






Fig. 1: Three images showing results from a grassfire simulation using WFDS. The grass land plot
is 150 m long and 50 m wide. All figures correspond to the same time. From top to bottom: the
fire perimeter and smoke plume; radiant heat flux; convective heat flux are shown. The scale
for the heat fluxes also shown.



Figs. 2a c: Examples of WFDS applied to laboratory scale fires: (a) Douglas tree burn
experiments conducted at NIST (10 cm grid; 6 m x 6 m x 9 m domain; 300 times slower than real
time with 4 processors). (b) Deep fuel bed experiments conducted in the USFS Missoula burn
chamber (5 cm grid in fire region; 12 m x 10 m x 6 m domain; 180 times slower than real time
with 10 processors). (c) Crown fire initiation experiments conducted in USFS Riverside
laboratory (2 cm grid; 1.2 m x 1.2 m x 1.2 m domain; 80 times slower than real time with 6
processors).



Figs. 3a d show tand scale examples of fire behavior and applications of WFDS: (a) Australian
grassland fires (Mell et al. 2007) on 200 m by 200 m plots (1.7 m computational grid in fire
region; 1500 m x 1500 m x 200 m domain; 125 times slower than real time with 10 processors).
(b) Crown fire experiments conducted in the Northwest Territory of Canada (Cohen 2004). (c)
Simulation only study of fuel treatment effectiveness in preventing structure ignition (Ginder et
al. 2010) (0.5 m grid; 150 m x 112 m x 30 m domain; 200 times slower than real time with 8
processors). (d) Example of fire behavior simulation using terrain and vegetation obtained from
LiDAR data



Figs. 4a b: Examples of landscape scale wind simulations fromWFDS. (a) An 8 km x 8 km
domain. Computations used 16 processors whose spatial domain is outlined by the red squares.
(b) A 2 km x 2 km domain over a community in the center of Fig. 4a. Wind vectors at 6 m above
ground level are plotted. The ambient wind enters the domain from the northeast at 20 m s 1.
See text for a discussion on simulation specifics.



Fig. 5: Schematic illustrating the components of the level set model for fire spread. The red line
represents the fireline. The direction (obtained from the model) and magnitude (prescribed) of
the head , flank , and back fires are required.



Fig. 6: Level set (solid lines) and experimentally measured (symbols) fire lines at three different
times for an Australian grass fire (Mell et al. 2007). Grass plot and computational domain is 200
m x 200 m. Level set simulation with a 1.7 m grid resolution was 25 times faster than real time
with one processor.



Fig. 7: Results from a WFDS and level set model simulations of fire spread through Australian
grass (fuel properties are listed in the text). Color contours are mass loss rate from WFDS; red
line is the fire line from level set. Ambient wind in 10 m s 1 and a point ignition was used. Level
set was 10 times faster (one processor) and WFDS was 60 times slower (12 processors) than
real time. The head and flank fire spread rates from WFDS were used in the level set model.





Figs. 8a b:WFDS (color contours of mass loss rate) and level set (red lines) model results for fire
spread in Australian grass. (a) natural grass, (b) treated grass (natural grass cut to 1/5 its height,
clippings removed). Note that the maximum mass loss rate was 0.28 kg s 1 for the natural grass
and 0.07 kg s 1 in the treated grass; the color contours are scaled to show red for the maximum
mass loss rate in each case.



Figs. 9a b: Results showing the model predictions when the grassland fuel loading changes: (a)
from treated to untreated treated (1/5 fuel height and loading) and (b) from untreated to
treated. A vertical dotted line denotes the boundary between fuel loadings. The location of the
WFDS fire line is shown every 10 s. WFDS results are color contours of mass loss rate (scale of
contours is the same for both figures) and level set model results are the red lines showing fire
line location. See text for discussion.



Fig. 10: Comparison of the WFDS and level set model predictions of grassland fire perimeters.
The computational domain is 2700 m x 2700 m x 200 m with a grassland plot of 900 m x 900 m
(area of figure). Fire perimeters are shown every 50 s. Level set head and flank fire spread rates
were obtained from smaller scale (100 m x 50 m grass plot) WFDS simulations.



Fig. 11: Simulation of firespread over a 2 km x 2 km region with complex terrain encompassing
a southern California community. The terrain was obtained from LiDAR data. For simplicity, and
as a first step in model testing, the entire domain is covered in grass (image showing the roads,
structures, and vegetation is used for ease of reference when comparing the figures). The WFDS
(level set) simulations required 41 million (2000) grid cells; 16 (1) processors; and were 400
times slower (5 times faster) than real time.






