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Effects of wildfire of different severities on potential surface fire behavior of Pinus

tabuliformis forest
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Abstract; Pinus tabuliformis is one of the representative tree species in North China, which is rich in oil and easy to cause
large area and high severity wildfire. It is of great significance for wildfire management of Pinus tabuliformis forest to
elucidate the influence of wildfire of different severities on the surface fuel load and potential surface fire behavior of Pinus
tabuliformis forest. In this study, Pinus tabuliformis forests with different severities of wildfire disturbance in Liaoheyuan
Nature Reserve in 2014 were taken as the research object. According to different severities (‘high, moderate, low) and
control (unburned) , three 20 m x 20 m sample plots were set, and a total of 12 plots were set. Based on the investigation
of surface fuel and stand structure index, combined with indoor experiments, the potential fire behavior was simulated by
BehavePlus 5.0 software. The characteristics of surface fuel load and potential surface fire behavior of Pinus tabuliformis
forest after 5 years of fire with different severities were discussed, and the main factors affecting the potential surface fire

behavior were analyzed. The results indicated that (1) there was no significant difference in the fine fuel load and the total
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surface fuel load between different severities wildfire disturbance (P>0.05). (2) Under the conditions of different wind
speeds and fuel moisture content, there were no significant differences in the potential surface fire spread rate and fireline
intensity (P>0.05), but there were significant differences in the calorific value per unit area, flame height and reaction
intensity ( P<0.05) after forest fire disturbance with different severities. (3) The potential surface fire behavior of Pinus
tabuliformis forest with different severities was mainly affected by the regeneration seedling base diameter of Pinus
tabuliformis, shrub load, average canopy width of Pinus tabuliformis, load of upper dead leaves, and the regeneration
seedling density of Pinus tabuliformis. The results showed that forest fires with different severities could reduce the severity

and risk of reburning.

Key Words: wildfire severity; Pinus tabuliformis forest; surface fuel load; potential surface fire behavior; Liaoheyuan

Nature Reserve

PRI E AR RO BRARA 2 RGN FLE | A i AR T I AR SO 1Y B b, i LK B i
J5 B AR AR AL BB S MRORFE T R BB Aok R 7R AR ZLRE AR A B AN i AR 254 T, s ZURE AR bR K
T A A 7 A A AR A A 22 4 BRI A 2 A A S, BSOS AUR Y AIRBEE AR
T AREARAR 3 85 B /0 b 26 nT A AR 2R (e 2 s AR b () L 4oz, A 455 R AR5 A AT BE , AR AR AR K K
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A PRAE B A K AR K AE BRER HE R 224K

1 #RER*E

1.1 WFFEHsEsL

TLPTR A AR LD X (JLER 41°01'30"—41°21715", 7R 48 118°22/39"—118°37"21") fv T b4 A= AL # 11) F- 1
TBE AL FIL T 52 b =48 5 At , ST B 33554, 3hm? | 2 & [ 8 T 7 AR v i 58 A i DX 6 b
PAMAERORA I, ORI X N HIIE S 5% AR P Y934 1180 m, % X & T2 M~ 5 R itk 2 XU L
Mo, DU A3 SAE LA ARS8 /0R 7.3°C AR oK i 550 mm , 23t A S35 KU 2 m/s, HF- 4Rk
AT 10 m/s , JoFRI] 120 2 130 K, S2 iR BERO M, + S0 32 S0 F A e 48 £ o fi) o =Rk
8N S, PRI X AY A% PR BE 75 A1 $5 3 A ( Pinus tabuliformis ) | ¥% M # ( Larix gmelinii ) . 111 4% ( Populus
davidiana) . FAKE ( Betula platyphylla ) . ¥ ( Robinia pseudoacacia ) | L1 4% ( Armeniaca sibirica ) . ¥E# ( Xylosma
racemosum ) , E AR N B A B 3 BA S KL T (Lespedeza bicolor) /N FRZE ( Rhamnus parvifolia) | 24T ( Rosa
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rubus) G52k 35 ( Spiraea salicifolia) %5 5 ( Leonurus artemisia) 74 M ¢ 5 % ( Ampelopsis humulifolia ) o 1 52 2k
KRN AS E4F N ST R A AR AR AR 3G 88 2, Hirf 309 i Kl EBUBRARTG | K, 35% AR RBETE 51 % ,
PEANAA INEIC K LR I | K PR B AR A
1.2 FEHRE S 4

2014 45 10 J S0 ARG XS 56 X N PR BUR RS | & AR AR K R, 3 TR IR 100 22 hm®, 2019 48
8 J1, TEXIAS [ ZURE MR T J A AR o3 4 1T A i 6 Al SEREp o ST b AR AL A O T > H B
AR B B A, (035 AN [R] OB B BE (FRE 8 v BE ACBE R E AR ) AN R (R J) e (BT 1) , 3R
FEHL /N 20 mx20 m,Ht 12 Hekfdl A EEACTE AL UL 1,

R1 BEEMERER

Table 1 Basic characteristics of the sampling plots

. y . TR R THAME TG

JebeRe R de it it i AR

- . Altitude/ Aspect Slope/ (°) DBH/ heieht/ Crown Blackened The survival rate of
e severy fuderm fspee =ope o e/ diameter/m height/m Pinus tabuliformis/ %

T JE K% High severity (H) 1182 ZRAE Northeast 31 16.10£0.48 10.50+0.80 2.16%0.16 10.49+0.82 0

B K Bé Moderate severity (M) 1174 %3t Northeast 32 17.59+0.77  12.21=0.87 3.130.24 8.10£0.99 50.8

TR K% Low severity (L) 1189 R4t Northeast 29 21.75+0.72 13.70+0.38 4.56+0.19 1.76+0.07 87.4

YT H8 Control (C) 1200 Z<F Southeast 28 17.56+0.96 14.69+0.19 4.26+0.43 - 100.0

KB RERARIESEIEA I (57 LA RV AR - £ 3 28 o 88 5 o LR o, e B R A e L35 211
OB S P oA i 1B S ORI DRTIIEVAY
F2 NEIENSIRAE

Table 2 Criteria for the classification of fire severity level

KPEBUEE R o3
Fire severity Criteria for the classification
H RS A S 44 L 2 v S e ) B AER T 273 MR BET- 3R> 70%
M T A V- 49 50 B e 8 S S LU 1/3—2/3 Z 18], ARARBE T HRAE 30%—T0% 2 [i]
L B AP BT PR e B SR 1 LB/ N T 173 BRORFET= % <30%

TERFNPRUERL Y I E MO 5 BE 1] 07, SR TR AR 2 ERJZE  HAR)Z AR s 2 1T
A, MEMSTEE B B i B RS R, R P i B S mxS m BIREARKFETT 51,1 mx1 m &
AAGIEDIRETT 5 A 2) o BRI PIIITEAR (AR MR v 4 A # R T AR IR, A VR AL 35 A A
FURG P Al AL HE L2 AR R 24 I A A4S 1 h B ( L2 <0.64 em) (10 h B (0.64 em< |
£<2.54 cm) 100 h B (2.54 em< HAR<7.62 cm) —2&, 4I/INa] BRY)JEFE 1 h B ol R fn s AR nl R4 | 4
AR AT ERYIERE 100 g 28 Af5E, B S E T = g™,
1.3 AR Ak o
T AR I RE S A L XT R AG N, 72 105°C A5 T B nT B e T = 08 B, R4 DL N =03 aim]
B TR
D=(M,-M,)/(M,~M,) (1)
KA. D AR TR, ToE N, M R TR IR S LT S W T & (o) , ML, AR BT S B B, M, R TR
FEAMETRIABTE (g) , M A EBET R B (o) .
FETT PR 2 2R R P i, 4303 LA T30 LE , 75 18 45 5 T B 25 T I8k 4 4 1 I i B V-S40 T T K Jo
i, MR E LU A5 TR o far i
D xM
V="00s

(2)
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B 1 ARAEWRAFHEHRRERREE

Fig.1 Schematic diagram of Pinus tabuliformis forest sample plots disturbed by different severities wildfire
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55 97 T4 I RS (43 BT 1-Low 2-Med 3-High #7%) 1" PR SRk Ao i & A 48 4 52 XL T BR 4 2
IKF B SR FNFZ M, AR RGE | =5 v A 3 AR A Rl A S 2 RO, LAY i A B.C.D 4 FXGE
R IRE & KR A, Horp A AR ZE A S KU | 1-Low RTERY S /K 554, B A0 A 2 X  2-Med RIAHI &
IKFZEAF, C AR AR KGE | 1-Low FIAY) E /K 51, D AR H F 3 R X 2-Med AT #RH) 55 7K
1,
1.5 HdEabr

AT VAL TR [ SR PR XN RN ZEE RO T35 T AR AR a3 S IR 52 X6 42, I 4 b 3% T IR R oy 5 4 48
b, 255 E WK, I BehavePlus 5.0 JRPFHEFTHEAE AT AL, I FH B K 28 5 25 3 M 125 43 B AS [R) 210 B
K TR A 2 AT R 0 Aol e VRS A L 36 K AT R ) 22 5 0 35 1k, SR FHXR 5 22 W 22 4656 1% ( Duncan ) 78 0.05
JKEFT0.01 7KF-_EHEATRIES . FIFH Pearson AH IG5 12 A 2 LA 43 BT 7 IR IS [ B BE AR 5% T il
AL K AT A R BN R . A B3 St 72 R 4.0.5 1 Excel 2016 58,

2 ZHREHSH

2.1 AN[RIZUEEARICORHIFA P 2 AT AR G777 8 14 52 )
FET R AN AL N SR A 4 2R IR AR DR DA [ 2 BE AR I A bR il 26 m Ry 6 Ak AL
3 IMFAMRH SR AN RIS B T A BT 5 LA LI 3.,

£ 3 FEZUERNIG R AR ATRY G ETE (P HAREZ) /(/hm?)

Table 3 Surface fuel load of Pinus tabuliformis forest disturbed by different severities wildfire ( Mean=SD)

KAEFUPE Fire Severity HJE High F1JE# Moderate 21 Low Xif Hf Control
A/INATBRY) 71 17 Bt Fine fuel load 1.77+0.51 1.93+0.07 1.62+0.04 1.57+0.26
Hb 2 TSR B BA T R Total surface fuel load 30.71+5.23 49.90+16.70 20.15+0.24 62.72+6.31

FH e 3 mI 0, AR BN EE AR TR PR b 26 m] BR W) 6 £ Ao o B Y R 17.31—75.24 v/hm” | 47N ] BR9) 17
far g VB FE 1.11—2.78 v/hm?®, MR mT R B 0 far i /NI 28 Ry % BB > v B Kb > B 1 OB S B2 8 ke, 4
JINET R 07 oy B R/ NI R R TR R KOS T KRS R B e ST IR, PRI Ty 22 0 Ir 25 SR R B, AR TR) ke B
2 [) b R ] R A Ao B AR/ INTT R 1 for B PN AE B E R R (P>0.05)
@ LEHM = TEMAT Bk HAR

B Hil m £410 = A5100 @ 41000
100.0
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AR ZE R R] BRI o EL A
Proportion of different types of fuel/%

o 1=3i4 S
KBRS Fire severity

B3 A[E 2 R NS AR PR I R AN () R B AT BRI BT o5 EE B
Fig.3 Proportions of different types of combustibles on the surface of Pinus tabuliformis forest disturbed by forest fires of

different severities
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Fig.4 Potential surface fire behavior of Pinus tabuliformis forest under different wind speeds, moisture contents of fuel and fire severities
A H I RGHE  1-Low AIEAMY & K500 B H S KGE 2-Med ATRRH) & /KR 50 €0 A B OR KGE 1 -Low ATRRM & KR 5& A D HF
IR KGH  2-Med T BRY) 2 K 5 5518

AR T 25 SRR A [R] WG T A & AR ST AN TR B BE MK Tl A MR 7 b 3% K &8 S
B KRR EANEAE R 2257 (P>0.05) , B AR & i KM B RN 5 B AP A I k=
(P<0.05) .
2.3 OR[EI B EE MK S TS RV AE 3% K AT R S5 R S5 A AR D AT

FIIH Pearson A3 7 1R S AE L ER KAT R SR G5 A8 E A 7 AH S 3 AT, R0 [R) 2 BE MK A TR
MU TEH R KAT R G MGG R AT a5 R LR 4,

M 2% 4 AT MR BE SR04 (1 b n B A 5 AN R B RE MK S TS AR A M 3R AT ¥ TG B
FHICEFR (P>0.05)
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TEFARJESR R, R4 i 5 B T AR R FA AR 35 IE A G OC 2R (P<0.05) |, ~F- 24 5 i A5 o Trl AR & 4
SN AR IR 3 IEASC R R (P<0.01) |, 5 K ERSRIE IO R BEAFAE 135 IEAHSG G R (P<0.05) o

R4 AEZERNERRREERRNITA S WD EHEHE ST
Table 4  Correlation analysis of potential surface fire behavior and stand structure of Pinus tabuliformis forest disturbed by different

severities wildfire

HFAME BB Correlation coefficient
Rk TR TR

J 3 i N = i
MAr454 Stand structure JiE 3R RINH kéﬂaﬁir; KB fiﬁj?yﬁf;
i . Fireline Flame Reaction
Surface fire Calorific value . . A . X
. intensity height intensity
spread rate per unit area
TeARZ M5 -0.042 0.329 0.144 0.182 0.217
Tree layer XA 0.247 0.553 0.377 0.460 0.504
Y 0.189 0.686* 0.408 0.508 0.569
Y5 i 0.372 0.809 ** 0.591* 0.672* 0.723 **
TR R R HEA AR for £ -0.584" -0.784 "% -0.609 * -0.749 ** -0.807 **
Shrub, grass and AR A7 i i -0.371 -0.731"" -0.514 -0.624* -0.654 "
regeneration layer TR B 0.327 0.863 " 0.532 0.672* 0.733"
THFATE T AR -0.516 -0.774* -0.596 -0.713* -0.760 *
AASE VR b R AR 67 A 0.486 0.743 ** 0.531 0.674* 0.728 **
Litter layer Th B AT A 0.201 0.529 0.258 0.413 0.497
TS KRR 0.204 0.661* 0.306 0.502 0.564

s il 23 IR ER B KN T 0.05 F110.01

TERE TR R bn b HER T ey i 5 B TR AR R | MG e B Sy B B R A TR A i 35 B A G DG 2R (P<
0.01) , 5k & A B | K8 BE A AE Bl 3 SR DG OC R (P<0.05) |, BAS 171 i it 5 567 1T FRUR FA A AR S
EHAHRKR (P<0.05) , 5 KM B RN 58 BEAAAE 2 U DG OC R (P<0.05) o TS BB 4% B 5 B 7 T FHUR
AR AETERR D S IE A OC R (P<0.01) , 5 KA B OV SR FEAFAE 3 IEAH I K R (P<0.05) o THIFATE BT A%
5y AR B KA SO B AR AE B S e R (P<0.05)

FERRE TS R bR, R e e A TR R A | RN R A AR R IE A G R (P<0.01)
5 G m A B IEM LR (P<0.05) . HHES /KRS B i AUL OB 777 B8 IE A D6 6 R (P<0.05)
2.4 SNTELE LR KAT N ) B E AT

iz I 22K F (VIF) i2 W A T LR MERG 56, 45 R W/R BT A 28 A9 VIF [HE/N T 5, Ul R AR 2
[ERAEAE R B LM . BB T AR H 3 KAT M RRAE AN A DG A 2 M PR 2 (MR35 B8 P390 4% 1 e B ] 8k
Yttt ) XRS5 8 AN HRFRIEAT E AT, e 5 WoR TR TR M3 K AT N R 3R Y 3 A o M 45 2R
RERS 2R AN [RIHE BR X 7 M 2 K AT R 2

HRAE BT 22 TRR KT 80% MR, #8172 A>T Ao Rt 22 0Tl R N 82.8% , WK S iR, 4 1
F A P ITATEAR R BN T 0.4 A TR AR R it TR | R A A B R AR K I
BT IRA)E E R E R RV AR M R AT N R LA B 2 2 A A TR R I R Bk
-0.843 , HAMHEAR R EI/INT 0.4, 3252 S BRI BT X6 U A i 26 K AT A BSE IR, 3E a a Alr s SR I, A0 ]
U8 1 SRARAPT AN ) U AR K THAA AR 3V 7R 3R K AT O RS2 IS BT A BE AT for i SE X5 | L2 A
WA i A THIA TR FE R R

3 it

MRS PRI ARG A FH 52 Z BT I LU BE | 22 i K T e ) B g ri] 3 b 2E 1 AR R ES AL | T AR A B o
L KO R AR ERAE R F e 1 AT DA AR TE RS ( F SR AR | nT R AR R
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BRI AR 12

R5 BEMRMTHZMEARNERS AT

Table 5 Principal component analysis of the factors influencing potential surface fire behavior

it aeiE| %1 ERS 552 FASY
Name of index The first principal components The second principal components

T A TeARZ SRR 0.366 0.236
Load matrix FH T R 0.387

THE TR )2 HEA S Ay -0.391 -0.122

FA AR fiy o -0.336 0.176

THRA T B 25 0.219 -0.843

THTRA TR R AR -0.399 -0.208

hik a2 [ JEAt e £ £ 0.373 0.322

HHEE K 0.324 -0.184

TTHkAR T T 22 7 2.385 0.967

Contribution rate 7 25 DU 0.711 0.117

EVAVIE it 0.711 0.828

3.1 KPR AR ER AT IRY) oy i AN TR A LR K AT

TR o FUE KT T2 IR, ARG A P R, HE AT AR M A2 KB b P B A7 R At BB A
A B ) AR RS | WA A 9 A A8 A5 2 B in b 3 mT AR ) A sk, 7 A TE R P ( 1 A=) T
BN AR PR R A 3R I KR 2 30 i S G5 A T R BORR PR I A | b D 1o 5 £ R 2 B9 K
PR IE SR 55 A 14 TR TR RN i) A3 9 R R AR S S D R AT 06 (ELAR B 5 45 SR 4 0 e L vk
F BEA PRI A M K U 3 T2 22 PR R AR IR 1 b Bt i R AL 2 A i T R = i b
SRR AR

WY ARZUE KT AT AR HBER AT RR Y RIS IE 4R, AR PR b 14 K B BE AN XS, 48 e AR bR A 25
FGNFRUIRBE RV R 110 R SR T (A TR R ) 252 50— Uk BB RIS 14 R T o o
(] s 20 B T RS PR (¥ AR A AN TR 30285 TT B 2 BN BE S 14 A T M I s 270 i B
B IRRE Kbe i A A AR 2257 Gl WS OU T RZURE Jobe R B be s LR 2 ARG I, Kb im rT IR e
S ] P ERGH R SR bR 328 B R TR 7 A ek AT AL T 45 e KT 280 v 52 KB T LA e AR A 6 T R4 A
AR e 2R SR B AR

ANFIZEEMR I 22 P FEAN TR A A A VE T B AROMK T R Ry S0 ey, 28 0 52 I A 30 3% K ATl o (EARBIF T 25
SRR, AR ZUBEAR I MB], 47N AT Ry G A ek A0 1 3 T AR B A i AN A B B MR 25 57 (P>0.05) X
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