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Abstract: [Objective] Canopy fire is a type of high-energy fire which severely damages forest resources. It
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is difficult to extinguish and threatens the safety of fire fighting personnel. Analyzing the characteristics of
canopy combustibles and the occurrence conditions of canopy fires, and simulating potential fire behavior
characteristics are of great significance for forest combustibles management and effective prevention and
control of canopy fires. [Method] The study took the Pinus tabuliformis forest in the Beijing Badaling
Forest Farm as the research object. Using destructive sampling methods to harvest 18 representative samples
of P. tabuliformis, starting from the first living branch height, the canopy of the P. tabuliformis forest was
divided from bottom to top with 1 m as a level, those less than 1 m were divided into 1 m level, and
investigated the total biomass of combustibles in the canopy according to the diameter of the canopy
combustible branches (needles; bough diameter = 0.64 cm; twig diameter < 0.64 cm), which combined the
plot area and the average canopy length of the P. tabuliformis forest to calculate the canopy fuel load (CFL)
and canopy bulk density (CBD). Based on stand factors, we established a multiple regression model with
stand structure parameters (DBH, height of the first living branch, crown length, tree height, crown width);
estimated the sample plot based on the canopy fuel load model. Under the conditions of three fine
combustibles moisture content (6%, 10%, 14%), the average CBD, combining with the average monthly
maximum wind speed and the surface fuel load in the study area, the canopy fire spread rate model of van
Wagner and Cruz was used to predict the occurrence of canopy fire in the P. tabuliformis forest, and the
Byram model was used to simulate potential fire behavior characteristics (such as the intensity of the fire line
and the height of the flame). [Result] (1) The average canopy fuel load of P. tabuliformis forest was 4.54
t/ha, the CBD was 0.21 kg/m’, and the fuel load distribution was gradually decreasing from bottom to top.
The combustibles at the bottom of the canopy (0—1 m) accounted for the largest proportion of the total
combustibles in the canopy, which was 54.03%. The boughs distributed at the bottom of the canopy and
rapidly decreased layer by layer, and the needles were distributed in a large proportion at each layer. (2)The
non-linear model of canopy fuel load based on stand factors had a high degree of fit, in which DBH and
height of the first living branch were extremely significantly correlated with CFL (P < 0.01). Under the
condition of not destroying the forest, the canopy fuel load of P. tabuliformis forest can be better estimated
according to the easy-to-test factor of the forest stand. (3) Under moderate burning conditions, the wind
speed was high in spring (March to May), and there was a possibility of continuous canopy fire; under
extremely dry and high combustion conditions, the potential fire behavior index of continuous canopy fires
from February to May was relatively high. The continuous canopy fire that occurred in April showed the
highest potential fire behavior index, with a spreading rate of 46 m/min. The fire line intensity was 8 062
kW/m, and the flame height was 15 m. [Conclusion] Canopy combustible is an important factor affecting
the occurrence of forest fires, and the DBH and the height of first living branch are the main influencing
factors of CFL. The measured data of canopy combustibles are directly obtained through destructive
sampling, and the constructed canopy fuel load estimation model has high accuracy. Wind speed, CBD and
moisture content of fine combustibles are closely related to the occurrence and spread of canopy fires. The
forests in the study are prone to high-intensity canopy fires under extreme dry climate conditions. The
hidden dangers of canopy fire in the P. tabuliformis forest in spring are greater, high winds and extreme dry
climate conditions are prone to high-intensity canopy fires. Through forest tending measures (thinning and
pruning), the density of combustibles can be effectively reduced, and the height of live branches can be
increased to reduce the probability and harm of canopy fire degree.
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Tab. 1 Basic information of Pinus tabuliformis sample wood

JERAIS i et

Tree No. DBH/cm Ground diameter/cm Height of the first living branch/m Crown length/m Tree height/m Crown width/m

w5 ik iz ER s a
1 7.20 10.50 3.20
2 6.80 9.60 3.40
3 5.40 6.50 3.52
4 6.50 7.10 2.30
5 14.40 18.60 4.70
6 10.40 12.60 5.40
7 8.50 10.40 4.80
8 5.40 6.80 3.20
9 7.80 10.20 3.70

10 8.70 11.60 5.00
11 5.40 8.60 3.30
12 6.70 8.50 5.30
13 8.20 10.60 5.20
14 9.00 10.30 5.20
15 7.10 10.50 3.50
16 8.30 11.40 4.90
17 7.90 10.30 5.30
18 10.00 13.00 4.00

3.10 6.30 1.05
1.85 5.25 1.90
1.30 4.82 1.55
245 4.75 2.50
2.62 7.32 2.95
2.75 8.15 1.60
1.50 6.30 1.70
3.10 6.30 1.35
1.20 4.90 1.05
2.20 7.20 1.60
1.40 4.70 1.45
2.70 8.00 1.50
2.05 7.25 1.65
1.00 6.20 2.00
1.40 4.90 2.30
2.50 7.40 1.70
1.40 6.70 1.65
4.00 8.00 2.80

Vi R IR 3 S R 46 %04 - Note: data in the table are the measured original data.
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Tab. 2 Distribution characteristics of combustibles in Pinus tabuliformis canopy

IER O KRBUENE

ik SR A L

W= ﬁﬁi%% Twig Bough ﬂ}%éi%% Jek 2 R A e | Canopy bulk
Tree No. Needle biomass/kg biomass/kg biomass/kg Total canopy biomass/kg Canopy fuel load/(kg-m ™) density/(kg'm )
1 0.72 0.45 0.83 2.00 0.50 0.23
2 0.82 0.58 1.27 2.67 0.67 0.31
3 0.20 0.22 0.19 0.61 0.15 0.07
4 1.34 0.67 2.00 4.01 1.00 0.47
5 0.63 1.44 1.77 3.84 0.96 0.45
6 1.53 1.00 2.31 4.84 1.21 0.56
7 0.16 0.29 0.29 0.74 0.19 0.09
8 0.77 0.26 0.00 1.03 0.26 0.12
9 0.15 0.24 0.91 1.30 0.33 0.15
10 1.04 0.43 0.81 2.28 0.57 0.27
11 0.71 0.41 0.63 1.75 0.44 0.20
12 0.41 0.28 0.32 1.01 0.25 0.12
13 0.66 0.33 0.38 1.37 0.34 0.16
14 0.14 0.10 0.30 0.54 0.14 0.06
15 0.23 0.25 0.25 0.73 0.18 0.09
16 0.48 0.34 0.04 0.86 0.22 0.10
17 0.24 0.29 0.11 0.64 0.16 0.07
18 0.70 0.63 1.01 2.44 0.61 0.29
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Tab. 3 Estimation model of total canopy fuel load in Pinus tabuliformis forest

fi M Estimation model

R I R? Adjusted R? P

Y=-0.27 + 1.41X,—0.85X; + 0.40X;* + 0.33X, + 0.46X5>—0.58 X

0.867 2 0.794 8 0.000 3

VE: YN ZE TR 707 2 (kg/m®) s XONHAR CemD s X AR (em) s X588 — 36 B s (mD s X A7E 4 (mD s X R (m) s X A7eE I (m) . Notes: Y,
canopy fuel load (kg/m?); X;, DBH (cm); X,, ground diameter (cm); X, height of the first living branch (m); X, crown length (m); X, tree height (m); X,

crown width (m).

DN RUF AR ZY R 0 B2, A2 BT A B R - #AE
PRSP BEAT A, 20 ik S ARSI A, EFR T H
AT, e 40 e B RA BRI 2 5 TR S A B A
TR R? 345 0.867 2, P=0.000 3 < 0.05, % A&
B G B, AR AN — i i R 5 e 2 AT R
WA B AR B E A SR (P < 0.0D), EK. Wl E
R R 155 3 J2 AT R0 47 A R 5 S A DR (P < 0.05) o
AR 5 R FH B IR SO 3 SR A 47 7 A S ) S
1B, M TR S50 R 1 5 e 2 nT R A g A
R, AT AR AR Ak 0 )\ 3 0 ok 8 PR b F S 34 3
ERREE
23 BEBENITAEE

JAGH S L 5E B T KA R R R ) R R, K
X KAT A 1R 1 3o 0 4 v e 100 7 A i R DA S d it
K T SR B 5 T4 AN R AR R AL Hum Y,
ASCKG AR/ N TR & K F Ve BN 3 AR EE, R IR e
AT BV N TR & K Z N 14%, T FERRBe 2% AN
10%, FkBesc 4 6% Jb 5t 17 AR bR B K M A
FILATHERES A3 H, EABKIEAN3IAH
1SHZ 4 H 15 H, ARSCAURB KA P 10 7 K
AAEBLEEAT I8 o bR TH ZE IR X )\ ik 08 AR 37 1o s Ak
AR T8 K R A G I N 3R 4

HI3 4 WAL, AEARIRBESRAT T, IR Rz A
PRAE 7 I P9 2 AN F 8 e A i B AR e R 2% 1
HHFG—S5 AR RER RS E K. F
FEMRBe AT, HEG—S5 FDOBA T RERKEEST
PR K 7 AR, KA M B et K A 2 [ 2
FRAF o AR TR IR, A 12 AR
1 ARG RS K254, IFH 3—5 A

®4 TEBRZFGTENRBMMRHMENE EBRE

Tab.4 Occurrence probability of canopy fire in
Pinus tabuliformis forest in each month under
different combustion conditions %

AN [E RIS S5 A A ek K SR B T R AE MR Type and occurrence

probability of crown fire under different combustion conditions

Hbr
Month fik Low 1% Moderate {4 High

A P S A P S A P S

1 - 9 91 - 28 72 22 38 40
2 - 6 9 - 20 80 - 49 51

1 - 397 - 9 91 - 28 72

2 - 13 87 - 36 64 24 44 32

3 - 49 51 41 37 22 26 67 7

4 - 52 48 41 39 20 26 68 6

5 - 35 65 38 29 33 26 62 12

W AGESE IR K PUMBR B B R K S LR K. Notes: A,
continuous crown fire; P, intermittent crown fire; S, surface fire.
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A SRR TR KRR 5K, 3 H A R AR B g K
IR 93%, 4 A e KR AEMEZR N 94%. it
SR BLRT A, R BRAE B17 A N AELEAS [ (4% 58 K
RARE, I HHETR AR KRR K.
24 EHERMBENEBENITA

F T [A] BR BB 7 K I & GE AR e, X el )2 AT A
W) I o B e DS S, T T 2 TR R T K1 R
Fa g, DRt 3% 8 2R A e K )R FE K AT AT T
I3t WA KR T O A R ST

R F 32 2 2R i 7 K 5 S 3 R A Byram 77 23
TS5, AR S FTAL RMRE R AF T, AR MR EEAA
KRR K, 4 B 52% HIHE2R % A 1) B R &
Ko — ELHNFR K & AE 2 0 ek, AR 5 T A AR T R 47
o 525 P8 AR — T R ) B 2 BRI ) A L A
ik, 5 B BOE BB M et K o H B IR BE 261 T, 4 A i)
e 5 B ek K ZE N 24 m/min, K 2k BEJE N
4085 kW/m, KJAR N 11 m.

x5 HERREZGTENRMMRHESE
PENEENITA
Tab. 5 Potential fire behavior of continuous canopy fire
in Pinus tabuliformis forest every month under moderate
burning conditions

A4 Month

k47N Fire behavior

1 12 1 2 3 4 5
ST
Spreading rate/(m-min ") T 23 24 22
KER TR
Fire line intensity/(kW-m™y ~ ~ ~ ~ 4022 4085 3742
KT

Flame height/m - - - - 11 11 10

BT AT RD IR, T BRI FE AN I S B
KEIEH L, T AT N bR AL 4E K28 B A K G
. B 6 IR, TEMR G TR SRR AT,
2—5 BRI e K K Z 5 FE 3815 3] 6 000 kW/m
P b, 3 4 i AR 8 2R B T K AE T RS OA B

xo6 BREFHTENAmmRESEE
PENEENITA
Tab. 6 Potential fire behavior of continuous canopy fire

in Pinus tabuliformis forest every month under high
burning conditions

H 4 Month
‘K47 A Fire behavior
11 12 1 2 3 4 5

[-313091

Spreading rate/(m-min ") 3B -- B 46 46 B
KL TRTE

Fire line intensity/(kW-m") 5787 — — 6132 7932 8062 7386
e

ialaly 13- - 13 15 15 14

Flame height/m

46 m/min, KZESREE N 7 932 kW/m, KJEEE AN 15 m,
4 F 3 iba bRz S B 558 ok 8 SE S 1K B 46 m/min,
KEGTRSE N 8 062 kW/m, KIGE R E N 15 m. 12 H
A1 A AR A TR ek U A AE A

3 it

3.1 BEEABRYIATEES T

THFA R 38 56 2 TR 67 fef R 4.54 thm?, T
2 A B B A A /AMECN 135 vhim?, B KAE N
12.10 thm®. ¥ #4 Ak °F 35 56k 2 25 B35 8 0.21
kg/m’, j&b JZ A B e /NME R 0.06 kg/m?, i KAE
N 0.56 kg/m’o AT RAY) A A B Ay A I R I _EIR
JZ BRI . AT )Z (0 ~ 1 m) AT #RD) 5 7 J2 A
A RYI L) B K, N 54.03%, Kk AE MR TR J2 43 A
bl A 85 K HLART80Z J2 3 ek, AR & 2 IR A UK
Le B o3 A, TTBE A2 )\ IA U PR3 B A X Jh A AR gk AT $R
BIAMK, S ERR TN EEIRIESE F80~1m
JZ RN TR NS . YR Agee 7 BT IR 4
KR FA, HhE T e )E R FE(CBD) BIE A
0.10 kg/m’, fIC T~ 10 BRI, 0 7 K & 48 52 30 A K R i1,
Cruz 5575 K 5K Z W T8 53 SCRFIX — BHEDY, &
58 5 B et KR AR I 3 B B e ) CBD A G334
0.28 kg/m*P, M F (To i it ) B JF i % £ B Ak 4y v
X F] 0.4 kg/m®, B Perry 5 B 7T 1 ¥ FA 4K 4 1
CBD %1% (0.06 ~ 0.13 kg/m®), HJF K 0] §E & K% &
T A EAE A 2% CFLUY, AT 5 2 TR
W A7 A B AE BUIR T 25 B AR BF 9T (9.60 ~ 18.00
t/hm»U, (e J2 25 A 85 RE A, TR R o KR, /)
BRIt 3 0E R aT A, 3 T AN K T 2
— ISR R, MR PR AR S, W e T R R IR
HAENFAE . BOKH) CBD AR VS = 52 51 R
5 FEE R et K U9, B U AR 7 il A PR R B T TR AR 7R 1
HRE Z AL, B OER S, RS b R
568 K 1) R A AR O
32 BEWMKYANEREAE

H A7 I FH AR 43 DR 7ol 0 b 3w R R B
KEHF T, AL JZ v] A 7 s 24 A R 2 7 T
BT 6k = 56 2 AT R 1D S A, R L PR A 00 A
it/ DIRIE o A S AR 18 BRI 1 S 1 O
1%, BE S, R 2 08 40 Bl VA 5 1% 8 37 76 J2 v] 8
Vg B AR AR, LA R R (R H 0.867 2,
P 4 0.000 3), H:r 45 A0 5 — 5B m oA e 2 AT R
B ff B 10 B R F o FEARBIR ORI BT,
FRAE BT R ST AR, 7E 2 5 6t )\ 3 04 AR 38 3ok s K F g
gk KR FE A, ERPR 23 5 0 R - T e it f 0 e s A
i JE AR A B . ARBESE S Cruz XF b 36 PR DY



62 1t

oMok R

i

44 %

¥k

PR3 76k J2 AT R AR AIE S ST [ DA RS R SR P R 7 vk —
B B URE T i At I 5E 9 HER, 4551
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KRPIRSAL, 75 R R 8 2% AR T AU T Ok R A ik
R e K 9% & A 1) RE B — B, AT AR A K R R K
NCABA E MR BB B AT i
33 BEBHENTARESEE

e o AT B T S PR DX AR AR K I 4 8
RRGHE, AW AE BT ZE PR X\ IA U AR 37y ik #2 B
(I R AR, DA AR AE T 72 AT R AE, T
A AT K E B TAR R B S . fE P R
R, 3—5 A A BB R AESL M K, F
F=(3—5 FDAFER JCRFRBBOR, 5 ¥ g5
FUEE R B PTRE AT WEROK, g A R 7
R R B SR AR, A W i MR ) T A e A
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