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ABSTRACT

The ability to comro land manipulate fi re behavior during the ig ni tio n phase
o f a prescri bed burn is discussed. Spec ifica lly, the use of aerial ignit ion
devices on har vested forest sites (s lash clear-cuts) is out lined. T his pu bli ­

cat ion is an attempt to bridge the knowledge gap left by many prescribed
burn man ual s, w hich simp ly describe common ignit ion pat terns without
c harac terizi ng the proper bu ildup required to ensu re safe fire control. Rules

for co nducting a proper ignit io n are a lso described .

RESUME

L 'Ollvrage traite de la capacite de maitrise rct de ge rer Ie co mporteme nt d' un

incend ie diri ge durant la phase d'a llu mage, plus pa rticulie remeru de
I'utili sation de di sp ositifs d'ullumage ae rie n su r des s ites fo re sti e rs
exploitcs (remanents de co upes a blan c). II vise a co mbler les lacunes de
nombreux manuels trait ant des feux diriges, qui decr ivent sculcrncnt les
method es d'allumage cou rantes sa ns donner de prec is ions su r lu quan tite de
combustib le d isponible qu i permet de maltriscr les fe ux en toute sccu rite.
De p lus, il explique lcs rcgles a respect e r pour proccdcr a un al lumage
adequat.

Im portant No te : This manual has been expressly written for Ontar io Ministry of
Natural Resources (O~lN R) personnel based on theirprescribed burning proced ures
(Ontario Ministry of Natural Resources 1987). The ignition procedures discussed
pertain only to harves ted forest sites (i.e.. clear-cuts) where fucls consist of woody
slash and duff. Some ignition techn iques described in this report could cause con­
sidcrablc damage to ovcrstcry trees i f applied during an understory pine prescribed
hum. Proper procedures for igniting an unders tory prescribe d hurn arc contained
in Mek ac ct al. (1994).



PRESCRIBED FIRE AER IAL IGNITION STRATEGIES

INTRODUCTION
The use of prescribed fire as a cost-effective site prepar a­
tion technique for forest. vege tation. and wildlife manage ­
ment purposes has bee n increasing throughout Can ada in
recent years (Weber and Taylor 1992). Helping this re­
vival has bee n the ecolog ical com patibility o f using pre­
scribed fire as a tool in resource ma nugcmenr. Howe ver ,
prescribed fire can only be useful when applied correc tly.
Whe nemployed improperly, itcan resu lt in costly escapes
outs ide the planned burn perimeter. Th e greates t fear of
managers respon sible for co nducting presc ribed burn s is
an escaped fire. Repealed esc apes can result in the forma ­
tion oflong-term, negative altitudes amo ng local reso urce
managers-attitudes that arc very hard 10change. Uhi­
mately. prescribed fire may he los t as a feasib le treatment
alte rnative because of the belief that fire escapes arc a
common occurrence.

A major reason for escaped prescribed fires in Ca nada is
pom ignition technique.... Large-scale, convection-style
burns in Ontario (MCRae and Stocks 1987). usually ig­
nited quickly by some type of aerial ignition device
(Mutch 1984). often result in the gene ration of extremely
erratic fire behavior. Th is i... caused by complex fire inter­
act ions between different ignition linesCF ig. I). Reported
ignitio n line lengths exceeding 7 km on broadcas t burn s
conducted in On tario ind icate the extensive amount of fire
that ca n devel op in a very short time using aerial ignition
techniques (MCRae and Stocks 1987) . Erratic fi re behav­
ior can cause major spotting of fireb rands outs ide the
prescribed burn perim eter ; it can even result in the devel ­
opme nt of large tire wh irlwinds (MCRae and Flannigan
1(90). Such behavior can crea te major suppression pro b­
lems. While genera l tec hniq ues for planni ng an ove ra ll
prescribed burn are avai lable (Fischer 1978, Ontario Min­
istry of Natural Resources 19M7. Hirsch 1988. Wade and
Lungsford 1989. Alberta Forest Serv ice 1990, Lafram­
boise 1991 ). only supe rficial attention is give n to the deta il
required to properly plan the ignition phase . The te xt of
many of these planning manuals. while adequately ex­
plaining the various ignition methods and pauerns. fails to
provide detailed information on the actual application of
fire to the burn site. Application rates. prefe rred dis tances
between ignition lines, and proper positioning o f ignition
lines are not stressed. Most ope rational ignition plans,
contained in the ove ra ll prescribed burn plan. explain the
ignit ion proced ure by show ing the arbitrary placemen t of
ignition lines on a map. These ma ps arc no more detailed
than the diagrams given in many ge neral articl es on

ignition. They provide some idea of wha t is likely to occur
duri ng the burn (e.g.. c ircles drawn to indicate accntcr fire
ignitio n), but provide no real detai ls (i.e.. exac t locatio nof
ignition lines. the di stance between ign itio n lines, erc.).
While some flexibility must cxi ...t to deal with weat her
changes and fuel flammability d uring the burn. the igni­
tion plan should co ntain sign ificantly more detai l. Thi s
lack ofquantifying ign ition proc edu res has been partly the
fault of thc prescribed li re research co mmunity. which has
not provided ope rational users of prescribed fire with an
adequate explanation of proper ignition met hodo logy.
Th e comple xity of the mass-ignitcd prescribed fire has
madc this a di fficult procedure to both docu me nt and
model. Therefore. ignition is often based on the personal
experience of the ign itio n hlISS, and not on the ac ruul
ignition plan.

Ignition of a prescribed burn involves the application o f
firc to the burn site. often in set pancms based on weather.
fuel. topography. and ignition systcm.ur achieve specific
objectives in a safe manner. In other words. the fire must
carry over the bum site, accomplish the desired effects
(objectives ), and do so without exorbitant expense for
ign ition and co ntainment (;;,upprcssion).

Simple ignition model... or fire behavior guidel ine.. arc
used by manyCan ad ian prescribed lire manager.. in de vel ­
oping theirig nition plans (Stocks and Walker 1972, Muraro
1975, Canadian Forestry Se rvice 19K7. Forestry Can ada
Fire Danger Group 1992 ). Mos t ofrhcsc guidel ines rel ate
equ ilihr ium {steady -sta te ) rate s o f spread (m/min) for a
single- line ignition with the Initial Spread Inde x (lSI ) of
the Canadian Forest Fire Weather Inde x (FWI) System
(Canadian Forestry Se rvice 1987. Van Wa gner 19K7),
These aids were nor designed with ma..s ignitio n in mind .
but for a single fire front on a wildfirc. The interactive fire
behavior on presc ribed burn s is complex and depende nt
o n ma ny variables. The amount of area on fire at any one
time. the fire intens ity, the rate of applica tion. and in
particular. junction-lone effects make the model ing of
these mass-ignited fire ... very difficult. Junct ion-l o ne ef­
fects are created when the fire accelerates as it approaches
the preced ing ignition line or main fire body due to the
development of a strong convection column with stro ng
fire ind uced surface indrafrs. Thi s phenomena ca n he
effectively de mo nstra ted by bring ing two lighted matches
close together. As they meet the name length (inte ns ity)
will increase. Many factors in fluence the strength o f the
jun ction-LOne effect , incl ud ing the Iirclinc's eq uilibrium
rate of spread and the strength o f the fire-induced indrufr.



In turn. th is depends on the total inte nsi ty produced by the
flami ng com bustion of the main fire body, which the
fireline is approaching. Thi s ju nction -Lo ne effec t has bee n
a d ifficull as pect o f fire spread 10 document and mod el.

Another problem related 10guide!inc dev elopme nt is tha t
the simpler spread model s used by ignition bosses look at
the igniti on (fire) process as a two-d imensional rather than
a three-dimensional proble m. However , ignition involves
not only the on -gro und fire behavior, hut also co nvec tion
co lumn dynam ics and atmos pheric conditions. Ignor ing
this three -di me nsion al process has caused prescribed fire
co ntrolproble ms. forexample . whe nstro ng ambient winds
aloft arc bro ught down 10 gro und level.

Whi le research has bee n, or is being, undertaken to under ­
stand the ignition process <Johansen 19M7. McR ae et al.
199 1L thcrc are prese ntly no in-depth igni tion guideline s
for operational prescribed hum ing. T he closest prod uct
for broadcast prescr ibed burning is the proposed Pre­
scribed Fire Ignition Expert System (Pri ES) being devel­
oped hy Natura l Resources Canada (MCRae et al. 1991).
Thi s computerized e xpert sys tem is designed for usc in
plann ing the ign ition of any prescr ibed hum that utilizes
the F\VI System for setting the wea ther prescr ipt ion. The
idea for ;111 e xpert system o n ign itio n has developed
because of the complexi ty and interrelationship of the
ma ny deci sion processes involved. The main goa ls of the
PFIES would be 10: ( I ) improve fire coverage over the
bum area so that bum objectives ca n be realized. and
(2) imp rove sufety (i.e.• contro l) o f the burn. A flowc hart
o f the diff erent components contained in the PFiES is
shown in Figure 2. Development of th is flowchart made it
qu ite apparent that numerou s decisions must he consid­
ered in planning the ig nition o f a prescribed burn, Many
deci sions arc presentl y mad e during the prescr ibe d hum ,
without a proper Ignit ion plan and o ften on the spur-of­
the- mome nt, by an experienced ignition boss. Ho....'ever.
ignition bIISSl:Slacki ng e xperience may not understand the
imp lication of some o f thei r actions. and this can result in
se rious co ntro l problems. Eve n expe rienced bosses. he­
cause of the number of con siJcrations. may make mis­
takes when ce rtain principles arc forgone n and improper
decision s arc made during the hect ic per iod of igni tion .

The key for imp lement ing the PFIES will be the develop­
ment of a mulu-igniuon fire gro wth model. Thi s model .
along with other inputs , will help todeterm ine the energy ­
release rates of the lire, and whe ther or not cri tical thresh­
old energy level s, which nughtj copard izc the safety ofthe
burn , have bee n surpassed . With an anility to cha nge the
ignit ion tec hniques at this plann ing stage, the user could
mod ify key variables in the PFIES to alter the ignition so
as to produce safer energy -rele ase rates. The PFIES will
allow for bcucr q uan tification of ignit ion procedures in
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the planning stage [i.e .. it is better 10corre ct the mistakes
in the pla nning stage rather than In create problems during
actual ignition ). It is hoped that the PRES will even tually
he a subsy ste m ofa larger prcscr jbcd fire ex pert system for
Canad a that will enco mpass all of the deci sion processes
required to plan a prescribed burn .

Igniti ng a prescribed bur n is a complex process d ue 10
many interact ing factors. When nut acco unted for, these
factors can cause maj or prob lems asscckucd with meetin g
burn objec tives . cost. and sa fety, T he number of factors
show n in the PFIES flowchart (Fig. 2) clearly illustrates
this complexity. Eve n with the developmen t of recent
presc ribed burn plann ing ma nua ls (O ntario Ministry of
Natura l Resources 19 87, Alberta For es t Service 1990,
Laframbo ise 19(1 ). the igni tion boss is left with meager
strategic instructions as 10how to generate the proper fire
behavior necessary to ma intain good fire and convec tion­
col umn co ntro l and thus reduce escapes. Wrincn plans,
based on these manuals. rcncct this lack of information.
Because of this, it is con ceivable that various ignitio n
bosse s. read ing the same ignition plan, could ignite the
bum quite d iffe rently. In turn , this cou ld result in com­
plc tcly d ifferent fire behavior charac ter istics for the sumc
prescri bed burn.

Th e purpo se of this handboo k is 10 inves tigate presen t
knowledge and the abil ity to contro l and ma nipulate fire
behavior d uring the ignition phase of a prescribed burn.
co nd ucted o n a harvested forest site (slash clear-cut ], so
tha t safe. ben eficial resu lts will occ ur. The final dcvclop­
ment of ignition model s. such as the PFI ES, is still some
lime in the future , ye t ign ition bosses need a sound
knowledge base now to carry (Jut thei r ignition strateg ies .
A number of recom me ndations on proper ignition proce­
dur es arc g iven. S ince almost all ignition in Ont ar io is
aerial, rnos t of the se recomme ndati ons arc based on this
method . It is hoped thatthe primary o utcome o f this publi­
cation will be a bett er appreciation of vanous principles
for safe ly igniting burns, and for achieving desired results.

IGNITION PROCEDURES

Ignition IS mo re than jus t appl yin g fire ; it is a prec ise
proced ure based on science and cxpcricnce. Yet, often this
knowledge base can be forgouc n as the ignition boss gets
absorbed in "dropping" fire onto the site. Common deci ­
sio ns faced by the ignition bo ss of a large-scale , convec­
tion -style prescribed burn may he cate gor ized into the
follow ing areas:

I) ign itio n sys tem (c.g.. hand. helitorch . or O ntar io
Aer ial Ignition De vice ):

2) ig nit ion pcue ms (c .g.. hack fire. center fire.
per ime ter. strip head fire , ct c.):



Wildfir e manager s are well acquainte d with the follow ing
eq uation (from Byram 1(51) ):

where the cons tant 300 is used since a low heat of com­
bustion (H) of 18 000 kJlk g divided by 60 minutes allows
the units for rate of spread (r) to be ex pressed in meter s pe r
minute (mlmin ), which is how it IS normally s tated by the

whe re FFI is fro ntal fire (firel ine) intensity (kW/m), H is
low heat of co mbustion (kJlkg). w is fuel co nsumptio n
(kglm2). and r is rate of spread (m/sec). Frontal fire
intensity is defined by Merr ill and Alex ander ( 1987) as :
"The rate of heat energy released pe r uni t t ime per unit
length of fire front : ' Equation [ I] was re wri tten in the FBP
Sys tem (Forestry Canada Fire Dan ger Group 1992) as :

(4 )

[J I

wher e IT is the total inten sit y (kW} for the entire pre­
scribed fire at time (I), IF is the total intensity (kW)
produced hy tlilllling co mbustion for the entire prescribed
fire at tim e It j , and Is is the lotal inte ns ity (k w) produced
by smo ldering comb us tion for the entire prescribed fire at
t ime ( t). Equation {31can he ex panded to:

whe re w is the rate of fuel consumption (k g/m2 per sec) at
time (I), and a is the area (m2) involved at lime ( I). Note
tha t this equation mus l he solved separately for both
phases of combus tion. n amin g and smo ldering, and hence
use of the subscr ipts F and s as in Equation [3]. Calcu la­
tions are made even more d iffic ult because two values
must he considered for smolder ing combus tion. which
lakes longer to complete for the duff fue l compo nent than
for the slash fucl component.

Table I is an example of thc area of an actual prescri bed
fire broken down accordi ng to the phase of co mbustion.
Fro m this , it can he seen that within just a few mmutes of
ig nition (i.e .. 7.8 min utes after ignit ion in Tab le I), the

O MN R. Front ..1fire inte nsi ty pe rtains to intc nsitics dc vcl­
oped on ly in the n aming phase of combustion. In a forest
fire. the equation ISeasily used. as the re is ge nera lly on ly
00l,: fire fro nt (co mpared to the mass lire o f a prescribed
burn ), and smoldering co mbustion time IS small. as ge ner­
ally only live trees and the forest floor arc involved
Extensive smo ldering: may occur only when the Duff
Mois ture Code (D\ l C) or the Drought Code (DC) of the
,,"WI System arc high . and then it only occurs in the deeper
duff (fnrcst 110m ) fuel compo nents. However, prescribed
burn s. because of the vas t amounts o fdead. dry ,o ften sun­
expose d. larg e diameter slash fuel s and duff fuels in­
volvcd. smo lder for a co nsiderable length of time after
naming com bustion has ended. The smo ldering phase of
co mbustion on a prescribed burn can produce a large
proportion o f the fire ' s total intensity . Concerns on the
applicability of Equal ion 121in prescribed bum planning,
becau se o f the probl em in quantify ing the proportion o f w
invo lved In the naming co mbustion phase on ly, have been
raised by fire per..o nnc l. Because o f this difficulty . Equa­
tion [21has never been stressed by many organ izat ions in
their prescribed burning guideline...

A strateg y 10quumif'y tota l inte nsi ty on prescribe d burns
was developed for the Canada/Uni ted Sta te.. Cooperati ve
Ma.... Fire Behav ior and Anno..phone Environmental
Impact Study (Stocks and M'Rac 1991 ). In this approach.
both flaming and ..molderi ng phases of co mbustion were
co nsidered . To cs timutc intensity by this method . pre­
scri bed fire managers need to use the following equatio n:

[2 )

(I ]FFI =Hwr

fH =300 [wr]

Importance of Fire Intensity

Recog nizing the impo rtance of fire intensity and its effec t
on prescribed fire control is critica l for the ignition bess.
Wit hout this recog nition erratic fire behavior and fire
escapes wi ll prevail. and areas of co ncern . particularly
fores ted reserves left standing inside the bum as she ller for
wildli fe, will con tinue to be darnaged. Knowledge on how
fire intensity can be used 10 maintai n the conv ection
co lumn to pre vent its premature collapse and possible tire
escape is essential

3) ign ition line characteristics (e.g .. so lid line ve rsus
srOI ignit io n);

-l) spacing and placement of ign ition lines: and

5) ign ition rates.

The dcvelopmcnt ofignuion stra tegies in this man ual wi ll
concentrate on these ca tegor ies as they arc the ones mOSI
easily controlled by the ign ition boss. The focus will be on
how eac h ca n heused 10 affect the ign ition process. In this
discussion, some assumpt ions have been made that may
pertain ttl ignition practices carried out exclusively by the
O MNR. These assumptions arc that ei ther the helitorch or
the Ontario Aerial Igniti on Device (OA ID or "ping-pong
ball" machine ) is the mum Ignition system used-and that
strip head fire and center fire ignition are the I W O most
co mmo n igniti on patterns used in the prescribed burning
of woody -slash fuels fou nd o n harvested boreal forest
site s. However. man y of the prin ciples developed can be
easi ly applied to hand ignition. Steep slopes and aspects
have not been emphasized as they are not a major concern
in O ntari o due to relatively flat terrain . However. if steep
slopes are a concern on the rate o f spread then the Cana­
dian Forest Fire Behavior Prediction (FBP) System (For ­
es try Canada Fire Danger Group 1992 ) should be referred
10 m planning strategies.
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Table I. The proport ion of the Hill Township prescribed burn (10 August 1989), which was ignited using a cen ter fire,
in terms of area of naming and smoldering combu stion .

Ttmc since Area (m2) in flaming Area (m2) in smoldering
ignition combustion combustion Tota l area
{min )" (af ) (a )'" '" (m2)

S

2.0 16845 010 16845

3.8 46984 010 46 984

4.9 64 340 16 845116 845 81 185

6.7 6342 1 46 984/46 984 110 405

7.' 60 32 1 81 185/81 185 141506

10.9 878 11 1415061141 506 2293 17

14.9 34 697 229317/229317 264 0 14

17.9 36164 264 0 141264 0\ 4 3(X) 178

19.8 72 106 272 8941272 894 345 000

23.5 50000 334 123/344 123 394 123

26.5 50 0<Xl 379299/394 123 444 123

30.0 20 000 362938/444 123 464 123

33.0 0 322 617/464 123 464 123

36.0 0 256759/420 967 420 967

39.0 0 222 662/359 412 359 412

42.0 0 19 1 229/259 555 259555

45.0 0 14 1 6341234 806 234 806

as.o 0 95 2141200 109 2CN) 109

52.0 0 20 0001155 104 155 104

55.0 0 01107 412 107 4 12

60.0 0 0/20000 20 000

63.0 0 0/0 0

"Areas given between 2.0 and 19.8 minutes are actual measurements obtained from infrared images. areas for 23.5
and 26.5 minute s are estimates obtain ed from aerial photography, and the area at 30.0 minut es is an estimate. All
other estimates arc based on consumption times for the two phase s of combustion (see footnote helow).

**Two area values are given for smoldering combustion ; the first is for the woody slash fue l co mponent and the sec­
ond is for the duff fuel component. Smoldering times for the two fuels are 22 and 30 minutes, respectively. Flaming
combustion, on the other hand , lasted for only 2.9-3 .2 minute s.

area of smoldering combustion (as) can becom e much
greater than the area of flaming com bustion (a".). The
contribution of the smoldering portion of the prescribed
burn toward IT for the entire burn shou ld not be underes­
timated (Table 2), especiall y when prolonged smoldering
may occur due to dry conditions. In fact , smoldering
combustion can he the greatest contributor to the overall
total energy release of the prescr ibed fire and can have
major influences on the convection column dynamics

4

when aF is small. This can easily occu r if ignition should
be curtailed dur ing or at the end of the pre scribed hum .

Except durin g the early part of the prescribed fire, Is
always exceeded IF(Table 2). At first glance, one migh t
expect the smoldering phase of combustion to have a
dominating influence at all times on column dynamics. In
actuality, the influence of the Is on co lumn dynamics is
small if ignition (flaming combustion) is main tained.Thi s



T abl e 2. The contribution of flaming and smoldering combustion 10 the total intensity o f the Hill Town sh ip prescribed
bum based on areas given in Table I.

Time since Total intensi ty (kW) - T otal intensity ( kw) - Total intensi ty (IT )
ignuionuni n) flami ng phase (IF) · smo lde ring phase (l s )* (Kw )

2.0 6064 200 0 6064 200

3.8 16 914 240 0 16914 240

4.9 23 162400 1 516 050 24 678 450

6.7 2283 1560 4228 560 27 060 120

7.' 217 15560 7 306650 29 0222 10

10.9 31611960 12 735 540 44 347 500

14.9 12490 920 20 638 530 33 129450

17.9 13 0 19 ()..IO 23 761 260 36 7KO 300

19.8 25958 160 24 560 460 505 1K 620

23.5 18 000 000 3037 1 070 4837 1 070

26.5 18 00) 000 35 099 970 53099970

30.0 7200000 332K071O 40 4KO 710

33.0 0 33299 970 33 299 1)70

36.0 0 2K03 4 550 28 (n4 550

39.0 0 24 142 ORO 24 142 OKO

42.0 0 19 260 390 19 260 390

45.0 0 15 542 220 15 542 220

48.0 0 11 7 16 110 11 716 110

52.0 0 5853 120 5 K53 120

55.0 0 3222 360 3222 360

60.0 0 600000 60( 00)

63.0 0 0 0

vl.ow heal o f combustion (H) used was 18 000 kJlk g.

is best explai ned by focusing on smaller speci fic areas o f
the prescribed burn , for example a square meter, because
naming combustion produces a larger reaction intensity
( kW/m2) than does smolde ring combustion at this scale.
Thi s is due to a higher fuel -consumption rate du ring
flam ing combustion (Fig. 3). React ion intensity. the en­
ergy release rate per unit area of the prescribed bum , may
be written as:

IR = H We IS)

where IR is reaction intcns ily(kW/m2). and we is the fuel­
consumption rate (kg/ m:! per sec). For the case study in
Tahle 2, IR for flamin g combus tion (lRF) is 360 kW/m:!;

only 90 kW/m2 is produ ced hy smolde ring comb ustion
(IRS' when both slash and duff are invol ved . When

smolde ring co mbus tion invol ves just the duff. a ... happens
at the end of the burn , IRS would only he 30 kW/m 2.

Because of this, the naming combustion portion uf the
prescribed burn, with a higher reac tion intensity . is impor­
tantm control ling fire behavior, By produ cing strong in­
dra fts, it ca n influence the d irection o f fire spread. Indrafts
are produced as cool air rushes in to rep lace air tha t has
been heate d by the fire and has risen d ue to increased
buoyancy (column development) . The active main con­
vection co lumn. therefore. will he positioned ove r aF as
long as aF is maintained at a critica l size to support co lumn
de velopme nt. Equation 3 may be rewritten as:

[6)
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The importance o f naming combustion stresses the need
for forethough t. es pecially when using any indraftin g
process, such as ce nter firing, to co ntro l the fire. An
adeq uate area (al') and supply of available fuel (w) arc
requ ired to produce sufficient intensities (IF) so that ad­
eq uate indra fts arc de veloped to maintain fire and colu mn
co ntro l. Uncut fores ted areas, swampy areas. roads, and
log landin gs from forest harves ting operations (areas
de void o f fuel ) are sites that will never de velop the IRF
necessary to produce strong indm fting. Ho wever, in the
past. they have often bee n used operationally as start ing
poi nts 10 try 10dev elop the indrafting requ ired for ignit ion
tec hniq ues like ce nter fir ing . The res ults, o f course. have
prod uced po or examples of the center fire igniti on tech­
nique. Obvious lack offorethought in these case s can lead
to unexpec ted cumrol proble ms with the fire and co nvec­
tion column. An ade quate at' (i.c.. high o verall IF) is
required to maintai n co lumn de velopment. wh ich when
strong enough can lift fireb rands that extinguis h them­
selves inside the main column. When aF is smal l (i.e .. IF is
weak). the column is genera lly not well defined and is
often blow n ove r hy the am hient wind . thereby allowing
a bette r- chance for fireb rands to fall out o f the co lumn onto
fuel s outside the hum area. Mairuenunr c o f the necessary
IF fails when ignit ioll ceases altogether or is so slow that
insufficien t aF is bei ng ignited .

In Table 2. a lthoug h IF reac hes a le ve l as high ns
3 1 611 690 kW , it a ppears Ihat it wa s more pructicaltc
maintain a level o f 2 1- 26 million kW. Th is sho ws that
ma intai ning an area in naming com bus tion (aF) ha-, an
uprcr limi t hase d o n the ignition strategy chosen (e.g ..
number of ignition hel icop ter s used. helicopter speed.
ignition system used. fircl ine charac teristics, ctc.). Mean ­
while. the area in smoldering combus tion (as ). due to a
lo nger smold er!ng combustion time, continues to increase
to il higher le vel than that of flanung co mbus tion. In the
current cxample {Table 2). IF gradually decreases after
19.K minutes mao ignition since aF beg ins to decrease at
this time with the com pletion o f igni tion (T able I ). The
reason fur this gradualdecrease is ignition proceeds o n
only certain porti ons of the prescr ibed fire as ignition in
other sccuons have bee n comple ted to the bum bou ndary
and no further ign ition is needed (F ig . 4). Aft er ignition
has ceased , it takes approximat ely 33 minutes (3 mi nutes
fl aming combustion and 30 minutes smoldering combus­
tion) for normalcombustion to he completed . Combustion
will continue on ly in a few spots where favo rable hurning
co nd itions ex ist (c.g.. fire burning where log s crisscross.
fire burning in a hollow log . etc.)

In ope rational practice. IF mu st always he sufficiently
large IU maintain contro l of the convectio n column; other­
wise. smo lderi ng com bustion will he the dominating.
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influence. Th rough ex perience.this can be dete rm ined by
keeping an eye on the convect ion column. If the main
co lumn is not well de fined or is be ing bent over by the
ambient wind, contro l o f the column may be lost due to
insuffi cient naming combustion (i.e ., there is insufficient
aF or IF). The immediate response should be to try 10
regain co ntrol of the convection co lumn by increasing aF
by co mmencing ignuion agai n (i.e .• increasi ng aF). If
ignition is already underway. aF may be increased by
increasing the ig nition ra te. or by changing from point­
source to line igni tion. In add itio n. IF may be increased by
ignitin g areas of hea vy fuel accumulations ncar the con­
vection column (i.c.. increasing WF). Even a welt main­
rained convec tion column mu st he watc hed ; otherwise.
the proper fire-induced indrafti ng to maintain convec tion
co lumn co ntro l could he quick ly lost, thereby resulting in
fire spott ing or escape. Th is loss o f focus is not unusua l
since the ignition boss ca n o fte n bec ome distracted by the
excitement o f burning and may conce ntrate solely on
laying fire on a spec ific portion of the hum site rather than
on viewi ng the entire prescribed fire and co nvec tion
co lumn.

O n presc ribed burns, the "c ollapse" of the conv ectio n
column is often c ited us a reason for the fire' s escape. Most
o ften this occu rs whe n the aerial ignition de vice has 10 be

refue led or repaired . and significant time elapse s before
ig nition resumes. thereby allowi ng the co nvec tio nco lumn
to break dow n. Thi s occ urs when the e nergy of the wind
e xceed s the kinetic energy of the convectio n column
(Byram 1959 . Nel son 199 3). The stru ng indrafting and
upr ight co lumn crea ted hy an act ive fire . as wel l a.s the usc
o f the fire as a co ntrol mechanism . arc lost. AI this stage.
smo ke problems and firebrand spotting become more
prevalent becau se o f increase d hori zon tal wind s over the
prescribed bur n. Tabl e 2 can help to illu strate how eas ily
this may hap pen on an operationa l prescribed fire. In th is
case, the hclitorch had to be refueled between I I :30 and
Ilt 30 minutes after ig nition. ASCim be see n in Ta ble 2. 11'
decreased because o f the reductio n in "F du ring this
period . Since Is is still increasing at this po int. rega ining
control o f the co nvec tion column depends upon gc tu ng
the aerial ig nition dev ice operational qu ic kly so as to
maintai n aF (i.e., a critical le vel of IF)' Flaming com hus­
no n on prescr ibed hums in O ntario usually lasts o nly
1--4 minutes at any spot (.\"Cc Fire Residence T imes ). and
is de pende nt on fuc! dryness. as represent ed hy a fuel
moisture code such as the Drough t Code (DC ) o f tile FWI
System . If ignition is stopped for a longer period than the
flam ing co mbus tio n residence lime, then the convccuon
co lumndynamics will become controlled hy Is rathe r than
hy IF' Major del ays on center fire-ignited prescribed burns
may prevent completely rega ining control of the convec­
tionco lumn where areas adjacent10thc fire ge t smo ked in.



Fignrr I . This large-scale, convection-stvle prescribedbern shows tireestablishment"fa ('lImplt',1
multiple-ignition pal/em through lire IIU oftire Ontario Aeriat lgnnion On k t' (" p i /lg-1JOllg hall"
machine].
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Figure 4. lgninon pattern for the Hill Township prescribed bum.
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Figure 5. A setl"OKe of p ic'1IIres
showing: tar convec tion column COII­

trot bei /lf<: main tained rarlv ill the
presl'rihed hum with proper igni tioll
procedures to create indrcft wmds sleft
to riglrt ) into the 1/11/ inftre located Olt t­
side oI the pil'wrf' to tire right. (b) a
II ind reversal is experienced(noll'right
to leftJ us ignitio n Il 'fl S curtailed for
reflle/in g of the he licopter and COII ­
1 '~I·ti l"e uctiritil's ceased. WId tc t fi re
eSC/IreS I lCr o .J.J perimeter firel ines
[where tile UlU'/lwmefer to"'l' r is' dill'

to wind-direction reversat wnere the
ambient wind became dominant and
attawed the fire 10 race across IlII ­

burned fu el.
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Figure 6. Illust ratio ns of flO'" /0: f a} imorrectlv, end (M
cor rcctlv end the ...indwnrd el l,IW of all ignition tine before
The helicopter leaves f or refu eling. Tilt' ignitionline in {a}
leaves unburnedfi le! between itselfand the bum perimeter.
This (,(!IIld 'nul to afire mil To The bum perimeter and ("(/lise
an escape if /hI' ambient wind (thl' solid Mile arrow ) slwu/d
dominate the fi re,

10

Figure 7. An illustration to showthe position of the active
convection col umn and how it travels overa prescribedbum
site (ambient wind direction depicted by the blue arrows,
ignited ,!"it" st rip head fi re. for differ-em times during the
burn: (a) 14:20fbegilllling tifbwlI}, (b) /4:35, and(c} / 5:00
hours Iacal time.
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Figure 10. After an ignition tine is laid. three zones (ifaccel­
erasion mav be identified as it approaches the prescribed
jire hody (.\";/1id hllle arrow shows the ambient wind direction]:
(u ) no jnnction-rone induced acceleration (ollly normal
accelerations to equilihrium rates lifspr/'lId.I'arc I'xperienced]
since the line isfar (,/JOii;;h awayfrom the mainfire ami any
induced indraf ting; (h) some initial f ire acceleration is
noted as the line starn to experience the f ire-induced ill­
draft ing; and (c) thejunction-cone effect isfett ver\' strongly
as the ignition fine experiences rapid acceleration dill' to
strong ilulraftil1fi as it approaches the main fire bodv.
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Figure 11. A grapli sho ..... inl{ relative acceleration of/he same ignition line shown in Figure 10, based 01/ whether a point or
solid-line ignition was used. and the prescribed fi re intensity of the main body.
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Normally, aer ial ignition stoppage may occur if the hcli­
copter itsel f is getting low in fuel, if the helito rch runs OUI
of fuel. or if the OA ID runs OUI of ince ndiary de vices
(vping-pong balls" ). In rarer cases, ignitio n may stop if
personnel o n the ignition helicopter become curi ous and
wish to obse rve what they have accom plished, or if a
suppression problem has occu rred due to a fire escape.
Such stoppages of ignition can quickly cause a previously
strong convective column to break down and fireb rands to

drop onto adjacent areas outside the prescribed bum
because of column tilt over rbcse area s. This. of course,
aggravates the suppress ion problem. Figure 5 presents a
sequence ofpicture sof a prescribed burn perimeter, which
is on the left side of the photograp h. The main lire is just
to the right. In Figure 5a, the prescribed fire ignit ion has
deve loped nicely and proper igniti on has produced in­
drafting from the perime ter edge (the anemome ter is on
the perimeter firclin e) into the main fire (left to right as
seen in smoke moveme nt across the picture). In Figu re Sb.
a reversal of wind now may be see n short ly after the­
ignition helicopter departs for re-fuelin g (now see n as
smoke movement from right to left across the picture) .
Th is results in a loss of I", whic hcauses a loss in indrafring
winds. thereby allowing the ambie nt wind d irection to
reestablish ove r the prescribed burn . Because the ignition
stoppage was unpla nned and unbume..d fuel was left be­
tween the fire and the perimete r, this allowed the fire to
make a run to the per imeter when the wind switched
d irect ion (fire-induced to ambier u). In tum , this leads to

numerous fire escapes (Fig. 5c ).

The previous two examples on ignition curtailment show
that it is imperative to alway s maintain a functional
ignition de vice. II may be advantageous to have a spare
aerial igniti on device ready in case the one in usc mal func­
tions and can not be quickl y repa ired . Ignition team s
should be encouraged to locate as close as possible to the
actual burn site so as to red uce the turnaround time whe-n
additional fuel is required . Extra helirorch fuel barrels or
OAID ca nisters need 10 be full and ready 10 keep turn­
around times sma ll. Whcn an ignition helicopter is used.
it should be full of fuel at the start of the prescribed burn
so as to reduce the need to stop for refueling during the
burn . Refueling a helicopter can take a lengthy time in
Ontari o as regula tions requi re that the helicopter be shut
down . On large prescribed bums, where refueling is
inevitable. fuel for-the helicopter should be store..ddose by
rather than at some distant location. In the case of strip
igni tion, the ideal departure of the helicopt er should be
planned by burnin g out the co mplete burn block to safe
boundaries, In most cascs, it would bebetter to refuel prior
to starting ignition on a block even if it is earlier than
planned. rather than stan and have to leave a block half
igni ted. If this is not possi ble o n strip head fire ignition. the

fucl should be burned out10the per imete r insuch a manner
that if the helicopter is dela yed it will nOI cause a problem
(set' Fig . 6). The inel inat ion of an ine xperienced fire pilo t
is ofte-n to round the corner (Fig. 6a) . Thi s allows for the
possihi lity that the fire may run to the perimeter and
escape If fire-induced winds arc replaced by ambient
winds. Th is co uld happen when ambient winds reappear
and dominate the fire by blowin g in a direct ion recepti ve
to cause such a fire run (as was shown in Fig. 5 ). Figure 60
sho ws the correct method of completing an ignition line
perpendicu lar 10the hum edge. It is a good policy to follow
this procedure for each ignition line in case there is a
reaso n to stop the ign ition tc.g.. an equi pme nt maltunc ­
uom.Th is procedure is impossible. of course, when using
center fire ignition. In this situation, once ignition is
started the presc ribed fire team is committed to cont inue.
Otherwise . any ignitio n stoppage cou ld e ventually allow
the downward fire edge to run toward the planned pre­
scribed hum perimeter when the indrutung process ISlost
and ambient winds res ume o ver the site. Possihly, this
could cause suppress ion prob lems.

These examples help to explain why ignition on a pre­
scribed burn shou ld never he curta iled. Maintain ing con­
trol of the convec tion column 10prevent escalation of any
suppression problems is e..sential. Ignitio n can only he
concluded whe n the enti re area has been burned; other­
wise, the fire may make an uncont rolled run through
unburn ed fuels left o n the site. Thi s area may co nstitute
only one block of a mult iblock prescribed hum, hut it will
need to he burned out to proper containable fire bound­
aries. Inexperienced bosses may curtail ig nition when
problems occur and thereby c reate a dangerous situation
by losing contro l over the fire and co nvection column.

At theend ofany prescribed burn , when ignition ccaxcs ra..
or IF decrease), the convection co lumn will eventually
break down . During the burn, this situat ion is avoided . At
the end of the hum, this may he considered a plan ned
brea kdown as all fuels should haw been burned out to the:
site perime ter (i.e.. all fuel is ignited to pre ven t any
unplanned fire runs within the burn site ). Spotting should
be reduced using this approach. Hazardou s areas outs ide
the perimeter shou ld be ide ntified prior 10 hurni ng and
carefully mo nitored .

So far, this discussion has show n how dynamic prcscrihcd
fire behavior work s; it has also detailed some of the ways
in which it can be influen ced . The highest energy-release
rate 0 RF) occu rs where ignit ion is laking place. Energy
release on a specific area of the prescribed hurn decays
with time as it progresses from flaming to smoldering
combustion. However. as ignit ion (strip hcad fire ) pro­
ceeds there is acontinual add ition of ap which al lows the
acti ve convection column to trave l across the prescr ibed



burn site (Fig. 7). The rate of this travel is depe ndent
principally upon the rate ofburning.Thedepth ordiameter
o f the acti ve co nvec tion col umn correlates well with the
size of aF.

Fire Residence Times

The residence lime of the two phases of combust ion will
increase as d rought conditions increase. Unpubl ished re­
sults from the Ca nada/U nited Slates Cooperative Mass
Fire Behavior and Atmospheric Environme ntal Impact
Study (Stocks and MCRae 199 1) sugges r rhat a fuel mois­
ture code, such o1.S the Drough t Code (DC) of the FW I
System. may serve 01.<; a good indicator of fire residence
time (Fig . Xl. The greatest rate of increase is in the
smoldering phase of com bustion. R aming combustion
residence times do increase. bUI at a much lower rate than
that of smoldering combustion. As fuels becom e dner. thc
increase in residence times for the fire will mean that fuel
consumption will also increase (MCRae 1980). The igni­
tion boss. in particular, mus t understa nd the co nsequences
of the increased residence times (and fuel co nsumpt ion)
assoc iated with smolde ring combus tion as burnin g cond i­
tions become drier. Th is data suggests that as cond itions
become dr ier , there is a subs tantiall y increased residence
time for smolde ring comhusno n. and the minimal size of
aF(1O provide an adeq uate IF) may have 10be increased to
maintain good control o f the column (e.g.. ~ at a DC of
280---330 may haw 10 be increased 1.3 10 1.5 times the aF
at a OC of 190). Data also indicate s that as condi tions
become drier it is eve n more important to prevent any
major interruptions with ignition.

Line and Point-source Ignition Differences

Solid-line ign ition allows for the quick establishment of
equilihrium spread rates (Cheney [981. Johansen 1987;
Weber 19S9). Spot ign ition on postharvcstcd jack pine
(Pinus banksiana Lam b.) forest sites, on the other hand ,
requires approxi mate ly 24 minutes for the fire 10accclcr­
ate to equilibrium rates o f spread. I It must be appr eciated
that high imenshy fires (IF) can be produced quickly hy
line ignition . The reason for this is the large ap' which is
quickly established due to the faster fire acceleration
charac teristics.

Th e heli torch drops a large number of indiv idua l dumps
of ignited gelled fuel (Fig. 9 ). These indiv idual fires grow
toge ther to quick ly prod uce a solid ign ition line (line
ign ition ). Development of the solid ign ition line is further
enhanced because igniters are prone to lea ving their hand
on the hchtor ch ignition switch. For each second that fuel
is dropped . a line 22 m long is created when the hel icopter
speed is 80 km/h. Realistically. the helitorch opera tor,

even if the intention is not to create a so lid line ignition.
will always produce a solid line of fire on the ground . A
3-second burst o f the helitorch cou ld produce a solid ig­
nition line 66m long; use of the OAID may lea ve only one
or two single incendiaries whe n one chute is being used
over this distance . A helitorch application rate o f 10 Llha
of gelled fuel is co nsidered norm al by the OMN R. There­
fore poin t-source ignitio n using the hclitorc h, even when
the operators believe they have only momcmari Iy held the
switch. is virtually impossible . Even disre gard ing the
length of the ignition line produ ced. the spray width of tile
gelled fuel ( 10--12m) makes a simple single-spot ignition
impossible to achieve using the heht orch (Fig. 9 ). Th is
may be the source of some co ntro l problem s as ignition
personnel do not apprec iate just how much fire IS actually
being dropped . It must be realized that the helit orch . even
when used by experienced personnel , has a much greater
porennalto produce highe r energy-re lease rates than the
DA JD. ' F (or aF) must he carefu lly controlled when the
helito rch is used, especially when burn ing out at the
beginning of a fire.

The OA ID is an underrated and underut ilized igni tion too l
that became ignored with the operational introduction of
the helitorch in Ontario in 1986.Th e ab ility of an ignit ion
boss 10better co ntrol fire beha vior, under ideal prescribed
burn ing conditions, is greatly improved using the OAID.
Th e reason for this is thai the igni tion boss can place
individual incendi aries rather than producing a "mass
fire" , which occurs when the hchtorch is used. Placemen t
of the incendiaries by the OAID can also be mad e more
precisely. However, the DA ID should not be used when
live vegetation is abundant orthe Fine Fuel Mo isture Code
(FFMC) of the FWI System is low « 85) . Under these
condit ions. fire often needs the physical benefits o f the
helitorch ' s line ignition to grow so that it ca n cover the
entire site. The exception to this rule is on sites where
continuous. noncompacted beds of fcathermoss (Pleura­
iium schrehe ri IBSG.) Mitt.) or lichens (Stereocaidin
paschale IL.l Hoffm.) are present. These types of fuel
beds dry very quickly after prec ipitation (MCRae 1986,
Alexander ct al . 1991 ) and may permit fire spread at lower
values of the FFMC (78--84) than are norm ally considered
poss ible by fire personnel. Spot ignit ion in these fuel
types. eve n at lower fF1.tC values (80---84), will produ ce
substanna l rates ofspread that may need 10 be regulated in
co ntrolling fire intensity.

Junction-zone Effects

Interaction between different fire spo ts or lines will resu lt
when junction-zone effec ts are experience d (i.c., an accel ­
era tion of fire lines as they approach previously burned

I Unpublished results 00 fi le with the Canadian Forest Service, Great Lakes Forestry Centre, Saul t Ste. Marie, Ontario .
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stri ps ca used principall y by the presence of strong. fire­
induced indra fting win ds) (Fig. 10). Major acce lerations
of up to ten times the normal equilibrium spread rates may
heexpe rienced (McRae ct al. 1989). The major influence
o fju nction zo nes is tharthcy can substantiall y increase the
fire's intensity (IF) due to a rap id increase in aF. Th is high
intensity ca n prod uce erranc fire behavior. such as the
creation of large fire w hirlwinds (McRac and Flannigan
1990 ).

The accelerat ioneffect ex perie nced will beless for lower ­
intensity fires . .....he re the fire-induced indrafting w inds
may not beas well developed (F ig. II ).The low- and high­
intensity junction-zone effects. as dep icted in Figure I I,
may be ex perienced at different l imes on the sa me pre­
scribed burn. dependent on IF" Junction-zone effects ca n
bedimin ished by using poi nt-so urce ignitions if the spot s
are allowed to run only shon dismnces. thcreby preventing
max imum or equilihrium rates of spread from being
achieved before being influenced by the ju nction zone.
Unde r ideal conditions, line ign itions. which always attain
equilihrium rate s o f spread very quic kly. will prod uce the
stronges t junction-zone effects.

The igniti on boss needs to be co nsc ious of junction-zo ne
effe cts in order to manage aF properly if cont rol of the
prescribed burn wi ll bejeopardized by any increases in IF'
Often. a major error at Inc start of a prescr ibed bum is no t
waiting long enough to develop a suffici en tly wide burn
out before incrcusing the rate of hurn ing for the main bod y.
Whe n major junction zones arc allowed to develop ncar
the burn pe rimeter (F ig. 12). fire spotting and escapes
must be anticipated because o f an increased IF' Burning
out requires pat ience : do no t rush th is initial stage of the
burn. It needs 10 he conducted with a benign fire. At any
lime dur ing the burn the ign ition boss can reduce IF by
reducing the ignition rate , or by alter ing the ignition line
charac teristics if there is any co ncern of increased energy
release rates ca used by j unction-zo ne effects (i.e.. de ­
crease I f by dec reasi ng aF)·

Influence of t he Wind

Man y individuals involved with larg e-sca le. aerially ill­
nited pre scribed bums view the amb ient wind only a., a
force thru will influence the rate ofsp read and the direction
in which the gro und-base d fire will trave l. They arc often
not aware ofthe complex wind fields thaIdevelop in. ove r.
and around the actual prescribed bum . Th is problem may
he due to the fact that most fire pe rsonnel arc occupied
with various dutie s while on presc ribed bums. and thus arc
unable to be close enough to obse rve and gain an apprecia­
tion of the wind field c hanges that can occur. Because of
this lack of experience. the effect s of the wind field may
not be addressed in planning and co nducting the burn .

So me of these effec ts are critical for maintaining fire
co ntrol after. rather than during. ignition .

The ambient w ind field has a direct effect on the initiating
fire, but as the co nvec tion column bu ilds up this ef fect
dimi nishes. Once developed. the fire ' s co nvection co l­
um n is opaque to the ambient wind (o nly fire-indu ced
wmdswill beexperienced in the fire area). The ambient
wind mu st go aro und rather than thro ugh the co lumn
(Countryman 197 1). Und er all bu tcalm co nd itions , eddi es
will develop on the downwind sidc of'thc column (Fig. 13a ).
These eddies move across the burn site hut . beca use o f the
ignition sequence, remain downwind o f the main convec­
tion col umn as it travel s across the site (Fig. 7) . Unde r
ce rtain co nd itions, these eddies can become quit e se vere
and even cause large fire whirlwi nds (M'Rae and Flanni­
ga n 1990). Eddies arc not present on cen ter fire ignited
prescribed bums (Fig . 13h) .

The pr inciples o f the ene rgy n ow mode l theory developed
hy Byr am (19 59 ). and later rev ised by Nelson (199 3),
should be understood by prescribed burn pe rson nel. Sun­
plified.thi s model sho ws that .... hen the energy flow in the
wind field (p" ) is greater than the kinetic e nergy of the
fire ' s convec tion co lumn ( PI)' the fire IS completely dom i­
nated by the wind field . This co ndition is usua lly observe d
as a ben t-over convection colum n. Shor tly after ignition
on most large-scale prescribed burns . however. P. exceeds
p" for a co ns ide rable hcrgfu above the gro unJ and the
e nergy o f the fire dominates the wind field . When this
effect is present ( Ij >P,,) on strip head fire ignit ed pre­
scr ibed burns. ambient winds will he absent on the down­
wind side of the column and eddy effect s. as shown in
Figure 13a. will be presen t. Ambient winds W ill only
reappear downwind once the colum n energy breaks down
( I'", >Fj). At the end of a prescri bed burn , the co llapse of
the convect ion colu mn mu st be co nside red to ensure
contro l of the hum. To reduce problems. there should hc
no areas left unburned wher e fire spread can occur down­
wind of the main igni tinn due \0 the reestablishment o f the
ambient wind.

Figu re 14 sho ws how wind fields may change on an
ongo ing large-scale fire a." the convec tion column shifts
with time. Ambient winds tha t are present prior tu burn ing
(Fig. 14a) arc still felt during the stan o f the prescribed
burn. especially when burning out with a low-intensity
fire (Fig. 14b). Howe ver . as the co nvec tion co lumn bu ild s
up. PI qu ickly e xceeds p.. and wind di rection... a rc altered
around the opaque convection co lum n (F ig. I-Ic ). Wind
d irec tion changes may easi ly be fel t 1- 2 km downwind on
large burn s. The leeward wind di recti on , often a rever se of
tha t of the ambien t wind. is a resu lt o f fire-indu ced and
eddy wind s. As the convection column travels across the
burn site (Fig. 7 ). the wind changes assoc iated with the
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column move with it. On very large bums this migration
may result in the ambient wind being prevalent again on
the extreme leeward sidc( Fig. 14d). lffor some reason the
fuels were nOI completely burned between I~ initial burn
outoperation started in Figure 14a and the leeward bound­
ary when the amb ient wind reestabli shes over this area. the
fire could spread over this unburned area. It would travel
in thl:: d irectionof thc wind and possibly escape into Area A
3.'. shown in Figure 14d. During this period. when the
mffuencc on the original burn oul area changes from an
indraft ing fire wind to an amhient wind. a considerable
potential ex isis for the fire to escape, i.c .. the fire can race
across unburned fuels located close to the perimeter. It is
a good policy 10 make sure thai the burn out is completed
before proceeding 10 ignite the main portion of the bum .
The question mark in Figure 14d indicates an area of the
burn where wind direction may be quite variable as it
switches from fire-induced to ambient . In many cases .
vortices comparable to dustdevils will form.These can lifl
both ash and firebrands aloft.

Properly burning all fuels 10 the edge as the prescribed
burn proceeds must be stressed. O ften this creates a
dilem ma as to how to lay the ignition line on the perimeter
of the bum.The final ignition line should always he laid as
close as possible to the burn edge (Line A in Fig. 15).Th is
philosophy should be followed for completing ignition
along all burn edges (st'(' Fig. 6). Th is procedure will
prevent problems should the ambient wind direct ion
change. In Figure 15. if Line B is laid as the final ignition
line far enough inside the burn such that it will nOI have
completely backburned to the perimeter before lhe wind
switches back to the prevailing ambient wind direction.
then the back edge of the ignition line will revert into a
head fire and move rapidly toward the hum edge. Given
this wind change. the hack edge of this ignition line will
generally always be a line ign ition that will reach the burn
perimeter at high equilibrium rates of spread. which could
result in serious spoiling problems.

Sometimes prescribed burns arc ignited under calm con­
ditions. but as ignition proceeds the wind speed gradually
increases. This may cause fire co ntrol co ncerns. In these
cases p...> Ij ca n occur at very low heights over the burn.
thereb y resulting In lilted co lumns. Thi s is contrary to a
safe burn where the upward convection of firebrands
allows time for them to bum out before falling out of the
convection column. Maintenance of this upright column
becomes eve n more essential when higher winds suddenly
materialize. The ignition boss must keep calm and choose
those ignition methods thai will maintain an erect co lumn.
Figure 16a shows an example of a prescribed burn ignited
with high wind speed (a low-level jet stream of up to
50 km/h) present at an altitude of only 270 m above the
grou nd. Th is was only reali zed once ignit ion had
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commenced . Such wind co nditions quickly pushed over
the co lumn and ca used major safety prob lems. In these
high wind speed cases. horizontal roll vortices (Haines
and Smith 1987)ca n develop on either side of the pushed­
over column. They arc generally more pronounced on one
side of the column and serve for bringing stronger winds
at higher aliitudes closer to the ground. Each inner roll
vortex has an outer rwin vortex assoc iated with it that
counter rota tes (Fig. 16a). Wind flow from the twin flows
outward away from the fire when it reaches the gro und.
Such anevent would heco ntrary 10whatone mig htexpect.
where not knowing the presence of roll vortices. the fire
spreads away from the main fire body opposi te to the
expec ted fire-induced indrafts. The danger in this situa­
tion is that if the outer (twin) vortex reaches the gro und. it
can push an outer ignition line away from the main fire
through unhurned fucl toward the hum perimeter . Be­
cause of the high winds involved, rarely does this uncon­
trolled fire front stop at the burn perimete r. bUI continues
over most co ntrol lines. This is also uu c when fuels out­
side the perimete r arc considered fireproof. eve n if spread
is only momentary. because of the high-intensity (IF) fire
front preheating the fuels before it.

The development of the pushed-over co nvection co lumn
(F ig. 16a). while mainly attributed to the materialization
of the high wind speed condit ions. can be perpe tuated
fun her by the actual igr ution pattern used during the bum
(Fig. 16b). In this case, because ofdisorientation co ncern­
ing the original center fire ignition location. most of the
ignition took place dow nwind of the original start. There­
fore. the main fire intensity (IF) occurred downwind
because of the ignition offse t. which naturally pulled ove r
the co nvection colu mn and accent uated the pushed-over
co lumn that already ex isted because of the strong winds.
A pushed-over co lumn pro vides the conditions necessary
for the development of roll vortices. An ignition boss
realizing thai wind co nditions arc strong might want to
assist the convection column toremain upright (Fig . 17a).
thereby reducing the probability of developing any roll
vort ices that co uld cause control problems. This can be
done by altering the ignit ion pattern to build up the fire
more on the upwind side (Fig. 17b).

Areas of Concern

\Vith co ntinued movement toward a multiuse approach to
forest manageme nt. more areas of concerns (AoC) arc
be ing left uncut on large prescribed burn sites. The main
reasons c ited for leaving an AoC arc for wildlife habitat
(e.g.. moose hab itat in the boreal forest) or as shoreline
rescrves te.g.. riparian protection to the waterbody).These
areas pose animcresringproblem to the prescr ibed burner-c.
burn a large area with substantial fucl loads around an
AoC. but at the same time save the AnC from burni ng. If



such areas can not be preser ved . then the future opportu­
nity for using presc ribed fire may he curt ailed, Without

recognizing the abili ty for manipulating and co ntrolling
the prescribed fire to do what ISreq uired. this may ap pear
10 bcu diffi cult task for man y resource manager s as well
as ma ny prescribed hurn plann er s. Savin g an AoC du ring
the summer presc ribed burning season (DC< 300 ) m the
bo real fores t sho uld he very cas} since the natural. 1i\ 'C

unders tory vegetation can he used 10 de ter any low-energy
fires,

Patience and time arc required to properly hum around an
Aoe. Too oftcn in the past. ignition wax com pleted around
an AoC withou t regard for the type of fire behavior that
wo uld he produced. An example of this occurs where.
using a hclit orch. a so lid line of fire is ignited 100 m
upwind of the AoC Such an ignition line rapid ly spreads
hefore the wind (Fi g, ISa). Th e line ignition allows the fire
to attain equilihrium spread rate s very q uickly. thereb y
resulting in an intense. fast-spreadin g fire that reaches the
AoC. With a typical Initial Sp read Inde x (151) o f the FWI

Sys tem 01'7 for an afternoon prescribed hum. the ignition
01';1 firelin c should reac h the equilibrium spr ead rates of
12 mlmin wry quickly (Sto cks and Walker 1972 ), Simple
momentum at these speeds (and inte nsity) can push the
fire into a relatively fire proo f AoC (d ue to the prehea ting
o f fuels). eve n if just momentarily, Ign ition aro und these
AoC need s 10 be developed such tha t sprea d rates and.
therefore, the development of fire inte nsity is kept low .
The usc of point ignition wou ld he the best approach in thi s
si tuat ion (Fig ISb). Basicall y, the ignition aro und the AoC
is a burning out ope ratio n. The initial ign ition line also
needs to be laid dose to the AoC so as to reduce the prob­
ahility of any fire runn ing into it (si milar to the reasoning
used for perimeter ignit ion line placement in Fig, 15), and
thereb y co ntrolling inten sit ies that could pro vide the mo­
mentum 10 carry fire into the AoC. Igni tion lines that
follow shou ld he closely laid to complete the hurn ing out
ope ration. Only then is it permiss ible to co ntinue regu lar

head fire ignit ion.

Ignition Patterns

Th e most co mmon aerial ignition pa ttern s used by the
O MNR arc center fire and strip head fire . The decision ro

use either pattern depends upon many factor s.

Center fire ignition

Ce nter fire ignition requires the establishment of an in­
ten se ce ntral fire with a well-developed convec tion col­
umn .The ce nter fire has to be created quickly after ignit ion
begins s ince the seumg of circ ular ignit ion lines around

the prescr ibed fire depe nds upon fire-induced ind rufting to
pu ll ignition lines toward the main fire. T he usc of cen ter
fire ign ition is usuall y carr ied out when winds arc calm or

ligh t. Th is cautio n is tak en 10 e nsure that . if the convect!vc
action of the co lumn III drawing the ou ter Ignit ion line on
the Icc side IS weak. thiS fire line docs not reverse and

become a head fire that sp reads uncontrolled toward the
peri meter. Light fuel loads sho uld be avoided so that

suffi cient IFis alv.'ays produced \0 ensure the creation and
maintenance of a good co nvec tion col um n (indraft ing ).
Na rrow burn areas arc generally avoided. s ince it IS
impo-, ..iblc III ;11101,', for the development of the trad itional
succeeding circles o f ignit ion lines 10 he indrattcd into the
main fire . Ce nte r fire ignuion allow s for go od smoke
dispersal, because the smo ke is lifted slr;lIght up into the
ccnvccuo n column and dispersed wit h uppl:r -lcvcl wind s.

It mu st be remembered tha t once started , the IF o f the
center fire mua be maintained to ensure that the cnnvcc­
tion co lumn docs nOI collapse and that the mdrafting
process stop s, Refuel ing turnaround tiIlles nf the hclicup­
tcrs need 10 he as short as possible to en sure that the IF is
main tained The usc o f center fire as an ignition tec hnique
by the O~INR has dccrea..ed . pcsvibly because some
bas..cs -fcar that they will fai l III maintain the proper
indrafti ng . Since cal m wind co nd itions are needed . the
even ing period . when the maj or convective activity of the
day has ceased. can pro vide ide al cond itions. Even in this
short burni ng peri od . large prescr ibed hums ca n he CO III ­

plc tcd One example o f this i.. the 455-ha English Town­
ship prescribed hum, v.hich was co mple ted in 2: hou rs
( M~Rae 19S6 J.

Center fire ignition o fte n takes place with litt le rccunnui s­
sa ncc prior to the prescribed hu m. As such. the initial
starting po int ca n he poorly selected. and fail temuintain
the neeess,af)' IF' M eR;le et al. ( 19S9 ), using the Buuc rsby

Tow nsh ip prescr ibed hu m as an example. sho wcd ho w a
center fire W;IS an improper choice cn nn area of poor slash

fuel co ntinuity broken up hy unmcrcbantahlc. uncut forest
sta nds; roads; and log land ings (area s de vo id of fuel s)
(Fig. 19 )_As these feat ures arc us ually present somew here
on a harvested sill', the)' mu st he recognized for what they

arc- lire gro wth inh ihitors. Th is ex am ple illustrates the
need to estimate how areas withi n the burn that have no
ability to carry the fire will affect fire gro wth and column
de velopmen t during igni t ion . In the case of the Batter sby
Townsh ip presc ribed burn. the downw ind port ion of the
fire was poorly developed. Si nce the inten sity of the fire
was good upwind. it pull ed the co lumn upright and no

major co ntro l problems were experienced . If the reverse
had been true . in that the co nvection column became more
de veloped downwind. the n ther e could have been a poren ­
tial for the co lumn to be nd over (as m Fig 16a ). On many
burns, igni t ion bosses see k out h ills to stan the ir ce nter
fires in the hope that th is will help to develop the high

intensities (iF) need ed 10 ini t iate mdraning. More impor­
rant . however. is the need to fin d su fficient quantities of
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available fuel to allow for the quick developm ent of an
intense fire. Ine xperienced ignition bosses may become
cautious when they see a large amount o f fire on the site.
hut this is e xactly what is needed when using thi s tech ­
nique . Hill s can help in producing high IF whe n slope
acceleratio n is take n ad vantage of to increase afquickly .
hut ade q uate dry fuels an: still more important.

Strip head fire ignition

The use of strip head Iires appears to be the preferred
method of ignit ion on mos t prescribed hums conducted in
Ontario . For per sonnel lacking ignit ion experie nce. th is
technique is the eas iest and safest method to master. It is
also best used on areas where fuel load s are low or when
fire behavior indices o f the FW I arc lo w (l.c.. center fire
ign itio n would he a poor c hoice in these situations because
of the lack of available fucl s) . Thi s techn ique employs a
series of successive parallel ignit ion line s. which are
ignited upwind of each other and allowed to hum into the
main fire bod y.111l'trick to succeeding is knowin g how far
apart to space the successive ign ition lines and the rate of
do ing so for controlling I" . It is this experience that is not
well documented . Often. ignition bosses get the mse lves
into trouble becau se the y are unsure as to whether rhc
intensity will be increased or decreased . for e xample. hy
moving the ign ition lines closer or furth er apart. O n the
1986 Garihald i Township prescribed hum, the ignition
bos s had as much as 7 km ofline ignition go ing at anyone
time with spacings of up III 0.7 km between ign ition lines
(Fig. 20) . Thi s 955-ha prescribed hum was completely
ign ited in 2 hours. Partl y as a result of the high I" values
ge nerated. a firc snvm was prod uced . creatin g thunderous
noise and fire whirlwinds (McRac and Stocks 1987. MCRae
and Flannigan 1990).

Operationally. thc mys tery of ignitio n line placement (i.e .•
what actions increase or decree..e If) may be resolved by
thinking of the conseq ue nces on intensity as related to aF.

Ifthc distance betwee n ignition lines is decreased and the
ign ition rate remains the same or is reduced. then aF will
decrease . Howe ver. if the ignition rate is increased then
there is a potentia l 10 increase aF. The rate at which a"
increases will a lso depend upo n whether po int or sol id­
line ig nition is used . When the dis tance between ignition
lines is increase d there is a potential for a h igher ap
particu larly with line ignition . Thi s is especially true when
burning cond itions are good . When condition s arc mar­
ginal (i.c.•FFM C ~ 85).the fire spread will be poor and the
aF may rema in low. Therefore. when changing ignition
line distances one must understand how this will affect aF
(a nd ' F)'

When using the strip head fire ignition technique. the rate
of burning (halhr) should be considered to ensure thai
excessive aF arc not allowed. Thi s could result in very
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erra tic fire behavior or firestorrns. The rate o f burning is a
prod uct of tirel ine characterist ics. the dis tance between
ignition lines. ign ition rates. and equilibrium ra tes of
spread. A simple chart to re late the burning rate to erratic
fire behavior is shown in Table 3. Of co urse. if the fire has
a low I ~ or is in a safe spot where errati c fire behav ior will
not he a problem. then such gu ideli nes may be ignored .

T able 3. Achan showing the hazard o f different rates o f
burning as related to the utilization o f the strip head fire
ignition techn ique under idea l hu rn ing cond itio ns.

Rate of burn ing Errati c fire behavior
(halhr) hazard ra ting l

> 400 Extreme - fire storms
200 -400 High
100 - 200 Moderate

< 100 Low

I This rating provides only a general evaluation of hazard
because. given proper fin: and atmospheric conditions, cr­
rauc fire behavior may occur even on small bum sizes.

Of the two igniti on pattern s. s trip head fires arc more
prone to causing the development of large fire whirlwinds
(MeRile and Hannigan 1990). Ce nter fire ignition pre­
vents the formation of eddy wind fields, which are re­
qu ired for the dev elopment of whir lwinds . because o f the
indraning process that occurs co mpletely around the fire
peri meter (Fig. 13b ). Whirlwinds may devclop onl y prior
to the build up ofthc ccnter fl rcconvecnoncolu mn or once
the column d issipates. Fires torms. where the con vectio n
column starts to rota te. arc absent o n ce nter fired pre­
scribed burns.

When burni ng condi tions are marginal (i.e.. FFMC<85
or 8 U1<30). it may be necessary to decrease the d istance
between ignition lines and to increase the rate o f ignition .
Here. the increased applica tion of fire increases aF and the
probability that fire will spread over a good porti o n of the
area even with disconti nuou s or wet fuel s. In this case, an
increase in aF docs not necessari ly mean a large increase
in IFsince IRF is limited due to a reduced fuel con sumption
rate (wF). Suc h a strategy of increasing aF ma y also be
useful where an increased IF is required to maintain con­
trol of tbc convect ion co lumn. With poi nt-so urce ign ition
(e.g.. OAID). because it takes Iongcrto reach eq uilibr ium
spread rates, the resu lting energy-release rates will be
lower than those at tained for line ign itio n (e.g.• helitorch) .
Therefore. use of the helitorch is alway s better unde r mar­
ginal conditions. Due to the belitorch charac teristics of
prod ucing higher intensities. ign itio n ra tes should be re­
duced for line ign ition whe never the re arc safety co nce rns



figure 12. An aerial view ofa burn ont operatum shortly after ignition sho...s the development ofa high-intensitvfire close
to the do...nwind bum prrimeter t /lOle the mass-fire ignition and potential for junction :mles}. This is all incorrect procedure
hecause rx tra time shoutd he allow ed to burn VIIIII .wffici l·/1/ ly large areaso as 10reduce J{!olling potential. /II the pre scribed
bum depicted. erratic fire behavior developed and this resulted ill spoiling. I"hieh required majo r SIlPfi/"('Hi(1I! ,il l/rh .

f ';gllU? 13. tat 17li5iliustranon SIIO"'S Iw... the ambient wind field (large bllle arrow) is btocked and then forced around the
ronvection column. Note the location ofeddies downwind ofthe column.•-ersus (b ) where a conrntion column produced by
a'IIt,'r fire ignition, under none or loU" ambient winds. creates indrafts 1111 all sides of the column. butno eddvcffects.
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Figure 14. Theoretical windfirldchang es as the convection column travels through a large-Kale prescribed hurn site using
a strip head fi re ignition pattern: (a) prior to burning (ambien t wind prevalent]; (b) during the burn Ollt operation; (c) durin g
eariy establishment ofthe main con vection column; and (d) later, when the octh'e n mreclimrcolumn has moved across the
burn sile,

Figure 15, Line A is the proper locationfor 011 ignition near
the bum edge . The area outlined in red represents the ma in
fire body. If Line B was used as the final ignition line, a loss
of control migh t occur if fire- induced indrafting winds
weaken before it burns out completelv 10 the bum edge. The
rt!lum ofambient winds iblu e arrows' could revert the bad
edge 0/ the fire line to a rapidly moving head fi re. which
("(1II1dcause fire control problems 01 the bum edge.
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F(~ ll re 16. (uJ All illustration of air

actual cO/lI'ec" lion column of u pre­
scribed bum i/oill itet! (IS a center fire
under high -wind conditions tambiem
wind direction is ltft to ri!?ht J. Note
the position o/Jwri:.on tllf roll vortices
(bl ue IIfrnlU ) firm nccur 0 11 the flu nk
of the ("om'en/r!ll cohnnn (mel IlO l m t

the leeward side of the column O J the
diagram ma v suggest (red arrows
show CtJIIl't'U;ml col umn fflm 't 'nlen t J;
and (b) the ignuion pa t/em ,,-hk h.
besides the l1 iKh wind conditions,
accentuated IIII' development of the
pus hed-over convection column.

a

-- _ " eo roc. : , On tit :

Figure / 7. (a) An illustration of
the sta nd-III', center f ired
convection column of a
prescribedbu rn developedunder
high ambient wind conditions
(ambient wind direction is lef/lo
right). When the ignition pattern
is buill properly, a.1in (b), uwilt
lead 10 increased intensity
upwind of the bum center.
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Figure 18. (a) A ll example ofpoor ignition. using lim' ignition. upwindfrom an AOC (the bl ue arrow ,~ IIOWJ the ambientwind
direction]: versus (Ii) Ihl' correct WilY II! ignite around WI AoC using {Joinl ignition [0 burn 0/11 fi rst before proceeding with
line ignition.
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Figure 19. An example of a poo r candidate site thnt was
actually usedf or ceme rfire ignition (ign ited urea indicated
by the darker shadedarea). Poor slash continuity [indicated
by ttielighter shadedarea J. including unmerchama bte forest
stands, roads . andlanding areas ,prevented the development
ofneeded reaction intensities. Ambient .....ind .....as f rom the
north.

Figu re 20. Strip headfire i1:1I1ti01l seq uence on the Garibaldi
To wnship prescribed burn (955 ha], This was completed in
2 hours (ambient wind direction was/rom the sOlllhwesrJ.
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•

Figure 2-1, A simple point-ignition pattern to he used with
the strip headfire ignition technique (the lurge blue arum'
shows the ambient wind l!ire aioll) /0 produce 1/1/ illl/rafl
(slllu ll btuenrrnws 0 11 1111'hum llrl' ll)jrom tireburnedge into
lh/' ('I'lIle r of the }JfI/"II, and thcrcbv reduce JII!'f"j'.~si""

problems.

•

•

Figure ZJ. Closely spaced ignition 5po1$prevent majorfire
accelerations WIllcan comroffi re inte nsities (IFJ. This strat­
egy is used in burning out I II the beginning of u prescribed
bum [the hlue arrow 511011"5 the ambient wind direction],

•
•

Figure 22. Fire intensities (IF' . •vhen spot ignition is used,
will be increased I\"Jrt'1'l the Slltld,11: between ign ition fines is
increased dill' /0 the increasedabi/ity oftJrefi re 10 occetcrate
(till' blue arrow .\/IOWS the ambient 1<';/1(/ direction].

."

•

Figure 25. A spot iP1ilitl/1 PUItI·tll where. dill' to a change of
ambient wind (t he huge blur arrow] from tlu- situation
observed ill Figure 2-1. ignition spm'jng is concentrated
IIp...ind to ensure thut thecom-ectmn collll1m remains uprighr.

•

f igure 23. Fire intensities (/F',when spot ignition is used.
will be increased when the numher of spots is increased
afO/JI: the ignition line (the b{lIe arrow shows lire ambient
wind direction}. When these .1'fI1I1.1 grow together the- ewill
chanee til l ' spot ignition 011 olle Iw ring line ignition
chaructrrislies,
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over fire spo iling (c.g. , time for burning oun. While
equilibrium rates of spread will not be altered bychangmg
dista nces between solid line ignition, decreasing the d is­
tances and red ucing the ignition rate will reduce aF (IF)'

Ignition Spacing

Point-source ignition spacing, such as that obtained from
the OAID , g ives the ignition boss a greater ability to con ­
trolthe fire intensity that de velops o n a prescribed burn .
Closel y spaced igniti on spots with low rates of burn ing
will have the least fire inten sity potential o f all the spaci ng
method s <Fig. 2 1). With limited space to accelerate. inten ­
sity is kept low since the rate o f spread (r) of Equation (21
is kepi low (this keeps aF low ). When the spacing is
retained perpendicular to the wind direction but the d is­
tance between ignition lincs is increased (Fig. 22) , inten­
sity buildup will be greater than in the first case (provided
the rate of application is not changed). Here, the spacing
gives the fire an abi lity to accele rate. and this will increase
aF' A more intense fire develops where the spacing per­
pcndiculur 10 the wind is close together and the dist ance
between ignition lines is large (Fig. 23). As "pac ing
characteristics change (Figs. 2 1- 23), the fire accel erates
faster than rbc point ignitions and becomes more like a line
igniti on. With increased intensities (IF)' junction zones
have a great er effect , thereb y boosting intensity levels.

The usc of point-so urce ign ition tocontrol IF(Figs. 2 1-23 )
is d ifficult using a hchto rch ignition syste m. Some proce­
dures for the hcl itorch can be used 10 co ntrol fire intensity,
hut it will he more limited than using point -sou rce igni­
tion. Line ign ition will always be crea ted because of the
physical characteristics of the hclirorch system (Fig. 9).
The bes t opportu nity 10co ntrol IF is hy manipulating the
dis tance betwee n ignit ion lines and the ignition rate used.
IF will he redu ced when the rate of burning is reduced .

By manipulating IF. different portion s of the prescribed
fire cnn be drawn awuy . through fire-induce d indrafting
processes, from areas where safety concerns ex ist. This is
an impor tant factor-c-one that is often not add ressed in the
planning proce ss o f the bum. Because of this . rarely is
the re a conscious change in ignition spacing during the
burn to manipulate fire behavior.

Figu re 24 illustrates a prope r point -sou rce ignuicn. First,
10 ensure that a good co ntrol line exi sts between the ma in
fire and the dow nwind boundary , burning out. using point ­
source ignition with closely spaced Firclines. is conduc ted.
The close spacing of firc lines speeds up the burn ing out
process by allowing some forward rates of spread, bUI
prevents any major spread acceleration because the short
distances prevent the point-so urce ignitions from attain­
ing equi libr ium rates of spread. In tum . this keeps the IF
low. The igni tion rate IS also low during this period. Once
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a sufficiently large area is burned , ign ition spac ing and the
ignition rate can be increased. Increased spacing will
increase IF(aFis increased) since rates of spread wil l pick
up due to greater acceleration. To encou rage indrafting
from the edges into the midd le oft he burn. and thus reduce
spotting outs ide of the perim ete r, the spacing of the
incend iaries should be less (more co nce ntrated) in the
midd le of the bum .Thi s allows the fire to be indrafted Into
the burn ce nter away from the edge. The final ignition line
is placed d ose to the perimeier so 3.\ to properly finish the
bum (Figure 15). Nute that in Figure 24 an ignition line is
laid co ncurre ntly, as the main ign ition proceed s. along
each side [flank}so as to bum the fuel present in this area
and prevent any poss ible run of the fire 10the perimete r in
the case of a wind shi ft (Fig. 6 ).

Because the wind sometimes changes directionor because
the fuel is nOI homogeneou s. ignit ion strategies must be
Fle xjblc . For exa mple. igni tion changes may be necessary
to keep the co nvection co lumn upri ght (Fig. 25). Here.
recognizi ng a wind direction change. the ign ition boss
concentrates the ignition (aF)10 one side of lhe burn to pull
and maint ain the co lumn upright.

THE IGNITION BOSS

The ignition boss should he d ivorced from the actual
physical ignition of the prescribed burn: often they have
been in the ignition hel icopter. Here the boss is more apt
to be preoccupi ed with dropping "fire". rather than with
co ncentrating o n fire behavior and colu mn dynamics.TIle
ignition boss must have the ability 10 step back and
observe the entire prescr ibed burn rather than only one
sma ll portion of it. Be ing at a dista nce, the boss ca n bette r
direc t and con tro l the ignition by observing fire develop­
mcr n. and hy issuing orders necessary to en sure proper fire
and convect ion column control.

FINAL REMAR KS

This puhli cat ion is a first uncmpt ro bridge the knowledge
gap between simple ignition pattern defi nitions and futur­
istic computerized expert systems on igni tion. II is hoped
that this information will st imulate (he manner in which
ignition bosses plan and conduct their presc ribed burns.
Th is ign ition information permi ts. for the first time, the
docum entation of some rules that will be req uired to
operate the Canadian PFIES .
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GLOSSARY OF TERMS

Burn ing ou t: The SCHi"g o f fire so that il will burn
agai nst the wind and thus red uce fire intensity.
Burning out of fuels is often conducted adjacent 10
a control line prior to igniting the main prescribed
hum so as to increase the wid th of the downwin d
perimeter cont rolline .

Drip lorch : An ince ndiary device (aerial or handheld )
tba t releases slow-burni ng. flaming fuel at a pre­
dete rmined ra te (Merrill and Alexander 1987).

Frontal fire intensilJ (r n ): Th e rate of heal release per
un it time per unit len gt h o f fire front , expressed in
kW/rn (Me rr ill and Alex ander 19K? ).

Hetttorch: A spec iali zed d rip torc h that uses gel led fue l.
and is slung a nd ac tivated from a helicop ter (Me rri ll
and A lexander 1987).

Ignition : The applica tion of fire 10a prescr ibed hum site.
o ften in se t pattern s bused o n weat her , fuel. top­
ography, and ignition sys tem, to safely achie ve
spec ific objectives.

Ignltion lin e: A generalterm used to desc ribe any appli­
cation of fire. whether it is line ign ition or indivi dual
spo t ignition.

Ignition ratc: The rate at which the igniti on system
travels and dro ps ignit ed fuel , ex pres sed as krn/min
for aerial ign ition or m/m in for hand ignition .

Ign ition pattern: The manner in which the prescribed
burn is ignited (eg.. back fire. ce nter fire, stTl p head
fire, ctc.). Thi s isdetermined by weather. fuel , ignition
system. and topograph ic or other fac tors that will
have an influence on fire behavior and the obje ctive
of the burn (adapt ed from Merri ll and Alex ander
19K7).

Ign ition system : Generally. a specialized piece o f equ ip­
ment used 10 ignite the fuels found on the prescr ibed
hurn (c.g .. hand drip torch. helitorch. OAID , etc.).

Junction-lone effect : Th is occ urs when the fire accel­
erates as it approac hes the preced ing ignition line or
main fire body due to the devel opment of a strong
convection column with stro ng fire -indu ced surface
indrafts.

Line ignition : A specific method of app lying fire based
on selling a so lid line of fire as opposed 10indivi dual
spots (adapted f rom Wade and Lunsford 1989 ).

Ma ss ignit ion (a re a i~nitilln ) : The se lling o f a number
of individual fires throughout an area e ither simu l­
taneo usly or in q uick succession and so spaced tha t
they soon coalesce. influence. and support each other
to produce a hot. fast-spreading fire (Me rrill and
A lex ande r 1987).

On ta r io Acrtal Ipuinon Device (OAII)): A helic opter­
moun ted , dela yed aeria l ignition de vice that drops
plastic spherical ince nd iaries (vping-pong halls "]
containing potass ium permanganare.The incendiaries
are injected with an ethylene glyco l/water mixture
(usua lly 50150) and immed iately jcuis oncd unto the
prescribed burn site. A chemical reaction that ca uses
the incendiary 10 burst into name occ urs appro xi­
matel y 25 seconds afte r inject ion .

Point-source ign it ion : A spec ific method of applying
fire based on setting a number o f individual tspou
fires at prede term ined spaces and times throughout
the urea to be burned .

Pr escrih ed bu rning: The knowledge able applica tion of
fire 10 a specific land area so as to accomplish pre­
determ ined fores t manageme nt or other resource
ma nagemen t objectives (adapted [rom Merrill and
Alexander 1987)

P resc r ibed fire : An y fire deliberate ly utiliz ed for pre­
scri bed burning: usua lly set by qual ified fire manage­
rnc m personnel accord ing 10 a predetermined burni ng
pre scri pt ion (Me rri ll and Ale xander 1987).

Rail' of hu rn in~ : The rate of area bei ng ignited per unit
time. expressed as halhr.

Rea ction intensity (IR): The energy-re lease rate per unit
area of the prescribed fire (kW/m 2).

Tota l intens ity (I T): Th e total intensity. ex pressed as
kw. for the ent ire prescribed fire.
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