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Abstract: [Objective] Forest combustion is the difficulty degree of igniting a forest and the characteristics
of fire behavior after a fire. Analysis of combustible fire behavior and combustion can provide a scientific
basis for the forest fire prevention management and fire zoning under the forest of Miaofeng Mountain
Forest Farm. [Method] Through the investigation of surface combustibles of 12 major forest types in farm,
combined with the continuous forest resources, this paper selects four categories of indicators: surface fire

behavior, fire environment, flammable physical properties and bed structure to calculate the combustibility

i B HA: 2018-11-01 f&[E HHR: 2018-12-22

EETH: Mol Rl B I H (2015-04) .

L ZER. FEMRTA: SN S5E M. Email: 1164629835@qq.com  Hidik: 100083 b5 HiiFiE Xis 4 % 35 SAb skl k
E =S

REMEE: AW, Zu%, LA S0, FEFTTT - AES RS . Email: niushukui@163.com  #idik: [7] |

Z5FI P4k http://j.bjfu.edu.cn; http://journal.bjfu.edu.cn


http://dx.doi.org/10.13332/j.1000-1522.20180361
http://dx.doi.org/10.13332/j.1000-1522.20180361

53

ZRIENR A AU U AR RV AE AT o BB 13

59

of 104 small class surface fuels by principal component analysis and cluster analysis, and the surface
combustibles combustion index (CI) and ranking were calculated. [Result] (1) In 104 small classes, the
potential fire behavior of each dominant tree species in small classes was from large to small: coniferous
forests was generally larger and the surface fire intensity reached 2 000 kW/m, the spread speed was above
3 m/min, and the flame height was over 1.5 m. The shrub was second, and its surface fire intensity was 700—
2 000 kW/m, the spreading speed is 1.5—-3 m/min, and the flame height is 1-1.5 m. The broadleaved was the
lowest and it had a surface fire intensity of 700 kW/m or less, a propagation speed of 1.5 m/min or less, and
a flame height of 1 m or less. (2) Principal component analysis showed that, the fire behavior index was
directly proportional to the combustion, and the altitude factor was inversely proportional to the combustion.
The water content was inversely proportional to the combustion. The effective load and the bed height were
directly proportional to the combustion. (3) Cluster analysis showed that, the small class surface fuel
combustion index (CI) was divided into five grades: high combustion (I), higher combustion (II),
combustion (III), lower combustion (IV), low combustion (V). Small-shift dominant species of each
flammability class, such as Pinus tabuliformis, Larix gmelinii and Platycladus orientalis, distributed in the
southeastern and northwestern of the forest farm. Mixed forest of the Pinus tabuliformis, Platycladus
orientalis and Quercus variabilis, Acer monoMaxim. mainly located in the northwestern corner of the forest
farm. Broadleaved pure forest, such as cork oak, Quercus variabilis, Phellodendron amurense, Acer mono,
which were concentrated in the southeastern and northwestern of the forest farm. Mountain peach and shrubs
such as Vitex negundo and a few broadleaved mixed forests, such as Quercus variabilis, Juglans mandshu-
rica, which were distributed in the northwestern forest farm. The shrubs such as Vitex negundo, Armeniaca
sibiricat, Rhamnus davurica and Spiraea salicifolia, mainly located in the southwestern and central forest
farm. [Conclusion] The potential fire behavior of small-scale of Pinus tabuliformis and Larix gmelinii
forests is generally large, and it is easy to form high-intensity surface fires, which are prone to canopy fires.
Combustibility is affected by fire environment, fire behavior and combustibles, especially combustible
payload, bed height, altitude and moisture content factors. Small classes of the higher-combustion and high-
combustion are located in the north and northwest of the forest farm. It is necessary to pay attention to the
small-class classification management and scientific patrol of different combustion levels.
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Tab. 2 Properties of surface combustible beds and physicochemical in 12 major forest types in small classes

IR AT R AL MR AT R IR R &5 44
Physicochemical property Surface combustible burning bed
PR — — —
Stand type 71)—(% #L{E /E\ﬂ(% ﬁ'{ﬂi %}%’ I%E I/I‘%gfﬁrg thﬁﬁ%ﬁ
Ash/% H t/(ka ) Moisture Fuel load Fuel bed Mean packing Surface area to
¢ ca &) content (M)/% (Wl(kgm™)  depth (h)/m ratio (B) volume ratio (¢)/m™'
Wk Platycladus orientalis 0.098 18 321.11 95.665 0.128 0.965 0.000 13 291.732
U Phellodendron 0.102 17 806.84 133.416 0.189 0.823 0.000 12 418.788
amurense
TEWHA Larix gmelinii 0.096 17 993.72 106.969 0.212 0.955 0.000 16 418.947
¥ MR Quercus variabilis 0.101 17 877.27 121.031 0.190 0.918 0.000 11 245.519
JFA Pinus tabuliformis 0.097 18 296.42 110.755 0.134 0.787 0.000 05 426.940
FHAM Acer mono 0.098 17 786.94 119.221 0.037 0.928 0.000 03 310.798
4% Vit d .
3K Vitex negundo var 0.101 17 606.78 112.741 0.833 0.935 0.001 44 394.634
heterophylla
51K T Lespedeza bicolor 0.102 17 603.93 113.920 0.657 0.570 0.000 57 399.899
/INHERZE RA R
; B2 Rhamnus 0.101 17 604.19 112.904 0.501 0.628 0.000 59 399.418
avurica
24 Spiraea salicifolia 0.101 17 604.11 112.909 0.579 0.540 0.000 51 399.566
Wk Prunus davidiana 0.103 17 703.69 112.872 0.409 0.990 0.000 36 398.486
W14 Armeniaca sibirica 0.102 17 704.70 112.861 0.630 0.550 0.000 55 398.468

VR MR TR AR B R SEVE TR, AEL A A BRI LR AN R T A S 4B L . Notes: surface combustibles include live

combustibles such as shrubs and fresh grasses, litter, dead grass and other dead combustibles. The specific surface area is the surface area to volume ratio.
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Surface fire spread speed grade of forest farm small class
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Spread speed/(m'min') Vegetation type
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356 [ i A 5%t HAEZEHk Shrub and coniferous mixed forest
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Surface fire intensity level of forest farm small class
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Surface flame height rating of forest farm small class
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Flame height/m
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Vegetation type
[ sk 5 R IR 2 M Shrub and broadleaved mixed forest
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I ik 5% ARSEAR Shrubs and coniferous forests
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MAG. BEW R 5 R A BERR ThAN A B2 B 7 R 25 4%, (k. (L . Platycladus orientalis, Phellodendron amurense, Larix

gmelinii, Quercus variabilis, Pinus tabuliformis, Acer mono, Vitex negundo var. heterophylla, Lespedeza bicolor, Rhamnus davurica, Spiraea

salicifolia, Prunus davidiana, Armeniaca sibirica.
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Tab. 3  Principal component analysis of combustible combustion index in small classes

Fabro H EAEN Y VeSS Y EXESN Y 2 EN Y EREN P
Index item Component 1 Component 2 Component 3 Component 4 Component 5
C -0.115 0.692 0.218 -0.101
R 0.13 —0.463 —0.194
KAT AR
Fire behavior 0.161 -0.429 -0.251
indicator L 0.205 -0.437 -0.107
Iy -0.396 0.184
L CD —0.354 —0.142 0.228
KRR
Fire environment Slop 0.139 -0.316 -0.214 0.326
PN, indicator
B R E 0.159 ~0.248 0.489 0.241 ~0.118
Load matrix
AL SR S bR S 0.335 0.24 0.149
Physical and H -03 -0.22 0.12 ~0.129
chemical
properties M 0.659 0.529
W, -0.398 0.173
IRIZE5 TR & -0.172 -0.211 0.332 - 0.682
Bed structure
index B 0.365 0.159 -0.345
o 0.25 -0.178 0.241 —0.446
TR ZTT T
Variance square of PC standard 2.324 1.923 1.251 1.131 1.020
deviation
Contribution rate Contribution rate of variance 0.360 0.246 0.104 0.085 0.069
Cumulative contribution rate of 0.360 0.606 0.711 0.796 0.865
variance

s CNHE B R E SET S DN AKGRIE LN KGR L TN RS E s CD AR A B Slop MY B« ENIEIR s SHIK o & HAIME M KE;
W oA & RN Z B PR L o N LRI AN . Notes: C, constant; R, spread speed; I, fire intensity; L, flame height; Iy, reaction intensity; CD,
canopy closure; Slop, slope degree; E, elevation; S, ash content; H, calorific value; M, moisture content; ¥, effective load; 4, bed height; f, tightness; o,
specific surface area.
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Tab.4 Combustion grade of the small class in Miaofeng Mountain Forest Farm

MR SRS Paxiil iR et R RIS
Combustion index L ) . .
) Distribution Forest type Clustering result Combustion rating

R, PILR SR T KA DU 5 4
<-1 VN h H N Coniferous forests such as Pinus tabuliformis, —2.111 ~—1.002
Southeast, northwest Larix gmelinii, Platycladus orientalis, etc.

THIFA MRS 42 B AR T AR ST VR SR

AR
( I )High combustible

ThALER Coniferous and broadleaved mixed forests such as R
-1~-05 Northwest Pinus tabuliformis, Platycladus orientalis, ~0.818~-0.509 (1I)Higher combustible
Quercus variabilis, Acer mono, etc.
. Pk A e B Bk TEDE R L A A R b .
Broadleaved f h abili FTHREE
~05~0 Southeast, northwest roadleaved forests such as Quercus variabilis, —0.435 ~— 0.041 X
corner Phellodendron amurense, and Acer mono, etc. (HHCombustible
Ll Bk 3P0 2% SEHE AR S/ B R TR AT AR
37 75 e
0~1 AL Shrubs such as Prunus davidiana and Vitex 0.065 ~ 0.880 BeALR e .
Northeast negundo and a few broadleaved mixed forests, etc. (IV)Lower combustible
I %% AT, 2R 5 43 SE AR
>1 VG e A Shrubs such as Vitex negundo var. heterophylla, 1255 ~ 2,356 fIRBRBEE
Southwest, central part Armeniaca sibirica, Rhamuns davurica, and ’ ’ (V)Low combustible

Spiraea salicifolia, etc.

HE 2 FTULE 8 TR e S i /N IE, — S R A FE R 2R R AR UL, o3 A R AN
LA AR S St RA L RSB MO AR S A, 21X MR AT & K AR, ARk, B R B
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Surface combustible combustibility rating of forest farm small class

PRI 55 2 T
Combustibility rating Vegetation type
I ket Low combustibility [ #EAH Shrub

[ ] B Bet: Lower combustibility [ | A5 MRS bk Shrub and broadleaved mixed forest

[ | Atk Combustibility

[ | FMHk Broadleaf forest

I ket Higher combustibility I AR AZ#K Coniferous and broadleaved mixed forest

B 425 High combustibility

I i PR4ERK Coniferous forests

0 250500 1000 1500 2000
N TN 0

MIFE P8 ¥ B2 AR RS LA 2% SRR T BRZ5. 245, Lk \L# . Platycladus orientalis, Phellodendron amurense, Larix gmelinii,

Quercus variabilis, Pinus tabuliformis, Acer mono, Vitex negundo var. heterophylla, Lespedeza bicolor, Rhamnus davurica, Spiraea salicifolia,

Prunus davidiana, Armeniaca sibirica.
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Fig. 2 Small class surface fuel combustibility rating in the Miaofeng Mountain Forest Farm
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