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W OE AT TM B%&A3S HAF K, FIH NBR $ 40 1986—2010 4F Kk 2% 14 = o 4k X £x
I K ARk ZLEHAT T B BIFM, 047 T ARKZUE S B R A gk W E Ak m £ 35 H
FHXR EREN, TRAREAKREARB T RETE AL, FF6—8 A EMKH
BAM,EE KRR S KERN 84.2%. 18 KK B, % & vk & 89.9% ; #3K 1000 ~
1500 m X3 & 68.8% ; % .79 .7 b 4 N iyt KEAR & 62.5% , [ FH 3L K@ AR = &
BB 3 15 ~25° AL K3 14 K T AR 5 38. 4% . 7 7] 42 JE Ak Ok 7L By 3 ok T A i ok BN
RANEEKSTEKSHEE K>k Kk, , EE KT KAR>70%, # & kit k@ HRE
10% Z 4 , % & ok fr kit K i3 K T AR<S5% . " F AR K AR OK 2L DA E B Ok o £, sEFRAM R IR 8y
AR K. FER KL AR K AROK B I A BRI R AT MR M A 22 T AR, LR AR K
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Fire severity of burnt area in Huzhong forest region of Great Xing’ an Mountains, Northeast
China based on normalized burn ratio analysis. WANG Xiao-li'”*, WANG Wen-juan', CHANG
Yu', FENG Yu-ting'”, CHEN Hong-wei' , HU Yuan-man', CHI Jian-guo* ('Key Laboratory of For-
est and Soil Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016,
China ; * University of Chinese Academy of Sciences, Beijing 100049, China ; *Liaoning Academy of En-
vironmental Sciences, Shenyang 110016, China; *Institute of Forest Research in Great Xing’ an
Mountains, Yakeshi 022150, Inner Mongolia, China). -Chin. J. Appl. Ecol. ,2013,24(4) . 967-974.

Abstract; Based on the TM images and 3S technology, and by using normalized burn ratio
(NBR), this paper quantitatively evaluated the fire severity of burnt area in Huzhong forest region
of the Great Xing’ an Mountains from 1986 to 2010, and analyzed the relationships of the fire sever-
ity with environmental factors such as vegetation type, elevation, slope, and aspect. In Huzhong
forest region, the fire occurrence frequency and total burnt area had an obvious inter-annual
change. High incidence of forest fire was from June to August, and heavily burnt area occupied
84.2% of the total burnt area. In the burnt area, larch forest accounted for 89.9% . 68. 8% of
burnt area located at the elevations from 1000 m to 1500 m, and 62.5% located in eastern, south-
ern, western, and northern slopes. There was no obvious difference in the burnt area between sunny
and shady slopes. The burnt area at the slope degrees 15°-25° occupied 38.4% of the total. High
severity burnt area was the largest (70% of the total ) , followed by moderate severity burnt area
(about 10% ), and low severity burnt area and un-burnt area (<5% ). The majority of the forest
fires in Huzhong forest region were of high severity fire, which caused great damages to the forest
resources. It was suggested that in the forest fire management in Great Xing’ an Mountains forest re-

gion, it would be urgent to implement forest fuel treatments to reduce fire severity to guarantee the

* [E 5K HREL I 4T0 H (31070422 ,41201185 ,41271201 ) FI [ 5} 252 b 5 W1 5 S B 4 30 ( XDA05050201 ) % ).
w4 W INA/EE . E-mail changyu@ iae. ac. cn
2012-06-28 Wi ,2013-01-26 $2%.
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forest ecosystem security.

Key words: forest fire severity; normalized burn ratio (NBR) ; environmental factor; burnt area;

remote sensing; Huzhong forest region of Great Xing’ an Mountains.

RN Ry ZRAR B R 3 B B e PR, X 9
MY RIS RGNS M RER S EZ AT
PERM . AR RE R AR AT R AE 25 R G0 (M
FHEFRO N R ) MR R AR L
EIFI AR FUEE A B TR MO T3 SRR AE S
RGAS TP A ST R & R A RN FRAR S0 =) (1)
AL . MK PR AR A 25 2R 5 b e B K
FET  TERBIBGE AR LRI L4 (NIR) 3 B 1
SYER AR, T £0 41 (SWIR ) i Be 9 f i 2 1
It M Bl T B e PR MK B R
FARZ , 40 . Wimberly 1 Reilly>' 2T TM $24% F1
NBR ( normalized burn ratio) 4341 T B B2 7 32 ¥ 11 ik
BT XK ZURE 5 AR ) 2 FE % Z [H] G &R ; Verbyla
S ELTT TM ETM FI NBR B3840 87 1 K BH 5 B2
FIHLIE PR 28 X ARk B 43 G152 22 B 52 W] 5 Garcia-del -
Rey 2ilol L+ CBI ( composite burn index ) 4371 1 1
TSI S M K B ] K S5 R B BE B ) R R 255
AWFFE,NBR 5 BOAE B - 2% 28 A5 /K ARk H g
B, JEVEAR OB B B BB O kT

I bR DX 2 TR 2% 22 8 bR K & A i A 1 b
X HRGETT, R R AR KRS 1A 823 4T R
FE R E G, b B 60% L L. 1986—
2010 4E[], Wbk IX R AR AR K 99 Wk, AR I3k KT
L1570 hm? , F KAt KR 410 hm®. 32 X bRk T
Yoo K A R K BF IS A A £ 0, R
AN X RK KB 2S A A R AE B B 5T T SO
G v B X T R ) R AR R B Bt £ 11
ST s XURR ARG X bR XK A SRy o A 5 5
M) PR 2% A BIF IS 45 B S Sk v ke B0 B A S BEANY 1 AF
GERE . AR ST 1986—2010 4E TM 1%, 1 B
NBR Fll CBI $8%, H#ES7 T W bR DXt kKR R ok
FUBE A [R5 A B e, A BT Mk K BB 55 R B R 1Y
KZ, DI R S 2 0 FRAR BT KRR A8 3 {1k B
WA

1 MR EHARTE

1.1 AR XA

IR HRARIX LA SR R4 ER (51°1440"—
52°25' N,122°39'30"—124°21" E) , BT 770199
hm? | ¥E4K 500 ~ 1000 m"'>571) 3% b [X Ja8 25 & i 9€

Tt 3 X, R 2 XA, Ol B K sl 2 S
Bl R AR IR B K KR R
HEZA . BB L R AR AR KR A, A2
MR T A X O R P R e ARG, R
FEAFERE OB AR b B b VP TR AR
A T MR S AL FEIR R BT AR, L%
LR (Larix gmelinii) AR FP. 3= 26
A L2y RS R TR ( Pinus sylvestris var. mon-
golica) K2 ( Picea koraiensis) , VA S 5347 T i i 4Kk
ot BB A ( Pinus pumila ) ; 3 B R R A e
( Betula platyphylla) (1147 ( Populus davidiana) 4%
( Populus suaveolens ) F’ii KM ( Chosenia arbutifolia)
£:[19-20]

1.2 HsiscsE R ab st

BT HIRSERNEARAT . HF5EIX 1986—2010 4F
ARIAC SBE KL LW R K BT A1) A 48 (2008—
2010) ;85 X K5 () TM 5212 (1986—2010) ; ff 7% IX.
DEM(1 : 10 J7) FIAAHE (1 : 10 J7).

KB SREIEA R T R E AW I AR DX By e
ONE LG IR K R BIALE | R B KB
FEC ] 2K R TR R 2 DX e 2HS 0 458 R
JE R ] 45 0 JE B F#R 1 ¢ 10 J5 DEM #E ARCGIS
B 2 TE] o MR A ARDE 1986—2010 4F A Ri 28
5 BE M JCHIFRIC 5%, 255 i K X B FE A
75 ARCGIS 9.3 Xl TM AR HEAT K37 A AL ik,
N3 K X S ) AR A B . B SE 1T 43 HT R Excel
2007 5E L.

L3 W55k

ERS €/ AN K RE T RN RNGE A1 2 = S
ARAGRE ST T V2 N T R e W I AT 1
PRK G VN J7 1258 R BUGR BOG TSR 4, 5 A M
A AR AR AZLEE T A B AR S, & JEAT IRLH 34
g B R R bR K B PG PR AR
NBR ., dNBR, NDVI, TM4 | TM7 ., Ratio7/4 | Ratio7/5 |
Ratiod/5 %5 Jrh NBR Al ANBR 5 bk F1HE 147
AR AR DG | B bR K B i 1] 2
L3.1 H—fe kB s 17—k KB 455 (normal-
ized burn ratio, NBR) iz Lopez-Garcia il Case-
lles* % NDVI 5 8476 8, 5 NDVI 555X 9
TM3 i BEH T™M7 3 Be AU, Bl NDVI = ( TM4 -
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T™MT)/(TM4 + TMT ) , Fl T 75 BE 2F 2k Jo 30 1 i (1.
1999 4F, #F 5% & 1F 25 a2 o I — fk K be 4
#7NBR B BEIS BUB VIR 1 ~ -1, IS5 hR k5
JERFASE. T T4 AL 3R SR 1000 15K
NBR 150 5 4k R #5000 A1 3fe R 8k, A F 5% FILH
ERDAS 9.2 B2 BT 1986—2010 4F I Hbk [X i
k3711 NBR.

NBR = (Band4-Band7)/(Band4+Band7) (1)
1.3.2 255 K BE48 4 476 KR 46 2L ( composite
burn index, CBI) Hi Key FlI Benson' 2 #2 H | i 1t B
ARSI JE A RS ATV A 30 mx30 m AEHL,
WEHEES NS 2 A) R RY M+ 3E)2;B)
TR RRHEARM <L m B/NRZ;C) R HE AR
1 ~5 mIFEAR)Z;D)5 ~20 m FIRAIEZ ;E) >20 m
) EMOER. AR — 2R E 4 ~5 DA X H
HALAL DN 722 fE i B G R 0 ~ 3 (0 ARERIEA K

F1 ZENEIEH(CBI)AERNEFMIENIRA

b 1 AR Ao 2 AR B ke ;3 AR E K
HE) IRIG R A2 A DB AR A, 45 B84
(¥ CBI fH"* %, %432 CBLIEHOT R A,

CBI, = Y, X,/n (2)
j=1

Arb X N8 JRE j A A B9 CBL AR50 n
AR i A PRI R
PEHbE CBI A AR,

k
CBI = Y CBI/k (3)

. CBI e ER G K BRTE G CBL AR i 2 1Y
CBI i ; & S FEHLIY 73 24
BEEROL LG Hly DX ARARTE U A0 7525 I B bR |
R A R SR AIE X Key F01 Benson* 42 HH (4 2
FRUEFATEGE 857 7 iE T2 XA CBI BFAMJH £
WEFIPEN PR ERR (3 1) IR PR ZURE 4.

Table 1 Investigated items and evaluation criterion of composite burn index ( CBI)

YE! MK EUE Fire severity
Vertical Feat ok % h R
stratum Unburnt Low Moderate High
0 0.5 1.0 1.5 2.0 2.5 3.0
A Wiki g M/ B2 <7.6 em AL 50% A v 100% #itsI5 0t 80% 4 AT 8k 80% 4N T K ¥y 1k
Y ZE A R4 T FE B IHFE BLIHFE YR AE THFE
2 J 5 R ToAE Ak BRI 50% T FE , IR EEBE 100% Ji§#E
B127.6~23.3 cm JoAER 1tk 20% 4 #E 40% T FE >60% i FE,
R AT R TR R
BHA>20.3 em BRAE oAk 10% % 20% T4 FE >40% 4 #E,
VN TR R
B RS A A/ Rk 10% K& A 40% KB >80% %Lk
B/ Bifh, s
B AR (% ) JoAEAk 30 80 95 100, H A4 THAE
TR (% ) 100 90 50 <20 0
WY e ToAE Ak 1% h A% -6
YR R Z R TAEAk AR /N Al A RTIVN
C RS (% ) 0 20 60 ~90 >95 AW R B R THAR
TR (%) 100 90 30 <15 <1
AR (%) JoAEk 15 70 90 100
YyRh el i 2 REE Tk LN Ak A R VN
D LHOMTE(% ) 100 80 40 <10 Ja
PR (% ) ¥ 5~20 60 >85 100% , F A 251 AE
R (% ) ¥ 5~20 40 ~ 80 <40 />80 G
MIEIET=HR (% ) ¥ 15 60 80 100
FMEE (m) ¥ 1.5 2.8 >5
MARTET R (% ) ¥ 15 60 80 100
E LM (% ) 100 95 50 <10 Ta
BAAME(% ) ¥ 5~10 50 >80 100% , A B4
FEEAMTE (% ) ¥ 5~1 30 ~70 <30 />70 I
MIEFET= R (% ) ¥ 10 50 70 100
FEEE (m) ¥ 1.8 4.0 >7
MARIETHR (% ) TG 10 50 70 100

A HEFE R AN+ 42 Land surface combustible fuels and soils; B A ARIEFEAR <1 m B I/IE Herbs, low shrubs and trees less than 1 m
tall; C. Tl RIMEARM 1 ~5 m BFTAJZ Shrubs and trees 1 to 5 m tall; D IRMGESZ (5 ~15 m) Intermediate trees (5-15 m) ; E: FMIE)Z(>15 m)

Large trees (>15 m).
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1.3.3 KB g ARIEMOAKOT BRMAE S R G4 F 25 AR LG I bR X 3 R A Rk 99 Ik,

YA E R (KNP0 bR K B B R 43 A st
KRR EERIE BE 4 GRG0 A U R R VLA #R
MRAKBEIC SR, HEHL 2008 2009 2010 4F 35 2k 1 FRLEL K
() K37, 675 7% RERE AN b 5 DR 25 FVRE A 15t
A HL M S BOTAS T 16 4~ k3%, & T 85 Mk
by HEATEPANSE AR ML) CBLAE % (3R 2).
Zi4 CBI FKJ5 NBR #5807 01H 534, #:57 CBI
5 NBR 26 1% 77 2 NBR = —287. 6 x CBI +584. 55
(R*=0.6275,P<0.001) , %% J5 R §}& CBI [ {E A 37 hK
KR S NBR B (% 3)PY IRk d s T
1986—2010 4FAFY X Hh sk XA AR K B0 B 25 ] 43
A%l . 58T ARCGIS BYZS [l 4r Hrside | H5 4k &
FUPE B 5 MRAH I DEM 3% BE 3 1) #4647 25 ) S 0
OB K BN S A B A R PR 3 ) A IR
DA (4 FH AR .

F2 2008—2010 F#EHEMA CBI it
Table 2  Statistics for the whole CBI plots during 2008 -
2010

bRk FUE FERE BoME KM Bl Pidfi
Fire severity Plots Minimum  Maximum Mean SD

I Low 26 0.09 1.84 0.81 0.361
I Moderate 20 0.98 1.93 1.50 0.359
H ¥ High 34 1.54 2.91 2.23 0.389

®3 HAZUETMHE NBR HE
Table 3 NBR threshold for fire severity assessment

ok U NBR [ {H
Fire severity NBR threshold
a3tk Unburnt >585
BB Low 585 ~252
F1E Moderate 252 ~53
HEJE High <53

2 BREHSR

2.1 FRrRRRICAR K B4R BRAE fL

1 1986—2010 A= bR X AR ke s kg il LA

i kR LN 39072, 36 hm?, 4F ¥ 5 ki AR
1562.90 hm®. HH[RIM K F 28 A FRAEH RN 1
4—10 H. #kAE6 A8 A LA REE 4. 25 4t
[ A, I b Db K A B A 4 B 3 7 1987 1992
2000,2005 2010 4 &A= bRk K R B %, 1ok KT AR
o T IABAR o B 5 AR A A o R L R A
IR KL, 3 5 LA OB A AE 2L B 2 i A
A0, R A2 &R G0 v T ik i A R T I 2
B ] BE SR EUNE r i XA K R BRI A K A
LU AR A AT PR AR 1.
2.2 MRKBUEESHT

HeHE NBR F5500 1986—2010 4ERE rfbk X H it
KICHATARKZLE 79 (B 1) IR A ZUE
AEGR ) KRR (e 4) . SRR kX Rk
AR 26782, 11 hm?. Horp | 8 k5622552 hm® |
& K% 2825. 73 hm®, B OB 1386. 45 hm’ | At
2k 17.55 hm*. 4 Bk RE 3 ki BRI /)N, H
R KOBE T R B KRR 84.2% .
2.3 MCKBUE SR TR
2.3.1 MOKFURE Sk it p ok B EE RS AR 5]

{5l Legend
. ]
=1
|}
[y

Bl 1 1986—2010 4k ZUHE A5 o A
Fig.1 Distribution map of different forest fire severity classes

(1986-2010).

1.8 High; II . g Moderate ; Il R Low; IV &#dk Unburnt.
FIA] The same below.

*4 BEAEMKRAIEERAER

Table 4 Area for various forest fire severity classes (hm?®)

KB A 3 Year

Fire

severity 1986 1988 1989 1992 1994 1996 1997 2000 2002 2004 2006 2007 2008 2010
1 1134.90 238.50 0 4.95 0 447.30 26.46 11313.72 349.02 554.85 1365.39 87.21 0 7030. 08
I 0 4.77 0 1.80 0 0 39.87 1247.04 75.42 0 0 44.82 95.76 1316.25
I} 0 2.79 0 0.18 0 0 59.85 489.96 61.74 0 0 5.58 87.84 678.51
v 0 0 0 0 0 0 13.14 0 0.09 0 0 0 0 4.32
|4 High; 1l . Moderate; Il JERRE Low; IV:id Kk Unburnt. "F[A] The same below.
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BT A5 B FAE W R B b A [ bR F R A5 4%
I KRR (3R 5) . 2422 i FA = P PR AR DX A AR
PR A AR X TR 75% |, BRI K R
O3 2 ik KX RS T 15 AL KO TR A 5L
JRY R AR BRI 1A bR 23 A T AR < 1%
PRI T 3k TR AR LB/ 0N, AN [) B0 B 25 ) AR K TR A
PS4 73 A1 1 D B E K S R RE RSB k> R
KT 2 5 AR ENE SR 2 a) e A5 B
A AR A i B Y B A A R SR IE.

2.3.2 MOKRZUEE SHE BUE 5° 15° 25° 02 1R
TR A AR YT AR R SR A 4 9T
Be(<5°) (GEH (5 ~15°) B (15 ~25°) FIBEYL
(>25°) . AN[EISEERS EE - 3k DX PN AS TR A ok B
B i T AR (181 2) A7 35 22 5, D Rb > P i > G2
FBEYE . 763 I | &% 48 ME ( Betula fruticosa) B /N
1 ( Deyeuxia angustifolia) & 5 ( Carex spp. ) 5] J&
F AR, F oA AR o AR DR T AR ) 20%
SRV S WS o/ W EL I O e e =
AR BIGH BE R 2o T AR AR X 8 T A3 7 5 78
R L, F2 BT DL T AR IR, R BE S AR
PAL LIS TE M FAAlbR Sy 32 (HIX A3 B A B
o TR AE S NS 0 TR AR 2/ N 7 352

x5 AEEBEEBMKRNZIERNE NEFR
Table 5 Area for various forest fire severities of burnt are-
as in different vegetation types (hm®)

keS| MBI Fire severity

Vegetation type 1 I I v

DLATEAMAK Gmelinii forest  19700.55  2108.79  880.56  4.23

FHERK Platyphylla forest 331.47  86.13  46.53 0.09

{EFABR Pumila forest 46.44 16.29 20.70 0.09

2 \ Tvestris v

[Sh VA P sylvestris var. 0.27 0 0 0

mongolica forest

PRCT AN Spruce-fir forest 104.31 30. 06 31.68 0
12 .

all

-
o
o

=

N

[~
T

o KR
Burmnt area (x 10° hm?)
PN

N

1IN,

W3 S 2r BEYE
Flat slope

2 R[RDEEE 1A Rk BURE S G i TR

Fig.2 Burnt area for various forest fire severities on different

Gentle slope  Abrupt slope  Steep slope

slopes.

KB Ik AR A R EE R Ak > R RE KSR EE K>
KA Ge AR H1 R kG KT AR >85%
2.3. 3 MOKBUEE S58m ARSI (-1 ~360) 43
9K oy 9 28 ek (-1) k(0 ~22.5,
337.5 ~360) . ZAdb (22.5 ~67.5) . % (67. 5 ~
112.5) ZRE§(112.5~157.5) B (157.5 ~202.5) .
PTG (202.5 ~247.5) VG (247.5 ~292.5) . 74t
(292.5 ~337.5). A — M M Eg VU R PH AR5 B
b7, 3 s | A s | i | < 2 = et e A T W N G &
JESE ) K AR (P 3) , T LA H 2% 3 1) 2ok ok T
P RBNMER N A >Ab>TeH ) >R >V > &b >
ZREE>PEIL> PR, B3 KO AR R T R, 25 7
AN Yl AR AT A2 5 1 20 oIk
[N | A N S I S S5 B N | AN N e i s | AN
SRR TN, TG ) M DX X L R R S AR R
SRR /N | ) A A S e AR R A LA Y%
LKA SRR . 253 ) PROK B RE 3 KRR R
HRE KO TBE K SHRRE K> A K, A EE B G kT
FR T SRR 80% LA L, HAAt ZUBEAR BT | L E 1
R/

2.3. 4 MOk EE Sk AR e E L R Ay bR
#EPS! Bt DEM 434 500 ~ 1000 m F1 1000 ~ 1500 m
P25, DEM 5 MK ZUEE B2 & o3 i il 41,25 4F[E],
WP HpR X 3k ok DX 32 22 53 A FE W3R 500 ~ 1500 m (&
4)  FHBEE R DL S P RN s bR LW IR 0 ~
500 m P X3 N TG KCBE TN R, 1000 ~ 1500 m (133 2k
R 17474.76 hm?®, 5 Bad K IR 68. 8% . 5%
M) AEL B AR e P R = B2 Ay L B TR /K o v B T
5 100 m, B 2R 0. 65 €. it A
TREEAR, (EAR ) 5K K, AN Gy kb, Mok 24
H1F 6—8 H, kb X AR 7 rh A B 22 ()3 AT

40-_ o
35+ 1 m— @I
e A 7 = 5 oV
%‘EZS' A Z
B 5]
ALl
;%10-
| [hili
0 MENENES

kS b EEm @ B AL A A #E
East North  Flat  South West Northeast Southeast Northwest Southwest

B [ Aspect

B3 AR A AR KB SR e AT AR
Fig.3 Burnt area for various forest fire severities on different

aspects.
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Fig.4 Burnt area for various forest fire severities at different

elevations.

Y, T AIRR LA 2 | el e P R AR A5 AT
PR B K ARG, 25 29 5 RS U RKCF D RIOUE i A At
K, 3 AT BE A T AR 25 IR B L ko
TR R/ IR Ry B BE K> HBE K> 8 BE ko> R sk
k., HAE 1000 ~ 1500 m, 5 B AR H EE K9 3 kT
FRZ1 4 500 ~ 1000 m _F 1 2 4.

3 8

Gt M & 0, 1986—2010 4F [8] | K 2% 22 WA I
HRAR X AR i K T ARGA 39072 36 hm? AR kg 25
AL . 6—8 Mk &, o B R AR B
81% . IFERFFT M, R NBR #EATAR K B 432,
NG RETT IR 53% ~81% 7 F R KAy NG RE AT 3k
70.7% ~89.1% " {H KGR ECib R iR
2R KOS NBR #E A7 K kBB 43 G 0 kG
JEM G, A SC 254 CBI R NBR 850647 104 43
BT, 2E I 2 M K BB A % A, kit B T Bl feff A
NBR A TAR KBS G (0 ARG B, 3 550/ 1T
Oy RARZE . ASCETHA ST MR K BB NBR 4 K B,
KT LIAE Ry R e VT 8 R 4 22 0 At b DX bR K B
ST ST S (5 B i Bl 45 BT T 7 K

DLAZUA b DORR K F BE 23 [8) A 08 B, A0tk MOk A
PR,
WP rh ot XK K B RE 53 B 6 B, 68. 6% AR K THT

FURT LA B T NBR 48 5048 5 >k, /N UMK K 7R
TM 5245 L A A 256 X H e . IR bR DX bR e B
YO T O T RS SRR K kT ALY
84.2% , HABZN B G XS BN, 275 5 &
MK ZURE FNIR5E K 7 A BAE L, BR 2 R A2 MR, pk
TR Sk B (]I H bl DX 45445 2 A T B IE A
K, b KRR >65% . X B B 35 1) R 4 55 7 Hh

PR TR T8 88 0 20, ARk AL A K A T e e e, TR
R K ENE S R B, REAE R h
FEH, O DA B R Rk AE AR K IR B £, (R
10 ~25° X i ki AL > 609% . 35 1] A4 R 7 5
PR KB E A AN B, R4 AN SR 2
W e b, X LL ARV B, 3 - 22 | v VA b DX 2533 1)
AR 35T, Hl 3 7R i RS, 1 M T4
R I DK I PN R K B 1 A i
OB S R G " MK R AE R [
Mo ZEHE TR B T A DE K A I Bl K
Jit ST b DX 2 TR R i B 2R ROl 4 B )
I A TR Hb T B AR TR, DL AT i B Ak
KA R RE B
BRI LI, NBR {H 5 bR K RS2 B] A AR AR

ARG Y R RE Z (A e B Y Mk B
SrRPEA T DL RAG MR T R i A= Py 4
& WA E ki AR LS % S Bhm PR
IR AR, 454 CBI A1 NBR 2048 AR K0T LA i
T2 M 5 R X RUBE bR ok B8 43 2 ikl T R
P AR PR BURE R AR PR AR 8 R e 1 R IR - (bR
AL BRI TR AR BRI Z E) VR - PLD A 7
B — DR

S % 3k

[1] Wang W-J (F£3CIH), Chang Y (% &),

(XE4E)

content in Huzhong forest area of Great Xing’ an

Liu Z-H

et al. Ground surface dead fuel moisture

Mountains and its environmental gradient analysis. Chi-
nese Journal of Ecology (H=75%:247) , 2009, 28(2) :
209-215 (in Chinese)

[2] Chang Y (% &), Chen H-W (FRZ4f), Hu Y-M
(I ) , et al. Advances in the assessment of forest
fire severity and its spatial heterogeneity. Journal of
Natural Disasters ( H 9% K FE 2 ), 2012, 21(2) .
28-34 (in Chinese)

[3] Hoy EE, French NHF, Turetsky MR, et al. Evaluating
the potential of Landsat TM/ETM" imagery for assessing
fire severity in Alaskan black spruce forests. Internation-
al Journal of Wildland Fire, 2008, 17 500-514

[4] Verbyla DL, Kasischke ES, Hoy EE. Seasonal and top-
ographic effects on estimating fire severity from Landsat
TM/ETM* data. International Journal of Wildland Fire,
2008, 17. 527-534

[5] Wimberly MC, Reilly MJ. Assessment of fire severity
and species diversity in the southern Appalachians using
Landsat TM and ETM" imagery. Remote Sensing of Envi-
ronment , 2007, 108 . 189-197

[6] Garcia-del-Rey RO, Muiioz PG, Fernindez-Palacios



4 34

FBEFISE: 2T NBR S8R R4 22 W v ZR Ak K DX G bk K B2 973

[10]

[11]

(12]

[13]

[14]

[15]

[16]

JM. The effect of fire severity on first-year seedling es-
tablishment in a Pinus canariensis forest on Tenerife,
Canary Islands. European Journal of Forest Research,
2010, 129 499-508

Roy DP, Boschetti L, Trigg SN. Remote sensing of fire
severity assessing the performance of the normalized
burn ratio. IEEE Geoscience and Remote Sensing Letters ,
2006, 3. 112-117

Carvalheiro LC, Bernardo SO, Orgaz MDM, et al. For-
est fires mapping and monitoring of current and past for-
est fire activity from Meteosat Second Generation Data.
Environmental Modelling & Software, 2010, 25. 1909-
1914

Meng Q, Meentemeyer RK. Modeling of multi-strata for-
est fire severity using Landsat TM data. International
Journal of Applied Earth Observation and Geoinforma-
tion, 2011, 13 120-126

Chen H-W (BRZZ45), Hu Y-M (#IIEi#), Chang Y
(% &), et al. Interaction between pest and fire dis-
turbances in Huzhong area of Great Xing’ an Mountains ;
Long-term simulation. Chinese Journal of Applied Ecolo-
gy (N FAEZ2A4R), 2011, 22(3): 585-592 (in
Chinese )

Wu Z-W (R:EfE), Chang Y (% &), He H-S (%
21+:), et al. Analyzing the spatial and temporal distri-
bution characteristics of forest fires in Huzhong area in
the Great Xing’ an Mountains. Guangdong Agriculiural
Sciences (T~ HACNFL2), 2011(5): 189-193 (in
Chinese)

Wang W-J (E3CHH), Chang Y (% &), Liu Z-H
(XN&E4E) , et al. Characteristics of coarse woody debris
in Huzhong area of Great Xing’ an Mountains. Chinese
Journal of Applied Ecology (W FHA:Z5%43) , 2009, 20
(8): 1805-1810 (in Chinese)

Wang W-] (EXUH), Chang Y (% &), Liu Z-H
(X)), et al. Coarse woody debris loading capacity
and its environmental gradient in Huzhong forest area of
Great Xing’ an Mountains. Chinese Journal of Applied
Ecology (B A7 224)) , 2009, 20 (4): 773-778
(in Chinese)

Liu Z-H (X|:54€), Yang ] (¥ {&#), He H-S (Bi4L
1), et al. Spatial point analysis of fire occurrence and
its influence factor in Huzhong forest area of the Great
Xing’ an Mountains in Heilongjiang Province, China.
Acta Ecologica Sinica (% H), 2011, 31(6):
1669-1677 (in Chinese)

Feng Y-T (LK), Chang Y (¥ &), Hu Y-M
(#HALH ) , et al. Spatial point pattern analysis on forest
landscapes in Huzhong of Great Xing’an Mountains,
Northeast China. Chinese Journal of Ecology (:7%%:24
), 2012, 31(4); 1016-1021 (in Chinese)

Chen S-B (B %), Zheng Y (¥ ), Li X-Y (%

F5PL). Research about understory economic plant re-

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

sources in Huzhong forest area of the Great Xing’ an
Mountains in Heilongjiang Province, China. Inner Mon-
golia Forestry Investigation and Design ( P35 Folk 74
23t , 2011, 34(5) : 27-30 (in Chinese)

Chen H-W (BEZFF), Hu Y-M (#3735 ), Chang Y
(% &), et al. Simulating long-term effects of differ-
ent harvesting modes on forest fire in Huzhong Forest
Region, northeastern China. Journal of Beijing Foresiry
University (b 3 Mol K 2= 24 ), 2011, 33 (5):
13-20 (iin Chinese)

Liu Z-H (X)7&%), Chang Y (% &), Chen H-W
(MR, et al. Spatial pattern of land surface dead
combustible fuel load in Huzhong forest area in Great
Xing’ an Mountains. Chinese Journal of Applied Ecology
(REFHAEAS241) , 2008, 19(3) : 487-493 (in Chi-
nese )

Hu Y-M (BHIZH#) , Xu C-G (f&5:N]), Chang Y (%
&), et al. Application of spatially explicit landscape
model (LANDIS) : A case researches in Huzhong area,
Mt. Daxing’ anling. Acta Ecologica Sinica (4 752
#2), 2004, 24(9) : 1846-1857 (in Chinese)

Chang Y (% &), Leng W-F (¥ 3XJ5), He H-S
(BRZL1:), et al. Using weights of evidence to estimate
the probability of forest fire occurrence: A case study in
huzhong area of the Daxing’ an Mountains. Scientia Sil-
vae Sinicae (HOIELF), 2010, 46(2) :103-109 (in
Chinese)

Cui X-M (#248), Wang L-H ( EMHAI) , Zhou M
(J&8 H§), et al. Retrieval sub-pixel fire area with MO-
DIS and ASTER data. Journal of Arid Land Resources
and Environment (T 5 X &I 5 ¥ E5), 2008, 22
(1):198-201 (in Chinese)

Tan X-L (BSEHAK), Yi HR (5% ). A method to
identify forest fire based on MODIS data. Fire Safety
Science ( KKFF2), 2004, 13(2): 83-91 (in Chi-
nese )

Miller JD, Knapp EE, Key CH, et al. Calibration and
validation of the relative differenced Normalized Burn
Ratio (RANBR) to three measures of fire severity in the
Sierra Nevada and Klamath Mountains, California,
USA. Remote Sensing of Environment, 2009, 113. 645-
656

Wagtendonk JWV, Root RR, Key CH. Comparison of
AVIRIS and Landsat ETM® detection capabilities for
burn severity. Remote Sensing of Environment, 2004,
92. 397-408

Epting J, Verbyla D, Sorbel B. Evaluation of remotely
sensed indices for assessing burn severity in interior
Alaska using Landsat TM and ETM*. Remote Sensing of
Environment , 2005, 96 328-339

Lopez-Garcia MJ, Caselles V. Mapping burns and natu-
ral reforestation using Thematic Mapper data. Geocarto

International , 1991, 6. 31-37



974 VAR I SO S 244

[27] Key CH, Benson NC. Landscape assessment: Sampling slope classification methods in slope mapping from
and analysis methods. USDA Forest Service, Rocky DEMs. Journal of Soil and Water Conservation (K4
Mountain Research Station General Technical Report, A ) |, 2006, 20(2) : 157-162 (in Chinese)
RMRS-GTR-164-CD. Ogden, UT, 2006 [35] Liu W-G (X ), Li M-L ( E"{&). The method

[28] Kasischke ES, Turetsky MR, Ottmar RD, et al. Evalu- of mountain environment gradient analysis based on
ation of the composite burn index for assessing fire sever- geogr aphic informationsystem and remote sensing tech-
ity in Alaskan black spruce forests. [International Jour- nology. Geographical Research (HiFEWF5Y), 1997, 16
nal of Wildland Fire, 2008, 17. 515-526 (3): 63-69 (in Chinese)

[29] Whlle {D, Ryalll KC, Key CC., et al. Remote sensn.lg of [36] Wang S-H ( E43i) , Zhang X-L (3KBERT) , You X-X
forest fire severity and vegetation recovery. International ( Oﬁ ﬁiﬁﬁé) et al. Application of “38” technique for the
Journal of Wildland Fire, 1996, 6. 125-136 . . . .

) o forest fire danger rating. Guangdong Agricultural Sci-

[30] Brewer CK, Winne JC, Redmond RL, et al. Classifying - )

. g . . ences (TR A B ), 2011(23); 171-174 (in
and mapping wildfire severity: A comparison of meth- )
ods. Photogrammetric Engineering & Remote Sensing, Chinese)
2005. 71. 1311-1320 [37] Roy DP, Boschettil., Trigg SN. Remote sensing of fire

[31] Feng Y-T (& E). Spatial Heterogeneity Analysis of severity: Assessing the performance of the normalized
Forest Fire Severity in Heilongjiang Province. Master burn ratio. IEEE Geoscience and Remote Sensing Letters
Thesis. Beijing: Graduate University of Chinese Acad- 2006, 3: 112-116
amy of Sciences, 2012 (in Chinese) [38] Smith AMS, Wooster MJ, Drake NA, et al. Testing the

[32] Tian X-R (W BEHi), Liu B (X] %%). Research potential of multi-spectral remote sensing for retrospec-
achievements of fire regime and fire management. World tively estimating fire severity in African Savannahs. Re-
Forestry Research (AR AF5Y), 2011, 24 (1) mote Sensing of Environment, 2005, 97. 92-115
46-50 (in Chinese)

[33] Wang M-Y ( EBHE), Shu L-F (&F 24 ), Tian X-R
( HEH) , et al. Landscape dynamics analysis of Dax- fEE®N  FBF, 40,1988 FE4: i -AFgcd:. FENF R
ing” an Mountains Huzhong zone under the disturbance WAE S GIS 5 RS w FHWFSE. E-mail wangxiaolil000 @
of forest fires. Journal of Mountain Research ( 1y Hb 2 163. com
#2), 2004, 22(6) : 702-706 (in Chinese) EHERFE RIS

[34] Tang G-A (#E%), SongJ (K 1£). Comparison of



