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Archiving Remote Automatic Weather

Station Data

R. William Furman

Research Meteorologist, USDA Forest Service, Rocky Mountain Forest
and Range Experiment Station, Fort Collins, Colo.

In the past, fire managers have
based their planning and decisions
on the one observation per day
from traditional fire weather sta-
tions. Today a vastly superior
source of data is available to fire
‘ management agencies from remote
automatic weather stations
(RAWS), which are being acquired
at a rapid pace. However, each
station takes 4,800 observations
during a typical 200-day fire sea-
son. And the handling, storage,
and retrieval of RAWS data may

present a data management prob-
lem, The system described here
was developed by the Rocky
Mountain Forest and Range Ex-
periment Station (RMS) and has
been in use for 22 years,

Why Archive the Data?

Information from traditional fire
weather stations is automatically
archived in AFFIRMS, the com-
puterized fire danger rating system.
At this time, however, data from
RAWS are not centrally archived,
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Schematic representation of RAWS,

FUEL TEMPERATURE

Thus, the local manager should be-
gin compiling this relevant meteor-
ological data as soon as each
RAWS station becomes operation-
al to ensure the data are available
when needed. The increased
amount of data available from a
RAWS archive can provide input
for complicated planning prob-
lems, including the riming of cer-
tain meteorological events, such as
the probable onset of east winds in
the Pacific Northwest or the time
of day a prescription may be satis-
fied, and the number of hours of
prescription weather which may be
expected.

The RAWS System

A station takes an observation
every hour and stores the data in
its memory. Every 3 hours the sta-
tion transmits the contents of its
memory t¢ the geostationary
operational environmental satellite
(GOES), which immediately re-
transmits the message back to re-
ceiving stations on the ground.
Any ground station on the correct
frequency can receive the retrans-
mitted observations. The RAWS
manager generally receives the data
from the weather stations under
his or her control by computerized
telecommunication from one of
two major ground stations. The
first of these stations, operated by
the National Environmental Satel-
lite Service (NESS) at Wallops Is-
land, Va., sends data to a compu-
ter in Camp Springs, Md., for
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RAWS data collection platforms (DCP's) transmit weather observations 1o the gevstationary
operational environmenial satellite (GOES). GOES retransmits observations 1o ground sta-
tions at Wallops Island, Va. and Camp Springs, Md. Data collected through the radio fre-
quency (RF) svstem is coliected, processed, and stored in a data collection system (DCS},

then transmitted to user facilities,

temporary storage and distribution
to RAWS managers. The manager
acquires the data by using a small
computer terminat to communicate.
with the NESS computer. The sec-
ond ground station of importance
to fire managers is operated by the
Bureau of Land Management at
the Boise Interagency Fire Center
(BIFC). The retransmissions are re-
ceived at the BIFC station, stored
on a computer, reformatted, and
sent hourly to a special storage file
on AFFIRMS. The manager can
then retrieve the observations from
AFFIRMS,

Neither of these methods of re-
ceiving data, however, results in
formation of a data base.
AFFIRMS can be used to create a
limited data base of observations
taken at I p.m, local time from the
RAWS data. To create this limited
data base or use it to compute the
fire danger indices, the local
RAWS manager must manually re-
send the daily data to AFFIRMS
along with the appropriate com-
mands. To archive more than the
1 p.m. data, the local manager
must develop a local system similar
to the one described here,

Equipment

The data management system in
use at the RMS was designed
around a Texas Instruments DS9%0
Model 1 microcomputer. Necessary
peripheral equipment includes a
dual, 8-inch floppy disk drive, and
a 136-characters-per-line printer.
This particular microcomputer also
requires a 300-baud, full duplex
asynchronous modem (Bell 212 or
equivalent) or a 1200-baud, half
duplex asynchronous modem (Bell
202 or equivalent) to enable the
communication between the micro-
computer and the NESS computer.
A data jack into the telephone set
is desirable for both modems, but
an acoustical coupler is acceptable
for the low-speed modem.

Description of the Data
Management System

The data management system
(DMS) described here is designed
1o handle weather observations
from Handar remote automatic
weather stations or ones with simi-
lar data formats. The DMS in-
cludes the computer programs nec-
essary to communicate with a host
computer, edit the observations re-
ceived from the host, translate the
data into physical units, generate a
hard copy of the results, and store
the observations on a diskette.

Communications, Two commu-
nications programs written at RMS
provide low-speed (300-baud) and
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high-speed (1200-baud) options,
The low-speed program is a gener-
al purpose program which emu-
lates a teletype (TTY) terminal and
can be used to communicate with
most host computers, including the
NESS computer. The high-speed
program communicates with the
NESS computer and provides some
internal checking to protect against
errors introduced by line noise.
Both programs are capable of writ-
ing information received from a
host computer onto a diskette and
onto a line printer, The low-speed
program is also capable of reading
from a diskette and transmitting
that information to the host com-
puter,

Checking, Editing, Sorting, and
Storing. After the daia are received
from the host computer and stored
on a diskette, the microcomputer
checks them for format integrity.
The program detects format er-
rors—such as unacceptable charac-
ters, characters out of place, too
many or too few channels per line,
or lines per transmission—and
prints the transmission containing
the offense with a code indicating
the type of error detected. The
program prints and deletes from
the file those transmissions which

it does not recognize as data or
which are from a station not on a
list of acceptable stations. The
checking program expects data to
be in a D3AS5 (3 digital and 5 ana-
log channeis) or D4AS5 format,
which is normal for Handar sta-
tions. Aside from deleting lines not
recognizable as data, the checking
program makes no changes in the
data. Errors are printed and no
further action is taken.

The errors must be corrected by
an operator, This is the only part
of the operation requiring operator
intervention. The operator uses a
text-editing program to correct the
errors detected by the checking
program. When the operator has
corrected all the errors, he or she
reruns the checking program. If
the checking program finds no
more discrepancies, control is au-
tomatically transferred to a pro-
gram which sorts the observations
first by station number, then by
date and time. The program trans-
lates information in each observa-
tion to physical units and prints it
on the line printer in columnar for-
mat., The program then appends
the data to the archive diskette in a
record format similar to that used
by the National Fire Weather Data

Library (NFWDL) (/). The data
can be safely stored on these disk-
ettes until such time as a national
archive, such as the NFWDL, is
available. Each diskette will hold
about 14,000 records or observa-

" tions or nearly one season’s worth

for three stations.

Summary

With the increased use of
RAWS, around-the-clock weather
data which were unavailable in the
past are becoming available in
quantity. These data will soon be
invaluable to fire managers and, in
particular, to prescribed fire plan-
ners because they will permit more
accurate planning. No national sys-
tem is available to collect and save
the data; therefore, collection and
saving must be done at the local
level.

Literature Cited

1. Furman, R, William; Brink, Glen E. The
National Fire Weather Data Library:
What it is and how 1o use it. Gen. Tech.
Rept. RM-19. Ft. Collins, CO: USDA
Forest Service, Rocky Mountain Forest
and Range Experiment Station; 1975.
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Line Production Estimating Guides
for Fire Behavior Fuel Models

R. Gordon Schmidt and George C. Rinehart

Respectively, Forester, USDA Forest Service, Pacific
Northwest Forest and Range Experiment Station,
Portland, Oreg., and Fuels Management Specialist,
USDA Forest Service, Payette National Forest,

McCall, Idaho.

Line production estimating
guides are needed for initial action
planning and estimating control
forces required on project fires.
Current methods of predicting fire
behavior in these situations use fire
behavior fuel models (/). This arti-
cle provides line production esti-
mating guides for fuel conditions
represented by fire behavior fuel
models.

Present methods of estimating
line eonstruction rates are best
guesses or nomograms constructed
from Hornby's adjective fuel rat-
ing system. These methods are
somewhat outdated because they
are not linked to current fuel clas-
sification schemes used by fire be-
havior officers, and they are lim-
ited to four fuel conditions,

The tables in this report provide
line construction rates covering a
wider range of fuel types than past
methods and are linked to fire be-
havior fuel models used in fire
suppression work.

These tables have been devel-
oped by matching the fuel condi-
tions represented by National Fire
Danger Rating System (NFDRS)
(2) fuel models to similar fuel con-
ditions represented by fire behavior
fuel models using Anderson’s simi-
larity chart.'

* Anderson, Hal E. Aids to determining
fuel models for estimating fire behavior.
Gen. Tech. Rept. Ogden, UT: USDA For-
est Service, Intermountain Forest and
Range Experiment Station; in press.

The NFDRS fuel modet line con-
struction rates are published in
Fire Management Analysis and
Planning Handbook (3).

Limitations

The NFDRS fuel model rates
were developed by several people
familiar with each fuel type. They
were prepared for planning pur-
poses and, therefore, have not
been field tested. The fire behavior
fuel model rates presented here are
suggested for a beginning and
should be revised as needed. A

knowledgeable local individual
should be able to adjust these rates
to match local conditions.

The production rates reflect only
fuel conditions and do not reflect
influences of topography or fire
behavior,

The Tables

The tables give line construction
rates for hand crews, pumper
crews, and bulldozers for each fire
behavior fuel model. Rates for ini-
tial action and sustained line con-
struction are provided. Where a

Table 1.—Line production rates for initial action by hand crews '

F}re behavior Condlts_ons Gonstruction rate
uel model used in
Chaing per person-hour?
1 Short grass Grass 4.0
Tundra 1.0
2 Open timber/ Alt 3.0
Grass understory
3 Tall grass All 0.7
4 Chaparral Chaparral 0.4
High pocosin 0.7
5 Brush (2ft.) All 0.7
6 Dormant brush/ Alaska black spruce 0.7
hardwood slash All others 1.0
7 Southern rough All 0.7
8 Closed timber litter Conifers 2.0.
Hardwoods 10.0
9 Hardwood litter Conifers 2.0
Hardwoods 8.0
10 Timber (litter and All 1.0
understory}
11 Light legging slash Ali 1.0
12 Medium logging All 1.0
slash
13 Heavy logging slash All 0.4

' Thesea rates are 10 be used for estimating initial action productivity only. Do not use these rates to estimate
sustained line construction, burnout, and holding productivity. tnitial action consists of scraten line construc-

tion and hotspotting.
11 chainihr is equivalent to 20.1 meterihr.
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fuel model can be used in two dif-
ferent situations, rates are given
for each. For example, fire beha-
vior fuel model § represents fuel
conditions expected in compact
timber litter, either hardwood or
conifer. However, line construction
rates in hardwood litter are differ-
ent from those in conifer litter, so
both rates are provided.

Tabies I and 2 show line pro-
duction, given a fire behavior fuel
model, in chains per hour for ini-
tial action for hand crews and
pumper ¢rews. These rates should
not be used to estimate sustained

line construction, burnout, and
holding. Initiai action rates consid-
er only scratch line construction
and hotspotting.

These rates may be used for dis-
patch planning in a planned area
for estimating initial action,

Table 3 contains the line con-
struction, burnout, and holding
rates, given a fire behavior fuel
model, in chains per 20-person
crew hour. These rates are for sus-
tained production over a 12-hour
shift on the line. They account for
cumulative fatigue and rest peri-
ods.

Table 2.—Line production rates for initiel action by pumper crews '

Fire behavior Condm?ns Rates in chains per crew-hour
fuel modei used in
Number of persons in crew
1t 2 3 4 5+
1 Short grass Grass 6 12 24 35 40
Tundra 2 8 15 24 30
2 Open timber! All 3 7 15 21 25
Grass understory
3 Tall grass All 2 5 10 14 16
4 Chaparral Chaparral 2 3 8 18 20
High pocosin 2 4 10 15 18
5 Brush [2ft.) All 3 6 12 16 20
8 Dormant brush/ Black spruce 3 6 10 16 20
hardwood slash All others 3 6 12 16 20
7 Southern rough All 2 5 12 16 20
8 Closed timber litter Conifers 3 8 15 20 24
Hardwoods 10 30 40 50 60
9 Hardwood litter Conifers 3 7 12 18 22
Hardwoods 8 25 40 50 GO
10 Timber {litter and All 3 6 12 16 20
understory)
11 Light logging stash All 3 8 12 16 20
12 Medium logging All 3 5 10 18 20
slash
13 Heavy logging slash All 2 4 8 15 20

Production rates per person
hour are presented parenthetically
for estimating production of crews
varying from the 20-person stand-
ard.

The rates are given in the two
crew categories used by the Forest
Service. The categories are defined
in the footnote to table 3.

These rates may be used to de-
termine control forces required on
project fires,

Table 4 contains line construc-
tion rates for bulldozers given a
fire behavior fuel model and per-
cent slope, in chains per machine
hour. These rates do not include
burnout and holding of line,

Bulldozer sizes are expressed as
Caterpillar models; equivalent
models of other makes may use the
same rates.

These rates may be used to de-
termine bulldozer needs on project
fires.

Conclusions

These estimating guides should
prove useful to firefighters in their
planning efforts.

When using these guides remem-
ber their limitations; The rates are
generalized and may need adjust-
ments; A knowledgeable local per-
son may be needed to make adjust-
ments.

' These rates are lo be used tor estimating initial action productivity anly, Do nat use these rates to estimate
sustained line construction, burnout, and holding productivity. Initial action may consist of scratch line can-
slruction and hotspotting.
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Table 3.—Sustained line production rates of 20-person crews for consiruction, burnout, and

holding '
Fire behavior Conditions .
fuel model used in Crew category
/ It
1 Short grass Grass 30 (1.50) 18 (0.90)
Tundra 9 (0.45) 5{0.25)
2 QOpen timber/ Al 24 (1.20) 16 (0.80)
grass understory
3 Tall grass All 5(0.29) 3(0.15)
4 Chaparral Chaparral 5(0.25) 3(0.15)
High pocosin 4 (0.20) 2010
5 Brush (2ft) All 6 (0.30) 4(0.20)
6 Dormant brush/ Black spruce 7 (0.35) 5(0.25)
hardwood slash Others 6 (0.30) 4 (0.20}
7 Southern rough Adl 4{0.20) 2(0.10}
8 Closed timber litter Conifers 7 (0.39) 5 (0.25}
Hardwoods 40 (2.00) 24 (1.20)
9 Hardwood litter Conifers 28(1.40) 16 {0.80)
Hardwoods 40 (2.00) 24 (1.20
10 Timber (litter and Al 6 {0.30) 4{0.20)
understory)
11 Light logging slash Al 15(0.75) 9{0.45)
12 Medium logging All 7 (0.39) 4{0.20)
slash
13 Heavy logging slash All 51(0.25) 3{0.15)

' Allowances have been made in proguction rates for rest periods and cumulative fatigue.
* Crew category | is Inter-regional hoishot crews; I is atl others including FS$ regular crews.

' Chains per pergon-hour area shown in parentheses.

N ——
'
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Table 4.—Sustuined line production rates, bulldozer construcrion

Percent slope ' - Bulldozer size ?

Fire behavior Conditions 0to25 26 to 40 411055 56to 74
fuel model usedin percent percent percent percent
3 M L § M L 8 M L S M L
Chains per machine-hour

1 Short grass Grass 70 75 100 54 60 90 40 44 BO 24 28 60

Tundra 2 - —_ —_ = - - — - = — —

2 Open timber/ Conifers 35 38 50 27 30 45 20 22 40 12 14 30

grass understory Brush-grass 70 78 100 54 60 90 40 44 80 24 28 60

3 Tallgrass All 23 25 40 18 20 35 13 15 30 5 7 25

4 Chaparral Chaparral 35 43 50 27 30 45 20 22 40 12 14 30

High pocosin - - - = = - - = = = — -

5 Brush (2ft) All 23 25 40 18 20 3 13 15 30 5 7 25

6 Dormant brush/ Black spruce 28 30 40 22 25 3% 18 20 30 10 12 20

hardwood slash Others 23 25 40 18 20 35 13 15 30 5 7 25

7 Southern rough - - - - = - = = = = — —

8 Closed timber litter Conifers 28 30 40 22 25 35 18 20 30 10 12 23

Hardwoods 22 26 30 19 21 27 16 18 17 5 8 9

9 Hardwood litter Conifers-West 35 39 50 27 30 45 20 22 40 12 14 a0

South 23 25 40 18 20 B 13 15 30 5 7 20

Hardwoods 22 26 30 19 21 27 16 18 17 5 8 9

10 Timber (litter and All 23 25 40 18 20 35 13 15 30 5 7 25
understory)

11 Light logging slash All 35 39 50 27 30 45 20 22 40 12 14 30

12 Medium logging All 35 39 50 27 30 45 20 22 40 12 14 30

slash
13 Heavy logging slash All 23 25 40 18 20 35 13 15 30 5 7 25

" Machine use above 74 perceni slope assumed inteasible,

5 denotes Small {D4-size) bulldozer; M denotes Medium {D6-size) bulldozer; L denoies Large (07-size) bulldozer.

* Machine use assumed inteasible in these fuel types.

Literature Cited
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The Fuel Management Training Series

Duane R. Freeman

Forester, USDA Forest Service, Rocky Mountain Forest
and Range Experiment Station, Fort Collins, Colo.

The USDA Forest Service Rocky
Mountain Forest and Range
Experiment Station, Fort Collins,
Colo., and the Division of Avia-
tion and Fire Management,
Washington, D.C., have produced
a four-part fuel management,
slide-tape training series to aid
land managers in managing forest
activity fuels.

The first slide-tape program ex-
plains inventory procedures for
existing downed woody fuels; the
second provides methods for pre-
dicting stash weights from tree-
cutting activities; the third gives
procedures for obtaining estimates
of fire behavior in the predicted
slash; and the fourth describes a
decision process for evaluating
slash treatment alternatives. A
short slide-tape overview of the
training series is also available.

The training series is designed to
enable land managers, foresters,
and fuel managers to estimate the
weight per unit area of forest fuels
for use in predicting fire behavior
potential, to estimate the amount
of material available for possible
energy utilization, and to make
better fuel management decisions.

Downed Woody Fuels
Inventory. The downed woody
fuels inventory procedures (2) pro-
vide an estimate of the existing
material on the proposed timber
sale area before timber cutting.
The inventory involves counting
fuel particles by size classes of 0 to
Vi, ¥ to 1, I to 3, and 3 inches

Foliage

The downed woody fuels inventory involves counting the number of fuel particles by fuel size
classes of 0 to ¥, Y to 1, | 10 3, and 3 inches and larger.

and larger along an imaginary
vertical plane projected through
the fuelbed.

The procedures for this inven-
tory, based on the line intersect
method (3, 16) are described in a
handbook for field use (2). The 10-
hour slide-tape training course
closely follows Brown’s handbook
(2) and provides the techniques for

trainees to measure and calculate
the amount of downed woody fuel.
Debris Prediction. After cal-
culating the weight of the existing
downed woody materials, the next
step is to predict the weight of
slash or debris that will resuit from
the planned tree-cutting activities.
The procedures described in the 6-
hour training course follow those
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Visualize a Vertical Plane

Fuel particles in the downed woody fuel inventory are counted along a transect projected
through an imaginary vertical plane ar randomiy sefected sample points. Fuel weights for
each fuel size cluss are then calculated from the number of particles counied, using equations

and procedures described in Brown (2).

of Brown and others (¢) and are
based on the relationship of diam-
eter at breast height (d.b.h.) to the
weight of tree crowns. While
Brown’s 1977 handbook (4}, de-
veloped primarily for use in the
northern Rocky Mountains, refers
only to western species, the same
techniques are applicable to other
regions inciuding eastern areas, us-
ing tables specifically developed
for the East (/0). Snell and Brown
(15) offer similar tables for trees in
the Pacific Northwest.

To make debris predictions, the
land manager needs to know the
number of trees by d.b.h. class
and by species that will be cut in
the timber stand. Crown weight
tables giving slash weight per tree
by species are then used to esti-
mate the weight of debris for each
d.b.h. class that is cut. Additional
weight estimates are made for de-
bris left as cull and for debris
caused by trampling damage dur-
ing logging. With this information,
the manager can predict the total

weight of cutting residue per acre
and the expected weight of fuel in
each fuel size class. This predicted
debris information, along with the
downed woody inventory informa-
tion, gives the land manager an
estimate of the total amount of
woody material by size class that
will be on the site after timber-
cutting activities,

The manager ¢an use this
information to obtain estimates of
material that might be used as a
source of energy or as other prod-
ucts. The inventory and prediction
information also can be used to as-
sess potential fire behavior, mak-
ing it useful for appraising timber-
cutting activity fuel hazards, and
analyzing alternative fuel treatment
methods.

IIINIIIIIIIIIIIIIHH‘ MR ¢~
|;l
A
3"
y__ Y

A go-no-go gage is used for separating
borderline fuel size particles and for train-
ing the eye. It is not meant to be used (o
measure every particle.
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Predicting Fire Behavior in
Activity Fuels. The 6-hour slide-
tape training course describes the
procedures for predicting fire be-
havior in activity fuels. It focuses
on the use of the computer pro-
grams called HAZARD (/2) and
the modified version of HAZARD
called FUELBED (13), which proc-
ess input from the fuel inventory,
and the debris prediction process
to build a site-specific fuel model.
While the site-specific fuel model
in the programs uses equations de-
veloped from logging methods and
species of the northern Rocky
Mountains and there are limita-
tions in its use, the fuel model and
the process have application to
other areas as well, Using this fuel
bed model, along with the
Rothermel (7/4) fire behavior
model, the HAZARD program and
FUELBED program produce esti-
mates of fire behavior in terms of
spread rate, fire intensity, flame
length, scorch height, perimeter
growth rate, burned area after 1
hour, heat load, and burn time,
These estimates allow the land
manager to evaluate the relative
fire hazard of alternative cutting
practices and adjust harvesting
plans, if necessary, thereby aiding
in the fuel management planning
and decisionmaking process.

A Decision Process for Activity
Fuels, The 8- to 12-hour slide-tape
program describes a decision
analysis computer program de-
veloped by Hirsch and others (/7).

To evaluate alternative fuel treat-
ment practices, the procedure.uses
the site-specific fuel model de-
veloped from the activity fuel load-
ing information or the stylized fire
behavior fuel models (); fire oc-
currence records and fire weather
records to obtain fire line intensity
probabilities and chances of spot-
ting for each fuel treatment
alternative; and estimates of fire
sizes and probabilities provided by
local fire experts. Intensity and
spotting probabilities and fire size
probabilities for the treatment
alternatives are then used to con-
struct a fuel analysis decision tree
(I3). The computer program calcu-
lates the expected area burned for
each fuel type and each fuel treat-
ment alternative within a fuel
problem area (/7). The expected
area burned can be thought of as a
hazard index., The manager can use
this index along with other impor-
tant decisionmaking information to
systematically identify fuel prob-
lems, establish priorities for fuel
treatment, and provide a docu-
mented basis for fuel managemeni
decisions.

Summary

The downed woody fuels inven-
tory uses a line transect to gather
information for estimates of exist-
ing downed woody fuel on the site
before timber cutting, The debris
prediction procedures use slash
weight tables, timber stand data,

and cutting prescriptions, plus
information on cull and trampling
to give estimates of debris resulting
from timber curtting. These esti-
mates can be used in planning for
utilizing material for energy
production or for other forest
products.

The existing and predicted fuel
can then be used to construct a
site-specific fuel bed model for
predicting fire behavior in activity
fuels.

The site-specific fuel models or
stylized fuel models can be used
with fire occurrence records and
weather records to determine fire-
line intensity probabilities and
spotiing probabilities. These
probabilities are used with fire size
probabilities to obtain expected
area burned. A decision process
for activity fuels shows the fuel
manager how to obtain expected
area burned for each treatment :
alternative within a fuel problem L
area. The expected area burned,
along with other important con- 4
sideraticns, is used to make fuel 4
management decisions. 4

The procedures can be useful to
private, State, and Federal
organizations in appraising forest
fuels.

The fuel appraisal procedures
briefly covered here are described -
in detail in slide-tape training pro-
grams (5, 6, 7, 8, 9) produced by
the National Fuel Inventory and
Appraisal Project of the Rocky
Mountain Forest and Range
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Experiment Station at Fort Collins,
Colo., and the Division of Avia-
tion and Fire Management,
Washington, D.C. Each training
package is complete with cassette
tape, slide sets, master copies of
handouts and viewgraphs, and an
instructor's guide. These materials
provide step-by-step procedures
that enable trainees to accomplish
a comprehensive fuel management
analysis using handbooks and com-
puter programs. The training pro-
grams are available from the Na-
tional AudioVisual Center, Na-
tional Archives and Records Serv-
ice, General Services Adminis-
tration, Washington, DC 20409.

These fuel analysis techniques
can provide a systematic approach
to making better fuel management
decisions.
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Fire-Weather Station Maintenance—

How Good Is It?

John S. Frost and Donald A. Haines

Respectively, Meteorological Technician and Principal
Research Meteorologist, USDA Forest Service, North
Central Forest Experiment Station, East Lansing, Mich.

Fire managers depend on the in-
dices and components of the Na-
tional Fire-Danger Rating Sysiem
(NFDRS) as guidelines for making
presuppression decisions (2). Be-
cause NFDRS computations de-
pend on weather data, it is impor-
tant to have a network of properly
located and mainiained weather
stations. We evaluated instrument
maintenance at 80 standard fire-
weather stations in the North-
eastern United States.

A typical fire-weather station.

Collecting Information

The North Central Forest
Experiment Station, National For-
est System Region 9, and North-
eastern Area State and Private
Forestry cooperate in a station
inspection and NFDRS imple-
mentation program. As part of this
program, a meteorological techni-
cian visits 40 primary fire-weather
stations in the 20-State North-
eastern Region on a 2-year rotating

cycle. These visits supplement
those of fire-weather forecasters
and State and National Forest fire
staff personnel.

We designed a seven-category
form for evaluating station main-
tenance of the instrument shelter,
psychrometer, maximurm-minimum
thermometers, rain gage, ane-
mometer,' fuel moisture sticks,
and stick weighing device. The
form contains 40 checklist items,
which conform to standards de-
scribed in the Fire-Weather Ob-
servers’ Handbook (3). Because
some items contribute to greater
observational error than others,
each item is assigned points on a
scale of one to five based on its
relative importance. We realize
that some readers may argue that
certain items are more or less
important than we designated. This
scale represents a compromise
among several options. We
awarded all or no points for each
item.

Although the inspection program
is primarily concerned with the 40
network stations, the meteo-
rological technician also inspects

. other nearby fire-weather stations

as time and opportunity permit.
This provides a data base consist-
ing of station inspections from 80
northeastern locations. Forty sta-
tions have had two 1o four visits

' For a more detailed discussion of ane-
mometer accuracy, see Haines and others
(5).

under this program; the other 40
were visited just once.

What We Found

We tabulated station main-
tenance results from these two sets
of data and entered them on a
scale indicating relative point score
{as a percentage of the total pos-
sible points). Maintenance stand-
ards for the instrument shelter, the
psychrometer, the maximum-mini-
mum thermometers, and the rain
gage were high—scoring 90 percent
or more of possible points. We us-
ually deducted points from shelter
maintenance because the shelter
needed paint or the inside was dir-
ty. The shelter should be painted
glossy white and be cleaned regu-
larly. Occasionally we deducted
points because the shelter was near
or over unacceptable ground cover.
These stations were generally lo-
cated near the office for con-
venience, rather than in an area
that allowed proper instrument ex-
posure. Points were often deducted
from psychrometer upkeep because
the muslin wicks surrounding the
thermometer bulb were dirty.
(Wicks should be replaced at least
every 2 weeks.) Few if any prob-
lems arose with the maximum-
minimum thermometers—as indi-
cated by a 98-percent point score.

Almost all deductions from rain
gage scores were the result of im-
proper exposure. Standards require
a 45-degree vertical clearance
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Instrument Sheiter

YES POS5S.

Cotton Region [] Region 6 D

Other [}

NO
XA TS

Door apens to north

Painted glossy white--inside and out

Dust free--inside and oul

Houses temperature sensitive instruments only

Firmly mcuntec, level, and plumb

Floor 48" above ground

Ground cover: Grass D

Qther D

ANl

Expgsed to direct sunlight from Q700-1700

sla|lajn]=|=|w

Paychrometsr

YES

Electri¢ Fan [ ] siing -

Mortar Board D

Othar D

Thermometers clean

NO
(LN

-

Celumns unseparated

Wat bulb uncalcitied

Markings lagibte

Wicking clean

Fan waorking

Battery fresh

Mortar board !evel and plumb

Reservoir water clean

Nibiw|o]a|w] &l

Max/MIin Thermomaeter

YES

wB Type [] U-Type []

Other []

LTIl

Thermometers clean

Columns unseparated

Markings legibie

Townsend support spins easily

Rlw|o |,

Raln Gage

YES

8 inch [ 4 inch []

Recording D

wedge []

Other []

ALY,

Level and plumb

Securaly mounted

Measuring stick lagible

45* clearance around gage

~lnjn o

Anemomelsr

Stewart [:] Feraster [

Friez D

Other [ ]

AL

Age of anemometer __________ years

AL

Exposed corractly

Tower plumb and Stable

Serviced at least twice annually

Date last serviced

Y1/

Counter /Timer operating well

Counter/Timer checked regularty

Date last calibrated

Fuel Molsture Sticks

HAALAAAY,

YES

Fence adequate

Duftbed 3'x 3'x 2~

Duff bed weed free

Exposed 10" above duft

Heok pointed north, brads down

Sticks changed every months

Al |lnm|m

Weighing Device

A 1

YES

Triple beam [} Appalachian [

Other [}

Dust free

Q
T,

Calibration cheched regutarly

Scale shelter: W/ Window E]

Appalachian [_]

Other D

YL,

Shelter level and secure

Sl =

y

seven-category, 40-item inspeciion form used o evaluate fire-weather stations.
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Mot previously inspected

Two or more inspections

A composite evaluation of maintenance standards for 7 fire-weather instriments ar 80 Sire-
weather stations in the Northeastern United States. Dotted bars show uverage Standards at 40
Stations not previously inspected under this program. Buars with dash marks show average
standards at 40 stations inspected from 2 to 4 iimes. The categories; (A) instrument shelier,
(B) psychromerer, (C} maximum-minimum thermometers, (D} rain gage, {E) anemometer, (F)

Suel moisture sticks, and (Gj weighing device.

around the gage. Many observers
had not realized that those small
seedlings of yesteryear had grown
by leaps and bounds and now ob-
struct the rain gage.

Anemometer maintenance stand-
ards were slightly lower than
standards found for the first four

categories, due primarily 1o a lack
of regular servicing. Anemometers
should be serviced at the beginning
of the fire season. But if the ane-
mometer is left on the mast
throughout the year, the observer
should service it at least every 6
months,

We found that general mainte-
nance of fuel moisture sticks and
their weighing device was poorer
than that of other instruments.
The 10-hour fuel moisture is a
critical factor in computing the
NFDRS, and its measurement
needs upgrading. The most fre-
quent infractions in these two cate-
gories were either poor duff-bed
maintenance or improper weighing
methods. Station personnel should
fence duff beds and rnaintain them
in the weed-free 3" x 3" x 2"
standard. Sometimes observers
weigh the sticks in the office and
may get erroneous readings. Occa-
sionally, observers forget to return
the sticks to the station enclosure,
resulting in even greater stick
measurement error the next day.
To resolve this problem, we sug-
gest building a simple scale shelter
to house the weighing device (7, 4).

Repeated station inspection did
not improve standards for instru-
ments that were already well main-
tained. The most noticeable change
resulting from a regular inspection
program was a i0-percent improve-
ment in maintenance of fuel mois-
ture sticks and their weighing de-
vice. Of course, the inspection pro-
gram assists in other ways. Besides
helping observers improve instru-
ment standards, a station inspec-
tion allows observers to ask ques-
tions they may have about observ-
ing procedures and fire-danger rat-
ing calculations. Perhaps just as
important, a visit demonstrates
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that people are really interested in
the station and the fire-weather ob-
servation program.

How Good Are the Stations?

The data show that high instru-
ment standards are the rule in the
categories involving the instrument
shelter, the psychrometer, the max-
imum-minimum thermometers, and
rain gage. Comparatively, lack of
regular servicing of the anemome-
ters at some stations results in
slightly lower standards for that
category. The general maintenance
of fuel moisture sticks and their
weighing device was poorer than
that of other instruments. Never-
theless, in total these data suggest
that the overall quality of instru-
ment maintenance is good at
northeastern fire-weather stations,

How Can We Improve?

We often felt that the difference
between a good and a poor station
depended on the observer’s atti-
tude. Sometimes attitudes can be
improved simply by letting observ-
ers know that high station stand-
ards are both essential and expect-
ed. Supervisors at all levels can
help by demonstrating to observers
that the station is important
enough to rate regular visits to dis-
cuss problems and answer ques-
tions. A supervisor’s enthusiasm
can be contagious.
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International Seminar on Forest Fire
Prevention and Control in Warsaw

J. G. Goldammer

Forest Fire Specialist, Institute of Forest Zoology,
Freiburg University, Freiburg, Federal Republic of

Germany
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Warsaw-Poland
20-22 May
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On May 20-22, 1981, the Polish
Government sponsored an interna-
tional conference on forest fire
prevention and control. This sem-
inar was organized by the Food
and Agriculture Organization of
the United Nations (FAQ), the
Economic Commission for Europe
(ECE), and the International
Labour Organization (ILO) in co-
operation with the International
Union of Forestry Research Organ-
izations (IUFRQ), following a
decision by the Joint FAQ/
ECE/ILO Committee on Forest
Working Techniques and Training
of Forest Workers at its twelfth
session in 1978. The seminar was
attended by representatives from
20 nations.'

The conference was concerned

the United States, and Canada par-

* ticipated in the evaluation of these

data. Since the data refer to differ-
ent time spans, however, compari-
sons over periods longer than 10
years are not possible.

In Europe the strong effects of
weather on the occurrence of wild-
fires during the fire season can be
demonstrated with the Federal Re-
public of Germany. During the dry
year 1975, a total of 8768 ha of
forests was destroyed by fire, while
in 1978 only 289 ha were burned.

Although 1978 was a vear of low
fire incidence in the Federal Re-
public of Germany, circumstances
were critical in southern Europe.

Spain, ltaly, Portugal, France, and
Greece alone reported fires from a
total area of 726 916 ha. Among
these, 354 469 ha were classified as
forest and other wooded land.?
The remainder included non-
forested land such as the shrub
type (“*Macchia’ or Chaparral
plant communities), heather or
grasslands. Spain reported the
highest osses during the same year
totalling 434 668 ha, from which
160 000 ha were high forests.

Tables 1 and 2 show data from
the forest fire statistics for some
European countries. These data
indicate the area and number of
fires from 1970 to 1979. Even

Table 1.—Forest fire statistics for Europe, 1970-791

with the worldwide increase of for- Count Total forested  Statistical An:srs:ba:reg?ge Annual average
est fires, an increase in damaged i area period forest fires area burned
areas, and the search _for solutions 1000 hectares hectares
to these problems, Within the ECE g 4o, 27,301 1971-79 2,889 3513
region particularly affected are the Finland 22 371 1970-79 544 Q52
Mediterranean countries where re- France 16,600 1974-79 5,470 45683
cent forest fires in 1981 devastated :Pﬂ"" 1;232 18;8‘32 ‘:v;g? ! 155-2;2
: orwa h - . 1

large areas of Spain, Greece, and Poland 8,551 1970-79 1910 2,613
Portugal. » Greece 8,460 1974-79 885 27.824

Forest fire statistics are now italy 7,893 1970-79 6,426 187,009
available that were collected by the Federal Republic
Joint FAQ/ECE working party on . of Ger""a"i :i;g :g;g'gg 21322 2’332

: fepi zechostovakia s - : 1,
forest ecqnomlcs and statistics .(1). Ausiria 3675 1970-78 263 260
Twenty-eight European countries, German Democratic
Republic 2,953 1970-78 1,148 1,656

' Austria, Belgium, Canada, Cyprus, Den-
mark, Finland, France, German Democratic
Republic, Federal Republic of Germany,
Hungary, ltaly, Norway, Poland, Portugal, forest and cther wooded fand from 1981 to 1978.

Republic of Korea, Spain, Sweden, Tunisia, ! Tatal area burned, including nonforest land. Abaut 40% {34,803 ha) are tlassitied “lorest and other wooded
USSR, and the United Kingdom. land.”

! Statistical infermation from: Economic Commission for Europe (ECE} and Food and Agricultyre Organization
(FAQ). Forest llre statistics. Document TIMIEFC/WP.2/R.41. Warsaw, POLAND: ECE and FAQ, 1981; Rice-Rico,
F. Forest firelighting in Spain. Altg. Forst. Z. 36: 689-690, 1981,

! Total area burned. Other statistics fram F. Rice-Rico's article show an annual average of 57,818 ha of Burned
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though the statistical information
may be incomplete and sometimes
includes nonforested land damaged
by fire, the tables show the gross
differences between the Mediter-
ranean and other European coun-
tries.

One measure of the relative
seriousness of the forest fire prob-
lems in different countries is the
area damaged by fire within a
given year in relation to the total
area of forest and other wooded
land.? In Spain, for instance, the

* Timber Committee, Economic Commis-
sion for Europe (ECE) and Food and Agri-
culture QOrganization (FAO). European tim-
ber trends and prospects, 1950 o 2000.
Rome, ITALY: ECE and FAO; 1976, 308 p.

Table 2,—978 fire year in Europe !

area burned in 1978 was 1.25 per-
cent {tables 1 and 2). Portugal re-
ported 1.87 percent burned in

" 1978,

The economic and ecological ef-
fects of the forest fires are particu-
larly serious in the Mediterranean
countries because fires jeopardize
sustained yield policies and af-
forestation programs. In Spain, a
comparison of waste land affores-
tation projects (which averaged
57 818 ha annually between 1940
and 1978) and the amount of
forest land destroyed by fire
(about 57 818 ha annually between
1969 and 1978) shows how strongly
it would affect the success of af-
forestation efforts.

Total

Forested

Percentage of

total Value of
T Nt pumeg forestedarealosses
1000 hectares  hectares 1,000 U.8. dollars
Sweden 27,301 1,591 0.006 760
Finland 22,371 801 0.004 728
France 16,600 46,701 0.34 100,796
Spain 14,092 1175,631 1.25 350,156
Norway 9,242 2141 0.15 144
Poland 8,551 2,054 0.02 1,500
Greece 8,460 19,972 0.24 60
Italy 7,993 44,000 0.55 16,288
Federai Republic
of Germany 7.210 289 0.004 592
Czechoslovakia 4,453 33g 0.008 210
Austria 3,675 135 0.004 299
German Democratic
Republic 2,953 631 0.02 574

! Statistical informatien from: Economic Commission lor Europe (ECE) and Food and Agricultura Organiza-
tien (FAQ). Forest fire statistics, Document TIMIEFC/WP.2/R.41, Warsaw, POLAND: ECE and FAQ. 1981,

! Total includas lorest and nonforest land.

The causes of forest fires in dif-
ferent countries also varied a great
deal in comparison with the causes
of those in Germany (table 3). For
instance, the percentage.of un-
known causes is very high com-
pared to the unknown causes in
Germany. The current information
listed in the ECE/FAQ statistics
for 1978 and contributed by 20
European countries is strongly in-
fluenced by the Mediterranean
countries. Among known causes of
forest fires in 1978, arson counted
for 68 percent in Portugal, 70 per-
cent in Spain and 50 percent in
Italy. Reasons for the enormous
increase in fires caused by arson
are to be looked for in social, eco-
nomic and political areas, In
Spain, arson often results from
(2): the opposition of animal
raisers and shepherds to afforesta-

. tion activities; dissatisfaction with

hunting yields; political opposition
of people against the administra-
tion; and attempts to intimidate
and damage the government.

The effects of politically moti-
vated arson were demonstrated in

Table 3. —Causes of forest fires in Europe
and the Federal Republic of Germany

Europe  Germany

Causes 1978 {(1972-78)

-~ -~Percent - - - -
Unknown 45 32
Negligence 20 39
Arson 28 12
Lightning 1 1
Other 5 18
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Greece when in the beginning of
August 1981, forest fires were set
all over the country at one time.

International Topics of Interest

The conference focused on the
need for education and new devel-
opments in techniques and equip-
ment for forest firefighting.
Fundamentals in silviculture and
forest ecology and the need for
basic research were also discussed.
The need for better mutual infor-
mation in Europe is clearly recog-
nized, perhaps the reason being
that the activities in research, de-
velopment, and education within
Europe have been strongly dissi-
pated. This, unfortunately, has
also led to an obvious isolation
from the development in North
America.

International cooperation. Par-
ticipants at the symposium de-
manded better information ex-
change and more cooperation, and
recommended the formation of a
committee of experts from the
FAO/ECE/ILO work with
IUFRO: to cotlect and disseminate
information on the organizational
structures and division of responsi-
bilities in participating countries
tor forest fire control; to prepare a
bibliography on selected studies
and articles relating to forest fire
prevention and control; to prepare
a directory of research institutes

and other bodies or individuals
concerned with research on forest
fires (in collaboration with
IUFRO); to prepare internationally
accepted warning signs and sym-
bols about forest fires because of
the growth of international tour-
ism; to organize a systemalic ar-
rangement for the exchange of in-
formation between countries on
new developments in ground and
airborne equipment for protection
against fires; and to collect and
disseminate information on
methods of and material used for
informing the public about forest
fires.

Fire research. The conference
participants recommended concen-
trating research on: the influence
of silvicultural methods on forest
fire behavior and forest fire dan-
ger; Liwe impayl of fire on the for-
est ecosystemn; methods for map-
ping forest fire risks and the rela-
tionship between such maps and
other ecological mapping; develop-
ing models for predicting forest
fire danger; and developing models
of fire behavior and prediction of
fire behavior in both natural and
manmade forests.

The Polish Forest Research In-
stitute suggested a dictionary in
four languages (English, French,
Polish, Russian) in order to em-
phasize a stronger East-West co-
operation (3). For the central and
south European region and simul-
taneously for North and South

America a glossary in four lan-
guages is being prepared (English,
French, Spanish, German). This
glossary was recommended by the
North American Forestry Commis-
sion. It will be based on the up-
dated forest fire glossary of the
USDA Forest Service, and the
USDA Forest Service will act as
secretary. Also the Forest Service
of Spain (ICONA), the Station de
Silviculture Mediterranéenne in
Avignon, France, and the Univer-
sity of Freiburg, Federal Republic
of Germany, will participate,

Technology transfer, Opportuni-
ties for a more intensive European
cooperation in technology transfer
are now possible through the third
program cycie of the
United Nations Development Pro-
gram Regional Programs for
Europe (1982-86). The UNDP/
ECE included a project on forest
fire control in May 1981,

The attention of the ECE coun-
tries will also be directed to the
necessity of technology transfer in
countries belonging to other re-
gions, especially developing na-
tions. The replacement of natural
vegetation types by pine planta-
tions and other afforestation ef-
forts creates new forest fire prob-
lems in those regions. At the sem-
inar, a German research and de-
velopment project in South
America was described (4).
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Germany: Research and Develop-
ment

Heavy wildfires in 1975-76 pro-
vided an opportunity to investigate
the ecological effects of forest fires
in the burned areas. In 1975, re-
search projects were begun in the
Eschede area (Lower Saxony,
northern Germany) with several in-
stitutions of the Gottingen Univer-
sity and the Forest Research and
Experimental Station of Lower
Saxony participating. The research
concentrated on a burned site of
Scots pine forest. Special observa-
tions were made on the effects of
the fire on the soil complex and
the successional development fol-
lowing the fire (5).

A working group in fire ecology
was established within the German
Society of Ecology to pursue
fundamental research on fire ecol-
ogy. In 1977 a symposium on fire
ecology, sponsored by the Volks-
wagen Foundation, was held at the
Freiburg University, Results of re-
search projects, domestic and for-
eign, are now published (6).

The firefighting kit for the
TRANSALL aircraft, which was
commissioned by the German Fed-
eral Minister for Research and
Technology, has been improved in
its efficiency and safety (Fire Man-
agement Notes, Volume 40, No. 4,
1979). This project was presented
in 1980 at the Symposium on Air-
borne Firefighting in Hannover
(7). The proceedings of that inter-
national conference are already
published in German and will soon
be available in English,
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The Scan Extender—A Device to
Enhance the Capabilities of the
AGA 750 Thermovision

C. J. Ogilvie

Research Technician, Environment Canada, Canadian
Forestry Service, Northern Forest Research Centre,
Edmonton, Alberta, Canada

The AGA 750 Thermovision has
proved to be an effective instru-
ment for detecting hotspots from
the air during forest fire mopup
operations (/, 3). However, in sit-
uations where several square miles
of terrain must be searched, the
usual method of holding the detec-
tor head by hand or using a super
viewer is time consuming and
therefore very costly. The North-
ern Forest Research Centre
{NoFRC) has developed an ap-
paratus that allows the Thermo-
vision to be used to search large
areas systematically and efficiently.

Design

The scan extender consists of an
aluminum box approximately 25
inches long by 6.5 inches wide by §
inches high (63.5 cm X 16.5 cm X
20 cm), that is mounted beneath
an aircraft and encloses the AGA
detector head, a 4 inches x 4
inches (10 cm x 10 cm) surface
silvered mirror, and a mechanism
that oscillates the mirror in a 90-
degree arc, The mirror is mounted
in front of the detector head at a
45-degree angle and reflects
thermal radiation from the ground
into the detector. The mirror is
powered by a variable-speed, rever-
sible, 12-volt motor and a gear set
that together give a maximum out-
put shaft speed of 30 revolutions
per minute (rpm). The motor turns
an eccentric that changes the ro-
tary motion into the reciprocal Two views of the scan exiender.

CONTROL BOX
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movement used to oscillate the
mirror. The mirror will make ap-
proximately one sweep per second
when the motor is running at
maximum speed. The mirror is
operated from inside the aircraft
with a swiitch box that houses three
controls: a two-position switch to
start the mirror and let it run in
one direction, a rheostat to control
the sweep speed, and a three-posi-
tion return-to-off switch that will
run the mirror in either direction
and is used for making fine adjust-
ments to pinpoint specific areas.
Power for the scan-extender motor
is supplied by a NoFRC power
pack (2), also carried inside the
aircrafi.

The scan extender has been ex-
tensively field tested on Bell 206B
helicopters. The apparatus attaches
to the helicopter with a mount that
is designed to use the aircraft
cargo hook attachment points. The
scanning equipment can be in-
stalled in approximately 15 minutes
and requires no modifications to
the aircraft. By designing different
mounts, almost any helicopter or
fixed-wing aircraft can be used as
a platform for the scan extender.

Details on the construction of
the scan extender and mount are
available on request.’

' For details, contact the Northern Forest
Research Centre, 5320-122 Street, Edmon-
ton, Alberta, Canada T6H 1S5. Phone
(403) 435-7210.

Operations

Depending on the size of the
area to be searched, the detail re-
quired, and the aircraft used,
speed and height ranges of 50
miles per hour (mph) (80 km/h)
ground speed at 2000 feet (608 m)}
above ground level (AGL) to over
100 mph (160 km/h) at 4,000 feet
(1216 m) AGL have proved to be
the most practical. Circumstances
may occur, such as the need to
search a small area thoroughly or
to get a quick look at a large area,
that will necessitate exceeding this
range. Under normal conditions,
however, slower speeds and lower
altitudes can increase the search
time to unacceptable levels, and
faster speeds or higher altitudes in-
crease the chances of missing smail
hotspots.

The mirror operates in a 90° arc
and therefore laterally sweeps an
area that is equal to twice the fly-
ing height. For example, at 4,000
feet (1216 m) AGL the mirror will
sweep 1.5 miles (2.4 km) laterally.
This combined with a 100 mph
(160 km/h} forward speed will re-
sult in 2.55 square miles (6.6 km ?)
being scanned per minute.

With the mirror operating at the
high rate of speed necessary to
provide at least two views of any
given ground feature, watching the
viewing screen can be confusing.
After a reasonable period, how-
ever, an operator with previous ex-
perience on the Thermovision

should readily adapt and be
capable of a thorough search. In
addition, ground detail is usually
not important during a general
search, so the Thermovision level
control can be turned to darken
the screen, making ground detail
almost indistinguishable and the
screen easier to monitor. When a
hot area is discovered, the mirror
can be slowed down or stopped
and the level adjusted to provide
background information to aid in
locating the hotspot.

During a mopup operation the
entire area of concern is searched
with the scan extender and any hot
areas are noted on a map of the

“fire. Then, using either the

Thermovision camera in the hand-
held mode (after removing it from
the scan extender) or another
handheld scanner such as a Hughes
Probeye or an AGA 110, only the
areas that were shown by the scan
extender to contain hotspots are
searched, and each pinpointed hot-
spot is marked for the ground
crews,

Effective use of the scan ex-
tender results in simpler and more
reliable systematic searches in a
shorter period of time. The oscilla-
tion of the mirror is mechanical
and therefore consistent, allowing
the operator to plan adequate
overlap and thus be certain that
the entire search area is being
scanned. In addition, only one
operator is required to conduct a
search, and there is no need to
open a window in the aircraft.

Summer 1982 23



Limitations

Using a scan extender has a few
limitations. The first is that using
the Thermovision at long range de-
creases the chances of its respond-
ing to weak signals, which could
result in very small hotspots going
undetected.

To determine the minimum spot
size that could be detected, a test
was run using piles of 1, 2, 4, 6, §,
10, and 15 briquets. The piles were
scanned from progressively higher
altitudes, starting at 1,000 feet (304
m) AGL and going up te 7,000
feet (2128 m) in 1,000-feet (304-m)
intervals, The resulting thermal in-
formation was recorded on video-
tape for later study. It was found
that from 2,000 feet (608 m) AGL,
four briquets were easily detected,
two briquets were visible but could
be missed, and one briquet was
missed. At 4,000 feet (1216 m),
eight briquests were readily de-
tected, four would possibly be

missed, and two would probably
be missed.

In addition, the scan extender
was used operationally on some 20
wildfires of up to 250,000 acres
(101 250 ha). During this work, no
new hotspots were discovered after
a scan, indicating that under the
conditions prevalent at the time of
the searches, the equipment was
used successfully to locate all of
the potentially dangerous spots.

The scan extender also makes it
difficult to pinpoint a hotspot in
featureless terrain. Unless there are
thermally distinctive ground
features such as bodies of water,
the only reference the operator has
is the position of the aircraft in
relation to the target, However,
even a general location narrows the
search area to where a hand-held
scanner can quickly pinpoint a hot-
spot.

Conclusions

The scan extender has been used
for two seasons in Saskatchewan
for about 60 hours and has proven
to be a reliable, useful accessory to
the Thermovision. Using it for
mopup will save helicopter time
and still provide a thorough
thermal search.
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A Belt Weather Kit Accessory for
Measuring Woody Fuel Moisture

Bob Clark and Fred Roberts

Graduate Research Assistants, Department of Range
and Wildlife Management, Texas Tech University,

Lubbock, Tex.

A standard belt weather kit (7)
contains instruments used to ob-
tain pertinent fire weather data.
However, the kit contains no pro-
vision for obtaining information
on fuel moisture, a basic fuel
property related to fire behavior
and subsequent fire effects.

Several methods are used to esti-
mate fuel moisture. These include
weighing fuel moisture sticks (fuel
moisture analog) and mathematical
modeting techniques; these tech-
niques are indirect and nondestruc-
tive. Destructive laboratory meth-
ods include gravimetric oven-dry-
ing process, Karl Fischer titration,
and distillation, usually with xy-
lene. Recently, two field techniques
have been evaluated; these are mi-
crowave dryving (3, 4) and the
COMPU-TRAC oven {5). Al-
though these methods are useful in
research they are expensive, and
not well adapted to fireline use.
This note describes a commercially
available, inexpensive instrument
that has been a useful weather kit
accessory in west Texas.

The instrument is the Protimeter
Moisturemimi, a small, resistance-
type moisture meter. The meter is
available from several timber sup-
ply houses and retails for about
$120.00. Its measuring range is 6
to 28 percent moisture content and
is accurate to within 2 percent,
It is powered by two 9-volt bat-
teries and has a light-activated, au-
tomatic on/off switch concealed
under a snap-off cover. It is small
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The moisture meter is smafl, durable, and
Sfits well in existing belt weather kit pockets.

enough for pocket or weather kit
use, durable enough for fireline
use, and works well at night if fire-
light or artificial light is provided
for the light-activated switch. In-
stalled probes are 2 inch long,
and an accessory hammer probe
with i inch probes is available at
extra cost.

The meter has been used when
burning chained, redberry juniper
(Juniperus pinchotif) piles in fire-
lines in west Texas, Since these
piles are burned under conservative
conditions, ignition is occasionally
difficult. Using the meter, it was
determined that the brush piles ig-
nite readily if wood moisture is 6

percent or less, and will not ignite
if moisture content is above 28
percent, Weather conditions and
fire fuel [oad determine whether
wood at moisture contents between
6 and 28 percent will ignite.

For burning honey mesquite
(Prosopis glandulosa var. glandu-
losa), the meter was calibrated for
¥ to | inch mesquite roundwood
by immersing 20 mesquite samples
in water for 72 hours, then drying
the samples at 140° F. Periodical-
ly, four or five randomly selected
samples were removed from the
oven, weighed, and moisture read-
ings obtained by inserting the me-
ter probes ¥ inch into the sam-
ples. This process was accom-
plished within 30 seconds of re-
moval from the oven, and contin-
ued until 20 samples had been
weighed. All samples were subse-
quently dried for 36 hours to ob-
tain dry weight and ailow calcula-
tion of moisture content. A de-
sorption calibration curve was then
developed for dead, mesquite
roundwood. Since the meter usual-
ly read less than gravimetric results
we suspect the difference was due
partially to the moisture gradient
across the roundwood (6). Magni-
tude of error will likely increase
with roundwood diameter; thus,
results presented here should not
be extrapolated to larger fuel size
classes or greater moisture con-
tents, Judging from these results it
appears that 12 random samples
should provide a reliable indication

Summer 1982 25



of woody fuel moisture content of the meter is required. Alternate-
and can be related to gravimetric ly, the meter could be calibrated
moisture content when calibrated. with fuel moisture sticks, or cali-
A minimum of 20 samples should bration tables supplied with the
be used for calibration. meter could be used. The meter,
Moisture determination with however, should be useful in pre-
electric meters depends on the spe- scribed burning, slash disposal,
cies of wood involved, moisture and fire control under a variety of
content, temperature, grain angle, burning conditions for particular

wood density, and other properties fuel complexes.
(). Thus, some preliminary testing

30
Y 2 0.59+ 0.86x

r2z 0.83

S.E. - 3.41

Meter Moisture Content (%)
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Gravimetric Moisture Content (%)

Desorption calibration curve for moisture meter on Vi to I inch mesquite sterns. Regression
equation, 5% confidence belt, r?, and standard error of estimate according to Little and
Hills (2).
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Fire Programs

Prescribed Burning Assistance Pro-
gram Combats Incendiary Wildfire

The Florida Division of Forestry
(FDF) has established a prescribed
burning assistance program to
combat incendiary wildfire. The
Statewide program is the result of
& project begun in June 1979 with
$10,000 from a National Initiatives
Project grant, The FDF provided
free prescribed burning assistance
to landowners in Clay County,
Fla., a high incendiary fire occur-
rence county, to see what effect it
would have in subsequent fire oc-
currence.

The prescribed burning assis-
tance package included all plan
preparation, plowing, and burning
at an estimated cost of $2.40 per
acre. Clay County has a long his-
tory of burning for open cattle

grazing purposes, and although
burning for this purpose generally
ceased in the late fifties, people
continue to set fires, Statistics
from recent years show that 75
percent of all fires were caused by
local residents.

Landowners who agreed to par-
ticipate in the project signed agree-
ments relieving the FDF of any lia-
bility. All burning was done by
FDF crews closely following a pre-
scription. Approximately 150 miles
of fireline was constructed and
4,720 acres were burned on 10
landheldings. The burning was
done between September 1979 and
January 1980.

Statistics showed an average of
150 fires for the past 5 years in
Clay County, and an average of 94
fires in the first 6 months of each
year. The first 6 months of 1980
following the project, a total of 63
fires were reported, even though
the months from January through
April are traditionally the worst
fire months in Florida. Incendiar-
ism was down from a 5-year aver-
age of 94 fires to 46 during this 6-
month period.

While it is doubtful that a fuel
management program alone will
solve the incendiary problem in
Florida, fuel management, in com-
bination with active fire prevention
and aggressive law enforcement
may have a more lasting effect.

Robert S. Jackson

Techrical Specialist,
Southeastern Area,
USDA Forest Service,
Atlanta, Ga. B
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