B, Lo Reckwood et al.

lale, Florida. The
A.C.T.,, Australia,
ded by courtesy of

s viminalis. Proc, 18th .

I robusta in southern,

.

n cold summer rainfall
. France, pp. 341{~57

a Florida for industrial
NC,, Gen. Tech. Rep,

les No. 19 {Aust. Govt .

sast, S.J. Appl. For. 2,

Eucalyptusenergy farm
Dept Energy, Reép. No,

la. U.8.D.A. For, Serv.,

1-8, :

anetic improvement of
In ‘Biomass Energy”

« Florida, fn ‘Biomass
{ork),

of Eucalypius biomass
Washington, D.C., pp.

wl genetic influences on®

2 South. For. Biomass

G, F. (1986). Seasonal
16, 281-90,

P

[ RE, BEHAVIVIC ) MUPEAn y 1 1o

- - ot - N

- Aust, For. Res., 1987, 17,.179-89
Ms#m/(if&,ﬂ Fovest Keseourel.
;

o o6 |
Fire Behaviour Modelling in |
Exotic Pine Plantations: Testing the
Queensland Department of Forestry
‘prescribed Burning Guide Mk 11

epieciad b yright e,
P 17, U8 G

S M. Hunt® and M. J. CrockB

A Depariment of Forestry, Forest Research Centre, Gympie; present address: Forestry Office, P.O. Bex -
142, Cardwell, Qld 4816. ' o S .

B Department of External and Continuing Education, Darling Downs Institute of Advanced Education,
P.0. Darling Heights, Toowoomba, Qlid 4350, . :

Abstract

~ Since 1972 the Queenstand Department of Fore'stry fas used guides for the pl'ann'ing and execution of

presciibed burning in exotic pine plantations. In this study, regression equations were developed 1o
represent the fire behaviour tables of the current Mk 11 Burning Guide. Weather and fuel data collected

. from 88 experimental fires were used o ¢xamine the componenis of these equations and to compare.-

observed with predicted values of fire behaviour, Predicted resuits were generally poor. This was

probably due to variation within-the fuel type in which the Guide was originally designed 1o be
applicable. Modifications to plantation esiablishment and management practices have resulied ina
change in average fuel type, thereby limiiing the Geld application of the Guide.

Pecause of its empirical derivation, further improvement and expansion of the Guide appear
{imited. The development of future burning guides should ailow for changes in environmental variables

such as fuel composition, and this suggests that a theoretical rather than empirical approach to fire
behaviour modelling is warranted. : -

[O0.D.C. 436:432.16 - - 015.5: 174.7 Pinus spp.]

Introduction |

Prescribed burning for fuel reduction began on a trial basis in the exotic ping
plantations of south-east Queensland in the late 1960s. The success of these early
trials led to the introduction of burning on a buffer-strip basis in the early 1970s.
Now virtaally all exotic pirie plantations are vurnt at least once during a rotation,
This expansion took place following the development and widespread use of
burning guides containing information on fuel drying times, fire behaviour and
lighting techniques. These guides were ¢mpirically developed using the
methodology employed by MeArthur (1 958, 1967) in producing fire danger meters
for forested areas. The field use of burning guides has been extremely successful in-

-Queenstand. Of the 22000 ha of pine plantation prescribed burnt up to 1979,
almost 97% was free of scorch and 70% was classed as ‘perfect’ burns (Byme
1980). _ : o ' '

Towever, in recent years it has become obvious to-field users that increasing

_ areas reaching burnable age contatn fuel types not readily applicable to ‘the burning
guide. Establishment and silivicultural practices have altered since the original
guides were developed. For example, changes in site preparation techniques (Pegp
1967) have allowed the establishment of plantations on ‘wetter’ &ites which
inherently support different vegetation types. There has also been a trend to burn
areas as early as 8 years old compared with 1 5-years old in the past. These factors.
combined with wider interrows and reduced stockings have resulted ina gradual

fbise: This maisris) e W
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shift in average fue] type. The amounts of grass and understorey shrubs have
increased, whereas, in the past, pine needle litter was the major cornponent.of the
ground fuel. - _ o

The changes observed in fuel composition in pine plantations prompted a
further program of experimental fires between 1979 and 1981 for the coliection of

fire behaviour data. The aims of this program were: (1) t0 evaluate the current

Burning Guide with ‘tegard to its accuracy and application to fuel types commonly
present; (23 to extend and refine this Gaide to cover a Fange of fael types; and (3} if
warranted, to examine the application ofa theoretically based fire behaviour model
(Rothermel 1572, 1983} to exotic pine fuel types. The present paper gxamines the

first aim of this proggant. It reports on an avaluation of the fire behaviour tables of

the Queensland Mkﬁl Burning Guide (Queensiand Department of Forestry 1976}
using data collected from 88 experimental fres daring the study period.

Description of the Queensland Burning Guide .

The original Mk 1 Burning Guide was developed from fuel drying and fire
behaviour data from experimental fires in south-east Queensland supplemented by
similar data from Western Australia. The Guide was refined with the collection of
farther focal date. The current Guide in use, the Mk IIL version, was produced in
1974, This Guide is in three parts: an introduction, a series of drying tables, and a
series of fire behaviour tables. o .

The introduction opens with a brief description of the five fuel-type classi-
fications specified for plantations of slash pine (Pinus ellioirii Engelm. var. elliotzii).
In particular, the Guide applies to stash pine plantations not previously burnt and
carrying an ‘average fael condition’, that is, fuels classed as “Fuel Type 2°. This type
was selected as the standard because of its prevalence when the Guide was

originally compiled. The remainder of the introduction COvers the application of

the drying and fire behaviour tables and the recommended lighting technigues.
The drying tablesiof the Guide predict drying conditions for a temperature range
of 26-30°C, the normal range occwring in Queensland in the autumn-winter
burning season. The pumber of days since known amounts of rainfall and the mean
daily maximum temperature during the drying period are used to predict the
amount of available fuel and, indirectly, the moisture content ofthetop 1 cm ofthe
fuel profile (Bymme ¥980). Four loadings of available fuel, 8 12,16 and 18tha™l,
correspond to four fael moisture levels representative of the “first’, “second’, “third’

and ‘fourth suitable burning day after rain’ respectively. Burning is not attempted

until at least 7 mm of rain is registered on the burn area.

Predictions of fire behaviour in the Guide vary with suitable burning days. Four -

tables predict rate of spread and fame beight for each suitable burning day using
the inputs of relative humidity and wind strength. Predictions for both the intedor
and exposed edges of plantations are given. Relative humidity is a choice of eight
possible values, 15-85% in steps of 10%, while wind strength is one of four force
categories, 1-3, 611, 12-18 and 19-29km h™L - '

\\i\:ethods : L
sre Behaviour Equations

oppesed o the categories in the fire behaviour ables of the Mk I

“ader to produce a working model that would yield predicted fire behaviour -
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Burning Guide), a datafile containing the inputs and the subsequent predicted fire
behaviour results, for both interior and exposed edges, was created from the tables
of the Guide. Compatible with the format of these tables, wind strength and fuel
moisture were treated on four levels. Relative humidity was treated as a coptinuous
variable rather than as the eight categories of the tables. The GLIM generalised

"least squares statistical package (Baker znd Nelder 1978) was used to derive

multiple linear regression. equations for the fire behaviour tables of the Mk it

.Burning Guide.

Predictions of fire intensity arc not available from the Mk IIT Burning Guide.

. These were therefore obtained using the formula (Albini 1976, p. 86) I=230 L2,

where I (kW m 1) is Byram’s intensity and L (m) is flame length. Flame height was

. used as the input for flame Jength. '

Experimental Fires :

Between 1979 and 1981, 88 fires were ignited in the interior of slash pine
plantations at Toolara State Forest (lat. 26°00°S, long. 152°50"E) near Gympie.
Plantations, ranging in age from 9 to 12 years and containing fat uniform arsas of
Type 2 fuels, were selected. These areas were divided into square blocks of about
1 ha and isolated by 2-m-wide fuel breaks. : ) .

Rainfall was measured and days since last ain were ecorded prior 0 burnicg.
Fine fuel quantity (tha—1) of material less than 1 cm diameter was measured and
fuel reduction was estimated by measuring the remaining ‘fuel’ immediately afier
each fire. Oven-dry fuel moisture (% o.d. weight) was measured for the top 1 cm
taver of pine needles only. Temperature ('C} and refative humidity (%) were
measured periodi_cally by an aspirated hygromeler, and wind speed (kim h~ 1} at
1.5 in above ground level was obtained from an anemometer. All weather daia
were coliected from a similar adjacent site isolated from fire influences. Each fire
was lit at a single point and, after the initial build-up stage, the-fire perimeter was
marked periodically to provide estimates of forward rate of spread (m h~1). Eve
estimates of flame height (m) were recorded. Monitoring Jasted from 30 to 60 min. -
For each fire, the mean fire intensity (kW m— 1) was calculated (after Byram 1939)
from 1= Fwr/600, where H (k] kg~ 1} is the heat yield of the fuel, w(tha—1)is the
weight of 4vailable fuel, and r (m min—1) is the rate of forward spread.

Comparison of Observéd and Predicted Data

As noted above, the Mk I Burning Guide provides fire behaviour predictions .
for both the interior and exposed edges of plantations, but the 88 experimental fires
were conducted in jmternal areas only. The weather and fuel parameters of these
fires were input to the equatiotis derived from the Guide to obtain predicted values
of rate of spread and flame height. The predicted fire intensity was calculated for
each fire using Albini’s (1976) formuia as described above. These predicted values
were then compared with the observed values of the experimental fires.

For comparisons of each of the fire behaviour variables, regression equations -

" werse obtained of the form y=a+bx, where y is the predicted value (from the

Guide) and x is the ghserved value (from the experimental fires), with a the
intercept and b the slope of the regression line. The equations obtained were then
compared with the equation of perfect it y=x by examining the constants & and b.
After this comparison, 2 number of experimental fires were excluded and similar
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Table 1. Coefficients of derived eqmﬁans- to the fire behaviour tables of the Mk I Burning
. ] Guide .

FEach of the four equations for rate of spread (RO5) of the fire and Rame height (FH) for both the interior

and exposed edges of the plantation were of the form . ’

p=a by RH+ by FMQ) by FM(3)+ ba FM(8)+ bs WS(2) + b5 WSC + by WH4)
by RET.FM(2) + by RH.EM(3) . . .+ b FMUA). WS(4),

where y is the dependent variable (ROS or FAM), a is a constant, the b; (i=1-22) are Tegression

coefficients, R isrelative humidity, the FM{7} (/=2-4) are factors with a value of 1 if the fuel moisture

coptent i at the jth level, butzere otherwise, and the WSt} (fo=2-4) are factors with a value of 1ifthe

wind speed is at Force &, but zero otherwise. The values of ail coefficients, with standard errors {SE)

given in parentheses below, are tabulated for each equation, together with the overzll coefficient of
determination r*

regression analyses were conducted on predictions for rates of spread only. The first
excluded subset of 17 fires had esiimated intensities less than 45 kW m~i the
theoretical value at which fires are generally self extinguishing {(McArthur 1962).
The second subset excluded these same 17 fires pius an additional 14 fires where the
observed wind speéd exceeded 3.4 km h—L This value was selected to remove
possible anomalies caused by the different measurements of wind speed used in the
experimental fires and the Guide. The latter uses Beaufort wind strength which
equates approximately to wind speed at 10 m above ground level in the open
(Australian Bureau of Meteorology 1984} whereas wind speed was measured at
1-5m upder canopy for the experimental fires. Using ‘a value of 3-4km h—!
effectively removed all fires where the observed wind speed would have exceeded

the equivalent of wind strength category 1 (I-5km h—1) with a 1-6km h™! ,
allowanee for reduction due to canopy (Luke and McArthur 1978, p. 36). Parameter : Coeff- " Coefficient {SE) for:
- : _ in L icient ROS ROS FH . FH
Sensitivity Analysis of the Guide equation ., Fow interior  edges interior edges
To assess possible avenues for fine tuning of the Guide, asensitivity analysis was Constant {4} 35-6 443 0892 0-966
andertaken using the equations derived 1o represent the fire behaviour tables of the -0 a-4 (0-028) - (©033
Guide. Each group of coefficients of the equations in turn was altered by £10% RH 1 —0-372 —-0-444 " —0-0063 —0-0068
while all other coefficient groups were held constant. The weather and fuel data of ©-017) ©-022) (©-0005) (0-06C6)
the 88 experimental fires were then used to recalculate rate of spread, flame height FM2) -2 . &0 TR ¢-050 ¢ 0123
“‘and fire infenisity, and the results were compared with those obtained from the .FM{B) 2 V | I(é? | 2((;? | (g'ggj} (g‘?‘:;}
original equations. .' ' @ {i-6) (0-034) (0-042)
_ EM(®) - 2 20-6 Co27 0-210 0334
Resalts ) _ 12 (16} {0-034) (0-042)
The regression coefiicients for the four equations making up the fire behaviour e ; (:15.;) 1({1}.2) (3.322) (g.(l)zg}
tables of the Guide are given in Table I; the form of the equations is shown with the wsE 3 i75 323 0223 0-325
table. The coefficients of determination (72) included in Table 1 suggest that all four o O (-6 ©034 {0-042)
equations.provide a.very good fit to these fire behaviour tables. WS4 3 36-2 60-1 0-494 0-917
A summary of the obsérved values for the experimental fires and the deviations {1-2) {1-6) {0-034) (0-942)
of these values from the predicted values of the Guide equations are presented in RE.FM2) _ 4 —g.052 . —0-047 —0-0010  —0-0010
Table 2. The mean and range of the observed values are included along with mean : : . {018 {0-024) {0-0005) {0-00086)
relative deviations, calculated using absolute values. The predicted resuits are "RH.FM(3) : 4 —{(-150 —{-185 —0-0023 —0-0030
generally poor, particularty for fire intensity. _ ‘ ‘ o 008 ©-0249) 00005 . (0-0006
Resuits of the linear regression comparison of the observed and predicted data RH.FM() 4 —0-150 —0-269 —0-0010 —0-0027
are presented in Table 3. None of the regression equations were found to be similar . ' oty ©024 ©-0005) ©  (0-0006)
to the line of perfect fit, and the slope of each was significantly greater than zero. RH.B32) 5 —0-025 —0-086 —-0-0003  —0-0015
These equations are shown superimposed over plots of predicted agdinst observed ' ) (0-018) ©-024) ©-0003) (G'OQQEJ
values in Fig. 1. A similar pattern of overpredietion for low observed values and RH-WS3) > 0155 —0-136 —0-0013 —90-0017
15 - N : b ©-018) ©-024) - (0-0005) (0-0006)
underprediction for higher values is evident for all three variables. Additionally, -
. . s . N . RHE. W54} 5 —{-350 —(0-409 —0-0044 —{-0058
ihe relatively wide spread of the datum points about these lines is reflected by the _ (0-018) (9-024) {0-0005) (00006}
low coefficients of determination r? presented in Table 3. FM). W) 5 0.5 0.3  oms 0
Excluding particular fires from the data set did not improve the accuracy of g (1-6) (1-5) 0033 (0-040)
predictions. The first _Subset of71 ﬁl'eS, that iS, eXChldj.Hg fires with intensities below . FM(D. WS(3) ) 6 16 2.9 0050 ’ 0-075
'\-.E% 45kW B preducg%i a coefficient _1'2 of 0-128 for the regression of predicted _ {t- (£-3) 0033 0040
“wggainst observed rates of spread. The second subset of 57 fires, excluding both low FM. WSE) 6 4.4 11-6 0-113 0-200
"“"&gnsity fires and- fifes where wind strength exceeded category 1, was similarly ‘ ' : (1-6) {1-5} {0-033) (0-040)

ssful, producing an 72 value of 6-078.
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Table 1 (Continued) 6.75
Parameter " Coeff- Coefiicient (SE) for: T
in - iclemt . Ros ROS FH FH E
equation . L group interior edges ©interior edges c 0-56
FER3).WS2) -6 “1-5 6-4- 0-037 - 0-087 ch
{1-6} {1-5} - -{0-033) (0-040; &
FM(3). WS(3) B 66 7-4 . 0128 0-150 .2 0w
) (1- (1-3} {0-G33) {0-040) B
FM(3). WS4 6 T 115 25-1 0-213 G-400 3t
: . a-6 (:-3) {0-033) -040) ©
FMA). WS(2) o8 51 7.4 0075 0-087 - - = oo e
N (1-6) (55} (0-033) (0-040) o OB 0-5¢ o -
FM(4. WS(3) L6 9-4 13 0-137 0-187 Observed A0S (m min=h
o {1-6) {i-5} {0-033) {0-040)
FM(4). WS4 S 16-0 30.7 0.237 0-450 sae
: -6 a5 - 0-033) {0640 ' {;’
Coefficient r2 ' . 0.9% 0-996 0-979 0.987 _
£ $
-8} For
UI— = o had F i -
. - ooz Ty=at bx
Table 2.- Summary of observed values of fire behaviour and theit deviations from B F s F e
_ the predicted values of the Guide equations z = =z r r r
The results are from 88 experimental fires in interior plantation areas gl ror
Variable of fire Mean (range) of - Mean deviationA BT
) : observed values Overall %) . . [ I ;
o - : : } 2.0
Rate of spread (m h™1) 24.6 (10879 - 08 433 ° 0-4 0.8 12 e
Flame height (m) -6 (0-1-1-7) 0-3 50-7 Observed FH {m}
Intensity (kW m~1) 112-8 (3-0-514-0} 61:9 1549
AThe mean overall déviation is the sum of the absolute differences between the 300
Y predicted (p7) and observed (g;) values divided by the number {z) of observations, )
5 thatis, 24| pi— o] /m; the mean percentage deviation is Z:(ipr— 07| X 1000/ .
. z |
; - 200
Fable 3. Linear regression comparison of observed and predicted fire behaviour f— ~
“The results aré fom fits of linear regressions of the form y=a+bx, where y is the -
predicted variable and x the corresponding observed variable,. to the datz for 8% %
experimental fires fn interior plantation areas. The coefficient of determination r? for 5 08I
each equation is shown together with the results of three tests of hypotheses (Hy) for the : g
values of the regression coefficients: *, hypotheses rejected at P<0-0% ** hypotheses
rejected at P<<Q-01
Varizble - Regression coefficient _Coeﬁcient Tests on coefficients 0 . 100 200 300 400 500
of fire Intercept ¢ Slope r2 Hg:a=90 Hyp:b=0 Hoze:‘yil . Obséwed 18w m— ’
Rate of spread 0-224 0-196 0-119 ., *: z Fig.1. Linear regression its of the form y=a+ bx1o the predicted () and observed fx) data
#, ~ Tameheight 0537 . 0076 . 0052 - - - BB . ofsoecad (ROS), fame height (FH) and fire imensity (/) from the 88 experimental
Intensity .92.57 0-104 0-089 B fires in interior plantation areas. The fines of perfect fit (=x) arc included for comparison i

‘”Ptedlcted imtensities were calcuiated from fame height predictions. gach plot.

-
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Table 4, Sensitivity analysls of predictions of Mk III Burning
Guide .
The results show the changes in the mean relative deviation between
the predicted fire behaviour from the Guide eguations and the data
for the 88 experimental fires in interior plantation areas brought
. about by changes of = 10% in the coefficient groups of the Guide
equations (see Table 1). As- before, the coelficients are relative
humidity (RA), fuel moisture (FA0) and wind speed (W), and the
fire variables are rate of spread (ROS), flame height (FH) and fire

intensity (1)

Coefficient Change in Change i mean deviation (%
group coefficient (%) ROS o I
RH +16 +0-87 —35. —21-%0

. —1i0 +0.97 . +4-82 0 41779
FM : +10 © 4104 +1-96 - +438
. . =10 . ~0-40 —173 —4-33
WS : +10 —001  —8-01 +0-05
. C =10 0-00  +0-62 —0-05
RH.FM +10 T 4p.16  —0-89 0 -2
: - 10 £0.12.  +1p4 4233
RH.WS +10 o-00  +001 ~0-0t
‘ -19 0-60 9-00 +0-01
FM.FS S+ 10 —00f  —~0-01 —-0-01
‘ —10 000  +0-04 +0-01

The éensitivity anéxiysis presented in Table 4 shows changes in mean relative
deviation of rate of spread, ffame heightand intensity forinterpal areas. The results
suggest that altering the humidity coefficient may reduce the mean relative
deviation for intensity. However, an examination of Table 4 in conjunction with
Table 2 shows that any improvement would be minimal, as the mean relative
devration for ntensity would stfil be of the order of 1§O% (e 154-5—21 -2).
Discassion : o
The four derived equations (Table 1) pr

' behaviour tables of the Mk T11 Burping Guide. The coefficients of determination of
* all equations exceeded 97% and suggested that the predictive ability of these
equations was more than adequate to represent, the Burning' Guide for the -

compazison of predicted and ohserved fire behaviour data. This result was not
unexpected, as similar regression equations would have been compiled in the

. development of the: Guide, and rounding errors would account for fhe stight

variations. .
The deviations between the predicted and observed data presented in Table 2

suggest that the Guide provides relatively poor predictions of rate of spread and

fiame height and even pooOTeEr predictions of fire intensity. The result for fire -

intensity eould be due to two factors; firstly, the predicted flame height was used {0
‘predicted’ fire intensity and, secondly, the formula of Albini (1976) used

ate
= ;gplatidn may not apply. The poor overall predictive results are supported

.

ovided a very good fit of the fire

Pyt
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by the linear regression test of the Guide (Table 3 and Fig. 1). In all case’, the
regression équations were found to differ significantly from the line of perfect fit
and their slopes were significantly greater than zero. Additionally, their low
ude any alteration of the Guide’s coefficients to

coefficients of determination precl ]
produce equations similar to the line of perfect fit. Rothermel and Rinehart (1983)

recommend coefficients of determination of at least 0-75 before any adjustments

are attempted to impreve predictions. _
Although. various burmning guides have been developed for exotic plantations

(e.g. Speeuwjagt and Feet 1976), little evaluative work ig available for comparison
with this study. An exception is the evaluation by Andrews (1980) whoe regressed
predicted values against observed values of four separate studies of Rothermel’s
(1972, 1983) fire behaviour model. The 12 value, and hence goodness of fit, of cach
study is compared with the +2 value of the present study in Tabie 5. The poor
predictive ability of the Guide equations is very evident. '

from Rothermel model and Mk III Burning

) . Guide - ‘ o
The coefficients of determination (r?) found by Andrews(1980) from four previcus
tests of the Rothermel (1972, 1983) mode] for predicted rates of spread of fires in
different fuel types are compared with the corresponding r? value from the present-

“Table 5. Comparison of predictions

) . testof the Mk_III Bumning Guide
Fuel type . Reference for test Coeflicient 72
Grass Sneenwjagt and Fransden (1576) 0.92
Slash - Brown (1972) 0-80
Slash . Bevins (1975) . 0-43
Southers rough. Hough 2nd Albini (1978) 0-8%
Pine plantations Present test of Mk 1 Burning Guide Q-12

~ Albini (1976), in his discussion of the limitations of accuracy for fire behaviour -
modelling in general, listed three principal reasons for error:
(1) the miodel’s inherent accuracy may be at fanlt;
_ (2)-the data ssed 10 est the model may be inaccurate;
(3) the model may not be applicable to the sttuation.
The results with the Guide can be examined in the light of these three possible
sources of error. Firsily, the Mk II1 Burning Cuide is empirically derived and has
provided acceptable predictions for prescribed puming in the past (Byme 1980),
which suggests that there is no inherent inaccuracy. The results of the sensitivity
analysis (Table 4) support this conclusion. Secondly, the fire behaviour data for this
study were collected under experimentzal conditions and are therefore assumed to
be accurate. Finally, @ number of factors can be considered with regard to the
applicability of the Guide in this study. The attempts to improve the applicability

- of the data set to the Guide failed in both cases: deleting fires of low intensity and

fires where wind strength exceeded category 1 did not improve its predictive
ability. - _ ' ' : : :
One. possible explanatien
Guide is fuel type variation.
classified as Type 2, fuel suspensionmay vary

for the poor predictive resuits obtained from the
Although all of the experimental fires were In areas
from 50% to $0% within this single
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type. Additionally, the presence of live or green fael will directly influence fire
behaviour because of its effect on the moisture content of available - fuel.
Predictions of fuel moisture content by the Guide do not take this Hve-fuel
component into account, noT was this component sampled during the experimental
fires (the top 1 cm of pine needles only was sampled). Differences in fuel
composition are certain to have occurred on the 88 experimental fire areas.

Conclusions . .
The poor predictive results obtained with the Mk III Buming Guide are
apparently due to variation in fuel composition within Fuel Type 2, the fizel

classification most applicable to the Guide’s drying and fire behaviour tables. -

While operational use, of the Guide bas been very successful in the past (Byrne
1980), changes in plantation mapagement practices in recent years havelimited the
field applicability of the Guide. The majority of areas now burnt for the first time

do not carry Type 2 fuels.
Possible improvemgnt of the ;
‘average’ fuel type appears limited because of the Guide’s empirical development.
1t would not be practical to have te continnally modify fire behaviour tables to
aliow for changing fuel compesition. The sensitivity analysis in this study also
suggests that fine tunirg of the Guide in the short term, by adjusting coefficients
within the Guide equations, would not be beneficial. Consequently, it would seem
more appropriate for future fire be
such as the Rothermel (1972, 1983) model, aod this exdmination has commenced.
Because of their theoretical derivation, these models can be readily adapted to

overcome changes in environmental variables.

Acknowledgments : . _ N

Collection of experimengal fire data used in this paper was done as part of the fire
research program of the Queensland Department of Forestry. The contributions of
Mr Pe Byme and Mr:M. Podberscek in this regard are gratefully acknowledged.
Critizal reviews of the text by Dr M. Gillof CSIRO, Canberra, and Dr N. de Mesire
of the University of New South Wales, Duntroon, deserve special thanks.

References N :

Afhini, F. A- (1976). Gstimating wildfire behaviour and effects. U.5.D.A_For. Serv. Gen. Tech. Rep. No.
INTE-30. . ) . -

" Andrews, P.1.(1980). Testing the fire behaviour model. Proe. 6th Conf. on Fire and Forest Meteorology
(&4 R E. Martin), pp- 70-6 (Soc. of American Foresters: Washington, D.C.)."

Ausiralian Bureau of Meteorology (1984). “Observing the W
Observers Guide’, 2nd edn (Aust. Govt. Publ. Serv.: Canberra).

Baker, R. J., and Neldes, L. A. (1978). “GLIM Sysiem Manual’ {(Nemerical Algorithms Group:

Oxford).

Bevins, C. D. (1975). Az e
System. M.Sc. Thesis, University of Washisgton. S
K. (1972). Feld tedtofa rate-of-spread model in slash fuels. U.S.D.A. For. Serv. Res. Pap. No.

i6 ¢ :

%W

¢ (1959). Combustion of forest faels. I ‘Fosest Fire Control and Use’ (E4. K. P. Davis), pp.

Hifl: New York). _
Sescribed burning in Queensland exotic pine plantations. Paper presented at 11th

tidad, 1980. . )

G_uiﬁe to cater for .fuéi—ty’pe_ variation and shifts in -

haviour guides to eximine theoretical models:

eather: the Australian Co-operative -

J-iuation of the slash fuel model of the 1972 National Fire Danger Rating

Fire Behaviour Modelling in Exotic Pine 18!

L e

Hough, W. A, and Albini, F. A. (1978). Predicting fire behaviour in palmetto—gallberry fuel complexes
11.5.D.A_ For. Serv. Res. Pap. No. SE-174. :
Luke, R. H., and McArther, A. G. (1978). ‘Bushifires in Australia’ {Aust. Govt Publ Serv.

Canberra}. i . :
McAsthur, A. G- (1958). The preparation and use of fire danger tables. In ‘Proceedings of a Fire Weathe

Conference’ (Aust. Buz. Meteorol: Melbourne).

 McArthur, A. G. (I?SQ). Controt burting in eucalypt forests. Comm. Aust. For. Timb. Bur. Leafle

No. 80. ]
McArthur, A. G. (i967). Fire behaviour in sucalypt forests. Comm. Aust. For. Timb. Bur. Leafle

MNe. (07 .

Pegg, R. E- (1967} Refation of slash pine site index to soil, vegetation andrclimate in south-eas
Queensland. QId Dep. For. Res. Note 19. B :

Queensland Department of Forestry {1976). *‘Operations Manual— Prescribed Burning in Exotic Pins
Plantation’. Qid Dept For. Manual. B o

Rothermel, R. C. (1972). A mathematical modet for predicting fire spread in wildland fuels. U.S.D.A
For. Serv. Res. Pap. No. INT-115. ) . .

Rothermel, R.C.{1983). How te predict the spraad and intensity of forest and range fires. US.DA. For
Serv. Gen. Tech. Rep. No. INT-143.

Rothermel, R. C., and Rinehart, G. C. (1983). Field procedures for verification and adjustment of fin
behaviour predictions. U.S.D.A. For. Ser. Gen. Tech. Rep. No. INT-142. :

' Sneenwiagt, B I, and Fransden, W, H. (1976). Behaviour of experimental grass fires vs. prediction:

based on Rothemmel’s fice model Can. J. For. Res. T, 357-67.
Sneenwijagt, R. I, aiid Peet, G. B. (1976). “Forest Fire Behaviour Tables for Western Aus_tralia’, W.A

For. Dep. Report.

Manuscript received 21 November 1986, accepted 24 Jume 1987



