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Spatial distribution characteristics of potential fire behavior in Fenglin Nature

Reserve based on FARSITE Model

WU Zhiwei, HE Hongshi* , LIANG Yu, LUO Xu, CAI Longyan
State Key Laboratory of Forest and Soil Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110164, China

Abstract; Forest fire plays an important role in determining the species composition, age structure, and ecological
processes of forest ecosystems. The high forest fuels accumulation coupled with a warmer and drier climate in recent decades
makes the study of potential fire behavior of great practical significance. However, most forest fire behavior studies have
been conducted at the plot-to-stand levels that cannot meet the landscape-to-regional levels fire management requirements.
Researchers and managers are increasingly interested in spatially explicit fire simulation models that can simulate fire spread
processes at larger spatial and temporal scales for use in fire management, planning, and scientific analyses. Thus, the
main objective of this study was to simulate the potential fire behavior in Fenglin Nature Reserve under the low, moderate
and extreme fire danger ratings with a spatially explicit fire behavior simulation model, FARSITE ( Fire Area Simulator).
According to the fire severity danger standard developed by Rothermel and Rinehart, potential fire behavior zone maps were
obtained based on the FARSITE simulation results. Main conclusions from this study were drawn: 1) Under the low fire
danger rating, the potential burned areas of classes I, I, Il for Fireline intensity were 17765.82 hm®, 105.5 hm’, and
1.89 hm®, respectively. The potential burned areas of classes I, II , and Il for Flame length were 17722.71 hm*, 61.47
hm®, and 0.81 hm’, respectively. under the moderate fire danger rating, the potential burned areas of classes I, I, Il

for Fireline intensity were 16349.04 hm®, 1483.92 hm®, and 6.75 hm®, respectively. The potential burned areas of classes
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I, I, and I for Flame length were 15785.10 hm®, 2033.37 hm’, and 21.24 hm®, respectively. Under the extreme fire
danger rating, the potential burned areas of classes I, II , 1l for Fireline intensity were 7950.78 hm®, 7540.38 hm’, and
2351.52 hm’®, respectively. The potential burned areas of classes I, II, and Il for Flame length were 7108. 65 hm’,
7263.54 hm®, and 3470. 49 hm’, respectively. The resulis showed that under the low, moderate and extreme high fire
danger rating, the potential fire behavior were mainly distributed on the Class I and class Il that can be controlled by
persons using hand tools at the head or flanks of fires; 2) The spatial distribution characteristic of fire was obvious. The
Class Il were mainly distribution on the mid-eastern region, Class Il were mainly distribution on the middle region, and
Class T were widely distribution on the edge of the region; 3)The high fire danger areas were distribution of the fuel model
FL-I and FL-1I , elevation gradient 300—400 m, slope gradient flat slope and gentle slope. High intensity fire within 500
m road and settlement was much more than that between 1000 and 1500 m; 4) The result may give a useful suggestion for
fire and fuel management in Fenglin natural reserve. In the future the research should concentrate on validating the

simulated results using observed fire behavior in Fenglin Nature Reserve.

Key Words; FARSITE ;fire behavior;spatial distribution ;simulation ; Fenglin Nature Reserve
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Fig.1 The general flow of FARSITE simulation
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Fig. 2 Topography map of Fenglin Natural Reserve
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Table 1 Custom fuel model values for Fenglin nature reserve

AL (£S.E. ) JE T BH K%
=} L Hh
P8l Fuel loading /( t/hm?) IRIEEE Moisture of !
Fuel bed . Heat content

Fuel model . . denth/ extinction /(k1/kg)
lh 10 h 100 h L VN A epth/m Dead fuel /% g

FL- 1 3.08+0.13 0.76+0.08 0.85+0.18 0.19+0.03 0.32+0.03 0.30 30 21880

FL-TI 1.43+0.20 0.40+0. 06 0.21+0.12 0.28+0.04 0.24+0.05 0.15 20 21695

FL-1I 3.60+0.20 1.03+0. 12 0.48+0. 14 0.14+0.02 0.38+0.05 0.30 30 21045
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Fig. 3 Stand and fuel model map of Fenglin Natural Reserve
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ARWFFAURIULE AT e R A ) B A AR 5y R 3 AN FRMCK B S T MR AT o 28 [ A R AE . 3 SRR
KB TR G T AR RT3 K R 505 B S % B Y 78 R B SRR B X B F 52 25 i 1 5 (R
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F2 HMMBETRIEKEERTHRARERXRE
Table 2 The relationship between surface forest fuel moisture and forest fire danger rating
g FIHRTE S/ W1/ %% AL/ % K/ mm EIKE % AIRE KA
Class Flammability Temperature Wind Humidity Precipitation Moisture Fire
1 HERR <=5 <2 >85 >1 >45 FEATC KA
2 N2 -5—0 <2 65—85 <1 35—45 Ny kH:
3 BoAIK 0—10 2—3 45—65 kK 25—35 AT RE
4 Gk 10—15 >4 25—45 JekEIK 15—25 by K
5 e Ty 4% >18 <5 <15 TekEK <15 W K
1.4 ARKCEIERIL

1.4.1 KJHRIXE

KRB B RIS B AT WK R AR BAT R B AN 2 (BT ] i B8 SR S B 3
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SRR AR IX, R AT FE T S B B B BT PNMEOT N (60 m) BEBL™2E T 6 MR K (&1 4) .

£3 INMHEMARERTHREZGMATRI S KE

Table 3 The weather conditions and fuel moisture content under three fire danger rating

K Wb KL R FIRER
Fire danger Extreme Moderate Low
F&TR 2 Precipitation/mm 0 0 0
e AEE minimum temperature/°C 15 10 0
Fe Y maximum temperature/ °C 28 18 10
B ¥ Maximum humidity/ % 25 45 65
B AR Minimum humidity/ % 15 25 45
K Wind speed /(km/h) 33 20 12
1 h ATEAIRIE 1 h fuel moisture/% 3 8 12
10 h FAYIIRIE 10 h fuel moisture/% 4 9 13
100 h ATEAMIIEEE 100 h fuel moisture/% 5 10 14
EARYEHE Herbaceous moisture/% 70 120 170
TEAIRE Shrub moisture/% 70 120 170

1.4.2 #HHISH

A FE AL HE AN AIF 5T DX A9 88 FE MK AT 25 18] 43
A1, VA 15 PR S (1 e i) S HAt PR 2 9 38 ( Eedn
FNAO) LT R B TR AT X R BE S B, T L)
W18 T 24 h AT RN TR A AL ) 2
KA E N 30 min, MK EIE ) FURNZS (8] #E S 3 B 53 )
360 m F130 m, AR FFIE TR JCORTR AR
PR, oAb K SR % O 5% ., FARSITE £5%
TR 25 R 2 AR SR AR ICT KA I Rk 2k
SHRETE b, L2 = AR AR DR B DR T E AR K AT
FFAIE
1.4.3  MRIAT R EYARE

FAGE S 2R Rothermel ™ 25 A MR 45 A K £ 35 72 i
TV BRI F D ROCHE e, W AR K AT &) 43 T 25 T4~ 5%

0 5.0 km

B4 NEZEEE

Fig.4 Spatial location of fire ignitions
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Table 4 Fire behavior and suppression measures under different fire severity

k47K fire behavior

MR FUBE A2 —— - KGR
Fire severity KIGRIE/m KL/ (KT om™ +s7") Interpretation
Flame length Fireline intensities
I <0.8 <170 KRS, TR IR A% A T
I 0.8—1.1 170—350 KRR FDR G B A T H KT KL FMT Sk 80Uk 3R
' ’ 8T T BT i Ak ) K S A

ik AT AR I Sk K, T T KK AL, T By 2 Ak

I 1.1—-2.5 350—1730 e A ] 3

v 5535 1730—3460 *%f&?ﬁ,%ﬁéﬁ?%%?"&ﬁ“,EIﬁE:"HINXJ‘}EJ(,%J(’%E;J(%?’E%U(%
AT

v 3.5 3460 SRR IR TEE ORI, K Sk A T K 3 S T
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M5 WTUE, EMRARGRI X WG kA F kAR R A 3 DMK ST WEEMKAT A
S Y, Hoh W g R A KIS T 3 A KAT R GRAR 43 A5 R A 80, KA BE 430 o SRR 40%
(7108.65 hm®) 41% (7263.54 hm*) F1 19% (3470.49 hm®) , KZ&58EE 4351 & S A 45% (7950. 78 hm?) |
42% (7540.38 hm®) Fll 13% (2351. 52 hm*) ; 76 5 K& A R AT BE & A2 K R, LA Class T 97 o5 1 A5 R 4 X 1)
Pk,

BRIFE 1E5 KEMAReR A KIE T, MRk AT R EES4ATE Class I I Class 1T %52k |, AbF Class TM&E
R IAFRAE R D X TE— B BB E R FAAR AR KAEAR M S BOE R R, KA i i
F LT HEE X KM K T FEAT DIAE KRB0 KB MOk &9, B ) LB KIET A
19% WX AL T Class THAF L, KGR KBS SE 9040w , RO B s P X 52 o AT B X b X %
DXl ] 0 3 PR KA L SR S St PR A B R I TR R B AR KRR A, A S 4

AR MO R A SSRGS, R R IR G, T HL AR B2 A B RNRLEE W SRR AT,
DRUHCRN R A A T ARk S Ay sCRMR e B, DRI ARG 45 5 H BB I WA % B i R 5 N T 7
MKAT R, ARG A R MK AT A R — 20 5T, XA — 25 Ul ST MK AT R sl 28 W R 45 02
Ay AR

£S5 BERRITAH BT

Table 5 The general characteristics of the potential fire behavior

S T ssgy KIGKE Flame length KIS Fireline intensity

- H] He
Possibility Rating Y hm? L/ % T F/hm? /%
Area Ratio Area Ratio

W s KA Extreme Class I 7108. 65 40 7950.78 45

Class II 7263. 54 41 7540.38 42

Class Il 3470. 49 19 2351.52 13

55 % Moderate Class 1 15785.10 88 16349. 04 92

Class 11 2033.37 11 1483.92 7

Class I 21.24 1 6.75 1

Al HER A Low Class I 17722.71 100 17765. 82 99

Class II 61.47 <1 105.5 <1

Class 1I 0.81 <l 1.89 <1

2.2 TRIEMCKAT RS ()5 SRR

IRKAT 2 18] AT B R T K R 2 i) o 3 XU, A B 34 B bR KA B 0 A B X AR K B 4 A 2R
HIPE 5—7 AT LA, 0k FARER AP IXAE 3 DK AEGUT , KAT N AF RS 1 A AR B W X, HL 3 AN kAT
SR S 0] 3 AT A5 F AL, B Class ARG K AT R B3 ATHE IX I P R AR JE IR I SE T 5 Class 1 454 3
B AE XIS R, HLAS (A1 R B HE 2 T Class T A5 G I RUAE XS 488/, W) 3 2 43 A 76 DU ] AR A
Fr WL

R A T HE SRR S, M 25 A U0 OG . FEAE B BRI R M O T, —SERBIE AR A8 e
Az DX, AR B AR KR SRR R IIRBE SR LR, it — 2 W A B FER 5 SR KA R, Class TTAF A BR K
I EZIAGTE 4.5 .6.14 15 22 F123 FEMRHEN , HAEHAMARBE N A —%E 0 A (H i AU AR X B/, 3
PN, IX BERRPE T 7 DR A2 AR A AR PR DORIAR IO A B 0 5, 32 R SRR 5800 A o) P ) B
L7 A7

http ; //www. ecologica. cn



19 4] wfh AR BT FARSITE BB FEbK 5 AR O DX AE AR IAT O 23 [ 7 A A 6183

0 5 km m ] 0 5 km m ][]

E5 WMERENETNEKEMNLRESESHE

Fig.5 Spatial distribution of flame length and fire intensity under extreme fire danger
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Fig.7 Spatial distribution of flame length and fire intensity under low fire danger
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(3) Fo o B AR R A AE 00T T8 %5 8 B A5 500 me B9 DX 38 PR 4 A T B B 8 3 T 40 A 7 RO R R
500—1000 m Fl1 1000—1500 m X35, {525 18 A B BT My, HoIe LIS G830 ol 3 | b3y K 24 7oA
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Table 6 Distribution of potential fire behavior on different influencing fire factors

T X Area/hm?
o Rl ! I <
Variable Type KGR E PET:is JIGKE KRR KGR E PET:
Flame Fireline Flame Fireline Flame Fireline
Length Intensity Length Intensity Length Intensity
ARYIZEY Fuel type  FL- T 2392.52 2954.43 4933.35 5101.47 1969. 47 1239.48
FL-1I 3373.56 3380.4 43.29 40.14 7.47 3.78
FL-TI 1330.92 1601.37 2267.28 2379.87 1476.99 1093.95
TR Elevation 270—300 600. 03 624.15 247.95 309. 87 293.04 207
300—400 3922.92 4263.57 2946. 69 3084.75 1228.77 750. 65
400—3500 1577.16 1886. 49 2504. 88 2443. 86 984.6 736.29
500—600 944. 46 1108. 89 1288.71 1342.53 719.64 501.39
600—690 40.23 23.95 257.31 339.39 240. 66 155.7
BB Slope S 2706.3 2853.27 1413.9 1563.03 773.55 477.45
787 3844.98 4435.11 5238.45 5427.63 2458.08 1678.77
RHE 519.03 618.75 593.46 540.36 224.73 178.11
2k 9.63 13.23 30.78 29.34 10.98 8.82
533 0.18 0.72 2.25 1.89 0.72 0.54
(9283 0.27 0.36 0.27 0.18 0.00 0.00
1) Aspect A3 1567.26 1790. 01 1653.03 1615. 41 894.24 709. 11
BBk 2106. 54 2367.36 2271.51 2339.39 898. 65 569.97
P R 1447. 83 1617. 84 1636. 56 1706. 31 686. 52 446.76
{353 1950. 57 2137.23 1688. 58 1866. 24 986. 94 622.62
HEBMERAES < 500m 1283.58 1482.21 1454.76 1411.02 601.38 446. 49
Distance to road and 500—1000 m 942. 66 1084.23 1436. 49 1517.76 376.20 153.36
settlement 1000—1500 m 742.32 839.16 1113.48 1235.97 449.28 229.95

3 FigEitie
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I S HRARMER AE | S5 DA T 2 AL K 2 B A 45 51 5 Ty s bRk A RO #EA 70T L 43T, LASS IE
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