.

® An operations team to process
information and formulate
policy and action plans for the
command level.

® Groups of staff people and
technical specialists to perform
the necessary preliminary work
and to carry out the decisions
processed at the two upper
levels,

® An executive manager or pro-
gram manager {0 monitor the
decision process and dissemi-
nate information about deci-
sions and assign tasks. (This
person might also provide liai-
son with contractors as neces-
sary.)

The board of directors is made
up of the top administrators from
the represented agencies and acts
as the ultimate authority in the
decisionmaking structure. The
operations team consists of the
operations chiefs from the involved
agencies, The primary staff-level
group, or task force, is supple-
mented when necessary by special-
ists who provide recommendations -
on specific matters. Task force
members require comprehensive
on-the-ground general knowledge
and experience; specialists, on the
other hand, are experts in their
particular field such as training,
mapping, communications, and
the like.
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Figure 2—FIRESCOPE decisionmuking process.

The executive manager function
is performed by the FIRESCOPE
program manager or the manager’s
staff, The manager facilitates the
decisionmaking process by provid-
ing the drive and overall direction
for the decision process. This re-
quires: a knowledge of where the
decision process should be head-
ing; the ability to be innovative;
patience and flexibility; a knowl-
edge of organizational and
informational theories; a high
tolerance for ambiguity; freedom,
as much as possible, from the in-
fluence of any single agency; and a
commitment to push, pull, and
lead when necessary to keep the
Process moving.

The program manager or the
manager’s staff coordinate the
process by sitting in on meetings at
all levels. They provide a focal
point for information flow, clarifi-
cation of the mission, and liaison
with contractors. To promote in-
teraction and coordination, at least
one member from the task force is
assigned 1o each of the specialist
groups. The chairperson- of the-
task force attends the operations
team meetings and the chairperson
of the operations team attends the
board of directors meetings.

Problem Solving

Most field level problems are
identified by the task force, other
specialists assigned by the partici-
pating agencies, or the program
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manager. Once a problem has been
identified, it must be completely
defined by the group perceiving the
problem, or others assigned by the
program manager, the task force,
the operations team, or the board
of directors. For instance, if there
is difficulty in radio communica-
tions, the executive manager, task
force, or operations team will as-
sign the communications specialist
group to investigate the situation.
These investigators will determine
the specific problems, develop
solutions, and report their findings
to the task force for review. The
task force will select an appropri-
ate decision, make a recommenda-
tion to the operations team, or
return the problem to the investi-
gators for further study.

Approval of group findings
before recommended actions are
implemented can be accomplished
at different levels of the decision-
making process. For example, if
the radio communication problem
is related to differences in
terminology, procedures, or field
actions, the decision is made at the
task force level. If the solution is a
transition to new hardware and
only involves operational expendi-
tures with overall budget commit-
ments, the decision will be made at
the operations team level. If it re-
quires a policy decision on sharing
frequencies between agencies, the
decision is made by the board of
directors. Also, agency budgets
and long-range implementation

plans require approval by the
board of directors. Final decisions
are forwarded by the approving
group for publication and imple-
mentation by affecled agencies,

Examples of Success

The decisionmaking process has
increased the effectiveness of
southern California fire services by
implementing several FIRESCOPE
products. Some of the major deci-
sions made by the FIRESCOPE
decisionmaking process include;

® The use of a common, all-

risk ! incident management
organization.

® The use of commonly under-

stood terminology.

® The adoption of a uniform

mapping system with a coordi-
nated maintenance process.

® An agreement to share radio

frequencies.

® A Multi-Agency Coordination

System (MACS) allowing the
sharing of agency personnel
and equipment that uses a cen-
tralized computer to transmit
and receive agency forces and
incident status information.

® The development and coordi-

nation of multi-agency train-
ing.

1 “All-risk® incidents result from any
type of risk source, inctuding wildland and
urban fires, earthquakes, aircraft accidents,
floods, and hazardous materials spills.

Conclusion
The willingness of the cooperat-
ing agencies to work collectively to
accomplish common goals is one
reason the decisionmaking system
has been successful, The system it-
self offers many benefits to users
and could be adapted to other
uses:
® Decisions are implemented
once consensus is reached,
based upon each agency’s
needs, commitments, and
abilities,
® Participation in the decisionmak-
ing process gives all
agencies a voice in future
implementation while maintain-
ing their agency’s autonomy.
® Sound, viable decisions are
made because all levels of the
participating agencies, from
the Field to the executive level,
are involved.
¢ Commitment to implementa-
tion of a final common prod-
uct is achieved because all lev-
els of each agency have had a
part in developing and agree-
ing upon the product. In addi-
tion, the development process
allows for a series of trials be-
fore implementation decisions
are made.
® Apgreements on commonality
(in terminology, training, fre-
quency sharing, organizational
structures, procedures, and the
like} greatly enhance incer-
agency communications and
effectiveness.
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® Cooperating through the deci-
sionmaking system insures con-
sistent feedback and correction
of errors,

The formal decisionmaking
process was not a part of the orig-
inal research design. However,
because of its attributes, it is in-
cluded in the major FIRESCOPE

technologies now being disseminat-
ed nationally by the Forest Service
through FIRETIP (Firefighting
Technologies Implementation Proj-
ect). Additional information con-
cerning the decision process ¢an be
acquired from Marv Newell,
USDA Forest Service-Cooperative
Fire Protection, Boise Interagency
Fire Center, Boise, 1D 83705.
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State Fire Plan

North Dakota has just prepared
a statewide plan to help stop rural
fires from laying thousands of
acres to waste.

The plan defines which agencies
will be involved in rural fire-
fighting, at what stage they will
contribute manpower and equip-
ment, and where key personnel can
be reached. It also lists restrictions
that the Governor can invoke to
prevent fires during periods of
low, moderate, and high fire dan-
ger,

The State of North Dakota pre-
pared the plan to prevent a repeat
of a 1977 blaze that leveled
thousands of rural acres before it

was brought under control. At that
time the State had no systematic
approach to fighting rural fires
that spread through several juris-
dictions.

The plan coordinates activities
of local fire departments, State
and Federal forest services, State
and Federal disaster services, the
U.S. Department of Interior, Fish
and Wildlife Service, and the
North Dakota State Park and Rec-
reation Service.

Under the plan, local fire de-
partments respond initially to most
wildland fires and contact the
State’s Disaster Emergency Service
if they cannot bring them under
control. The Service uses the state-

wide plan to systemalically call up
additional units from various fire-
fighting agencies,

Although major fires probably
will occur only once every § years,
officials will review and update the
plan annually.

For additional information con-
tact Glenn Roloff, USDA Forest
Service, Custer National Forest,
1824 North 11th St., Bismark, ND »
58501, (701) 255-4011, ext. 443, or
Dr. Robert Johnson, State For-
ester, Horticulture Building, North
Dakota State University, P.Q. Box
5658, Fargo, ND 58105, (701) 237-
g8174. B
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Analyzing the Economic Efficiency of

Fire Protection

H. Ames Harrison

Staff Assistant, Cooperative Fire Protection, USDA

Forest Service, Washington, D.C.

" Most of us have been experi-
encing the trials of the shrinking
budget. In fact, no government
agency—Federal, State, or local—
has been exempt from’increasing

“costs, tighter budgets, and closer
accountability.
~ One of the areas affected by the
- budget crunch is wildland fire pro-
tection. In response {o questions
about the efficiency of funds being
allocated for wildland fire protec-
- tiom, the U.S. Department of
Agriculture Forest Service has de-
veloped a method of analyzing the
efficiency of wildfire protection.

The analysis evaluates fire
effects based on a ‘“‘probability
profile’” of fires by frequency and
intensity. The availability of histor-
ical records of fires and weather by
wildfire area is essential to the
analysis process. Uniform proce-
dures have been designed to meas-
ure net fire effects and costs. The
most efficient operation is the low-
est sum of the presuppression and
suppression costs plus the resource
value losses (or benefits) on the
unit being analyzed (see illustra-
tion). In this process, options such
as fuels, detection, and prevention
may be tested and their effects

-analyzed.

The fully operational process
permils lesting of management op-
tions obtained by varying the pro-

. gram mix and funding levels,
Varying program mix means vary-
ing the presuppression forces (ini-
tial attack, prevention, detection,

1000 —

750 —

500 +—

250 -

Presuppression + Suppression + Net Value Change Dollars

l I ! il
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Presuppression Dollars

Nlustration of the C+ NVC Concept. The lowest point on this curve is the most cost-efficient
operation. The curve represents the sum of protection costs plus net resource value change.

or fuels) to simulate specific pro-
grams. The manager will then be
able to choose from an array of
options the ones that are most cost
efficient and that best fit the man-
agement area in terms of political
or funding situations.

Experience using this analysis
system on selected National forests
led the Forest Service, in coopera-
tion with the National Association
of State Foresters, to adapt the
process for use in the Forest Serv-
ice’s cooperative fire protection
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program,

Use of the analysis is not limited
to national organizations; it is
practical for use by many State
and local fire protection organiza-
tions as well. Information from the
analyses can and has been used to
support budget requests. It is also
valuable input in resource plan-
ning,

In 1981 and 1982 a joint team of
Forest Service and State forestry
analysts analyzed the work of 39

organizational units representing
the 877 million acres of non-Feder-
al wildlands. The analysts conclud-
ed that most organizations can
improve efficiency and reduce sup-
pression costs and resource losses
through program adjustments. In
many cases, these program adjust-
ments result in little, if any, budget
increase. In some instances de-
creases in budget are appropriate if
the most cost-efficient levels of
operation are to be obtained.

The Forest Service and the
National Association of State
Foresters are moving ahead with
program adjustments that will tie
the analysis process and results
into the cooperative fire protection
staff of the Forest Service and
finance fire protection to meet the
Nation’s need.

For more information, contact
H. Ames Harrison, Cooperative
Fire Protection Staff, USDA For-
est Service, P.O. Box 2417, Wash-
ington, DC 20013. W
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Jeep-Mounted Fireline Plow Unit |

Richard J. Barney and Jack W, Peters !

|
Research Team Leader, Fire Contro! Technology |
Research Unit, Northern Forest Fire Laboratory, 4
|
\

Intermountgin Forest and Range Experiment Station, 1
Missoula, Mont.; and Supervisor, Fire Suppression N

Section, Montana Department of State Lands,
Division of Forestry, Missoula, Mont. \

Most firefighting organizations
have limited budgets for equip-
ment. As a result, many are inno-
vative in building equipment o
meet both their firefighting needs
and budget constraints. Through-
out the vears, the Montana
Department of Siate Lands has
been compelled to use and modify
a large array of military equipment
to meet its operational needs. One
example of its innovative use of
used equipment is a fireline plow
unit that combines farming equip-
ment and a conventional Jeep.

Plow Description

The firefighting plow unit is a
single-bottom disk plow attached
to a Jeep, obtained through the
U.S. Department of Agriculture, |
Forest Service, Federal Excess |
Personal Property program. Other e £ T RS i - ;
new or used four-wheel-drive vehi- ;

)

cles can be adapted, including Figure 1— The Montuna Jeep fireline plow unit.

anything from surplus ‘‘bomb car-
riers”’ to modern four-wheel-drive
vehicles or tractors. The plow is at-
tached to the Jeep's pintle hook
and raised and lowered by a hy-
draulic valve control powered by

ed to minimize side movement of

There are many situations, how- )
the plow unit. i

ever, that allow its application, ;
such as open timber stands or
brush and grasslands. The fireline '

Operating-the Plow is about 1-1/2 feet in width. If the

an electrical motor on a hydraulic
pump system. The design is simple
(fig. 1).

The plow disk is 24 inches in
diameter. The hydraulic arm is a
24-inch cylinder powered by a 24-
volt electrical pump system. On
each side of the Jeep pintle hook,
stabilizing hooks have been mount-

The plow is operated simply by
lowering the unit to clear fireline
where needed. Figure 2 shows the
plow unit making fireline in a
sagebrush area. Like most plow
units, this unit cannot be used in
areas that are extremely rocky,
have a large number of downed
logs, or have very rough ground.

plow unit is operated at the right
speed for existing conditions, the
material removed will turn over
adjacent to the line, making an
effective line of 3 feet or more in
width.

To achieve the best results the
equipment needs a good operator.
An experienced person can
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Figure 2—Plow unit in operation in a sagebrush area.

improve productivity and extend
the operational range of condi-
tions, Use of traction-type tires
will also enhance operational
capabilities.

The Plow’s Performance

Several tests of the plow’s per-
formance were made on terrain

ranging from 0 o 20 percent slope.

Fireline was constructed going
both uphill and downhill., As ex-
pected, ground and fuel conditions
were important. Vegetative cover
encountered ranged from heavy
sagebrush-grass to moderately
open second-growth pine and

Douglas-fir areas with limited
downed material. Soil types that
were extremely rocky would not
allow use of the disk. Depending
upon site conditions, both low-
and high-range four-wheel-drives
were used. Fireline production
rates varied from 152 to 397 feet
per minute (138 to 361 chains per
hour). Based on all tests, the aver-
age rate is about 300 feet per
minute (272 chains per hour).
Under sustained operational fire
action, this average might drop as
much as 50 percent. Ultimately,
the operator and fieild conditions
will determine production,

This unit, like any tool for fire
suppression, does not meet all
needs; however, it is useful. Con-
sidering the production rate, it can
replace sizable crews in certain
conditions, Based on field ex-
perience, the relatively small cost
invested in this equipment has been
recovered many times over. In
fact, crew costs saved on one fire
will pay for the unit.

Specifications and Fabrication

The basic unit is simple. The
major components are: one disk
plow; one plow arm; one hydraulic
cylinder; one hydraulic pump; one
electric motor; and one hydraulic
control valve. A competent me-
chanic with welding capabilities
can make such a unit from new
materials for about $900. By using
excess military property and
scrounging from old farm and
ranch implement yards, costs can
be reduced considerably. Individu-
als may incorporate variations and
modifications. Two useful modifi-
cations, for example, might be a
brush screen in front of the Jeep
or a good roll bar. However, expe-
rience dictates keeping it simple.

The jeep-mounted plow unit has
another advantage. The unit can
be constructed for easy mounting
and dismounting so the jeep can be
used for other tasks in the off-
season.

For additional information, con-
tact Jack W. Peters. @
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Southwestern Montana Interagency

Fire Cooperation

Ralph Stodden

Forest Dispatcher (Retired), USDA Forest Service,
Deerlodge National Forest, Butte, Mont.

Interagency Fire Cooperative Area
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Interagency Fire Cooperative Area

In June 1979, the Buite District,
U.S. Department of Interior,
Bureau of Land Management
(BLM), and the Deerlodge and
Beaverhead National Forests, U.S5.
Department of Agriculture, Forest
Service (FS), entered an inter-
agency agreement for fire protec-
tion of Federal lands in south-
western Montana. The objective of
the agreement is to provide a more
coordinated and economical aerial
detection, fire dispatch, and initial
attack system for approximately 3
million acres of land.

This agreement has enabled the
BLM and the FS to handle a fire
load during the 1981 season that
would have been very difficult for
any one of the three units to
contain separately. The combined
initial attack capabilities kept
many fires from getting to project
size. In fact, during the 1981 fire
season action was taken on a total
of 104 fires between the three
units. Four of these were project-

size fires ranging in area from
2,000 to 6,600 acres.

How the Agreement Works

To coordinate efforts between
the three units, the operational
procedures are written in an inter-
agency operating plan for fire sup-
pression and updated annually.
The plan calls for an interagency
coordination center, which is
located at the BLM complex in
Butte, Mont.

The coordination center activi-
ties are supervised by the Deer-
lodge National Forest dispatcher,
who in turn, advises and informs
the fire staff of the three units on
coordination center activities. The
center is responsible for gathering
weather data from weather stations
and entering it into the AFFIRMS
(Administrative and Forest Fire
Information and Management
System) program, which transmits
daily weather information and

indexes to ranger districts and
resource areas.

Daily cumulative fire reports are
sent to the FS regional office and
to the BLM State office. The coor-
dination center handles requests
for firefighters and equipment
from ranger districts and resource
areas as well as requests from the
FS regional office and the BLM
State office.

A fire cache is maintained in the
BLM warehouse adjacent to the

‘coordination center. The cache
.consists of enough handtools, safe-

ty equipment, and rations to equip
50 to 75 firefighters. Additional
equipment and supplies are or-
dered from the Northern Region
Fire Cache at Missoula, Mont.
Air detection is accomplished
with two contract aircraft—one
based in Butte and one based in
Dillon—60 miles south of Butte.
One flight pattern is flown out of
Butte and one is flown out of

- Dillon. Air observers are furnished

by BLM and FS.

BLM operates an electronic Au-
tomatic Lightning Detection Sys-
tem (ALDS) (see Fire Management

‘Notes 42(4):3) that covers this in-

teragency cooperative area. The
Butte dispatch office uses the
ALDS to plan lightning-detection
flights, crew deployment, and
similar tasks,

Radio communications has been
quite difficult to coordinate be-
cause the three units use different
frequencies and great distances are
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involved. However, after 4 years
of operation, this problem is al-
most solved. Alircraft are equipped
with 9600 channel FM radios, new
repeaters have been set up, and
multichannel radios have been in-
stalled in mobile units, Some port-
able units are also available.
Teletype communications occur
through an interagency fire tele-
type network extending throughout
north ldaho and Montana. This
teletype network will be replaced
by the F$ computerized Forest
Level Information Processing
System (FLIPS) in 1984,
Thirty-three people are available
for initial attack for fire suppres-
sion, and by using the “*closest
crew’’ concept on initial attack,

coverage has been good. Initial at-
tack time has also improved. Loca-
tion of crews is reported daily o
the coordination center. The coor-
dination center, in turn, postsdoca-
tion of crews on a map and noti-
fies all ranger districts and

resource areas of crew locations
daily. Air tankers, smokejumpers,
and other shared resources that
may be needed are ordered
through the Northern Region Fire
coordinator.

In addition to improving sup-
pression capability, the interagency
agreement has had other benefits
during these times of limited
funds. It has eliminated a lot of
duplication of effort and positions.

For example, joint training ses-
sions are held for firecrews, giving
them the opportunity of working
together. Two air patrols flown by
two air observers has eliminated
the need for both agencies to fly
air patrols and finance four air-
observer positions. Initial attack
capabilities have greatly improved
using the ‘‘closest crew’’ concept
and, at the same time, makes fire
suppression more cost effective,

In September 1982, the U.S.
Department of Interior, Bureau of
Reclamation, joined the interagen-
cy group. The interagency agree-
ment will accept requests for
inclusion from other wildland fire
suppression organizations in the
arca. B
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Decision Analysis of Prescribed

Burning °

David L. Radloff and Richard F. Yancik

Research Foresters, USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station, Fort

Collins, Colo.

Prescribed burning has become
an important management tool on
the forests and rangelands of
North America. Prescribed fire is
used to reduce fuel hazard, as a
silvicultural tool, to improve range
condition and production, to im-
prove wildlife habitat, to maintain
vegetation types, and to sanitize
forest stands (7). Much of the
popularity of prescribed burning
comes from its ability to help meet
a wide range of management ob-
jectives efficiently. However, along
with its increased use, prescribed
fire degrades air quality and poses
risks to property, resources, and
human safety.

Resource managers must inte-
grate various kinds and levels of
information for planning and using
prescribed fire. Decisionmaking is
complicated by the uncertainty in-
herent in key decision variables,
Managers require a logical, analyt-
ical decision framework that
jointly considers the important
variables (and their uncertainties)
related to the decision c¢riteria of
effectiveness, safety, economic
efficiency, and environmental
quality.

These variables include: fire be-
havior; risk to public resources and
private property; operational costs;
costs of alternative management
practices; wildfire hazard; effects

! Paper presented at the Seventh Confer-
ence on Fire and Forest Meteorology, April
25-29, 1983, Colorado State University,
Fort Collins, Colo.

of fire on resource outputs; and
environmental, social, and political
effects.

Decision analysis techniques (3)
enable the manager to incorporate
uncertainties in the decisionmaking
process. The applicability of deci-
sion analysis for investigating wild-
land fire management problems
has become increasingly evident
during the past decade (9). Deci-
sion analysis has been used to plan
fire prevention activities ({2), to
evaluate alternative fire protection
program strategies (13), to allocate
fire suppression resources, to ap-
praise fire hazard from wildland
fuels (7, 8, 14), and to determine
the economic value of improved
fuels and fire behavior information
(1}. Other research studies have
applied decision analysis in evalu-
ating the effectiveness of weather
forecasts in prescribed fire deci-
sionmaking (6), and in evaluating
alternative suppression strategies
on escaped wildfires (75).

Most of the exampiles of decision
analysis in fire management have
resulted from research., However,
the techniques are easy to imple-
ment and could be applied profit-
ably in operational decision-
making.

This paper describes two gener-
alized decision models that partial-
ly characterize decision processes
for the evaluation and execution of
prescribed fires. Although the two
models do not incorporate all the
factors managers must consider in

planning for prescribed burns, they
provide a starting point for devel-
oping more complete decision
models. A hypothetical burn is
used to demonstrate the applica-
tion of these models.

Prescribed Burning Decision
Models

Three distinct, but related,
sequential decision processes are
involved in planning fire use (fig.
1): evaluating the use of prescribed
fire (fig. 2); the prescribed fire
planning process (made in ad-
vance); and the prescribed fire
execution decision (fig. 3). The
decision process must be made
consistent with organizational
goals and objectives and meet all
objectives and constraints as eco-
nomically as possible.

Prescribed Fire Evaluation Proc¢-
ess. The use of prescribed fire,
whether ignitions are planned or
unplanned, must be evaluated
against alternative management
strategies in terms of management
goals and objectives, safety, phys-
ical and biological constraints,
economic efficiency, and socio-
political factors. Ultimately, the
management strategy selected
should maximize dollar value and
net resource value change, while
balancing nonmonetary considera-
tions, such as risk to people and
air quality. This decision process is
closely related 1o the prescribed
fire planning process.
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Figure 1—Sequential decision process in planning the use of prescribed Jire.

A conceptual model of the ele-
ments involved helps in evalualing
the use of prescribed fire (fig. 2).
Management objectives determine
the burning prescription. The pre-
scription and environmental fea-
tures determine the specific firing
technique that will be used, which,
in turn, controls the ultimate pre-
scribed fire behavior. Fire behavior
influences the many outcomes of
the prescribed burn and the net
value of the operation. The evalua-
tion process helps to assure that
the prescribed fire plan will be
consistent with overall objectives.

Prescribed Fire Planning Proc-
ess. The prescribed fire planning
process develops logically from the
prescribed fire evaluation process.
Many of the planning considera-
tions wiil have been included in the
evaluation process. The prescribed
fire plan is a formal, detailed de-
scription of the objectives, con-
straints, prescription, techniques,
and logistics for carrying out the
burn. Details of preparing burning
plans are discussed by Fischer {4),
Martin and Dell (/0), Mobley and
others (17), and Southwest Inter-
agency Fire Council (/6).

Prescribed Fire Execution Deci-
sion, After a prescribed fire has
been planned, a series of decisions
must be made before ignition.
These decisions concern whether to
proceed with the burn as planned,
to modify the plan, or to cancel or
postpone the burn (fig. 3). The
decisions depend strongly on
weather forecasts, actual weather
conditions, weather persistence, the
magnitude of the burning op-
eration, and the ability to mobilize
sufficient resources (people and
equipment) for the burn. It is im-
portant that the decisions be
consistent with broader policies,
goals, and objectives, and with
assumptions and objectives of the
prescribed fire plan.

The use of a formal process
could facilitate the short-term
planning for resource requirements
and give early indication of the
need to modify the burning plan.
It could improve efficiency by
making best use of resources and
by reducing the number of *“‘false
starts’’ on prescribed burns.

Decision Analysis of Prescribed
Burning: An Example

The following illustrates an ap-
plication of decision analysis in
planning and executing a hypothet-
ical prescribed fire. In this exam-
ple, a prescribed fire has been
recommended to reduce hazardous
fuel accumulations in a 200-acre,
thinned ponderosa pine stand. The
proposed burn will also enhance
the timber, range, and wildlife
resource values. The burning pre-
scription specifies mid-flame wind-
speeds of 1 to 5 miles per hour;
10-hour timelag fuel moisture of
10 10 20 percent; and relative hu-
midity of 20 to 60 percent. This
prescription will result in flame
lengths from 1 to 4 feet with a 2-
to 3-foot flame length being
preferred. All 200 acres will be
burned in 1 day, if the burning
conditions remain within the
prescription. The estimated cost of
planning and executing the burn is
$23 per acre. Of this total, $21.25
is the cost of conducting the
burning operation. The additional
$1.75 covers costs of planning and
of mobilizing resources. Possible
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Figure 2—Elements involved in evaluating the use of prescribed fire.

costs because of false starts are
not considered in this analysis,
but they are considered in

the subsequent analysis of the
execution decision.

Events that can occur during the
burning operation must be incor-
porated in the decision process for
evaluating the prescribed burn.
Possible events include:

® The weather and fuel condi-
tions for burning may be ac-
ceptable {near lower or upper
limits of the prescription) or
preferred,

® Given the fuel conditions,
weather conditions, and the
firing crew’s ability to control
it, the fire behavior may be
preferred (2- to 3-foot flame
lengths) or acceptable (1 to 2
feet, or 3 to 4 feet). The burn

Resource
effects

Resource
values

Smoke

Microclimate

Safety

Risk to resources
and private —
property

Insects

Diseases——» Fire hazard —

Fue]| —————» Mop-up cost -

will be stopped if flames are

outside the acceptable range.

® Given the fire behavior, the

burn may remain under con-

irol or it may escape and
require suppression action.

» Yalue

Information is needed concern-
ing the costs, benefits, and proba-
bility of occurrence of each event
to estimate the expected value of
the proposed burn. For this exam-
ple, the value changes from fire
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effects on the various resources
{table 1) were estimated on the ba-
sis of fire behavior and the timing
and duration of the effects. For
example, a burn characterized by
severe fire behavior leading to
excessive crown scorch would
produce resource effects having a
present value of $30 per acre,
while an ideal burn without nega-
tive effects on timber would pro-
duce benefits of $48 per acre.

The cost of suppressing an es-
caped fire is assumed to be $500
per acre for the planned area. This
cost derives from the assumption
that an escaped fire will burn an
additional 100 acres, and that the
net suppression cost, plus resource
value change, will be $1,000 per
acre for the J00-acre wildfire. This
gross assumption was made to
simplify the example. In reality,
escaped fire size, suppression cost,
and resource value change would
vary according to weather condi-

tions and the escaped fire’s
behavior,

A decision tree for the economic
evaluation of the proposed burn
(fig. 4) shows the events thar could
occur when the burn is executed,
the probabilities of the various
events (in parentheses), and the
values of the outcomes of those
events (right-hand columnj. For
example, high flames normally
lead to a value of $30 per acre,
but, if the burn escapes control,
the value is —$470 per acre (be-
cause of the $300 suppression
costs). Note that it was assumed
the full benefits of the prescribed
burn were realized even if the fire
ultimately escaped control. Al-
ternatively, it could have been
assumed that the prescribed fire
yields no benefits if the fire
escapes; however, the results of the
analysis would be only slightly
different,

The event probabilities are deter-

Table 1—Present vaiue costs and benefits used for compuling the expected value of the

example burn,!

Years of

Flame lengths

Fire impact
impact Acceptable, Preferred Acceptable,
but fow but high

- ----Dollars - - - -
Fire hazard 1-5 8.90 22.26 22.28

reduction
Timber 30 3.08 15.42 —-3.08
Wildlife 1-5 - 6.68 6.68
Range 1-10 4,06 4.06 4.06
Total (rounded) 16 48 30

' Dollar values are per-acre present values based on a 4 percent interest rate.

mined by the season of year, local
climate, abilities of the burning
crew, availability of holding
forces, and chance weather events.
For example, climatological data
from fire weather stations could be
used to estimate probabilities of
meeting prescription (2, 5). The
probabilities would be different for
burns planned in the spring and
fall.

The expected value of the burn
is derived by multiplying the prob-
abilities and outcome values along
each branch of the decision tree,
and then summing for all out-
comes. The expected net value of
burning is the difference between
the expected value and the esti-
mated cost of burning. For this
example (fig. 4), the expected net
value is $26.10 minus $23.00, or
$3.10 per acre. A similar economic
analysis should be completed for
each management alternative, and
the results compared in order to
select the best alternative.

Note that, if the uncertainties in
the events were ignored, the esti-
mated value of this burn would be
$48 minus $23, or $25 per acre.
The lower expected value {or long-
term average value) results from
acknowledging the fact that unfa-
vorable outcomes are indeed
possible.

Each event in figure 4 has asso-
clated with it some degree of
uncertainty, expressed as a proba-
bility. How might reducing this
uncertainty affect the expected
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Figure 3—Decisionmaking process in executing a prescribed fire. Circles are probability nodes; squares are decision nodes. T-n is the lust day
before burning o comnnit resources, T-1is 1 day before the scheduled burn. They may be the same day.

value of burning? As an example,
suppose that the burning crew
could better regulate the fire be-
havior to increase the probability
of burning the area under optimal
fire behavior. If the chances of
achieving the preferred fire be-
havior were increased from 0.4 to
0.6 for acceptable weather condi-
tions, and from 0.6 to 0.8 for
preferred weather conditions, the
result is an increase in the expected
net value from $3.10 to $9.60 per
acre. This gives an indication of
the possible value of improved fir-

ing techniques or ignition methods.

Conversely, how might the ex-
pected value change if the proba-
bility of an escaped fire doubled?
This could be the result of changes
in the holding plan, or of stand

conditions that favored the possi-
bility of torching and spotting. The
expected net value of burning un-
der this higher risk of escape is

— $5.80 per acre. This type of
analysis could be used to determine
whether additional costs for more
holding forces are justified.

When the burning plan is com-
pleted, the decision to execute or
to postpone the burn depends on
the weather forecasts at critical
times prior to the burr date, the
level of uncertainty in. erent in the
forecasts, the expected value of the
burn, and the estimated costs of
postponing the burn. Events, prob-
abilities, and outcomes that char-
acterize the decision process for
executing the example burn are

shown in the decision tree in
figure 5.

The cost of postponing the burn
n days before the burn date
includes weather forecast expendi-
tures, computer analysis costs, and
the cost of gathering information
concerning the availability of re-
sources for executing the planned
burn. Note that the costs listed in
figure 5 are total costs, not per-
acre costs. Postponement of the
burn 1 day before the burn date
adds the costs of an additional
weather forecast and of placing
personnel and equipment on stand-
by. The increased cost of canceling
the burn based on an unfavorable
test fire is attributable to the cost
of having the personnel and equip-
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Expected outcome
value = $26.10

(.6) High flames

(-3) Weather in hot end of prescription
{.4) Preferred flames

{.2) High flames

(.4) Preferred weather

(.6) Preferred flames

(.2) Low flames

{.4) Preferred flames

(.3) Weather in cool end of prescription
(.6) Low ftamas

(.05) Escaps -$470

< {.95) No escape 30
{.01) Escape -452

( (.99) No escape 48
(.05) Escape -470
%< {-95) No excape 30
{.01) Escape -452
'\/(.99) No escape 48
(.00) Escape -484
{1.0) No escape 16
(.01) Escape -452

'< {99) No escapa 48
{.00) Escape -484

'< (1.0) No escape 16

Figure 4—Lvaluating the cost of the exampie burn. The probabilities of the various events are in parentheses. The values of the outcomes are
listed at the far right. The expected net value of the burn is $26.10 fthe expected outcome value) minus $23.00 (the estimated burning costj or

$3.10 per acre.

ment at the burn site.

The expected net value of burn-
ing is $620 as determined in the
previous evaluation process ($3.10
per acre X 200 acres).

Figure 5 illustrates a situation
for which weather forecasts carry a
relatively low degree of uncertain-
ty. For this situation, the expected
value for executing the burn is
$411.13 ($2.06 per acre). This low-
er expecied value than thar cal-
culated in the evaluation model

($3.10 per acre) results from con-
sidering the possible negative im-
pact of “false starts’” in executing
the burn,

A key aspect of the prescribed
fire execution decision model is the
uncertainty inherent in weather
forecasting. For example, what
would be the result of increased
uncertainty in the weather fore-
cast? If the forecast probability of
being in preseription were reduced
from 0.9 (as in fig. 5) to 0.5, the

expected value of the burn would
be reduced to —$8.75 (—$.04 per
acre). In other words, that degree
of uncertainty for meeting the pre-
scription would lead to the deci-
sion not to proceed with the burn.
On the other hand, if there is a
significant opportunity cost associ-
ated wilth postponing the burn, it
may still be desirable to proceed.
Early in the burning season, when
postponing a burn causes only a
minor delay, this may not be an
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Figure S—Decision rree representing the prescribed fire execiition decision for the example burn. The probabilities of the various evenis are in
parentheses. The values of the oulcomes are tisted at the far right. This shortened version of figure 3 shows only the probability nodes.

important consideration. Late in
the season, however, postponement
may result in a substantial delay in
realizing some benefits, or may re-
quire increased fire protection
costs. In such a situation, the op-
portunity costs could be of major
importance. In the example used
here, a $200 opportunity cost of
postponement ($1.00 per acre) re-
sults in the decision to proceed
with the burn even if there is only
a 0.5 probability of meeting the
prescription.

Conclusions

The example demonstrates how
decision analysis can be used for
evaluating and planning prescribed
fires, and for analyzing decisions
associated with execution of a
planned burn. Decision analysis
provides a means by which pre-
scribed fire decisions can be struc-
tured to represent relationships
among the decisions, information
requirements and flows, and criti-
cal uncertainties.

The two decision models only
partially represent the complexity
involved in decisionmaking for

planning prescribed fire. The mod-
els must be expanded and tested to
make them operationally useful.
Although they are incomplete, the
models illustrate the importance of
explicitly incorporating uncertain-
ties in the prescribed fire decision-
making process. Only by doing so
is it possible to adequately reflect
the possible consequences of pre-
scribed burning. Decision analysis
makes it possible to evaluate the
importance of procedures for re-
ducing uncertainties, and of im-
proved procedures for conducting
prescribed burns.
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Water Handling Guide Available

The National Wildfire Coordi-
nating Group {(NWCG) has recent-
ly published a new Water Handling
Equipment Guide, NFES stock no.
1275. The new guide is available at
a cost of $1.36 each from: Boise
Interagency Fire Center, 3905 Vista
Avenue, Boise, ID 83705, USDI
agencies and Forest Service units
may also order through their re-
gional fire cache at the same price.

The new, 100-page guide
contains basic information on wa-
ter handling equipment to assist
field users in selecting proper
equipment, It replaces the Forest
Service water handling equipment
guide. M
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