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Evaluating fire behavior simulators in southwestern China forest area. ZHAO Fan' > SHU Li—
fu”™  ZHOU Rudiang® XIAO Xiang-ming® WANG Mingyu' ZHAO FengHun' WANG Qiu—
hua® ( 'State Forestry Administration Key Open Laboratory of Forest Protection Research Institute of
Forest Ecology Environment and Protection Chinese Academy of Forestry Betjing 100091  China;
*Southwest Forestry University Kunming 650224 China; > University of Oklahoma Norman 73019
OK USA).

Abstract: As an important technical reference for efficient prevention and fighting against forest
fire forest fire behavior parameters are mainly obtained from fire behavior simulators in some deve—
loped countries. This study selected two simulators the Farsite from USA and the Prometheus from
Canada which were both widely used in local area. Through comparing simulated results and rela—
tive data of the 3 * 29 Fire’ occurred in Anning City Southwestern China we tried to evaluate
accuracy of the simulators in a quantitative way. The results indicated that in the simulation of peri—
meter the precision of Farsite under Scott fuel model was the highest while Prometheus was the
lowest but the difference was not significant. The difference in simulative perimeter between Farsite
and Prometheus mainly concentrated in the distribution area of Pinus yunnanensis. In the simulation
of rate of spread ( ROS) the mean ROS results of Farsite under both fuel models were close to the
actual situation while the results of Prometheus were far away from the actual situation. The diffe—
rent simulative area of ROS between Farsite and Prometheus mainly concentrated in the distribution
area of P. yunnanensis. In the simulation of fireline intensity ( FLI) the mean FLI results of Farsite
under both fuel models were similar and Prometheus obtained significantly different FLI results
from Farsite while the different simulative area of FLI between Farsite and Prometheus mainly con—
centrated in the distribution area of Quercus.
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Fig.1 Sketch map of the location of the study area.
I: Study area; II: Observed fire; III:

Ignition point. The same below. a) Bare ground; b)
Keteleeria evelyniana woodland; c)

woodland; d)

Pinus yunnanensis
Quercus shrubwood.
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Table 2 Weather data for ‘3 + 29 Fire’
Date 0’ clock Temperature Humidity Wind speed Wind direction Cloud cover Precipitation
(°0) (%) (km+h™) (%) ((mm)
0328 2:00 12.1 74 10.8 0 0
0328 8:00 10.4 90 3.6 25 0
0328 14: 00 23.2 31 21.6 75 0
0328 20: 00 21.2 35 10.8 0
0329 2:00 16.5 54 14.4 0
0329 8:00 15.0 58 18.0 0
0329 14: 00 23.4 21 36.0 0
0329 20: 00 22.1 31 10.8 60 0
0330 2:00 17.8 41 18.0 75 0
03-30 8:00 16.0 45 10.8 90 0
03-30 14: 00 23.3 24 25.2 40 0
03-30 20: 00 19.7 33 10.8 90 0
28  2:00 20: 00 4 3 2: 00—7: 00
( 2).  Farsite 2: 00 8: 00—13: 00
Prometheus 8:00
R 1.4.4
)
21
1§ % Altitude (m)
2545 N N
1811
22
3k BE Slope (°)
70.2559
0
“3 ° 29 »
B 3 7 Landsat 5 TM 1 3.4
Canopy coverage (%) ( )
M 0-5
M 5-10 3 Landsat 5
M 10-25
W 25-50 Table 3 Image parameters of Landsat 5
50-~75
[J>75 Parameter Value
Product type Landsat 5 TM LIT
Output format GeoTIFF
Spatial reference UTM-WGS84
Image number LT51300432006066BJCO0
-~ 0 Date acquired 2006-03-07
159.723 / WRS path/row 130/043
-1 Sun azimuth 133.70149861
2 Sun elevation 49.41857149
Cloud cover 0.00

Fig.2 Topography and canopy maps of the study area.
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4 Landsat 5
Table 4 Parameters of bands in Landsat 5

Band Name Spectral range Pixel size
(pm) (m)
1 Blue 0.42~0.52 30
2 Green 0.52~0.60 30
3 Red 0.63~0.69 30
4 NeardR 0.70~0.90 30
5 NeardR 1.55~1.75 30
6 Thermal 10.40~12.50 120
7 MiddR 2.08~2.35 30
(DN )
DN ?
.Landsat 5 TM 1
DN
24
( 3.
L. .-L.
max A min A
Gre(:ale = 255 ( 1)
Brecale :Lmin A ( 2)
P = Grecale * Qcal +Bre(:ale ( 3)
: Gl‘cnalr ] ( DN *
-1 2 .
W cm- °sr p“m) ’ Lmax A \Lmin A N
( W ° m72 ° Sril ¢ 'J"mil) ’ Bl'e(:ale 1

(Wem? st e um™);p,
(Wem? s« p,m_]) 10 1
DN ( ).

5
Table 5 Parameters of radiometric calibration

Band Lynax 2 Loin
(W'm_z‘sr]'p.ml) (Wem™2esr™h e pm™)
1 193.00 -1.52
2 365.00 -2.84
3 264.00 -1.17
4 221.00 -1.50
5 30.20 -0.37
6 15.30 1.24
7 16.50 -0.15

( NDVI) . N N
S NDVI K-Means
/ Y N
N 3 1. 6).
Farsite Anderson N
Scott Prometheus FBP
18
ArcGIS
( 6
1.4.5
Farsite
NDVI
26-27 28 NDVI
( 2).
NDVI-NDVI
R v (4)
NDVI,.,—NDVI
e (%) ; NDVI NDVI
i NDVI_, NDVI  ; NDVI,
NDVI
NDVI NDVI_, 0.169
NDVI,,, 0.736.
1.4.6
6

Table 6 Codes of vegetation types and fuel models for the
study area

Vegetation type Fuel model code ( name)

Vegetation
code Anderson Scott FBP

0 0 0 101 ( non-fuel)
Non-forest

1 10 (FM 10) 165 (TU5) 575 (M-=2)
Keteleeria evelyniana

2 9(FM9) 164 (TU4) 880 (M)
Pinus yunnanenisi

3 4 (FM4) 124(GS4) 32(0-b)

Quercus shrub
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Table 7 Initial fuel moistures of the study area ( %) s
Vegetation type Dead fuel Live fuel 2 0~1
Ih  10h 100h 1 2
Shrub ~ Woody
10 12 20 45 60
Keteleeria evelyniana 2a
10 12 20 45 60 = (6)
Pinus yunnanenisi 2a+b+c
10 12 20 45 60 © SC SC Ca
Quercus shrub
(hm®) ;b (hm®) ;¢
2
Farsite (hm’)
( ROS)
(7. (FLI) 2
L5 ROS
Farsite  Prometheus FLI
3
3 “3 4297
33 3
ROS FLI
3 2
KC ¥ sc 30
3 2.1
8 3
KC KC 0.30~0.43 SC 0.39~0.50
. . KC  SC (KC=0.43.5C =
0.50) Farsite( Scott) (KC=0.30.5C=
; . 0.39) Prometheus; KC 0.13.
N2 wi = 2 (wrs) 0.03 SC 0.11+ 0.03
KC = ; (5) Farsite( Scott) ~ Prometheus
2
N ~ (xiis) Farsite( Scott)  Farsite( Anderson)
‘KC KC ‘N Farsite( Scott) 2
or DX i Farsite( Anderson) Pro-
i X, metheus 3
; Xy
8 “3-.29”
Table 8 Simulation results for ‘3 + 29 Fire’
Spreading area Fire behavior parameter
Simulator Fuel KC sc “ b ¢
model (hm?)  (hm?) (hm?) Simulated  Observed Average ROS Average FLI
( hm?) ( hm?) (m* min") (kW +m™)
Farsite Scott 0.43 0.50 334.56 605.10 69.07 939.66 403.63 3.53+3.23 2115.89+2260.44
Anderson 0.40 0.47  350.25 738.94 53.37 1089.19 3.57+3.66 1530.57+1711.26
Prometheus FBP 0.30 0.39 392.70 1194.50 10.93 1587.20 10.55+8.94 6102.27+7631.50
Farsite Anderson vs. Farsite Scott  0.82 0.86 867.83 221.37 71.83
Farsite Anderson vs. Promtheus 0.56 0.68 905.76  183.43 681.43
Farsite Scott vs. Prometheus 0.59 0.69 871.92 67.74 715.27

a. Coincident area; b:

Overestimated area; c:

Underestimated area.
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3 Scott
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Fig.3 Simulative spread range for ‘3 * 29 Fire’ .
a) Coincident area; b) Overestimated area; c) Underestimated area.
% 2 km
o
Ll
4
Fig.4 Comparison of simulated spread range for ‘3 * 29 Fire’ .
A: Farsite Anderson Farsite Scott Farsite Anderson vs. Farsite Scott; B: Farsite Anderson Promtheus Farsite Anderson vs. Prometheus; C:
Farsite Scott Prometheus Farsite Scott vs. Prometheus. The same below. a) Farsite ( Anderson) Farsite ( Anderson) overestimated
area; b) Farsite ( Scott) Farsite ( Scolt) overestimated area; c) Coincident area by Farsite ( Anderson) and Farsite ( Scott) ;

d) Prometheus Prometheus overestimated area.

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.5 Simulated rate of spread ( ROS) for ‘3 ¢ 29 Fire’.
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Fig.6 Comparison of simulated rate of spread ( ROS) for ‘3«29 Fire’.
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Fig.7 Simulated fireline intensity ( FLI) for 3 * 29 Fire’.
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Fig.8 Comparison of simulated fireline intensity ( FLI) for ‘3 ¢ 29 Fire’.
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