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AThe lofting and transport of firebrands ignites spot fires downwind from
the primary fire

ASpot fires lead to accelerated and unpredictable fire spread

A Accelerated: Embers cause the fire to jump ahead. Upper-level winds are
often faster than near-surface winds,

AUnpredictable: How far will it spot? Upper-level winds are often in a
different direction from the near-surface winds

AA better knowledge of processes involved in spotting will improve our
ability to predict fire spread

AThere is evidence for very long-range spotting in excess of 30 km, e.qg.
Kilmore East fire during Black Saturday
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AWe use a two-stage modelling process to investigate how turbulent
plume dynamics may affect spotting:

1. Perform high-resolution simulations of idealised bushfire plumes in
different wind conditions using a large-eddy model (LEM)

2. Use the four-dimensional (3 space, 1 time) velocity fields from the LEM to
calculate the trajectories of hundreds of thousands of virtual firebrands
assigned a constant fall velocity

ATrajectory calculations are then r
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L, =10.0 km
(nz =256
dz = 10-50 m)

v

L, =19.2 km
(ny = 384

< > dy =50 m)
L, =38.4km (nx =768, dx =50 m)

________________________________________________________________________

Idealised setup (no moisture, radiation, Coriolis, topography)
Periodic lateral boundary conditions

No-slip lower boundary

Free-slip upper boundary (+ Newtonian damping layer in upper 2 km)
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ASimulate realistic turbulent boundary layers for a range of wind
speeds (typically not done in idealised plume studies):

A Initialise model with horizontally homogeneous
potential temperature and wind profiles

A Apply random perturbations (z 0.2 K) to
potential temperature field

A Run model until turbulence (defined by domain-
averaged TKE) has spun up to quasi-steady state

AGeneratea fAfireo plume by

flux anomaly (Q = 100,000 W m'2, radius = 250 m)

A No feedback of atmosphere onto fire behaviour
A No surface spread

»

z (km) 4

/‘ 3km.

dg = 300 K

A Allows us to isolate the way plumes respond to wind
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u=5.0,75,10.0,12.5,15.0ms'?

L, =10.0 km
(nz =256
dz = 10-50 m)
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© L, =19.2 km
(ny = 384

< > dy =50 m)
L, =38.4km (nx =768, dx =50 m)

AGenerate a fifireo plume by applyir
flux anomaly (Q = 100,000 W m'?, radius = 250 m) and release
passive tracer
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Tracer visualisation i 5 m s wind
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ALower two-thirds of plume
IS within boundary layer:
ARelatively smooth

A Small instability at top of
smooth updraft

A Consists of a counter-
rotating vortex pair

AUpper section of plume
above the boundary layer:

APlume is much more
turbulent

15.0




Tracer visualisation i 5 m s wind
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ALower two-thirds of plume
IS within boundary layer:
ARelatively smooth

A Small instability at top of
smooth updraft

A Consists of a counter-
rotating vortex pair

AUpper section of plume
above the boundary layer:

APlume is much more
turbulent

AMeandering above the
boundary layer is more
prominent

15.0
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Tracer visualisation 7 15 m st wind
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APlume is turbulent from the
surface upwards

APlume is much more bent over
APlume exhibits pulsing
APlume is more dispersed

APlume meanders from near-
surface to top

o

/®

bushfire&natural
HAZARDSCRC




23
15
10

5

3

1

2
-4
75

-12.5

-20

L |

Y
1
A
Al
||||||| E e T T T T Y -
LT |»||L|\I\I|-.||-I....-.|.lf{ £y (_'.__ .- -] o
] 2
R ]
d |...-...-J.,.J.e-_.,a4..__..1 _.h::__\._-.\\\l
o
Y
Farars
N
_ =
7p L
—
J. >
m ’*
J_
e
5
LO ]
J— o
 — ‘hﬁ 1 “
..l N .
M ,|._. [N
® =
[
L LI L B B UL
d I IR vl !
- 1 ' -
3 | L
<)) o " T
(=] i i i
1 1 "
- I 1 3
- | A
1 1 1
o - j " ]
O [ i
1 1 i
I 1 1
—_— I 1 (-
1 ] .
1 1 i
[ | i ] =
[ | ' m
o | 1 . 4
! ! ' o
1 1 1
| - | ] - o
1 1 1
- i i i
- I 1 —
i i i
l | 1
- i 1 .
9 1 ]
.- - .
L | | i '
1
l ' !
- “ 1 “ c
- ! ] < | @
gl g — € | | = PN | © e
£IE e _ _ _ - o 28
. 1 ] L. *
2 M i o | ] ' g %”
nw m 1 | | 1 =l o
=g | > | : ] 1N =
MN T N R R |.__ W
m m . ox
2|2 < < o < < G
b o} o — =] o .



25
15
10

5

3

1
-2
-4
7.5

-12.5

-20

T

. T, I_LJLI—IHI..Jf.._j.Hf.H.“(.“f-I.JI

qu

------ - . -
I T Y
N T R R e ol
...... e ]
....... P R L Y Y |
||||||| e l -
“ e B B
aaaaaaa o [ & o
T e S T o .
BRI LA [ <1
--.-..\l._ld./ oo N oWk v -
= = e a P -
I......lp_,.l._lp.—._._.:_f._.a.u.. - -
TR T R S N R R | ] -
R TR PR R Y Y B o B ) - o
- = = = A L Y P A | & -
el T T T A AL R e
T T T T e L L L L] P
o e m wom o ow W R
\lnlll/fn__\\ -_.h_-....\ T
%Mn\ -

X (km)
x (km)

‘ld.

PR R P

(W) A

a_——a__—____—___—
|

s
8.0

Plume dynamics 7 5 m s wind

6.0

e 2 2w ow owow % % e e e oo owowom [

_—
= N LT ol
o~ R - w

L—

<

P om oa om omomom % m o= o= o2 oxomomomowomomow

X (km)

[
4.0
.

]

1
)
0

[
w
b
k]
L]
)
i
3

-

=T1= =1= =1= =1= =

0.0m
[
2.0
1176.8 m
2.0

y
L
z

__—_ L1l — 1 _"__ L1l —_
© o o o 9o B
~— [=]

= L] o

(wy) z

Australian Government
Bureau of Meteorology




Australian Government

Plume dynamics i 15 m st wind
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e <l Plume dynamics i 15 m s wind
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y=00m z=2427m

z=1176.8m z=2495.7m




