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Assisting Portugal—Fire Handtool

Training

Pat Velasco

District Fire Management Officer, USDA Forest
Service, Tonto National Fores:, Payson, Ariz.

As a result of a request by
Portugal’s Secretary of State for
Agricultural Production to the
U.S. Agency for International
Development (AlD), a team of
U.S. fire control experts went to
Portugal to assess the fire control
situation and to develop a strategy
for improving Portugal’s fire
control system.

Background

Porrugal has suffered enormous
forest fire losses in recent years.
During the decade beginning in
1972, Portuguese forests were
burning at the average rate of 35.4
thousand hectares per year. More
than 60,000 hectares burned in
1981. As the production of forest
products becomes increasingly
important (o the country’s econ-
omy and as the value of the prod-
ucts rise, this situation is becoming
critical.

In the past, the responsibility
for protecting forest lands has
been somewhat vague in that the
Portuguese Federal Forest Service
(PFFS) has assumed the responsi-
bility for fire suppression on public
lands and has often assisted or
assumed the (emporary responsi-
bility for private forest land fires.
The Servicio Nacional DeBom-
beiros (SNB) (the municipal and
volunteer fire departments) had
assumed the responsibility for
structural fire protection and
emergency medical service for each

municipality and had assisted and
assumed temporary responsibility
for private forest land fire
protection,

Recently, the Government of
Portugal adopted legislation that
assigned the fire detection, fire
prevention, and fuels management
responsibility to the PFFS; all
wildland fire suppression responsi-
bilities 1o the SNB; and the fire
investigation respounsibility to the
Public Safety Police.

Traditionally, the SNB has han-
dled urban (mostly structural)
fires. So, the bombeiros are
embarking on their legally man-
dated job of fighting forest fires
with equipment, {raining, expe-
rience, and staffing that are largely
inappropriate,

The SNB is a force of approxi-
mately 35,000 firefighters divided
into 457 fire brigades. Each bri-
gade consists of 50 to 85 persons.
Approximately 90 percent are part-
time volunteers, and the remain-
ing 10 percent are paid, full-time
professionals.

Based on the concerns of the
Government of Portugal, private
forestry industries, and the SNB,
the Secretary of State for Agricul-
tural Production requested assis-
tance from US A!D in instituting
more effective ways to deal with
the critical fire control situation.

A team of U.S. fire control ex-
perts were summoned to develop a
strategy for improving the existing
forest fire control system, They

were: Richard Montague, Assis-
tant Director, USDA Forest Ser-
vice, Aviation and Fire Manage-
ment Staff; Rex N. Griggs, Chief,
Region VI, California Department
of Forestry; and Bentley Lyon,
Forester, USDA Forest Service,
Forest Fire and Atmospheric

.Sciences. Montague and Griggs

went (o Portugal to study forest
fire control operations in April and
July of 1982, Lyon visited during
the peak of the 1982 forest fire
season.

The Assistance Program

As a result of the team’s recom-
mendations, the Government of
Portugal, the SNB, and AID
agreed to the following assistance:
® Three Portuguese forest fire
experts would train for 1
month at the California
Department of Forestry
Fire Academy.

¢ California Department of
Forestry Captains Wiliiam R,
Clayton and Hector Reed
would establish a course for
fire captains and design the
curriculum for future courses
at the national emergency
relief and fire school.

® A 4-wecek training course was

planned for firefighters in
Portugal, particularly in the
use of American wildland fire
handtools and some small
water-handling equipment.
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American firefighting tools
were given to Portugal, in-
cluding 40 puiaskis, McLeods,
long-handled shovels, brush
hooks, hard hats, and electric
head lamps with batteries; 10
backpack pumps; and several
cases of files. The Portuguese
plan to manufacture their own
tools using the American tools
as prototypes. Handtool
instructors were: Pat Velasco,
District Fire Management
Officer, USDA Forest Service,
Tonto National Forest, Pay-

Portuguese firecrew sianding by.

son, Ariz.; Captain Theodoro
Mendoza, California Division
of Forestry, Alpine, Calif.;
and David Quintana, District
Fire Management Officer,
USDA Forest Service, Santa
Fe National Forest, Pecos,
N. Mex.

® Courses in fire prevention
training for Madiera Island
and fire detection program
planning would be given by
Miguel Lopez, USDA Forest
Service R-5, and Joe Cruz,
USDA Forest Service R-6.

Handtool Training Program

Velasco, Mendoza, and Quin-
tana met in Washington, D.C.,
reviewed lesson plans and training
materials, and met with Portugal
fire control expert Ben Lyon to
discuss training objectives and
training techniques.

The team arrived in Portugal on
May 5,1983, and met with the AID
staff to discuss the handtool train-
ing program. Twelve briefings and
six demonstrations were planned in
12 cities. The briefings were for-
mal training meetings scheduled
from between 2100 and 2400
hours. Demonstrations were hands-
on training with handtools sched-
uled on weekends from 0900 to
1230 hours. The training dates and
hours were set to accommodate the
volunteer firefighters® off-duty and
travel hours.

Basics about helicopter manage-
ment and safety and the use of
bulldozers for fireline construction
were added to the agenda. The
team agreed to include the basics
in the agenda at briefings and
demonstrations. It was also agreed
that Spanish would be the common
language.

The Briefings. The briefings
were held in the cities of Lamego,
Opori1o, Viana Do Castello,
Vidalgo, Aveiro, Leiria, Viseu,
Serta, Guarda, Glivera Do Hos-
pital, Villa Nova De Poiares, and
Sintra. Attendance ranged from 30
to 250 people for a total of 1,237
trainees,
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Briefings were evening sessions.
Most of the sessions were held in
the fire stations; however, one was
held at a townhall and one was
held in an old theater.

After brief introductions of the
instructors, the handtool team
showed two films: “Handtools for
e ; g : Wildfire,”’ narrated in Spanish,
Palbehelil Ty : and the Spanish version of “‘Heli-
i ' copter Management.” A slide pre-
sentation of the tactics and strate-
gies of handline construction, mop
up, abandonment of fires, the ba-
sics of tractor lines, and command
and communication in fire control
was also shown, The presentations
stressed safety, and personal pro-
tective equipment was displayed.
Our display included 8-inch,
lace-up boots, Nomex pants and
shirts, Firecraft gloves, Bullard
hardhat with neck and face pro-
tection, goggles, day pack, first aid
kits, fire shelter, canteens, com-
pass, belt weather kit, and 8-inch
file with file guard and sheath.

The Demonstrations, Demon-
strations were held in Viana Do
Castello, Vidalgo, Visen, Serta,
Villa Nova De Piocares, and Sintra
on forest sites. Attendance ranged
from 100 to 340 people for a total
1,140 trainees. At each meeting,
three crews of 20 persons each
were trained with the handtools in
tool safety tactics and strategy in
handline construction. The crews
were also trained in the progressive
line construction method. The

1 :
Portuguese firecrew in action. crews then actually constructed up
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10 10 chains of fireline each, and
resharpened their tools. A question
and answer period followed.

While only up to 60 trainees
would participate in the actual
hands-on training, the spectators,
principally fire department officers
and local SNB administrators, also
benefited.

At Serta, an army helicopter
simulated water drops along the
fireline (without a bucket). A
100-foot dozer ling was also
constructed.

Al several sites, we also demon-
strated hose-laying principles, At
Viana Do Castello, Vidalgo, and
Viseu the engine crew actually set
up simple hose lays along the
fireline.

The Need for Training and
Equipment. While the team did
not have the opportunity to
observe actual firefighting in
Portugal, we were impressed that
the firefighters were dedicated to
doing a good job. Most said that
they needed more training to sup-
press wildland fires, In Guarda, a
firefighter told me that he was
pleased to see American firefight-
ing rechnigues because the Portu-
guese firefighters had been fighting
fires by instinct and were relieved
to know that they were on the
right track,

Many fire stations we visited
were undergoing remodeling. Most
stations were large and had train-
ing rooms, museums, shops, audi-

toriums, offices, dormatories,
showers, vehicle stalls for up to 20
vehicles, and recreation rooms with
bars,

The fire equipment needed in
Portugal is smaller than what we
use in the United States, Most for-
est roads in Portugal require
smaller, faster vehicles for rapid
initial attack. While there are
many small 4’ x4’ fire vehicles,
many fire engines are generally too
large tor effective firefighting. A
problem with all the engines that
we saw was that they were all
equipped with very large hoses
(approximately 1-1/2" t0 2-1/2").
They also lacked fittings to set up
hose lays or fittings for adjustable
nozzles. M
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A Matrix Approach to Fire

Prescription Writing

Steven Raybould and Tom Roberts

Fire Prevention Officer and Wildlife Biologist, respec-
tively, USDA Forest Service, San Bernardino National
Forest, San Jacinto Ranger District, Idyllwild, Calif.

Writing fire prescriptions is a
formal procedure by which most
prescribed fire managers set fire
behavior determinants within cer-
tain limits. The limits are usually a
combination of fire behavior mod-
eling (/) and the fire manager’s
personal experience, and include
both ““fixed”” and ‘‘variable’” ele-
ments (fig. 1} (2). Prescriptions
thus derived are intended to pro-
duce fires intense enough to
achieve the objectives of the fire
and manageable enough to control
with a cost-effective cffort.

A fire prescription is usually a
simple list of estimated or pre-
measured values for the fixed ele-
ments and a list of acceptable
ranges for the variable elements on
the day of the burn (fig. 1).

A. Fixed Indicators
Dead fuel (percent): 50 +
Live fuel moisture (percent). 80 +
Slope. average: 35 percent
Aspect: NW
Continuity of fuel (percent): 80 to 90
Season: February 15 to June 30

8. Variable Indicators
Fuel stick maoisture (percent, 10 hours):
Sto 12
Relative humidity {percent): 20 to 35
Wind speed: ¢ to 10 mirh
Air temperature: 60 to BO® F
Time of day: 0830 to 1600 hours

Figure 1—A fire prescription. Indicators are
expressed us ranges.

The Problem

During the development of a
prescribed fire program on the San
Bernardino National Forest in Cal-
ifornia, we found this approach to
be unnecessarily restrictive. The
separate elements in a prescription
are not closely interrelated. Wind-
speed, for example, has little to do
with relative humidity; t0O-hour
fuel sticks can read quite low on a
dry day, but green fuel moisture
might be high, Thus, while general
and long-term trends will push all
indicators in the same direction
{toward *“*hotter’’ or ‘‘cooler’ con-
ditions), during any given burning
period, indicators can act in ways
that offset each other.

We commonly encountered
situations where one element was
out of prescription on the “‘hot™
side and one was out on the
“‘cool”” side. Rather than seeing
these as two reasons not to do the
burn, experience and theory told
us that the two elements would
compensate for each other and
that the burn could proceed safely.
For legal reasons, however, this
was not possible. Approved burn
plans represent formal author-
ization to take certain acceptable
risks on behalf of the USDA For-
est Service. The project or pre-
scribed fire manager is usually not
free to make changes in the pre-
scription without going through
the time-consuming process of
re-approval.

The Prescription Mafrix

Qur solution to the problem was
to devise a system that would more
closely reflect the subtle ways in
which different prescription ele-
ments interact. At the core of this
approach is the severity level,
expressed as a numerical range of
“‘severity points.”” The concept of
a severity level or range is far more
useful than ranges of prescription
elements, since humidity levels or
fuel-stick readings are not impor-
tant by themselves, but rather as
determinants of how vigorously a
fire will burn.

The severity levels are defined in
conventional fire behavior terms in
figure 2. The point score, which
determines if conditions are ‘‘in
prescription,’’ is determined by
adding together individual scores
read from a matrix (fig. 3). In
the matrix each prescription ele-
ment, fixed or variable, can be
assigned a value. In this way, a
wind of 15 mi/h (point score of 9)
can be used to compensate for a
high relative humidity of 50 per-
cent (point score 1), Either of
these values would be ““out of pre-
scription’’ according to the old
system in figure 1. But windspeed
compensates for high humidity (we
have burned under these condi-
tions) and the score given by these
values (10} is the same as that
given by the *‘in prescription”’
values of windspeed of 6 mi/h
(point score 5) and relative humid-
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Severity level

Fire behavior description

Points
13

26

Light burn

29

39

Up to 20 percent of the area will be burned. Most prescribed burns in 1-hour fuels occur in this
range. There is very little ignition; some spotting may occur, but is associated with winds above
9 mi’h. Flame lengths will usually be a minimum of 2 to 3 feet; 0 to 55 Btu's.

Charred leaf litter is produced when poorly aerated litter is not totally incinerated. Some grayish
ash is present. Maximum temperature during this “black ash” condition is 350° F; soil surface
temperature is 25° F to 3 inches down. A light burn has less than 2 percent of the area severely
burned; the remaining area is lightly burned or not burned at all. Less than 40 percent of the

brush canopy is ¢consumed.

Twenty to 40 percent of the area may be burned. This generally represents the limit of control
for handcrews at the flaming front. Glowing brands could cause spotting below 50 percent
humidity. Handlines should be able to hold the fire. Flame iengths wiil usually be a minimum of
3 to 4 feet; 56 to 110 Btu's.

41

52

65

Moderate burn

70

78

Forty to 50 percent of the area may be burned. The flaming front will be too intense for
handcrews to work directly. Machines, engines, tractors, or indirect methods can be used
successfully. Fuel burns easily. Flame lengths will usually be a minimum of 4 to 6 feet; 111 to

280 Btu's.

The leaf litter and fine woody material is consumed leaving a“'bare-soil” condition. Maximum
temperatures produced are 750° F; soil surface temperature is 550° F to 3 inches down. A
moderatety burned area has less than 10 percent of the area severely burned and over 15
percent moderately burned. Between 40 and 80 percent of the area is consumed with the
remaining charred twigs larger than one-quarter to one-half inch in diameter.

Fifty to 60 percent of the area could be burned. Fuel has high ignitability, with occasional
crowning and spotting caused by gusty winds; otherwise, moderate burning conditions. A
standard handline might not hold the fire if there is considerable litter, rat nests, or grass across
the line. Flame lengths shouid be the same height or greater than the fuel for a successful burn
at this severity level. Flame lengths could be a minimum of 7 to 9 feet; 231 to 520 Btu's.

80

9N

98

Severe burn

104
110
117

Sixty to 70 percent of the area will be burned. The fuel has quick ignition with rapid build-up.
The heat load for anyone within 30 feet is dangerous. However, the flaming front should only
last a few minutes near the line. Flame lengths will usually be a minimum of 10 to 13 feet; 521
to 670 Btu's.

Severe burns are typicaily characterized by a "white ash” condition. Maximum temperatures
exceed 950° F; soil surface temperature exceeds 750° F to 3 inches down. A severely burned
area has more than 10 percent severely burned with more than 80 percent moderately or
severely bumed. Eighty percent of the brush canopy is completely consumed leaving plant
stems greater than one-half inch in diameter.

Up to 80 percent of the area will be burned. Extended spotting and fire whirls could occur with
fire behavior being on the extreme side. Any spot fires will spread rapidly. Suppression efforts
at the head of the fire, without existing control iines, will be ineffective. Fiame lengths will
generally exceed 14 feet; 671 to 1,050 Biu's.

Figure 2—Description of fire severitv levels and corresponding fire behavior.

ity 29 percent {point score 5). The that control will be possible with Limitations

implication here is not that the fire the same forces and that approxi-

will behave identically no matter mately the same percentage of the The matrix uses eight fixed and
how the score of 10 is derived, but area will burn. five variable indicators. The point

8
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Severity

L

points Indicators
s | % 2
s | 8 - 8
frind — @ = =
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oy a 5 = D = —_ [ 3
= 4 7 =2 —_ o = =] £ = £
T .- |TE ?‘, 2 3 < g 5 E o E 2 >
28 28| 3 £ 5] Q 3 ? £ o | 2 &
o255 =] o o - 2 3 - ) atE ® —
o= |g al = =1 ks ] = = 3 2 w o @ Qo
551531 % | ¢ | B g 2 € |82 & lgd!l g | ¢
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2816283 | @ I = |82 @ (gE|& | F
1 1 20 15 30 0 Spring 15 60 0 20 1900
2 April 15-30,
2 30 20 80 10 May 12 45 2 45
15 Late spring
Early summer 900
3 40 3¢ 76 25 June. July 10 a5 59 1800
4 41 3 75 30 Winter 9 34 60
Jan.. Feb. 1000
5 55 40 65 35 7 29 70 170Q
40 Early spring
March,
g 70 45 60 50 April 1-14 ] 25 80 1600
—
7 71 46 59 55 Early winter 5 24 81 1500
Dec. 1100
8 80 55 50 60 Summaer 4 19 89 1400
Aug, Sept.
r 7 65 Fall 1300
8 Qct., Nov.
9| 90 65 45 70 3 15 a5
g 10 1200

To find severity levet. follow indicator column down to appropriate figure and then left to severity points. Total points for level of severity.
Use cne half points as needed.

Figure 3—A fire prescription matrix.
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score assigned to an indicator is,
of course, the aspect of the matrix
that will prove or disprove the
validity of this approach. Fire-
behavior determinarits produce
effects that are notoriously nonlhin-
ear, For example, according to the
Fireline Handbook (3) rate of
spread doubles when dead fuel
moisture drops from [5 to [0 per-
cent, but it triples between 10 and
5 percent. Fuel depths appear to
have an essentially arithmetic rela-
tion to intensities up to a certain
point, after which ¢ffect is much
fess.’' [t is worth noting also that
even the most sophisticated fire
behavior models do not always
agree with observed fire behavior
(J).

The point values given in figure
3 represent a working compromise
between fire behavior models avail-

' Jack Cohen. Research Forester. U.S,
Department of Agriculture, Farest Service,
Pacific Southwest Forest and Range Experi-
ment Station, Personal communication.

able and experience of both
researchers and fire managers,
We anticipate many changes as the
matrix approach is refined. Cur-
rently, we are doing chaparral
burning with matrix prescriptions
inthe 41 to 78 range. Generally,
prescribed fires have behaved in
the manner predicied by the sever-
ity level score. However, the
matrix underpredicts somewhat
for windspeed and when chamise
(Adenostoma fasciculatum) pre-
dominates on a site.

Summary

This matrix has been adopted by
the San Bernardino National For-
¢st, It is an attempt to increase the
[lexibility of prescribed fire man-
agers without sacrificing safety.

Modifications of the point scoring
system will occur as more informa-
tion becomes available.
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BEHAVE and YOU Can Predict Fire

Behavior

Richard C. Rothermel

Research Physical Scientist, USDA Forest Service,
Intermountain Forest and Range Experiment Station,
Northern Forest Fire Laboratory, Missoula, Mont.

Can wildland fire behavior really
be predicted? That depends on
how accurate you expect the
answer to be, The minute-by-
minute movement of a fire will
probably never be predictable—
certainly not when predictions are
based on weather conditions fore-
casted many hours before the
fire. Nevertheless, practice and
experienced judgmeni in assessing
the fire environment, coupled
with a systematic method of calcu-
lating fire behavior, yields surpris-
ingly good results, This paper
describes a fire behavior predic-
tion and fuel modeling system
calted BEHAVE that provides the
systematic method while YOU,
the fire manager, provide the
experience.

What BEHAVE Is

BEHAVE is a system of interac-
tive computer programs designed
to predict or estimate fire behavior
characteristics needed for many
fire management purposes (4). It
has been designed to be user-
friendly so that operation requires
no previous knowledge of com-
puter oprations. It is designed
for use by fire managers who are
familiar with fuels, weather, fire
situations, and the associated ter-
minology. People who have been
using the Texas Instruments TI-59
with a fire behavior CROM (Cus-
tom Read Only Memory) have said
that BEHAVE is much easier to

use. BEHAVE does not require a
data base; it is designed to utilize a
minimum amount of site-specific
input for describing the fuels, the
environment, and the fire situa-
tion. Such data can readily be
drawn from observations and
experience.

What BEHAVYE Will Do

BEHAVE will estimate fire
spread rate and intensity, then
interpret its estimate to predict
probable flame length, contain-
ment time, and final fire size. It
will also estimate maximum prob-
able spotting distance and other
details about the fire, such as the
probable spread direction due to
a wind blowing cross-slope,

To do this requires a great deal
of internal interpretation by the
program about fuels, weather,
time, overstory, fuel moisture,
and position of fire on a slope.
BEHAVE features a method to aid
in development of site-specific fuel
models from a few field observa-
tions. It also incorporates the
Canadian method for calculating
fine fuel moisture, with additions
to account for solar drying of fuels
and changes in fuel moisture
throughout the day/night cycle.

The site-specific or custom fuel
models developed by BEHAVE
can be either static or dynamic; the
latter includes the effect of curing
of herbaceous fuels similar to the
NFDRS models {7, If a custom
fuel model is not needed, the same

set of 13 standard fuel models used
with nomograms or TI-59 is avail-
able (/, 2). The performance of the
new fuel model can be examined in
tabular or graphic form and com-
pared with any of the 13 standard
fuel models. If the new fuel model
does not respond correctly, it may
be changed and retested until the
user is satisfied that it matches the
behavior of fire in these fuels.

The originator may save the new
custom fuel model for future use
in BEHAVE or offer it to others.
Instructions are also given for
using your new fuel model with
the T1-59 calculator equipped with
a fire behavior CROM.

Two types of prediction are pos-
sible. The first type is designed to
aid in operational planning. Com-
binations of input variables may be
specified and used to examine
their effects on fire behavior. For
instance, input variables like ‘*the
fine fuel moisture varies between 5
and 10 percent” and ‘‘the wind
varies between 2 and 12 mi/h,”
and BEHAVE prints tables of
corresponding fire behavior
predictions. The second type of
prediction is site specific. It
requires a larger number of
input variables and provides sev-
eral models within the program
to aid the user in estimating fine
fuel moisture, mid-flame wind-
speed, and slope, Outputs are
specific for the site described.
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Qutputs available from BEHAVE
are:

Rate of fire spread (chains/h)

Flame length (ft)

Fireline intensity (Btu/ft/sec)

Heat per unit area (Btu/fi*)

Reaction intensity (Btu/ft*/min)

Effective windspeed (mi/h)

Direction of maximum spread
{degrees)

Area (acres)

Perimeter (chains)

Length-10-widih ratio

Forward fire spread distance
{chains)

Containment time (h)

Length of line {final perimeter)
(chains)

Required line construction rate
(chains/h)

Final area (acres)

Maximum spotting distance {mi)

Where BEHAVE Applies

BEHAVE is not designed to rate
the fire danger over large areas on
a day-to-day basis. That is the
province of the National Fire
Danger Rating System. The site-
specific features of BEHAVE
make it better suited to smaller
areas. The size is set by how well
the fuels, topography, and weather
are known. It may be as large as
a drainage or as small as an
experimental plot.

The Basis of BEHAVE
BEHAVE incorporates state-of-

the-art mathematical models devel-
oped for predicting fire behavior
and organizing the necessary fuel
and environmental factors.
BEHAVE has evolved over sev-
eral years in conjunction with the
material developed for training fire
behavior officers (course S-590) at
the National Advanced Resources
Technology Center in Marana,
Ariz. The 5-590 course progressed
from using nomograms in 1976 to
use of the TI-59 calculator in
1980. BEHAVE was designed to
utilize those same predictive tech-
niques and also those models that
cannot be run without a high-speed
computer, Complete instructions
will be available when the
BEHAVE users’ manual by
Andrews, Burgan, and Rothermel
is completed.

Limitations

The fire model used in
BEHAVE is primarily intended to
describe steady-state fires advanc-
ing along a front. The model was
designed for fires in uniform con-
tinuous surface fuels within 6 feet
of the ground and contiguous with
the ground. Typical of such fuels
are grasses, litter, shrubs, dead and
down limbwood, and logging
slash. The prediction methods in
BEHAVE do not apply to smol-
dering combustion such as occurs
in tightly packed litter,

Severe fire behavior such as
crowning, spotting, and fire whirls

is not predicted by the fire model.
Nevertheless, the onset of severe
fire behavior can be inferred from
the fireline intensity of the surface
fire and the character of the over-
story. BEHAVE does have the
capability of calculating the maxi-
mum probable spotting distance
from torching trees or burning
piles of wood. A method for pre-
dicting the maximum probable
spotting distance from running sur-
face fires will be added later.

The outputs produced by
BEHAVE describe the behavior
at the head of the fire, where the
fine fuels are assumed to carry the
fire, Backing fire or flanking fire
on slopes and in crosswinds can
also be described with models not
previously available, The burnout
of fuels, usually large fuels and
tightly packed litter, behind the
fire front is being studied and wiil
be included in the system later,

It is assumed that the fire has
spread far enough so that it is no
longer affected by the source of ig-
nition. Therefore, the system is
of limited use in predicting behav-
ior of prescribed fires, where the
pattern of ignition is often used
to control fire behavior. Neverthe-
less, the predictions have been
found to be useful in planning pre-
scribed fires by assessing the free-
spreading fire potential both
inside and outside of the proposed
burn area.
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How BEHAVE Has Been Tested
Testing has been conducted on
internal models and on the system
as a whole. Andrews (3) compiled
the results of several tests on the
fire model. Norum (9) tested the
spread prediction system as pack-

aged for fire behavior officers.
Simard and Main (/2) have tested
methods that support adopticn of
the Canadian method for predict-
ing fuel moisture in fine fuels.

Rothermel and Rinehart (/1)
have prepared guidelines for use by
field practitioners for testing and
analyzing fire behavior data. These
data may be used to test predic-
tions made with nomograms, the
TI-59, or BEHAVE.,

To be accepted by the Forest
Service Computer Systems Coordi-
nating Council, a new system must
undergo a prescribed order of
tests. Accordingly, BEHAVE was
tested by 29 users from various
agencies, States, and universities
during the summer of 1982, Feed-
back from the development test
has resulted in changes to
BEHAVE (5). A pilot test was
conducted during the summer of
1983 by all Forest Service regions
except region 10, by the National
Park Service, Bureau of Indian
Affairs, Bureau of Land Manage-
ment, three agencies of the U.S.
Department of the Interior, and six
States. The pilot test examined the
performance of BEHAVE in oper-
ational situations and the problems
of installing it on other computers,

Deficiencies found during the pilot
test are being corrected before it is
released for field use. Assuming
acceptance with minor revisions,
BEHAVE should be operational by
the summer of 1984,

Applications

BEHAVE is a general purpose
program that may be utilized
whenever an assessment of fire
potential is needed. During devel-
opment tests, fire specialists and
fuels specialists have found it easy
to use and especially helpful for
preparing operational guidelines
for initial attack and prescribed
fire plans tailored to their local
fuel and weather conditions. This
type of operational planning for
both wildfire and prescribed fire
is expected to be a major use of
BEHAVE. Since 1976, the meth-
ods available in BEHAVE have
been adapted for many purposes.
A brief explanation of some of the
applications may be helpful.

Large Fires. BEHAVE can be
used to assess fire behavior for the
immediate future or to plan the
next day’s activities on a fire that
has escaped initial attack, The pro-
cedure is described in the section
titled **The Fire Prediction Pro-
cess”” of Rothermel’s (10) fire
prediction manual.

Dispatch, BEHAVE offers a
dispatching option for estimating
fire size and containment time. We
do not expect our program to meet

the needs of all dispatching offices.
The source and amount of infor-
mation on fuels, topography,
weather, and fire starts varies
among dispatching organizations.
We do believe, however, that the
routines required for assessing ini-
tial fires and expected fire behavior
are available in BEHAVE.

Prescribed Fire. BEHAVE can
be used to define a range of
acceptable burning conditions for
prescribed fires and for assessing
fuel and weather conditions as
burn time approaches, It may be
used to estimate the behavior of a
potential escaped fire in contin-
gency plans. Care must be used
in estimating fire behavior within
the burn area, The systemn was
destgned 10 describe the behavior
of a line of fire free of influences
from the drafts of other fires,
Many prescribed fires are ignited
in patterns intended to control the
behavior. Ring firing, center firing,
mass firing, or strip head fires with
controlled spacing are examples.
Fires conducted for vegetation
manipulation or site treatment
may require burning prescriptions
based on factors that are not yet
predictable, such as scorch height
on steep slopes or expected mor-
tality ot shrubs and trees. Expe-
rience with and calibration of the
predictions with observed effects
in specific fuel types can overcome
some obstacles,

Planning. BEHAVE is not
designed for long-range fire plan-
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ning, but was found during the
development test 1o be useful for
operational fire planning.

The capability of building and
storing fuel models tailored for an
area will allow a manager to assess
what Is likely 10 happen under
various environmental conditions.
The effect upon fire behavior due
to planned fuel treatments can be
assessed by adjusting the fuel
model to simulate the proposed
treatment. For this purpose it is
not necessary to go through an
elaborate determination of fuel
moisture, wind, and slope. The
manager can specify a range of
these values that are wypical for the
arca and BEHAVE will produce
tables of expected fire conditions.

Moaonitoring Fires. BEHAVE, in
conjunction with a fire behavior
officer’s (FBO) procedures, is
especially well suited for moni-
toring and predicting the behavior
of fires resulting from unplanned
ignitions that meet an approved
prescription and, therefore, do
not require immediate suppres-
sion action. Experience on the
Independence fire in Idaho in
1979 demonstrated the usefulness
of anticipating the day-by-day
movement of a large fire burning
under prescription conditions for
several weeks in rugped mountain
country, The Forest Service cate-
gorizes these fires in planned areas
as a prescribed fire from an un-
planned ignition, Most agencies
permit such fires to burn, provid-

ing all fire behavior variables re-
main within the prescription devel-
oped in an approved plan. Pre-
scribed fires in this category <ome
closest to matching a wildfire situ-
ation. Control activities, if any,
are usually confined 1o protecting
boundaries or improvements. Ad-
ditional ignitions are usually not
made. Because these fires may
span several burning periods, they
offer excellent opportunities for
both predicting fire behavior and
verifying the prediction methods.
Training. BEHAVE should be
very helpful for teaching the inter-
actions between fuels, weather,
topography, and fire behavior at
all levels of training. It should be
especially helpful for studying the
effect of fuel composition on fire
behavior. One of the programs in
BEHAVE produces graphs illus-
trating the effect of input variables
upon the behavior of the fire.

How BEHAVE [s Accessed

During the pilot tests, BEHAVE
has been installed on several com-
puters, Fort Collins Computer
Center, two minicomputers at the
forest level, one minicompuler in
Region 5 South Zone, and at
one university. Access was limited
during the pilot test. For opera-
tional use within the Forest Ser-
vice, we expect to use FLIPS (For-
est Level Information Processing
System), a system of intercon-
ne¢led minicomputers. We are

working with other Federal agen-
cies and States to make it available
on their computers. The BEHAVE
programs are written in ANSI
X3.9 FORTRAN and are quite
large. (The largest program is 240K
bytes.)

Conclusion

BEHAVE is no subsfitute for
expericnee, but by coupling experi-
ence with a systematic prediction
method, BEHAVE will benefit the
effective implementation of new
concepts in fire management. The
Aviation and Fire Management
staff in the USDA Forest Service
Washington, D.C. office is respon-
sible for implementing BEHAVE.
Questions regarding access and
training should be directed to that
office.
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NIIMS Simplified:
Perspective

Pat Ebarb

The Texas

Head, Fire Control Department, Texas Forest Service,

Lufkin, Tex.

The Texas Forest Service (TFS)
provides intensive fire protection
to 22.4 million acres of land in
east Texas. This job is accom-
plished by a relatively small organ-
ization with limited resources and
flexibility. The TFS relies heavily
and formally upon local coopera-
tors when fire business is above
normal.

To meet the operational chal-
lenge of protecting such a large
area with limited people, equip-
ment, and funding, the TFS has
evolved a fire management system
based on the following elements:
personnel, including recruitment,
training, and certification; a con-
cept of operations; readiness and
hazard rating; detection, alarm,
and reporting; communications
and dispatching; and equipment.

All of these elements are essen-
tial to successful rural fire manage-
ment. Personnel and equipment
are operationally inseparable and
demand most of the fire budget.
So, the efficient and economical
management of operations, readi-
ness, detection, and communica-
tions is crucial to rural fire
agencies in these times of tight
budgets.

The TFS system borrows heavily
from and closely resembles the
National Interagency Incident
Management System (NIIMS).
The NIIMS concept has been
largely promoted as a disaster-
response mechanism. However, it
offers its principal benefits for
day-to-day fire operations, partic-

ularly in States where major fire
disasters are rare.

Like NIIMS, the TFS system
provides for an orderly buildup in
phases as the fire problem builds
in complexity. However, Jocal fire
management terminology has been
retained by the TFS. Adoption of
NIIMS terminology is being
studied.

The TFS system assumes that
the initial attack will eventually
fail. At that point, the suppression
effort must be reorganized, and
forces must be increased within a
set of priorities. The TFS system
bridges the gap between failure of
the initial attack and the ponder-
ous, historic reaction to a full-
blown disaster.

The TFS system recognizes five
operational phases from ‘“‘normal”’
through *“1V.”’ Conditions for
each phase are identified and
operational requirements are pre-
scribed in the chart.

The TFS training scheme is com-
posed of three levels of training;
each requires 30 hours of class-
room instruction and successful
completion of a fire simulator test
problem. The basic fire training
course congentrates on normal
containment situations and phase |
fires when initial attack has failed.
The intermediate level emphasizes
concepts and technigues needed on
phase 11 fires. The subjects of the
TFS's advanced fire training are
extended attack situations in phase
[l fires and multi-agency com-
mand incidents in phase IV fires,

Much of the classroom work is
devoted 1o case studies of specific
Texas fires. Trainees are taught
to recognize the conditions and
requirements for making the
transition from lower to more
complex operational phases.

Once line and fire staff officers
met and agreed upon the basic
TFS concept, the fire control train-
ing committee developed training
materials and curriculum and
trained Texas field personnel.
The TFS is now training forest
industry cooperarors and will
eventually train key volunteer
fire departments.

Maost managers of rural fire pro-
tection programs must concern
themselves with protecting large
areas with limited resources in
these times of tight budgets. We
believe that the TFS version of
NIIMS enhances TFS’s ability to
work with cooperators 1n @ more
professional way and provides
better rural fire protection in
Texas.
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The Texas Forest Service Fire Management System

Fire phase Strategic positicn Conditions Operational requirements
Normal Offensive & Aggressive. close-up atiack ® Fire boss is first firefighter (technician)
¢ Fire is small. two-dimensional responding
& One or two firecrews involved e Usual for containment: attack head:
® Three firefighting objectives met at once: establish line. backfire
life and safety: & Quick mop-up, reposition
containment:
final supprassion.
| Oftfensive e [nitial attack taiis and several other ® Fire boss is first firefighter (technician)
attempts fail responding
e Fire is more inlense ® Fire boss formally deciares fire phase | to
¢ One (o five crews involved crews on fire and dispatcher in area office
* Span-of-control (management of e Usual for containment: attack head:
firefighters) running smooihly eslablish double line, backfire
e Emphasis on containment e Observers in plane overhead desirable but
e Most of firecrews on head, some on flanks, optional
but all working on fire
o Fire boss assessment: rapid control seems
possible
H Offensive/defensive o Fire is uncontained, free-burning o Fire boss is a lirst-line supervisor (district
o Fuels:weather the same or worse technigian) or above
o Five or more crews avaiiable or dispatched { o Fire boss formally declares fire phase Il to
(including cooperatars) crews on fire and dispatcher in area office
o Fire behavior erratic: may be crowning ® Modification to criginal plans
e Change in span-of-control: fire boss does o Designation of sectors: division of fire
not know where the head of fire is, ar oerimeter: assign secior boss(es) crews
where the firecrews are e Cbserver in plane overhead required
e Fire boss assessment: considering elapsed
time between first attack and the failure to
contain fire, strategy should change
H Detensive/ofiensive e Fire is larger, complex ® Fire boss is a middle manager
® Fuelsiweather the same or worse (administrative officar, district forester) or
® Uncontained second day afier ignition above
{second-period fire) ® Fire boss formally declares fire phase Il to
e Fire is being managed by a single crews on fire and dispatcher in area office
jurisdiction # Organization becomes mare formal
® Span-of-control is stabilized and holding, e Fire boss establishes headquarters/
waiting for additional resources 1o arrive command post
e Divisions are established
@ Larger support staff and more rescurces
are reguired
® Fire cache and communications van used
e lLarge Fire Frequency used for radio
communication
I\ Defensive ® Fire is large, complex, uncontained ® Fire is managed by multi-agency command
e Fuelsweather the same or worse team
® Fire is being managed by more than one ¢ Fire boss is an area forester or above
jurisdiction—mare than one agency ¢ Fire boss formaily declares fire phase IV to
involved crews on fire, dispatcher in area office,
o Fire poses grave threat to lives, property. agencies involved
resources. all-out disaster e Organization is highly complex
® Specific headguarters are set up
& TFS overhead fire tleam
# Fire cache and communications van used
o Large Firg Frequency used for radic
communication i
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Update: USDA Forest Service Fire

Reports

Linda R. Donoghue and Donna
M. Paananen

Research Forester and Technical Writer, respeciively,
USDA Forest Service, North Central Forest Experi-

ment Station, East Lansing, Mich.

Did you know that at one point
up to 700 entries were possible
on the USDA Forest Service fire
report, and almost two-thirds of
the items on the current form date
back to the 1920°'s or earlier? 1T
you've ever filled out a Forest
Service Individual Fire Report,
you've probably thought about the
reporting process—ithe length of
time it requires, how good the
information is, who uses the data,
and the like, You also probably
came up with some good ideas for
changing the reporting system 10
make it casier 1o use.

We conducted two studies 10
trace the history and describe the
current status of Forest Service
wildfire reporting. The results of
these studies should aid those
responsible for making changes in
the Forest Service wildfire report-
ing system in the future,

What We Found in the First Study

From looking at Forest Service
fire reports issued cach decade
since 1905, we learned that the
content and design of the current
Individual Fire Report, Form
5100-29, are based largely on his-
torical precedent. More than half
of the items have been reported
continuously for 60 years or more,
and nearly all of the remaining
have been on Forest Service fire
reports tor 20 to 40 years. Only
1wo items are unique 10 the cur-

rent form—watershed number and
value class al origin,

Because fire control and fire pre-
vention planning in the Forest
Service is based in part on fire
report information, reliable data
from the 5100-29s are essential.
Managers often question the relia-
bitity of fire report information,
however, indicating a lack of
confidence in some of the report
entries and resulting data sum-
martes (/, 2, 3).

We surveyed people who fill
out the 5100-29's on 62 ranger
districts in region 9 and found that
most of them had much confidence
in the accuracy of their fire report
entries. They considered data
reported on equipment/personnel,
fuel/site descriptions, and fire
times the most reliable; but
expressed less certainty in data
entries for acreage/timber
destroyed, fire danger/weather,
value of resources damaged or
destroved, and fire causes.

In this survey, we also found
that:

® reporls were usually ready for

an approving officer’s signa-
ture within a day or two afler
the fire;

® the total time spent investigat-

ing a fire cause, collecting
information, and filling out
the form ranged from 30 min-
utes to 26 hours, with a
median time of 3 hours; and

® nearly half of the reports had
coding errors that escaped
detection. These errors were
concentrated mostly in the
areas of fire times and cover
and fuel types—areas in which
the information was consid-
ered highly reliable.

In another part of this study,
we learned that people with fire-
reporting responsibilities generally
have a variety of attitudes and
opinions about the 5100-29 that
may affect the guality of fire
report information. For instance,
more than half of those inter-
viewed had a positive attitude
toward the form because it sup-
plied valuable data and was sim-
pler Lo complete than the form ir
replaced. Most of the people felt
the 5100-29 had a useful pur-
pose—to supply information that
would aid managers ai various
administrative levels and also to
fFacilitate research, fire planning,
fire prevention, and historical data
analysis. Even though they feit
that the 5100-29’s were important,
however, they didn't use much of
the information at the ranger dis-
trict level. A few of the items were
used primarily 1o determine fire
occurrence patterns and as an aid
1o fire planning and fire preven-
tion. They were used less ofien as
input into law enforcement analy-
ses and court cases and in fire-
danger assessment.
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One-fourth of the people we
interviewed were dissatisfied with
the 5100-29 for the following
reasons, listed in descending order
of importance. First, it requires
a great deal of time and effort to
complete; second, it contains
ambiguous and useless items;
third, the format and coding are
complicated and confusing; fourth,
the form design impairs readabil-
ity; and, finally, some fire report
entries are inaccurate because it’s
difficult to reduce complex events
into simple codes.

Those involved directly with [lire
reporting are in an excellent posi-
tion 1o identify problems with the
wildfire report and to recommend
changes. Of the 87 percent who
said the 5100-29 needed improve-
ment, most suggesied revisions in
form content and design. Some of
the specific changes they suggested
include the following:

¢ Reducing the number of llems
reporied for Class A and B
fires.

® Consolidating fire causes and
redesigning them to reflect
actual field situations.

® [ncorporating degrees of cer-
tainty with difficult-to-measure
variables such as fire cause.

* Consolidating the most impor-
tant information in one area
on the form.

© Redesigning the form for casy
typing—the report should be
on one side only, with proper
spacing, item sequencing, and

directions that eliminatc the
use of a template.

Because many people were dis-
satisfied with the Forest Service
fire-cause classification system,
we conducted a second study to
identify problems with the system
due to its historical development
and to suggest some alternatives,

What We Found in the Second
Study

The current Forest Service fire
report contains four cause-related
items (statistical cause, general
cause, specific cause, and class of
people) that evolved, with very few
changes, from the reporting system
implemented in 1905. Although
this lack of change has ensured
consistent fire report data, it has
also perpetuated a major problem
of overlapping and repetitious
fire-cause categories.

Because the categories are not
mutually exclusive, people can
classify a particular wildfire cause
in a number of different ways, all
of which could be correct. For

instance, a dump fire set by an
unidentified person is reported in
region 9 using seven different
cause and class-of-people conibi-
nations {table 1). Part of this prob-
lem is due to statistical and general
causes that include categories of
people (such as children, resident),
activities involving intentional
fire use {such as debris-burning,
incendiarism), and recreation or
work-related activities accidentally
causing wildfires (such as timber
harvest, hunting). Class-of-people
categories, also not mutuvally
exclusive, add to this problem,
The broad and repetitious nature
of fire-cause categories compounds
the problem of overlapping ones.
A classic example of this problem
is the use of “‘Miscellaneous-Other-
Other-Other’” to describe a known
fire cause. With such a system,
information about the fire cause
that may be essential to a fire pre-
vention program is either sub-
merged in these broad, repetitious
categories or not reported at all,
The lack of adequate methods
for indicating the reliability of

Table 1—Classifications of dump fires used in region 9

Statistical General Specific Class-of-
cause cause cause people
1. Incendiary Incendiary Burning dump Local permanent
2. Incendiary Incendiary Grudge Local permanent
3. Debris burn Other Trash burning Visitor
4. Debris burn Resident Burning dump Local permanent
5. Debris burn Incendiary Trash burning Local permanent
6. Debris burn Gther Burning dump Local permanent
7. Miscellaneous Resident Burning dump Local permanent
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fire-cause data is another major
reporting problem (2}. With no
“unknown’’ category available,
an unknown cause 15 typically
classified as a smoking, incendi-
ary, or miscellaneous wildfire.
Because reporters cannot indicate
the reliability of fire causes

{both known and unknown causes
are given equal weight), the accu-
racy of the data is often question-
able. Such data may lead to
erroneous assumptions about fire
prevention problems.

Two possible remedies would be
to modify the current system or
adopt a completely new one. The
first alternative would ensure his-
torical data compatibility., With
a few improvements {such as
including “‘certainty of cause”
categories, expanding categories,
analyzing and standardizing
reporting procedures for a given
fire cause), some of the problems
discussed earlier could be elimi-
nated and data reliability could be
increased. The second alternative,
adopting a new reporting system,
may also be beneficial. One
method, called the *‘Building
Block’’ system, was recently
proposed by State and Federal
land managers,

No fire-cause reporting system
will ever be perfect. But when
deciding which system to use, fire
managers must consider the infor-
mation they need, the level of reso-
lution they desire, and the degree
of error they are willing to accept.
These factors must also be weighed
with the current drive to adopt a
standardized State and Federal
fire-cause reporting system and
with the desire to maintain histori-
cal data compatibility,

For complete analyses of the
studies mentioned here, consult
Linda R. Donoghue’s *‘The Histo-
ry and Reliability of the USDA
Forest Service Wildfire Report,”
Research Paper NC-226; and
“Classifying Wildfire Causes in the
USDA Forest Service; Problems
and Alternatives,”” Research Note
NC-280. Both are available from
the North Central Forest Experi-
ment Station—1992 Folwell Ave-
nue, St. Paul, MN 55108.
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Radios and Data Transmission:
Computers in the Field

Marvin T. Storey

Electronics Engineer, USDA Forest Service, Computer
Sciences and Telecommunications Staff, Forest Ser-

vice Electronics Center, Beltsville, Md.

In the past 10 years, several
computer data systems have been
developed to support fire suppres-
sion efforts. In order to take full
advantage of these computer-based
systems, portable computers and
portable terminals are needed in
the field. Recognizing the need for
portable equipment and the poten-
tial benefits to improved fire-base
communications, the USDA Forest
Service Electronics Center investi-
gated the feasibility of using radio
and radio-telephone circuits with
portable computer equipment.

Several problems in using radio
and radio-telephone circuits were
addressed in the Electronics Cen-
ter’s investigation:

® Crowded radio frequencies
often have little extra air time
for increased traffic.

#® The unavailability of addi-
tional very high frequency
(VHF) and ultra-high (UHF)
radio frequencies that can be
reserved for fire cache type
use,

® The limited or complete lack
of telephone service in many
areas where fire camps are
established.

® The continuing need for a hard
copy record of the information
that has been transmitted and
received.

Two test projects were under-
taken at the Electronics Center.
The first project was to study the
problems associated with transmit-
ting American Standard Code for

Information Interchange (ASCII)
coded data between standard com-
puter terminals over standard
Forest Service radio circuits. The
second project was to study the
problems associated with transmit-
ting the same type of data through
telephone facilities using full
duplex UHF radio circuits. Both
projects considered only portable
type equipment,

The approach was first to estab-
lish gencral requirements, and then
to review the marketplace for com-
mercial equipment. Nothing was
found commercially available for
the first project, although several
manufacturers were conducting
similar tests and several wanted 1o
design, test, and build to written
specifications, The second project
was easier. There were several
manufacturers producing rural
telephone systems. This allowed
for the purchase of a UHF full
duplex radio system with auto-
matic telephone interface to sup-
port the tests.

Data Transmitted via YHF Radio

The first project, computer (er-
minals and Forest Service radios,
involved designing, building, and
testing two interface/control boxes
and modifying two old 300-bits-
per-second (bps) commercial mo-
dems. Special adapter cables to in-
terconnect the various pieces of
equipment were also prepared. The
heart of the system is a relatively

! \
o

UHF radio-telephone system: telephone line
interface unit.

simple interface/control box, It
matches the radio receiver output
and the transmitter input to the
modem. [t senses when the compu-
ter terminal operator presses a key
and automatically switches every-
thing to transmit condition, It
switches the modem between origi-
nate and answer modes. It sets a
timer to hold the system in trans-
mit for 7 to 10 seconds following
the last keystroke, and it automat-
ically switches back to a receive
condition.

The equipment required a( each
end of the circuit includes a stand-
ard ASClI/teletype (TTY) com-
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puter terminal, a portable packset
radio (A Motorola PT300 was used
in this rest), an interface/control
box, a 300-bps modem with origi-
nate/answer, and interface cables.
The terminal and modem used for
the iests required 110 volts AC
power; however, battery-powered
equipment is available, The radio
and interface/control box had self-
contained battery power. Installa-
tion and setup requires that the
radio be located at least 10 feet
from the other equipment to mini-
mize radiofrequency (RF) radia-
tion on the modem.

Operation requires ““keying’” in
at least two carriage returns and
one line feed on the terminal to
give the equipment time to switch
{0 a transmit condition and set the
receiving equipment at the start of
a new line. The desired message
may then be typed. When the
transmission is complete or the
operator stops keying data for-7
to 10 seconds, the equipment will
automatically switch back 1o
receive. Operation of the remote
unit is conducted in the same man-
ner. Tests using Execuport 300
terminals and both point-to-
point and repeater radio circuits
were conducted. The transmission
speed was 300 bps. Signal-to-
noise measurements of weak signal
capabilities were surprising in
that errors were not observed until
a substantial nioise level was intro-
duced (0.3 microvolts (uv) signal
into a receiver requiring 0.4 uv

for 20 decibel (dB) quieting).
While it is hard to estimate actual
transmission range because of
varying terrain, elevation, and
other on-site factors, it 1s felt
that low-speed (300 bps) data
transmission can be effective

over any VHF circuit capable

of reasonably good voice quality.
The only problem noted was

that the receiver squelch burst

at the end of each transmission
caused the terminal to print a few
unwanted characters. This can
probably be corrected with new
modems or tone-controlled
squelch,

Data Transmission via UHF
Radio-Telephone

The second project, the UHF
full duplex radio-telephone circuit,
involved testing various configura-
tions of existing computer terminal
and radio equipment through both
good and poor telephone circuits.
The tests used both the Texas
Instruments Silent 700 and the
Execuport 300 terminals with
built-in modems and a standard
telephone set connected to the
radio. The transmission speed was
300 bps.

The radio equipment manufac-
wrer designed and adjusted the
receiver squelch and control cir-
cuits to react only to both a speci-
fic tone and a high quality signal
(0.8 uv signal providing full inter-
mediate frequency (1F} limiting).

e ) .
VHE radio-date system. (Control box in
center of photo.)

The system proved it was capable
of providing error-free data trans-
mission during poor signal condi-
tions. 1t was found that as long as
the system could hold the tele-
phone line open, accurate data
transmission was possible. It is
recognized that data transmissions
could be made with weaker sig-
nals but, in the interest of accuracy
both in dialing and in transmis-
sion of data to a computer, it is
felt that the buili-in strong signal
safeguard is warranted. These
tests indicate that the system, as
set by the factory, is designed to
prevent dial tone to the user

unless the signal is strong enough
to guarantee error-free touch-
tone dialing. This provides a
reasonable guarantee that there
will be error-free data transmission
over the radio portion of the cir-
cuit. Additional tests indicate that
matching the interconnection
between radio equipment and tele-
phone lines is not particularly criti-
cal. One of the local telephone cir-
cuits used in the tests is similar to
the long-haul rural lines often
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encountered in operational sys-
tems. The other circuir used was a
“tuned’’ data line. The system
funciioned well on both lines with
no adjustments.

Conclusion

Both projects provided the cen-
ter with enough positive results 10

warrant their being considered for
actual operational tests. The UHF
radio-telephone data system could
be implemented in a fire cache-
type operation; with a minimum of
packaging design, The VHF radio
data systermn would require replace-
ment of modems with current mar-
ket models and a new housing to

hold both modem and interface/
control board circuits. At this
time, the UHF system is being
prepared for operational tests
controlled out ot the Boise Inter-
agency Fire Center (BIFC), and
the VHF system is getting modem
and housing changes. I
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Producing a Prescribed Crown Fire in
a Subalpine Forest with an Aerial Drip

Torch

P. M. Woodard, J. A. Bentz, and
T. Van Nest

Associate Professor, Department of Forest Science,
University of Alberta, Edmonton, Alberta, Canada;
Forester gnd Fire Behavior Officer, respectively,

Alberta Forest Service, Edmonton,
Alberta, Canada,

Although prescribed burning is
recognized as an important (ool in
the management of forested stands
{(5), there are few documented pre-
scribed burns on which to base
management decisions or strategies
(10y. This paper describes a pre-
scribed crown fire that was ignited
using a Simplex helitorch. It
describes the justification for
burning, the fuel, the weather
and site conditions before burning,
the burning prescription, the
ignition pattern, and the effects
of burning using the Canadian
Forest Fire Weather Index (9, 11},

The techniques and procedures
used in developing a fire prescrip-
tion are adequately discussed by
Martin and Dell (6). Generally,
given specific management objec-
1ives for an area, a fire boss con-
siders how weather parameters
affecting fire behavior can be com-
bined with various fuel conditions
and the existing topography to
produce desired results. Also, it is
generally accepted that ignition
procedures may, at times, compen-
sate for slight variations in fuel
and weather conditions that are
not *‘within prescription’’ (6). For
example, a fire boss may reduce
the distance between strips when
igniting a strip head fire if the
actual windspeed is a little higher
than prescribed. Another general
approach in developing a pre-
scribed fire plan is to consider how
a fire will behave as il progresses
from a surface fire to a ground or

crown fire (usually the litter fuels
are ignited first). Considering fire
behavior as it proceeds is done
even if the unit is to be ignited
from the air.

The Area and Objectives

The Ram Mountain study area,
the site of the burn, is located on
the east side of the Rocky Moun-
tains approximately 60 kilometers
(37 mi) west of Rocky Mountain
House, Alberta {latitude 52°22'N,
jongitude 115°48 'N). This area
supports a resident population of
about 100 Rocky Mountain big-
horn sheep (Ovis canadenis). The
Alberta Department of Energy and
Natural Resources, Fish anid Wild-
life Division, Wildlife Research
Branch, believes tree invasion on
these high elevation slopes may be
limiting the size of the sheep popu-
lation on this mountain. A pre-
scribed burn was planned to
increase the carrying capacity of
this range for sheep. A high inten-
sity crown fire was prescribed
because the major goals were to
kill the overstory tree cover with-
out significantly affecting the
shallow soil profiles. Soils on this
site are primarily Brunisols on the
downslope edge of the burn unit
and Regosols towards the top. The
organic profiles of litier, partially
decayed litter, and humus is very
shallow throughout most the burn
unit. The specific burn objectives
were the following:

® Eliminate 90 percent of the
overstory spruce and fir
canopy cover.

® Top kill 90 percent of the
shrubs.

® Remove less than 40 percent of
the duff layer.

¢ Expose less than 40 percent of
the mineral soil.

® Reduce down-and-dead fuel
loading by 80 percent for
1-hour time-lag fuels (fuels less
than 0.635 cm (0.25 in) in
diameter); 60 percent for
10-hour time-lag fuels (fuels
0.635 to 2.54 ¢m (.25 10 | in)
in diameter); and 20 percent
for 100-hour time-lag fuels
(fuels 2.54t0 7.62cm (I to 3
in) in diameter).

Site Conditions, Strategy, and
Methods

An 18-hectare (44-acre) stand of
mature white spruce (Picea glauca
{Moench) Voss) was selected for
burning because conditions in this
stand were representative of subal-
pine forest associations at this ele-
vation on southwest facing siopes
{table 1). Also, the area burned is
bordered on the west, north, and
east by rock-covered slopes at least
400 meters (1,312 1) wide, reduc-
ing the costs involved in establish-
ing a fireguard around the unit.
Only 150 meters (493 ft) of hand-
line needed to be constructed to tie
into an existing riverbed 3 to 3
meters (9.8 to 16.4 1) wide to
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Table 1—Conditions fpre- and postburn) of subaipine forest stands on Ram Mountain burn

consume ground fuels, particu-

] |
sue larly if these layers were still wet
Fuel Average fuel loading (t/ha) (duff moisture content and
diameter Reduction drought code values less than 30)
class Blowdown area Undisturbed plots (4). The droughty conditions com-
cm Preburn Postburn Preburn Postburn Percent monly found in the spring produce
<0.64 88 07 1.18 .03 95 the desired conditions. At the time
0.65-2.54 6.34 40 4.89 16 95 ol burning, snow remained on
2.55-7.60 5.06 41 2.97 63 47 sheltered sites and where drifting
>7.6rotten 58.11 12.33 27.20 83 86 )
>7.6 sound 51.39 6.87 12.88 14.04 61 had occurred over the winter,
Total 121.78 23 78 49.12 15.79 76.8 although the burn unit was snow

' Average fuel loading {tfha) measurements were taken at Six permanent sites in the blowdown arga and ning
permanent sites on undisturbed plots to insure that all slope positions were represented.

complete the fuelbreak. The slope
of the unit averages 42 percent but
ranges from 25 percent at the
lower elevation (1740 m (5,708 ft))
to 55 percent al the highest eleva-
tion (1950 m (6,397 f1)).

The fuel loading, continuity, and
condition varied significantly from
the bottom to the top of the unit
{table 2). Generally, the highest
surface fuel loadings were found

free. Fuel moisture samples were
collected from the upper and lower
slope positions at 1400 hours and
1650 hours on the day of the burn
(May 30, 1983). The fuel moisture
content of dead aerial fuels
(greater than 2.5 cm (1 in) in diam-
eter), live aerial needles (mature),
and down-and-dead litter and duff
{greater than 2.5 cm (] in} in

if live tree crowns could be ignited
without the aid of surface fuels.
We hypothesized that upslope
winds in combination with the
steep terrain features of this site
would produce a fast-spreading
crown fire (table 3) that would not

Table 2-—Average down-and-dead fuel loadings before and after burning for the Ram Moun-
tain prescribed burn site

Actual weather data

on the lower 40 percent of the unit Variables Prescription Baldy Baseline
where high-speed winds had blown Lookout ' Lookout
over a large proportion of the Weather

trees. Surface fuel loadings were Temperature {°C) >18 17 17
not considered adequate to sustain Relative humidity {%) 25-45 33 33

a crown fire throughout the other igpitlonhme (h) 1300-1800 1729 1729
60 percent of the unit because of Windspeed (kmih) &

p — direction <18SW 11 5-SE 11S-SE
the poor fuel continuity 31.0“8 the Season of burn spring spring spring
horizontal plane and the light Fire
down-and-dead fuel loadings. Fine fuel moisture code 285 90 a1t
Down-and-dead ladder fuels were g:’;f ;nrﬂlf::)lgg code fgg 22 g;

. - u >
absent, but ll‘ve tree crowns did Initial spread index S0 10 12
extend almost to the ground on Buildup index —_ 28 31
most stems. Fire weather index 15-25 16 20

In our opinion, a high-intensity " Elevatlonis 2,025 m,
crown fire could be achieved only * Elevation is 1.890 m.
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Table 3—pPrescribed and acrual weather data (ar 1700 ft on 30 May [983) for the Ram Moun-
win presceibed burn, as well as Canadiun Forest Fire Weather Indices pertinenit ro the fire

Conditions Blowdown Undisturbed piots
Preburn Postburn Preburn Postburn
Basal area live stems 11.8 57 319 0.5
{m 2fha)
Snag density {stems/ha) 127 743 156 1772
Live tree density 658 308 1101 46
{stemsiha)
Mean litter depth (cm) 2.27 .20 1.16 0.0
Mean duff depth {cm) 7.33 493 3.64 2.25
Shrub cover (percent) 2 4.02 T? 3.24 T?
Racky or mineral soii 10.63 16.09 10.59 14.39

exposed {percent)

' Measursments were taken at six permanent sites in the bliowdown area and nine permanent sites on undis-
turbed plots te insure that all slope positions were represented.
2 A field survey 2 months after burning found shrubs are now resprouting,

*T = trace or < 1 percent.

depth) at the top of the unit was
11.9 percent, 92.4 percent, and
88.9 percent, respectively. At the
bottom of the unit these values
were 6.1 percent, 85.5 percent, and
34.1 percent, respectively, Fuel
moisture contents were determined
using a COMPU-TRAC fuel mais-
ture meter (8).

Weather data collected at Baldy
Lookout (elevation; 2025 m (6,643
f1)) 27 kilometers {16.75 mi) north-
west of the burn site and Baseline
Loockout (elevation: 1890 m (6,200
f1y 35 kilometers (21.75 mi) to the
southeast were used to calculate
the Canadian forest fire weather
indices (3) required to validate the
burning prescription. Onsite
weather data were collected on the
day of the burn. A Campbeil
Scientific Micrologger located 40
meters (131 fu) from the top edge
of the burn unit recorded, calcu-
lated, and stored hourly averages

of windspeed and direction from
readings taken at 1-minute inter-
vals. Temperature and relative
humidity measurements were
taken once every hour on the hour.
Down-and-dead roundwood
fuels were inventoried at 15 perma-
nently marked sites, which were
systematically located throughout
the burn unit so that all slope posi-
tions were represented. Fuels less
than 7.6 centimeters (3 in) in diam-
eter were inventoried along a
6-meter-long (20 ft) line by use
of planar intersect procedures
described by Brown (/) for natural
fuelbeds. The 6-meter-long plane
was extended to 9 meters (29 fi)
for inventorying fuels greater than
7.6 centimeters (3 in) in diameter.
Duff and litter depth measure-
menis were taken at five predeter-
mined locations along, but at least
one-third of a meter (1 ft) from,
the plane.

The basal area of live stems,
snag density, live tree density, and
the percentage canopy cover of
shrubs was estimated from data
collected in a circular plot with a
10-meter (32 ft) radius (.03 ha
(0.07 acres)). The center of this cir-
cular plot was located at the mid-
point of the 6-meter-long (20 f1)
fuel plane.

The percentage cover of exposed
rock and mineral soil was esti-
mated for each of 20 subplots
{one-third of a meter x one-third
of a meter {1 ft x 1 ft) nested
along the 6-meter-long (20 ft) fuel
plane.

Acerial ignition was selected for
safety reasons afler considering the
size of the burn area and its steep-
ness. The Simplex helitorch was
chosen because we wanted the igni-
tion fuel to be intercepted by the
tree crowns where it would stay
and provide relatively long burn-
out time. We did not know how
much heat or residence time {(burn-
out time) would be required to
ignite the tree crowns or the large-
diameter, down-and-dead fuels in
the blowdown area.

A strip head fire ignition pat-
tern, starting at the top of the
unit, was used to ignite the stand.
Over 90 percent of the unit was
ignited with a Simplex helitorch
with a 33-imperial-gallon {150 liter)
capacity, using a standard mixture
of Alumagel (M-4 fuel thickener)
and gasoline (approximately 3 kg
(7 1bs) of M-4 thickener per 33
gallons of gasoline). The gel/gas
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mixture was applied at a speed of
approximately §6 kilometers per
hour (35 mi/h). Drop heights
varied from 23 to 30 meters (75 to
100 f1) above the trees which were
9.1 10 18.3 meters (30 to 60 ft) tall.
Distance between strips varied
from 75 meters (246 ft) at the top
of the unit to 125 meters (410 ft)
at the base. The lower 10 percent
of the unit was ignited using drip
torches and fuses. These ignited
strips followed the margin of the
fuelbreak.

Results and Discussions

Ignition of the fuels in the unit
began at 1729 hours after a delay
of over 2 hours because of high
downslope winds (greater than 30
km/h (19 mi/h)). The first strip of
fire was laid across the top of the
unit as a test of how the fire would
behave, Trees ignited by the gel/
gas mixture began to 1orch-out in
approximately 15 to 20 seconds,
Residence time for flaming com-
busticn in individual tree crowns
rarely exceeded 10 minutes. Flame
lengths were estimated to be 1- to
1-1/2-times the height of individ-
ual trees (I5 to 27 m (45 1o 88
f1)).

It was obvious from both the
ground and the air that surface
burning did not significantly con-
tribute to the crown fire behavior
we observed. Fire brands that
landed on the ground rarely spread
because of the lack of continuity in
litter fuels or the moisture content

of the surface fuels. In the blow-
down porttion of the stand, it was
obvious that significant burning
{long flame lengths and residence
times) was only occurring on or
along the overturned stems. Fire
spread was poor 1o nonexistent in
the lower portions of the unit
where fuses and drip torches had
been used to ignite surface fuels.
The ignition phase of the burn was
completed by 1815 hours. Contain-
ment of the fire was not a problem
and no suppression actions were
required,

An immediate postburn survey
(4 July 1983} suggested that spe-
cific burn objectives were met or
exceeded. Over 90 percent of all
trees within the unit were killed as
a result of burning {table 1). Those
not killed were [ocated along the
edge of the unit, particularly at the
base of the slope where hand igni-
tion methods were used. More
importantly, almost ail aerial fuels
less than 1.3 centimeters (0.5 in) in
diameter were consumed where
crowning had occurred.

All shrubs were top killed in all
but two plots (table 1), Generally,
charred stems less than 5 centi-
meters (2 in) in height were the
only evidence that shrubs once
existed in plots that had experi-
enced crowning. Live shrubs were
only found in 1wo plots where
crowning had not occurred.

Duff depths were reduced an
average of 33 percent on the blow-
down area and 38 percent in the
undisturbed plots (table 1}, How-

ever, the amount of duff that
remained was considered adequate
to sustain plant growth and to pro-
tect the mineral soil from erosion.
There was a 34-percent increase in
the amount of rock or mineral soil
area exposed after burning in dis-
turbed portions of the unit; in
undisturbed portions of the unit,
the amount of rock or mineral soil
exposed only increased by 26 per-
cent. Yet, organic malterial still
covered over 84 percent of the
ground surface area.

Surface burning did occur and
most of the down-and-dead round-
wood fuels were consumed (table
2). Surface fuel reduction was
highest in the blowdown area (80
percent reduction) largely because
this portion of the unit had the
greatest amount of available fuel.
But fuel loadings were significantly
reduced even in the undisturbed
portion of the stand (68 percent
reduction). Although the actual
magnitude of the reduction was
masked by the deposition of large
diameter materials {(greater than
7.6 ¢m (3 in) in diameter sound-
wood) which were deposited
subsequent to burning (1able 2),
Generally, the effects of burning
exceeded the goals established for
reductions in surface fuels.

Management Implications

Crown fires can be prescribed
even when surface fuel loadings
are low and ground fuels are wet if
the crowns of standing live trees
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are relatively dry and an aerial drip
torch is used as an ignition source.
In general, the principles of fire
behavior normally applied to sur-
face fuels are, in our case, applied
to the aerial fuelbed because this is
where most burning will occur
under the conditions described

in this report. The technique
described is probably most appli-
cable to subalpine areas or 10

dense conifer stands that support
very little surface fuel loadings
because of natural productivity of
the site or the age of the stand or
the tree density of the stand. The
aerial ignition device also allows
managers or scientists to burn in
the winter when snow cover would
prohibit fire spread in this surface
or ground fuel zone,

1t would appear that burning

embers carried aloft in the convec-
tion column are not capable of
igniting live tree crowns, although
we did not test for this effect. The
propagaling heat flux intensity (7)
is probably not high enough to ini-
riate a fire in a tree crown where
the moisture content is higher than
85 percent. If this assumption is
true, then the presence of high
winds need not prevent managers
from burning. In fact, high wind
conditions (greater than 20 km/h
(12 mi/h)) may be prescribed to
compensate for limitation in the
horizontal continuity in the fuel-
bed. This technique is commonly
used when burning low density
grasslands. High windspeeds can
significantly increase the fireline

intensity (2), which, in turn,
increases flame length and reduces
the distance for radiative and con-
vective heat transfer.

A Final Caution

Implementing the burning pre-
scription described here, even if
the stand, fuel, weather, and site
conditions are identical to those
described in this report, could be
hazardous. The decision to burn or
not to burn must be made by
qualified fire management officers
who have a good first-hand knowl-
edge of fire behavior and fire
effects.
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NIIMS Update
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Training That Bridges the Gap

Course material to train person-
nel qualified under existing fire
management systems for National
Interagency Incident System
{NIIMS) Incident Command Sys-
tem (ICS) has been developed by
the National Wildfire Coordinating
Group in cooperation with the
Boise Interagency Fire Center and
Firefighting Technologies Imple-
mentation Project, The packages,
which include prework, instructor’s
guide, and exercises, will be avail-
able in the fall of 1983.

Basic Incident Command System
(1-220)

Maierial for the entry level
course for all managerial positions
in the NIIMS Incident Command
System (ICS 1-220) is ready for
transmittal 1o the National Audio-
visual Center. The course material
contains new visuals and a student
workbook. 1-220 should be avail-
able for agency purchases within
the next few months.

Incident Command System Devel-
opmental Packages

Developmental training courses
for the managerial positions in the
NIIMS, Incident Command System
(ICS), in operations, planning, and
logistics are undergoing final
review. These training packages to
develop new personnel and to
move people into higher level posi-

tions are being developed through
a grant by the California Depart-
ment of Forestry Training Center.

New Source for NIIMS-1CS
Publications

The International Fire Service
Training Association (IFSTA), a
nonprofit organization dedicated
to the purpose of service to fire-
fighters, will be publishing and
distributing several NIIMS-ICS
documents.

® Operational Systems Descrip-
tion and Field Operations
Guide in a single publication
including a pocket-size Field
Operations Guide. Estimated
cost—$12.00.

* A packet of five pocket-size
Field Operations Guides. Esti-
mated cost—$10.00.

® Position descriptions by func-
tion for all positions within the
Incident Command System:
command, operations, plan-
ning, and logistics. No cost
estimate available at this time.

For additional information write
to: Customer Services, Fire
Protection Publications, IFSTA
Headquarters, Oklahoma State
University, Stillwater, Okla,
74078,

Fireline Handbook

An effort is underway to up-
date the Fireline Handbook
(National Wildfire Coordinating
Group Handbook 3) to include

the material contained in the Fire
Operation Guide (ICS 420-1).
This material is currently being
processed at the Boise Interagency
Fire Center. An interagency team
will soon be editing and format-
ting the material. This project
should be completed by the spring
of 1984,

NWCG Qualifications (Q) and
Certification (C) Working Team

The National Wildfire Coordi-
nating Group’s Q & C Working
Team is designing a guide of the
various components of the Wild-
land Fire Qualifications System.
This guide will address issues such
as physical requirements, prerequi-
site training, management and skill
positions, a flow chart for moving
through the system, and a descrip-
tion of complexity levels. The
target date for completing the\
guide is January 1, 1985.

NWCG Training Working Team

The National Wildfire Coordi-
nating Group’s Training Working
Team has an active role in the
development of training packages
in support of the NIIMS-ICS,
such as Basic ICS (1-220) Transi-
tion Training, instructor qualifi-
cations, and the development of a
system for managing documents
and pubiications.
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Research News

Satellite Imagery Used To Map
Forest Fuels

Two problems confront fire
managers assessing the risk of fire
over large geographic areas: How
to gather data economically and
how 1o obtain data detailed
enough to be useful, Researchers
at the U.S. Department of Agricul-
ture, Forest Service, Intermountain
Forest and Range Experiment Sta-
tion, may have the answer—com-
bining satellite imagery and digital
terrain data to map forest vegeta-
tion types.

Results of a pilot study show
that forest vegetalion types can
be mapped over large areas and
interpreted locally as “*fuels’” by
combining the two types of infor-
mation. The mapping systems
may substantially reduce costs over
manual inventory methods.

Reseacchers used satellite data
stored at the U.S. Department of
the Interior, Geological Survey,
and Earth Resources Observation
System Data Center in South
Dakota, a cooperator in the work.
The digital terrain data came from
the U.S. Department of Com-
merce, National Oceanic and
Atmospheric Administration,

U.S. Coast and Geodetic Survey.
Ground truth data points were
established to teach the computer
how to discern fuels from the
satellite imagery and the terrain
data. The new technique is being
used by two agencies of the U.5.

Department of the Interior—the
National Park Service, Yosemite
National Park; and the Bureau of
Land Management, eastern Oregon
and Alaska. Both agencies have
adapted the mapping system for
their own purposes.

The Intermountain Forest and
Range Experiment Station has also
published a guide for selecting
fuel models tor use in predicting
fire behavior on specific sites
where better delineation of fuels is
required. Descriptions and colored
photographs illustrate typical or
“model’” fuels. These fuel models
are being used in training sessions
for forestry professionals spon-
sored by the Interagency National
Wildfire Coordinating Group.

Research Explains Odd Fire
Pattern

Narrow strips of unburned tree
crowns a mile long are sometimes
left in the wake of crown fires
on level terrain. Often, the trees
in the strips are unburned, but
the ground is black. Scientists at
the North Central Forest Experi-
ment Station of the USDA Forest
Service theorize that air movement
in “‘horizontal roll vortices™
cause this pattern of burned and
unburned vegetation.

Researchers believe the vortices
are caused when rising gases along
the perimeter of a fire meet the
normal horizontal wind, This cre-
ates a wind shear that acts much

like a dust devil on its side. The
wind rolls forward in a spiral
motion along the flanks of the
fire, creating the odd pattern of
unburned crowns. The theory

was developed from observations
of forest fires in Michigan

and New Jersey, and from knowl-
edge of fire patterns in other
parts of the country.

By combining laboratory find-
ings with data from actual fires,
researchers hope to learn how to
predict when vortices are likely to
occur because they pose serious
threats to the safety of firefighters.
The research has applications
throughout the eastern United
States, southeastern Canada, Aus-
tralia, and other areas where
crown fires occur in relatively flat
terrain,
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10 Standard Firefighting Qrders

- Keep informed on fire weather conditions and forecasts.
- Know whal your fire is doing at all times—observe personally, use scouts.
. Base all actions on curtent and expected behavior of fire.
. Have escape routes for everyone and make them known.
. Post a lookout when there is possible danger.

Be alert, keep calm. think clearly. act decisively.

Maintain prompt communications with your firefighters, your boss, and adjoining forces.
. Give clear instructions and be sure they are understoad.
. Maimtain carntro! of your persennel at afl times.
Fight fire aggressively, but provide for safety first.
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