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In the past fires have been descrlbed with subjectlve terns such.as:

' ,cool t t ,  t thot" ,  " fast" ,  or  t ts lodt .  Thege termg are not  a lways

adequate for developlng a clear Picture of fLre effects'

The purpose of thls paPer ls to Provlde standardlzed technlques and

teminology for descrlbl'ng forest flre behavLour ln Western

Austfallan forests. It ls lntenaled that thls should cornplenent the

Forest lire Behavlour Tabl-es for western Austfalta, aod other guldes

used by forest flre nanagers r and suppleroent comprehenslve flre

texts such as ,rBushftres ln AustralLart (Luke and McArthur ' 1978) and

"FLre and the Australlan Biotarr (G111, A.u' et aL' l98l) '

I oBSCRBING AND QUANTIFYING FIRE BEHAVIOUR

MEASURES OF FIRX GROWTH

Viewed fron above, fires whlch have developed fron a

spot, or polnt source, are roughly elLlptlcal or

egg-shapecl  (Peet ,  1967) .  In i t ia l ly ,  f l res oay be

clrcular, but wlnd' slope, or fuels w111 change the flre

shape. Under constant condltLons, the flre wldth - to -

length ratto (or fLank flre to head flre rate of spreatl

ratlo) ls governed by wlnd and sLope. Flgure I below

lllustrates thls, and shows l-deallzed flre shapee

agsoclated wr-th varloua forest wlndspeeds (neaeured at

1.5 metres above the ground, and ln the forest). A

convergLon to aPProxLmate tower wtndspeed (wlndspeed at

10 n above the ground' anal ln the open) ls also given'

- 2 -
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H e a o  I  a r e

The head fire is the secEion of the flre moving ln lhe

same direction as the wlnd or the sloDe. Head fire

flames lean in the directlon of the wlnd or slooe and

Iean over the unburnt fuel (Flg. 2). The head fire is

further characterized by being the most intenae part of

the fire; where f lame helght, f larne length, flane depth,

and rate of spread are greatest. An arbitrary zone of

head fire is shown 1n Flgure 2. I{ead flre rate of

spread, or the rate of advance of the head fire, is the

dlst.ance lravelled by the head fire along the central

axis (Fig. 2) over time. I{ead fire rate of spread can be

measured by uslng a stop-watch and estimaLing the

dlst.ance travelled. Other techniques are dlscussed

later. Rate of fire spread is usually expressed l-n

metres per  seeond (m "  
- l )  

o"  net . res per  hour  ( rn t r  
- l ) .

In  severe forest  f l res and grass land f l res k i lometers per

hour (kph) are sometimes used to express rate of spread.

F]ank  F i re

Flames on the flanks of a fire nove ln the general

direction of wind or slope but at an acute angle to wlnd

or  s lope (see f lg .  2) .  For  a f i re  dr iven by a s t rong

rrind, the flank flre can make up nost of the fire

perineter, so flank flre rate of spread wlll vary at

different polnts along the perimeter. Flank fire rate of

spread increaaes aa the flank moves closer to the head

fire zone. In deterrnining lighting technlques for mild

hazard reduct ion burns,  f lank f i re  rate of  spread ls

- A -
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taken as the mean dlsfance the flre travels along axes at

6 0  d e g r e e s  t o  t h e  c e n t r a l  a x i s  ( P e e t ,  1 9 5 7 )  ( F f g . 2 ) .

F lank f i re  in tensi ty ,  f lame height ,  and rates of  spread

are lower than lhose of the head fire. Units for

expressing flank fire rate of spread are the sane as for

the head fire. The length of the flank fire will

influence the severiEy of control proble!0s resulting when

a wind shift causes the flank fire to become the ne\r head

f i r e .

Back F i re

The back,  or  ta i l ,  o f  the f i re  ls  the par t  o f  the f l re

where the flarnes are rnoving agalnst the wlnd, or are

movlng downslope against  the wlnd.  Back f i re  f lames are

shor t  (0 .1 -  0 .5 m),  lean towards the head f i re ,  and

hence lean over  burnt  fue l .  I t  is  the least  in tense,

s lowest  moving,  and most  constant  par t  o f  the f i re ,  and

by far  the least  danaging and easlest  to  contro l .  Uni ts

for  express ing back f l re  rate of  spread are the same as

for  head f i re .  Back f i res in  forest  s i tuat ions rare ly

spread.  at  ra tes above l0  -  30 *  hr  
- I ,  

even when the head

f i re  is  t ravel l lng very fast .

FIRE PERIMETER

Fi re  per ine ter  i s  the  d is tance

the  head,  bo th  f lanks ,  and the

Per lme ler  i s  usua l ly  expressed

f i res ,  and k i lone t res  (km)  fo r

around the  f i re  enc l  rc l lng

back  o f  the  f i re .

ln  met res  ( rn )  fo r  sna l1

Ia rge  f i res .  Inc rease in

- 6 -
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Figure 3 is a guide to estimatlng fire area for flres

burnlng wlth an elllptical shape. Thls formula can be

used to forecast fl.re afea increases with time after

lgnitlon, or over any !trfle lnterval. To use Flgure 3,

rnultiply the fire's length in km (back flre to head flre)

by lts width 1n krn (across the flanks) and dlvlde by trdo.

Select this figure on the hortzontil axls ln Flgure 3

and read off flre area on the vertical axls (note the

logar i thn ic  scale) .

2 3 1 5 6 7 I  9  lO l l
Fire Width (km) x Fire

FIGJR.E 3: Fire area (ha) dbrivedt. frcm fire lengrth and fire
width for rqlghly ellipticaf fire shapes -

- 8 -
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very  accura te ly  and th rough dense smoke.  F i re  behav iour ,  f i re

s ize ,  and f i re  per imeter  can be  read i l y  de termined by  p lo t t ing

the  f i re  per imeter  a t  f reguent  in te rva ls .  An added advanEage

of infra-red techniques is that hot spots, hop-overs, and long

disEance spotting can be detected through dense smoke which

wou ld  obscure  v isua l  de tec t ion .  The main  d isadvanEages o f

in f ra - red  scanners  a re  the i r  h igh  cos t  and poor  te r ra in  de ta l l .

Figure 4 sho\,rs the infra-red imagery of an experimental f ire.

Infra-red line scan of an e:<IErinental nass
igrnition fire. MucL! infornation about fire behavior:r
can be interpreted frcm these scans taken through
dense snoke.

; i 1

r  I  . d

rl

FIG]RE 4:

-  1  0 -
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l lowever, under severe burnlng condltlons, flanes become more

buoyant, randonlzed and dlffuse. Vlsual estlnatea are less

reliable, and dlfflcult to obtain eafely. In the forest there

are flany features which can be ueed to provide a scale, such as

scrub height ,  the height  of  smal l  t rees inc luding Banksia spp. ,

Persoonia spp.  and others.  In  ext reme s i tuat ions,  the

overstoney canopy can also be ueed as a ecale.

FLame length can also be calculated from 'neasurenents of flane

height and flane angle (see below). Flame length iB ueualJ'y

expressed tn rnetres (n).

rLAME I1EIGHT

Fl"ane helght (Flg. 5) ls the vertlcal dlstance between the ttp

of the fLaoe and the ground or fuel bed. Llke flane length, lt

ls estloated u6Lng a slmple vlsrral scal.e, and ts expreesed in

netres (n). FLane helght is usually less than flane length,

but rnay be the same for fires burnlng on flat terraln under

very low wLnd speeds.

Post-burn Estlnatlons of FLre Behaviour

In the absence of obgervitl.ond nade dtirt"ng..the ftre,

approxlmate flane helghts ean be estlnated aoon after the flre

by (1) neasurlng the helght to lrhich vegetatLon has been

defollated, or (1i.) neasurlng the helght of sten charrlng on

non-fibrous barked plants such as Banksia grandis. Stem

charring wt1l- be considerabJ-y htgher on the leeward side of the

gtem due to the rrchlmneyrr effect. Thls l-s very pronounced

under strong wlnds and dry condltlons. More reliable estlmates

from stem char can be obtained fron the windward or donmhill

- t z -
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upland jar rah (Euealgptus naxginata Sm )  I i t ter  fue ls .  As

wlndspeed increasea, flanes tend to becotne lower and longer for

a glven rate of epread. The windsPeeds sho$l 1n Flgure 6

assune a 4:l ratlo bet$€en w!-ndspeed meaaured at 10 m above

ground level ln the open (Tower windepeed); and windspeed

measured at 1.5 m :rbove ground level in Ehe forest (Forest

windspeed)

p

,, i  t: i  -t !;

FIqTRE 6: ApprordrrEte head fire spreail rates frcn a\terage
flare heights for fires hrrning in a qpical qilard
jarra!., litter fu 1 of 8 - 9 tojhaes per h&tiitb
( t  h a  - ) .

'  , : : t  I

HEIGHT FROM FLAME ITEIGHTESTI},IATING SCORCII

The Forest Flre Behaviour Tables (SneeuwJagt & Peet, 1976)
i l  ! l  l ; ;  ;qr

provlde guidelines for estlmatLng Bcorch helghts for glven fuel

I i l -'. :'! ri :;

conditlons, and rates of spread. Head flre flane helght can be

uaed to estLoate scorch for a glven set of condltions. Flgure

7 lLlustrates the llkely s"or.h''h"tghi' iroo flres burnlng ln

5-7 year old jarrah litter fuels under dry sumer or autuon

condltl.ona.

-  t . t -
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relationships between flane length ' f lane angle, and flame

helght are shown 1n Figure 9, and can be used with Flgure I to

determine f i re  ln tensi ty .

FIGJRE 8: Estinating Fire Intensity frcm FlarE length '

E
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uJ
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t!.

4 6 8 1 0  1 2
FLAME HEIGHT (m)

rrar= rensrh ,'", =:ffrlfftilI 
,",

FIGJRE 9: Flane length (n) frqn flane height
angle (degrees ) .
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Slnple and qulck rnethods for estlnatlng flre lntenstty

(1) use the flane

ear l ier .

Iength rel.ationshlp as dlscussed

( r:.; t=

2

(il i) consult rhe relatlonship graphed 1n Figure I0 below.

Fuel consumcd in lhe floming zone

;.-nt
F

U'z
uJ
Fz
uJ
4
t!

u,l
I

200 300 too soo-J66-%o
HEAD FIRE RATE OF SpREAD (m hrr)

FIGJRE l0: Head fire intensity frcm
and fuel onsur€d in the

head fire rate of
flaming zone.

spread
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Figure 1 l  and Table 2 are fur ther  a ids to  in t .erpret lng forest  f i re  in tensi ty .

TABLE 2
Flarne length and f i re  in tensi ty  as guides to
suppression d i f f icu l ty  and some f i re  ef fects

6
FLA},18

LENGTII
( n )

FIRE
INTENSlTI

(kl,l a-l )

INTER?RETATION

SUIPRESSION DITFlCULTY SOME LIKELY ETFECTS

< 1 . 5 <350 Ft res  can aenera l l y  be  a t tacked
at  the  head and f lanks  us lng
hand too1s .  Hand cons t ruc ted
breaks  shou ld  ho ld  f l re .

Idear fuel  reduct lon burnioS
range. L l t t le  or  no daraae
to forest  t ree€,  a l though
'nost  scr lb specles l r l l l  be
ki l led to g.ound. SEaII
eucalypts (<10 D) nay be
L  I  I  I  a A  r ^  o i n " n ;  ^ r

deforned py lntensl t tes near
150 kt,l n-' -

t . 5 -6 .2 35 t -2 ,000 Fi res  too  in tense fo r  a t tack
wl th  hand too1s .  Dozers  and
heavy duty lrater tankers sith
re ta rdent  can be  e f fec t i ve  on
f lanks ,  and poss ib ly  on  the  head.
F l re  nay  ju rop  dozer  b reaks .

Smal l  t rees (<10 cn dlaneter
at  breast  height  ove!  bark,
t d . b . h . o . b . l )  w l l l  b e  k l 1 1 e d
to ground or severely daDaged.
Darage to groqlng tlps atrd
canopy oay resutt ln dog-
leggins or  fork l t rg.  Larger
t rees nay suf fer  s l lght  bole

6.2-r2.O 2 ,001 -5 ,000 Flres nay present ser lous
control  probleDs. There may be
cro{n1ng and long dlstance
spott lnA. I iead f l re at tack
Fl l l  probably fa l l  and could
endanger f i re f ighters.  Fl res
nay dlsplay errat lc  behavlour.

Physlcal daEage ro bo1€ and
crom of  eucalypts s l th 6oEe
ttober degrade. snaU
e u c a l y p t s  ( 2 0  c E  d . b . h . o . b , )
nay be k l l led to Sround.
Xature Pirus radiata wl l1
probably be kt l led.

>I2 >5 ,000 Crownlng ,  lonA d is tance
spot t lng ,  sh i r l s l f ,ds  and h1gh1y
er ra t i c  behav tour  a re  1 ike1y .
Cont ro l  e f fo r ts  a t  head o f  f l re
\1111 fa l ] ,  l l ass  spot t lng  and
er ra t l c  behav lour  can endanAer
the  Uves  o f  f i re  f tgh ters  fuany
ko dosnwlnd of lhe flre.

Constderabte danage [ay occur
to crosns and bo1es. l.larure
pines w1l l  be k l l led.
Constderable daDage to so1l
structure nay resul t .
Rootstock specles nay be
k11led.

er/ourur N
WINDS

J rn
6 r e
F ' o
r 1 4
u , '

o 6
tll

d , 4
uJ
> 2

lo0 200 300 400 500
INTENSTTY (kwm r)

I n t

For

hea

sam

And

cha

cha

and

reL
FIG{JRE 1I: Average soorch height vs fire intensity for

different b.rrning seasons .
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[T

then fires that plot further to the rlght (such as a slash burn)

are [ore aevere. If rate of spread ts used as a measure of

aeverlty, then flres whtch plot rowatds Lhe top, such ae grass

flres, nlll be more aevere. If lntenslty' or flane length' 18 the

measure, Lhen flre6 that Plot ln bands of equal fLane length

successlvely further from the origln, are nore severe. The flre

characterlstlcs chart can be used for slte speclTlc flre

management objectlvee.

GrA$ d tcRt FltE

+WlLDfnE N HEAVY LITIER
IN

lrefiT UTIEI

o.o 
oH" ''*
\2ooo

4.O.-*-....--....-tooo

2-O

t . 5
\rso

08 l5o

-_-...-soo

lo 15 20 25
HEAT PER

30 35 40 ,15 50 55 .60 65

IJNIT AREA (t lni" tO-3)

ftfllRE 12: Fire ctraracteristics ctErt sturring intensity, rate
of spread, flane lengtn ( 1oca1ly cl:velopeil -for
iarrafr Utter ) and heat lEr unit area ' (after
ardrelrs anl Rothenr€l) .
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SMOKE COLOUR

Smoke co lour  can prov ide  a  c rude ind ica t ion  o f  f l re

behav iour .  I t  l s  a f fec ted  by  burn ing  cond i t ions  such as  fue l

no is tu re  conten t ,  and w ind .  A  gu ide  to  the  re la t ionsh ip

between smoke colour and flre behaviour is glven in Tab1e 3.

TABLE 3

Smoke colour  as a v isual  approx imat ion of forest  f l re  behaviour .

SMOKE PLUME HEIGIIT

The he lgh t  to  wh ich  snoke p lu rnes  r i se  i s  re la ted  to  f i re

in tens i ty  (Norun,  I974) .  A tnospher ic  s tab l l l t y  was  shown by

Norum to  be  inadequate  fo r  descr ib lng  the  u l t lna te  leve l  o f

smoke r i se  f rom h igh  ln tens i ty  f i res .  Tower lng  convec t ion

co lumns topped w l th  a  wh i te  condensat ion  cap are  der ived  f ro rn

ln tense ground f i res .

I

t

c

b

t

h

j r

r l

a

s 1

ju '

l e i

r i l

apI

Approx iBate  Fue l  Cond l t lon
and F i re  Behav lour

Dense Whi te

Grey

Black

Copper-Bronze

Very nols t  fue ls ,  mi ld
behaviour .
Moist  fue ls ,  ml ld  -
uroderate f i re  behaviour .
Dry fue1s,  h igh f i re
behavlour .
Very dry fue ls ,  h lgh to
severe f i re  behaviour .
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Crude estlnation of flne
angle

TABLE 4

fuel molsture content from the
of  leaf  t l1 t .

cCI

Fore

bio l

l r d

o n t

o f t

1mp(

t o €

S E A I

that

supl

AC]

I r l

Jon(

Ang1e at which
coxobustlon ts just

susta ined (o) .
Approxlnate moisture content (Z)

burnlng conditions.
and

T = 30-45 o

I
I

Leaf  1s very dry (4-67.) .
Fire behavlour could be severe.
Too dry for fuel reductlon burn.

0 j

t

45-600
I
I

Leaf ls dry (6*t0Z).
Condltlons may not be sultable for
fuel reductl-on burn.

T = 60-900.

l e a f  i s  n o i s t  ( 1 0 - 1 5 % ) .
CondlElons may sult mlld intensity
fuel reductlon burn.

T  =  9 0 - 1 2 0 0 .

Leaf  is  danp (  15-202) .
Low lntensity fuel reduction
could be patchy.

burn
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