5507 % 55 1 ) E + ®

2015 4£ 03 H

REMOTE SENSING FOR LAND & RESOURCES

BoE Vol. 27 No. 1

Mar. ,2015

doi; 10. 6046/ gtzyyg. 2015.01. 01

Sl R, TRl ZRARPLsh B BB o dE R [ )] . [ - WEURIE I, 2015,27 (1) :1 - 8. ( Yang C,Shen R P. Progress in the
study of forest disturbance by remote sensing[ J]. Remote Sensing for Land and Resources,2015,27(1):1 -8.)

FRARYIL 2y e S W 00 k5 0

W OR', R
(1. EETAREZREFHTALAF S, i 2000305 2. EEFTHE+ O, L 200030,
3. WMAGBRIBRAFEEAF R, ML 210044)

E AN SR G E0R BRI BRAA PR Bk 38 BN DT Bt A A R Ge ke 4 AR AT (H H AT ARAR R S PR
AR Z AEAROCRR BE TR WA DX AR MBI 2 A A SRS B2 o S BRI 3l 0 kR0 0 i A A A 45 A 2R L
X LR ZRARAIE S W D48 B AT 1 RSTS84 HE T RN ) P 8 (R AR AR sh o 2 B P e U SE M A, A
AT R GEAIE , L B0 3 R AR S AR A5, 2055 RIS 18] P 51 4IC 31 23 M D7 ok R 1) 410 30 Al 0 8, W 9 T 1
e [ BRAR G0 B IS B AT B S B T SOMR T (L

KEIFE . MRS Mk Wai e sk
HEESES. TP79 XEKERER: A

0 3

gai(1%

PRI HhBR A Py P 1) o B W oy, e AR
S L AR R R R Z — ., MRS R
GoEki E S RGP A RS RS, WA
BRI, CAMR RN, TN ESRGMHE T
Wi 2R 25 R G M 304 76% ~98% WA ML | &
KA CO, M2 Bz L ) Wik, HHAES RS
B AT P05 ik 55 BRAE A K il b e 416 0 A <A AR A it
SRR R XY 1997 AECREUE BY 1Y
T, TA AT ZRMRR T T BE T 5B 43 41K 0 T = AR Ik HE
FRbR, BEVGE T Bl M AR S R GG PR AT G S
R A B KD L 52, B B LR ARG Co, TR
DIBEANURT I 58 74 1l DX Rl s B4 22 G B 22, W F 97 4
BRG] D

HE O, FRMAE R E O AR E R
HiY CO, , I — IRt T A b i an 2k
PRI g 5 R AR A5 AR s 2 A W it A7 T
A= B R EERTRE R A, i T AR MO B
55 a1 L0 7 I PR 12 i 6 7 7 o) = X v ey sl
SE A XIS Bk AR IS, I Al e xT e Bk R
Gir=rEsgmn ) REFR RN, KAH o, HiRE
AR B BETIN) — A R BRI NSRRI
W R e 7, Ho A BRI ZR AR AR o B CO,

KA. 2013 -10 - 18; f&iTHHE: 2014 -03 -20

XEHS: 1001 -070X(2015)01 —0001 - 08

Hec b7 B i T 4 R AR A R B0 co, FHEh
29 87% " H AT R RS AR M I ) ik 330 B 73
DT AT SR AN B2, A 0 28 SR A7 7 AR K B AS 1
PO T — A 2 T R gk B = A A R A 4 AR bR
Peahgert R, v AL S AR AR 3h 5 ] Bk
fith i AR AS AT DUIIR S A2 25 R B 250 DI RE )
P | P = A ERRR I A AL FORS B2, TE REAS 7E B KUK
4 il 5 LA S B P R PEA v 2 4 E AR

MRS R AL EE R R T
DBl 4 R RUBE () 3 B 0E . IR BE% 1% AVHRR
HI MODIS %RHR Z2 W F KRB (9 ZR AR 35 48 1k
S8 AL Z R, Landsat ELAG %8 51 1) 25 (8] 43 W%
T A5 DX RS B R 3 L R b s B P AR AR
Wi aE AR, BRT, ARARIE S A 5T 3 2B
T3 B AW IR B, SRk, A St Wil o7 v A
WIS HGHEAT B2, X LR 2 W i 8 B AT T
LT

1 W7 R R

TENZE R AR | S BR AR A B 2 10
BH RN, L3 B R UG AR ], 763 300 a
N, BEEPR B BRAR I AR 130 12m’, 7 B AR A 2/3
FRMAR S F A AN P shfn A SR sl 2 45,
HIL A FEERIN AR KR FRABRAR 55 B DL K

E&WB . WAL ETH (4% MS201408 ) FE K S EERAFSE & R (973 1% W H (475 : 2010CB950701 ) 2L 1R %8,



.. E o+

=Y
P

2015 4F

PRMILE S PR TSR A2k, Waring 25"
BRI B E ONFFEE 1 a VU LI U E S RGN
T FRTEEU] 0 B AR A i, X — o SRR
SIS BRI I AR ASRE A T
h2s shas A

1% 25 %) ZR ARG U5 IR A W D 32 2 DA b T R A
F RS TAR R R MU R BRI 2%
e 2 A R T LV A b B AN iy, X LA 2 S 5 ARbR
RIRAR AL W A Rl bl 70 AR AR i BT
T8 TR B L5 @ IR ARG 2 TR B & e Rl 2
X DXl A R A 1 25 ) ROBE ke i, 18 JEkoR R 0 4%
A R ) i 8 W) AR AR AR A B ME—RT AT B

LI ) AR AR S W) 3 I T X AR Y B LA
B R TR R R P AR R I E LR &R
ISR AR R B AN 1 Bl 3 B B R
()% F&,20 120 80—90 4P 32 i 2L i L4y 25
Fb A8 TSGR 25 57 1% R JE el 1) AR AR AR A W I A
i Fiti 5 R TR A AR AL, B 22 5 vk R R T Be it
B ia BN RGBS, gy 28 R Gt o ik |
BF )Y 81 A s S ZR B A BT 5 . AR SO B RiE
AR Sl W T ik 34 T T IR
1.1 DEEFEEE

A328JE LA T B e — AR A T
PAPAME BT AN [l i 30 1Y) o3 2 45 SR A T8 50T
Eb A8k W AR 25 AR IS 0L, FR T 25 Heg
DA RAR 3 2L 25 0 L BB FEAR K AR FE B
7D FE S 2 S 6T WA T P9 2 i), I3 FH T A [ A Jk
o AR ZEAR B 09 g™ R 3k AR A AT LA
PEULAR AR S T HLIAR U8 45 4% B 10 22 ] fg 24 78
FERSE R T ZRMCE BLECR 1 . (B 2R e
oA kG FE O T — AR i 43 K B, O HL
B TR R AR iR 2 BRI w45
SO R W PR B O A L Allum 251 i )
B 10 a A9 2 Wi MSS SEARHHAT T 2R)5 L, 158 T
B R T 37 S A B ) AR X AR AR A B Hall 4507 T
FEFIH 2 5% MSS B8l X 43 1 5 Fh AR, 73 51
Bl PR AR BT ORI A AR Miller 251
FT 4 W MSS FAG LB T 18 a AYACHF ] W | 25 1%
T W58 X ZRAR D 0 IR 38 4E 10% 2475 Tl Cohen
SOV AR W B A 2 R AT TV AR B X b XY
KT PSR, JF 36 B0 1 ARARAUS 5
KR,
1.2 HEBERE

A5 25 S i e O ZRARAR AL A SRR
Bral R H, T 22 (6 1 7 ok SR BUR AR I 28 A0 A5
B AR DLk e o R B e B R 25 B,

{AFEZE I RAGIA T8 RS As AL, T H
XA T e s B i 68 53 22 S B RS E 5 VR AT AN B
2 L, H AR i B ) — A% B | W — 2R A %K
oA S AT i b s /D R R, Collins 4570 T £
WISAZ A 220 (tasseled cap ) AR Hesh B (d FHAG %
SIEHT T BRI ZAE 32 9CRBL; Coppin 252 T
AT S B A G SR 25 S 1k B SR Y R
Key %2 lad T JCR TG 2 W2 1%+ NBR 54K
(H— AR 2 ) 1 22 (8K R0 43 K U ™ A5 205
Masek 221327 10 a (A1 382X ( disturbance in-
dex, DI) 240G O, FFAE DL LAl A4S A5 20 58 Hb
X B ARMAE I B % 5 DeRose %524 R FE il F 15 22
SRV T DI A WIS | 25 5 38 32 07 1k 1) AR
FEER LAIAF] 80% ~ 82% ; Huang 2522 i 1 5]
A—E B HBRRE 6 VOT BEA s o i 5] s 247
PR AEBRARFNR Bl XK, i — 2 BT S BhAs
VAP EhEEAE . b, sk AR E Y doR Ry
BT F A ST AR SR B A T T 2 B
1.3 SERZITHTE

FERT TR e AR Ak ) AR AR U, 4 30 AR AR AE 52
Bt b o= E R B WA AR 4R, IF HaX R AR f mT
VIl i — @ gt e m i, a2 ks it ot
e JBe3E 2 %o B Bl 22 B S AR i AR A A AR K
G HT AR E A AR B B AR DX IR, 32 07 1 3 A
—EMIEE NS 5 HIW, Adams 557 F 6
1B 5 6 W S PNARAR A AE R 5 IR B4 T T
WF5E ; Woodcock 250 3 1ot 5% F N T 41 28 W 4% 7 12
P30 T B AR XN BRARAE AR AE B 5 T Gitas 4570 3%
T NOAA — AVHRR %dls R FH i i) 3 G2 B 2458 01 26
T3 ST b A b DX RS R ) R bR K R W, 45
SRR 2 5 1 W 235 2K 5 b 1 Bk} A U LR B
£ 90% ; Healey 25" 3 i Wi B 43 25 B B0 AE T A
[FIAF5E X DI Ay I 5CR , 6 W] DI 7E A ] i 5 IX
A—EMER; Jin 7 T MODIS H ™= & Al
16 d &R AEYL SR I LW 22 5 S5 5 R0 2 Fb
77 i A A RS BE L AR, R T B RS A 4R
SRR B & 1 22 5 Schreader 25 X AN [a] H
WIRSAAR T RGB & B, I 56 TG s R A7 B
YIS UM FE K K S5 W R R AR B, 15 21 4O B
N 68% PN 52 3 Hanson 457~ fifi i [ 9 43
iR T AR Y % 2L 55 808 4R (vegetation con-
tinuous fields, VCF) ; 1] Potapov A0 [ R fef 3L T
S — Plus 4 2 (1% [0 4% J7 7545 25T X 22 4F 1 AR B
PFEER .
1.4 MEFIISHAE

TR FE 91 AT 5 s — M T 2 WIAR B G J



%1 W R 5

AR Sl 3 2 e ok -3

B, 388 3 0 B B) 80 154 T R AE B TURN 43 B\ LA
S W AR B K AE AR . Eklundh 2577 38 3of
X} MODIS 16 d & B2 A4 47 Savitsky — Golay U8
DA B 5 o o 22 S XoF 48 2 R 1) %) 5 e, (] B o
TIMESAT $ A AE 4 49) M 2 2 BOR W i B 305
Vogelmann 25 38 53 %t 3 18 BOMWLIN 4F 053 R 472k
PE RN AR BRIV SIRFAE ; Roder 25 i@ 1
P oy B2 M sR B 7 S0FAS T ORI B 5 AR
BIIPKE TEDL; Kennedy L4215 AT LandTrendr
AT TV A X B B s R 0 R4 T E R A
AT DIARBUEE AR B 15 ., 38w DL 2R AR
WRYAE ks Gomez AU A IR A (tasseled cap an-
gle , TCA) F8EAHLAl 5| A4t #4845 ( process indi-
cator, P1) 70Hr 752, FH LA W WA 9 O R 84k, 4
Ji B TRIRE A L 8] 80 03 4 A O i T T UL
U R T BT 30 a AR SRR
1.5 ZEDWE

LRA A HTIE— B o 5| A 2 RE S TS 4y
B, UISE IR A 8 | i — 20 5 m AR 3l iy
WA, Hilker 557 5] A STAARCH il & J5 12,
13254 Landsat A1 MODIS £ , 78 £f 11 W i) 25 5
(EERS b 4R 5 T AR S W AR R 5 Li 251 7
X BT B B N A T 10 3 W i Stk L i — 20 P AL
T ARSI E BE5E DXRRARAS A0 BRI IR I 5
Li 557 i H] Landsat 50675 15 GLAS Bl AHLS &
)R T RSN E ARAAMRIIR A e Ik T HOLER I
BTN 25 3, SEEE T R L A AR A I ot
AN, Vogelmann 2581 3% F Z2 R 410 3 W 0 5 3 % A [
KRNI BT 75, 25 RR W] A — i hg
P A A B AR A5 B AR HUIR Ok 2R ILE
PR R EARIR A S G 7 R AT R

2l R BRI T R

TERRARPIE B3 JER W I v | 30 5l 22 6 B
Ay 8 FH T A AR A RO 1 W g 5Ok 4 753
Mraftge ., (HJ2, i TR B AR A AE D' 1% 23 a] v (1% i Jo
e A% L, A — e 5onT DL SE S 248t
oS [H] AR T 15 B , A, Wallace OISR B A
AN [R) A W R A T LB A

BARFEAYE B T LLE i n] 0L R AT Ah
BECU LW A R R A W A 3 T
WL A (SWIR) FIIE LT A0 (NIR) i Bt 2 S 2152540
MR KA B T B3 2 | SR LR R
B ERDETERAE . BT I R SR AR TR
VA ARk Y B B R ) DR A AR b AT AT AR B

S5t R BB AR A R A MR, B 2
(TR MRS 2 ) 1 2 0 20 90 s 5 AR T4 £
FUMKCT A8, PR R AR B0 ke A I i ik 4T 4 R
ST, o kARG, WS R TAE0 FE Rk
Pesh Wil 2o g 44, AR T R AR £ 4k Bt
2GR i , PR T R 2 A T AR 3 Y
UELT AN B SR IR AR

Horler 252 48 HYy | AH b HAth o B &, 46 D% 21
SN BT £ M fif R T ARAMREE R A9 5 B Vogelmann
SEDTIPRAE T TM B T A2 6 2 0 B W g
71,450 TM5/TM4 JIT B i i A7 85 ARk 3 1
M T LI A B 234 Hune 25658 [ RE & 30 TMS /
TM4 5 B A K 2 IR PR E R 5 Fiorella
SRR T TMA/ TMS 55 28R 0 FE A7 AR AR ¥ B A 26
P(r*=0.97),

SR AR S AL Y2 W T AR AR 3 11 3 S
o ARIE AR g R 3 A R E A A AR, A3 R
JE SRR AR 3 AN B K
3 Fr OO TRVRE B 25 A 0 A R, R R
FATFZRAMESH AW 1 Wulder 455 foff FH 182
I W T 20 R H O v R B R MRIR 3 Kuzera
SEE OOV IR I RN 4 R A B DAL T A X A 7R
MM, Wulder 2519 5l 454 3 AN A8
T RARIYR SZ B[] ;1 Healey U e i S A
FHEL PR LR Y Landsat 55 3R 80408 55 BB A% 5 B ZR AR 1)
PLBARAL LAl T 2408 50 i AR R4 &, JFiE a3
Ay ENEE A M T P sh iR £ (D), F T W #%
USTA Sk R
2.1 JF3—{LHEHIEE(NDVI)

IH— A B FE 2 ( normalized difference vegetable
index , NDVT) F % FH > S W AE B (14 4= KR 78 56
RAAEYRERGFR R WA SRR, B
Je A Z MR 5z —, (R 7ER
AW 25 40 R NDVL A 5 2 8 IS S0 T
eI I E T e S Mg, NDVI o4 26 3 H 1 Fiskc
7 Maselli'™! ] NDVI 45 £506F Hb o i (7
X FRMORBLHEAT T IH I, IF 0B T % X
BRGEREM AL A2 R4 i A 23 1] MODIS
MOD13AT 7= &% 3% [ 2R A6 AT 7 X 1) AR A 35 A8
PRAEBLHEAT T VEAL , ZRARAE T 1) il RS B2 43 313k 3
80.24% H188.73% ,M4% T HUT- 1 WE ISARE
2.2 BA—REIEH(NDMI)

A — A8 B F8 %0 ( normalized difference moisture
index , NDMI ) J& — Ff 4 R4 (1) B AR I 30 W I 77 32, 3
W T ARAMBRAR A 8 B 5 Hardisky 257 45
HH NDMI 55682 7K 4 & i JE AR OC, i Tt m 7%t



.4 . E o+

=Y
P

2015 4F

B W BE 77, 5 NDVI AH b BE 5 4l R 02 A B
Az K AR BB A AR AR 5 Tin 50 58 2 X L
NDMI IR0 B 73, 45 th 2 D48 BO T BRI
SN RE J7 AR 2, (B T 52 AR AR [R] [] f
/NT 2 a BEBL, NDMI (9 W5 I0RS BE A 5, BF e &
W, 2T Landsat S2EAGEEA) NDMI I 8] 7751 Kt it
8 K Ty b o 9 R 40 DXL 10 R MR ftR . 227 7
X TR B RRARAIC Bl , 1385 4 1 R B AT 1Y 1 B
PBOR BRI R 22 | %) T B R AF P sh 2 8L, Il mT LA
KA 5 a (I A][E] B AT I

2.3 ETEETHRA SIS

TR 5 P B0 W BT TR AR AR
N sl e o P A e AL O e N 4 LU S o B
RS T ARARAGPE S 05 2., PR i ) 2820 )
EHEATIE 2 0 2 5 0] DA A8 1 5 R B0 9 OG5 e
o AHXS TR AZ BN Bl B AR U, YL sh AR AR 5
JE 53R, T4t B RN J3E 3 i IR, DAL b3 e ek
2H4 7 2h a1 4 3538 %4 ( disturbance index, DI) J7
TEXT FR AR B A5 5 1w R T R 5RO Healey
LDV RE IR FE X T DI 5 850 W 0 sk SR
FAs, 25 SR &30 DI 8 BOGHIGAE 7 B0 W I 25 SR
SRl AR AR 7 3845 s (Y P AR IX. | by TR 3h M
SRR I 18] 5 DAy 6387, DR O 7 A ek ] ] B 1 L3000
i DI KGRI ASFIAR ; Skakun 2517 (i 345 U4
22 53580 (enhanced wetness difference index, EWDI)
X2 EAMBEAT TS I, SRR 67% ~
78% 5 Hais %7 £ J7 1k HO BRI 58 v B X F 5% IX ¢
KO T 5 DUISEHZEAY DI J5 i IS 1 84
I WEMACR ;. Gomez s3] o T e 4 B A R Y
T ZR0E A (tasseled cap angle, TCA) ik, il b #4 4 2
Aoy EEAERE T T S A RAE AR S AR [
i,

2.4 IFZ 5%

IFZ 46 % Huang %572V H] TM3, TM5 #0
TM7 P Bt p I 38 3 3 T 45 R HDI ) VT A%
TR 18] P 91 v ZR bk | AR ZR AR AL 3l X3R4T )
Wil GEIRARE R S8 [ AR K AR S 1%
T AR FE 2428 80% , I rf RS A3 R 3 2800
FHPAEBEIRE] 70% ~95% 5 A7 0K BE M BAIK, —
B 50% ~70% . X F W% IT IR T8 8h #Y il
T REAFTE—E PR AR A , b2 22 E2R AT/
RS2 X, 205 B s e T s (8] B Ay LI [a]
HESE AL S8 B AU AH 22 Ak W 0 i 14 1 AR 22 1 [1]
A5 . Huang 587 3048 H %07 i AT DA WG K
ZHI RIS AT RAR AR ST A s |
E AP B 5 XS T — Se AR R 1 P B (IR

EVWRA —ERWRIRE T, AN IZ T S AE
BT 1 EH AN PE PG LU I DCHEAT T S, RS T R
T WA e

2.5 JA—{LBRKREL (NBR) $53

7 — Ak #AEE Y ( normalized burn ratio, NBR) 8%k
BT 2R AR AU B 38 B W I , Key AT Benson' ™
S5G TR KR M A7 AE A (6] DG e B Y TVM4
TM7 J B EE T NBR 55k, FIRAIEAl K o pl ™ o 55
P, TM4 XRS5 UBHURE, T TM7 X AE# K
RS BN HUR, A O TS NBR $8 8019
ZE{H (ANBR) AT DAAE —RE P2 E 3R AE KU ™ HE A
J . Miller 57/ 5 1) ANBR 55 9 A i 1 4 €5
YRR Y], T ke ] BEAEE Y12 25, Miller
SR T IACK KRR S S TR 2203
IH— 1k K B2t (relative differenced normalized burn
ratio, RANBR ) 845, H VA3 Bk K I 1ij 48 4% 75 15 22 5+
X KB VAL BB, Soverel 2500 X i 2 K [
/S 1 FH RANBR Fll ANBR $88GHA TR 1, 45 5L %
W] RANBR A I IF AN LE ANBR FAAS BE T /&, 2 g
BOTHER 7 2 BARRT BE 2 512 65. 2% F170. 2%
Sunderman %V E XA RGEHEAT T INBR A

SIS 4 2 (differenced linear spectral unmix-
ing,dSMA) J7 i W XF b4 #r, 45 SR R W] ANBR 5 ¥
28  RHRBR DX ) 0 SR FE 1A 31 86%

2.6 MODIS £¥k#Fhg# (MGDI)

IR (land surface temperature , LST) 42 [X 3
AR R RS R EEY IS8, SR KA
T AR A T D % i et 3 o 1) 728 Ak B AR 600
H T AE R BRI 1 S A 1 1Y AR KR DL, T b 5%
TR S e 1 - BRI, WO {5 2 RS, Lt
F 5 M AR B 8] AE A % DT Ry BRGSO
F MO0 Mildrexler 25100 1) AR # 4 £50R0 Hb 3 1L
JER ARSI R BR Y T 0346 40, HI T e il 6 1%
JEREE LST/EVI K2Rk ; Mildrexler 45" B i
TSGHIER AL SR K T 44 0 MODIS 43Rk
S8 EL(MODIS globle disturbance index, MGDI) , Jf:
FEXT BRI PR S AR BRI P 5 2 Fhig B4 e S, fil
HAZMW Z RIS EE ST . T MGDI {E ]
AR AR R R I 3 T B2 5, PRI s o 1l R R
JE AT BEAFTE 1Y R st ) 9 SR A2 A By 52

Mildrexler %' 4 i , MGDL $8 %5 n] LUKS B £ 55
FRMRICIE B 5 e RN R B2, O HLSF 4 30 5 AR AR Y
W FRBARBUR; Mildrexler 2 (] MGDI 5
B AE S BRI e A B ™ R B DA B
TR RS IAUABI AR K 45 SRR I b S8 AR ARAE 2005 4F
F12006 44331852 T 1. 5% F10. 5% B9 FR R4 505



W R 5

AR Sl 3 2 e ok -5

Coops 22 gy K , MGDL 1V 75 21| %) $f¢ 5 [X 35k
0 P At T 540 SR A K DI B A AR s 14 AH
KA, I HAR 1 MGDL 4 7] FI T DX R AR i
FR WL, HAh, e ERAED [ A MGDL X fin 4
RUFFEDCTFIE T K 58 700 114 1 S

3 33 B 98 R L B 5

H AT, S XA [ W 048 F ) A R ik e AR
FEWC R AN 5= R A6 7 ZRARAE 5 XA 2o Sk i
. TR E I R, R X AS [R] 3
AP SRR, AN [ 2 0 25 1 i) 197 B ) AR A7
FERCR I 225 . DAARARAR A 1], BRI 53 B 4K
PR B AR A B A 2 W T i w2 )
A AR ME, Hardisky 257 Fb4 T NDVI Al ND-
MI, $5 H NDMI Eb NDVI B 5 F W i PR 8 A o e 119
o, Hais 7 I T 4 Flig %0 (NDMI, 220 5>
it DIAI DI ) XA pe FY o 2k L AR A 3 1) e 3
SRR B BE T, S5 SRR, DI | 2R 8 RN 5
SraoRt 2 AR P B ER b AU BRI R
& A 22 55 Schroeder 57 HLAE T TMS | ZR1E T
J& IFZ NDVI NBR HI TCA % 6 R Wil 45 %6 vt
R IR AR Bh B X A BE T, BF 98 0, 26T
W LT A Bk 8 (8 KO T K R FRAR 1 X 3 RE
3 (I 0 FH S 21 40k BoAs) 8 i 4R 4k, O HaZ i 5E
W HE— 200 TR R BN st b5 RS R 5
b= A1

4 i

AR BRARIE Bl 328 2% W 00 32 0 s i et A
T I BUFLRAS A He e T H T LARR I 3 s 45
B, TR RS I AR SR AR AR 3l i R B AR
BN TR AR SRS AE— A S
JERTRAELLE 3 ANJ7 i st — A I BEIT .

1) s e s i I 15 B il L B 5 . i T A TR
B R e 7 R B AR A AN AT ], B X A ) 2
T 4 A RAATAE 22 57, NI, X TR 5E 19 2R
MIRBHZE 3 i A ] i R A s I A5 R A B T
HE— 28 X FIR B B A

2) FRIEA IR T e 3 e 3l el o3 Hr , A RIR,
ARSI 2 LT 2 BB 3 IR i) 2 Ak
WFFE , AL BRI B 3 I AFAEA IR ] 51 234 g R
WS AR, ASSOAS R T 2 07 P 2R B R AL, e aed 245
AR IR ] 2 5140 3l 2 A 75 i A R 2 3l 0 i
W, n] DAE— AR m AR B A i AR

3) SENL AN 5E 3 1 T 3 I AR AR A B0 2l e A
T FRARE IS AS A i ) Al B3 i AR K
AT, 1T AT AR RRR i 12 T 58 K 22 1 T AR AR 5 U8
T A GORE, R TR OB BRI Sl i T R e
PRI, BIF 5 FH T 3 T b 4 400 3l i 0 0 R A
BB SO N A

2 % 3Lk ( References) :

(1] FRRE . AR ZS R G A W) i R i A7 A RIT 58 7 5
(M. JEst: P EREEOR AR, 1996 :335 - 347.

Wang X K, Feng Z W. Study on the History of Forest Ecosystem
Biomass and Carbon Storage [ M ]. Beijing: China Science and
Technology Press,1996:335 —347.

[2] Dixon R K,Solomon A M,Brown S, et al. Carbon pools and flux of
global forest ecosystems [ J |. Science, 1994 ,263 (5144 ). 185 -
190.

(3] E@wm, o B, A RUR. T H A B b X i b sk 1 26 1 52
Wi —— LA BT = ) R 0 b DX 40 [0 ] 38 A 4, 2001, 5
(2).:142 - 148.

Wang S Q,Xu J,Zhou C H. The effect of land cover change on car-

bon cycle: A case study in the estuary of Yellow River Delta[ J].
Journal of Remote Sensing,2001,5(2) ;142 —148.

[4] T 5 REEASHbAES RGP MBRER[M]. 4t
AR ,2003:139 - 179.

Yu G R. Golbal Change, Carbon Cycle and Storage in Terrestrial E-
cosystem|[ M ]. Beijing: China Meteorological Press, 2003139 —
179.

[5] Schimel D S,Emanuel W ,Rizzo B, et al. Continental scale variabil-
ity in ecosystem processes: Models, data, and the role of disturb-
ance[ J]. Ecological Monographs,1997,67(2) :251 —-271.

[6] Houghton R A. Land — use change and the carbon cycle[ J]. Global
Change Biology,1995,1(4) :275 —-287.

[7] Detwiler R P,Hall C A S. Tropical forests and the global carbon
cycle[ J]. Science, 1988 ,239 (4835) .42 - 47.

[8] Houghton R A,Hackler J L., Lawrence K T. The U S carbon budg-
et: Contributions from land — use change[ J]. Science, 1999285
(5427) .574 - 578.

[9] Schimel D S, House J I, Hibbard K A, et al. Recent patterns and
mechanisms of carbon exchange by terrestrial ecosystem[J]. Na-
ture 2001 ,414(6860) :169 —172.

[10] Goward S N,Masek J G,Cohen W et al. Forest disturbance and North
American carbon flux[ J]. Eosystems,2008,89(11) ;105 — 116.

[11] Waring R H,Running S W. Forest Ecosystems ; Analysis at Multiple
Scales[ M]. San Diego: Academic Press,1998.

[12] Oliver C D, Larson B C. Forest Stand Dynamics[ M |. New York
John Wiley and Sons,1996.

[13] EdwardsG.Image segmentation cartographic information and knowl-
edge — based reasoning ; Getting the mixture right[ C]//10th Annu-
al International Geoscience and Remote Sensing Symposium. Re-
mote Sensing Science for the Nineties. College Park, MD, USA .
IEEE,1990 ;1641 — 1644.

[14] Colwell J,Davis G, Thomas F. Detection and Measurement of Chan-
ges in the Production and Quality of Renewable Resources| M ].
Ann Arbor,MI; ERIM, 1980.

[15] Howarth P J, Wickware G M. Procedures for change detection using



-6 - H O+ % OE E 2015 4F
Landsat digital data[ J]. International Journal of Remote Sensing, [30] Gitas I Z,Mitri G H, Ventura G. Object — based image classifica-

[17]

[18

[

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

1981,2(3) :277 - 291.

Allum J A E,Dreisinger B R. Remote sensing of vegetation change
near Inco’ s Sudbury mining complexes|[ J]. International Journal
of Remote Sensing,1987,8(3) :399 —416.

Hall F G,Botkin D B,Strebel D E, et al. Large — scale patterns of
forest succession as determined by remote sensing[ J]. Ecology,
1991,72(2) :628 - 640.

Miller A B, Bryant E S, Birnie R W. An analysis of land cover
changes in the Northern Forest of New England using multitempo-
ral Landsat MSS data[ J ]. International Journal of Remote Sens-
ing,1998,19(2) ;245 -265.

Cohen W B, Spies T A, Alig R J, et al. Characterizing 23 years
(1972 -95) of stand replacement disturbance in western Oregon
forests with Landsat imagery[ J]. Ecosystems,2002,5(2) ;122 -
137.

Collins J B, Woodcock C E. Change detection using the Gramm —
Schmidt transformation applied to mapping forest mortality[ J]. Re-
mote Sensing of Environment, 1994 ,50(3) :267 —279.

Coppin P R, Bauer M E. Processing of multitemporal Landsat TM
imagery to optimize extraction of forest cover change features[ J].
TEEE Transactions on Geoscience and Remote Sensing, 1994, 32
(4):918 -927.

Lutes D C, Keane R E, Caratti J F, et al. FIREMON ; Fire Effects
Monitoring and Inventory System [ R]. General Technical Report
RMRS - GTR - 164 - CD. Washington, D C,2006.

Masek J G,Huang C Q,Wolfe R,et al. North American forest dis-
turbance mapped from a decadal Landsat record[ J]. Remote Sens-
ing of Environment,2008,112(6) :2914 —2926.

DeRose R J,Long J N,Ramsey R D. Combining dendrochronologi-
cal data and the disturbance index to assess Engelmann spruce
mortality caused by a spruce beetle outbreak in southern Utah , USA
[J]. Remote Sensing of Environment, 2011, 115 (9) ;2342 -
2349.

Huang C Q,Goward S N, Schleeweis K, et al. Dynamics of national
forests assessed using the Landsat record; Case studies in eastern
United States[ J]. Remote Sensing of Environment,2009,113(7) ;
1430 - 1442.

Huang C Q,Goward S N,Masek J G, et al. An automated approach
for reconstructing recent forest disturbance history using dense
Landsat time series stacks[ J ]. Remote Sensing of Environment,
2010,114(1).183 —198.

KA e B R OR , A T I A 4 i) S5t T e ] 5
Landsat 5218 Z8 M0 30 H SR i gx [ T]. Mol 8 2 Bk,
2013,38(2) :6 —12.

Zhang L. H,Pang Y, Yue C R, et al. Forest disturbance automatic i-
dentification method based on time series Landsat image of Tas-
seled cap transformation|[ J |. Forest Inventory and Planning,2013,
38(2):6-12.

Adams J B,Sabol D E,Kapos Vet al. Classification of multispec-
tral images based on fractions of endmembers; Application to land
- cover change in the Brazilian Amazon[]]. Remote Sensing of
Environment,1995,52(2) :137 — 154.

Woodcock C E,Macomber S A, Pax — Lenney M, et al. Monitoring
large areas for forest change using Landsat: Generalization across
space ,time and Landsat sensors[ J]. Remote Sensing of Environ-

ment,2001,78(1/2) ;194 -203.

[32]

[33]

[35]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

tion for burned area mapping of Creus Cape, Spain, using NOAA —
AVHRR imagery [ ] ]. Remote Sensing of Environment, 2004, 92
(3) :409 -413.

Healey S P,Cohen W B, Yang Z Q, et al. Comparison of Tasseled
Cap — based Landsat data structures for use in forest disturbance
detection[ J ]. Remote Sensing of Environment,2005,97(3) :301 -
310.

Jin S,Sader S A. MODIS time — series imagery for forest disturb-
ance detection and quantification of patch size effects[ J ]. Remote
Sensing of Environment,2005,99(4) :462 —470.

Schroeder T A, Wulder M A, Healey S P, et al. Detecting post — fire
salvage logging from Landsat change maps and national fire survey
data[ J]. Remote Sensing of Environment,2012,122.166 —174.
Hansen M C, DeFries R S, Townshend J R G, et al. Towards an op-
erational MODIS continuous field of percent tree cover algorithm
Examples using AVHRR and MODIS data[ J]. Remote Sensing of
Environment,2002,83(1/2) ;303 -319.

Hansen M C,DeFries R S, Townshend J R G, et al. Global percent
tree cover at a spatial resolution of 500 meters: First results of the
MODIS vegetation continuous fields algorithm[ J]. Earth Interact,
2003,7(10) :1 - 15.

Potapov P, Hansen M C, Stehman S V, et al. Combining MODIS
and Landsat imagery to estimate and map boreal forest cover loss
[J]. Remote Sensing of Environment, 2008, 112 (9 ) :3708 -
3719.

Eklundh L, Johansson T, Solberg S. Mapping insect defoliation in
Scots pine with MODIS time — series data[ J ]. Remote Sensing of
Environment,2009,113(7) ;1566 - 1573.

Vogelmann ] E,Tolk B,Zhu Z L. Monitoring forest changes in the
southwestern United States using multitemporal Landsat data[ J].
Remote Sensing of Environment,2009,113(8) ;1739 —1748.
Réder A Hill J, Duguy B, et al. Using long time series of Landsat
data to monitor fire events and post — fire dynamics and identify
driving factors: A case study in the Ayora region ( eastern Spain)
[J]. Remote Sensing of Environment,2008,112(1) :259 -273.
Réder A, Udelhoven T, Hill J, et al. Trend analysis of Landsat - TM
and — ETM * imagery to monitor grazing impact in a rangeland eco-
system in Northern Greece[ J]. Remote Sensing of Environment,
2008,112(6) :2863 —2875.

Kennedy R E, Yang Z Q, Cohen W B. Detecting trends in forest
disturbance and recovery using yearly Landsat time series:1. Land-
Trendr — Temporal segmentation algorithms[ J]. Remote Sensing of
Environment,2010,114(12) ;2897 —2910.

Kennedy R E,Yang Z Q, Cohen W B, et al. Spatial and temporal
patterns of forest disturbance and regrowth within the area of the
Northwest Forest Plan[ J]. Remote Sensing of Environment,2012,
122,117 - 133.

Gomez C, White J C, Wulder M A. Characterizing the state and
processes of change in a dynamic forest environment using hierar-
chical spatio — temporal segmentation[ J]. Remote Sensing of Envi-
ronment,2011,115(7) ;1665 - 1679.

B R, PR AR, A5 ) i R R 8] 31 290520 s
BRI ). @R, 2013,17(5) 11246 - 1263.

Yang C,Shen R P,Yu D W, et al. Forest disturbance monitoring
based on the time — series trajectory of remote sensing index[ J].

Journal of Remote Sensing,2013,17(5) ;1246 —1263.



vl W R 5

U SIRTIBEIR

BRI RIS 1 <7

[45]

[46]

[47]

[49]

[50]

[53]

[54]

[56]

[57]

[58]

[59]

[60]

Hilker T, Wulder M A, Coops N C,et al. A new data fusion model
for high spatial — and temporal — resolution mapping of forest dis-
turbance based on Landsat and MODIS[ J]. Remote Sensing of En-
vironment ,2009 ,113(8) :1613 —1627.

Li M S,Huang C Q,Zhu Z L, et al. Assessing rates of forest change
and fragmentation in Alabama, USA, using the vegetation change
tracker model [ J ]. Forest Ecology and Management, 2009, 257
(6) :1480 - 1488.

Li A N,Huang C Q,Sun G Q,et al. Modeling the height of young
forests regenerating from recent disturbances in Mississippi using
Landsat and ICESat data[ J].
2011,115(8) :1837 - 1849.
Vogelmann J E, Kost J R, Tolk B, et al. Monitoring landscape

Remote Sensing of Environment,

change for landfire using multi — temporal satellite imagery and an-
cillary data[ J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing,2011,4(2) ;252 -264.
Wallace J F,Campbell H. Analysis of remotely sensed data[ M]//
Remote Sensing of Biosphere Functioning. New York: Springer —
Verlag,1989:291 —-304.

Hall R J. The roles of aerial photographs in forestry remote sensing
image analysis[ M |//Remote Sensing of Forest Environments. US;
Springer,2003 :47 -75.

Hais M, Kucera T. Surface temperature change of spruce forest as a
result of bark beetle attack ; Remote sensing and GIS approach[ J].
European Journal of Forest Research,2008,127(4) :327 —336.
Horler D N H, Ahern F J. Forestry information content of Thematic
Mapper data[ J]. International Journal of Remote Sensing,1986,7
(3) :405 -428.

Lambert N J, Ardo J,Rock B N, et al. Spectral characterization and
regression — based estimates of forest damage in Norway spruce
stands in the Czech Republic using landsat thematic mapper data
[J]. International Journal of Remote Sensing, 1995, 161261 -
1287.

Toomey M, Vierling L A. Multispectral remote sensing of landscape
level foliar moisture : Techniques and applications for forest ecosys-
tem monitoring[ J ]. Canadian Journal of Forest Research,2005,35
(5):1087 - 1097.

Guyot G, Riom J. Review of Factors Affecting Remote Sensing of
Forest Decline. Proceedings — seminar on Remote Sensing of For-
est Decline Attributed to Air Pollution [ M ]. Laxenburg, Austria,
1988.

Ekstrand S. Assessment of forest damage with Landsat TM ; Correc-
tion for varying forest stand characteristics| J |. Remote Sensing of
Environment, 1994 ,47(3) ;291 -302.

Vogelmann J E,Rock B N. Assessing forest damage in high — ele-
vation coniferous forests in vermont and new hampshire using the-
matic mapper data[ J ]. Remote Sensing of Environment, 1988 ,24
(2):227 -246.

Hunt E R Jr,Rock B N. Detection of changes in leaf water content
using near — and middle — infrared reflectances[ J]. Remote Sens-
ing of Environment,1989,30(1) :43 —54.

Fiorella M, Ripple W J. Analysis of conifer forest regeneration using
Landsat thematic mapper data[ J]. Photogrammetric Engineering
and Remote Sensing,1993,59(9) :1383 —1388.

Crist E P, Cicone R C. A physically — based transformation of the-
matic mapper data — the TM tasseled cap[ J]. IEEE Transactions
on Geoscience and Remote Sensing,1984,22(3) :256 —263.

[61]

[64]

[65]

[66]

[71]

[73]

[74]

Kauth R J, Thomas G S. The tasselled cap — a graphic description
of the spectral — temporal development of agricultural crops as seen
by Landsat [ J]. Laboratory for Applications of Remote Sensing,
1976 :4B41 —4B51.

Cohen W B, Spies T A. Estimating structural attributes of Douglas
— Fir/Western Hemlock forest stands from Landsat and SPOT im-
agery[ ] ]. Remote Sensing of Environment,1992,41(1):1 -17.
Cohen W B, Spies T A, Fiorella M. Estimating the age and struc-
ture of forests in a multi — ownership landscape of western Oregon
U S A[J]. International Journal of Remote Sensing,1995,16(4) :
721 -746.

Jin S M, Sader S A. Comparison of time series tasseled cap wetness
and the normalized difference moisture index in detecting forest
disturbances[ J ]. Remote Sensing of Environment,2005,94(3) .
364 -372.

Wulder M A, Dymond C C, White J C, et al. Surveying mountain
pine beetle damage of forests: A review of remote sensing opportu-
nities[ J] . Forest Ecology and Management ,2006,221(1 -3) .27 -41.
Kuzera K, Rogan J, Eastman J R. Monitoring vegetation regenera-
tion and deforestation using change vector analysis: Mt St Helens
study area C]//ASPRS Annual Conference. Baltimore , Maryland ,
2005.

Wulder M A ,Skakun R S,Kurz W A, et al. Estimating time since
forest harvest using segmented Landsat ETM * imagery[ J]. Remote
Sensing of Environment,2004,93(1/2) :179 —187.

Huete A R. A soil — adjusted vegetation index( SAVI) [ J]. Remote
Sensing of Environment,1988,25(3) :295 —309.

Asrar G, Fuchs M,Kanemasu E T, et al. Estimating absorbed pho-
tosynthetic radiation and leaf area index from spectral reflectance in
wheat[ J]. Agronomy Journal,1983,76(2) :300 - 306.

Turner D P, Cohen W B, Kennedy R E, et al. Relationships be-
tween leaf area index and Landsat TM spectral vegetation indices
across three temperate zone sites[ J ]. Remote Sensing of Environ-
ment,1999,70(1) :52 - 68.

Maselli F. Monitoring forest conditions in a protected Mediterranean
coastal area by the analysis of multiyear NDVI data[ J]. Remote
Sensing of Environment,2004,89 (4 ) ;423 —433.

T2 R PMET b i, . ZEF MODIS #icdls i 7R b W AR AR
FPAEAA T[] ] AERORA2A 4 FARAFAR, 2010,46 (5) 835 —
843.

Fu A M,Sun G Q,Guo Z F et al. Forest changes detection in the
northeastern Asia using MODIS imagery[ J |. Acta Scientiarum Nat-
uralium Universitatis Pekinensis,2010,46(5) :835 —843.
Hardisky M A, Klemas V,Smart R M, et al. The influence of soil
salinity , growth form,and leaf moisture on the spectral radiance of
Spartina alterniflora canopies| J ] .Photogrammetric Engineering and
Remote Sensing,1983,49(1) .77 —83.

Wilson E H,Sader S A. Detection of forest harvest type using mul-
tiple dates of Landsat TM imagery[ J]. Remote Sensing of Environ-
ment,2002,80(3) ;385 —396.

Sader S A, Bertrand M, Wilson E H. Satellite change detection of
forest harvest patterns on an industrial forest landscape[ J]. Forest
Science 2003 ,49(3) .341 - 353.

Skakun R S, Wulder M A, Franklin S E. Sensitivity of the thematic
mapper enhanced wetness difference index to detect mountain pine
beetle red — attack damage[ J]. Remote Sensing of Environment

2003,86(4) :433 —443.



-8 - B+ ® R E R 2015 4
[77] Hais M, Jonagova M, Langhammer J, et al. Comparison of two types [86] Nemani R,Running S W. Land cover characterization using multi-
of forest disturbance using multitemporal Landsat TM/ETM * im- temporal red, near — IR, and thermal - IR data from NOAA/

agery and field vegetation data[ J].Remote Sensing of Environ- AVHRR[J]. Ecological Applications,1997,7(1) :79 -90.
ment,2009 ,113(4) :835 - 845. [87] Price J C. Using spatial context in satellite data to infer regional

[78] Huang C Q,Thomas N, Goward S N, et al. Automated masking of scale evapotranspiration[ J ]. IEEE Transactions on Geoscience and
cloud and cloud shadow for forest change analysis using Landsat Remote Sensing,1990,28(5) ;940 —948.
images [ J ]. International Journal of Remote Sensing, 2010, 31 [88] Smith R C G, Choudhury B J. Analysis of normalized difference and
(20) ;5449 —5464. surface temperature observations over southeastern Australia[ J].

[79] Miller J D, Thode A E. Quantifying burn severity in a heterogene- International Journal of Remote Sensing,1991,12 (10).2021 -
ous landscape with a relative version of the delta Normalized Burn 2044.

Ratio( dNBR ) [ J ]. Remote Sensing of Environment, 2007, 109 [89] Wan Z,Zhang Y,Zhang Q,et al. Quality assessment and validation
(1) :66 —80. of the MODIS global land surface temperature [ J]. International

[80] Soverel N O,Perrakis D D B, Coops N C,et al. Estimating burn se- Journal of Remote Sensing,2004,25(1) :261 —274.
verity from Landsat dNBR and RANBR indices across western Can- [90] Mildrexler D J, Zhao M S, Heinsch F A, et al. A new satellite —
ada[ J]. Remote Sensing of Environment,2010,114(9) ;1896 - based methodology for continental — scale disturbance detection
1909. [J]. Ecological Applications,2007,17(1) ;235 -250.

[81] Sunderman S O, Weisberg P J. Remote sensing approaches for re- [91] Mildrexler D J,Zhao M S, Running S W. Testing a MODIS global
constructing fire perimeters and burn severity mosaics in desert disturbance index across North America[ J].Remote Sensing of En-
spring ecosystems [ J].Remote Sensing of Environment,2011,115 vironment ,2009 ,113(10) ;2103 -2117.

(9) :2384 -2389. [92] Coops N C,Wulder M A, Iwanicka D. Large area monitoring with a

[82] Mannstein H. Surface energy budget, surface temperature and ther- MODIS - based Disturbance Index ( DI) sensitive to annual and
mal inertia[ M ]//Remote Sensing Applications in Meteorology and seasonal variations[ J ]. Remote Sensing of Environment,2009,113
Climatology. Netherlands ; Springer, 1987 :391 - 410. (6):1250 - 1261.

[83] Sellers P J,Hall F G,Asrar G, et al. The first ISLSCP field experi- [93] JU E, XUz, fld Ak, &. INE K AT RO be 3 ith 1 12 43
ment( FIFE) [ J]. Bulletin of the American Meteorological Society, BrlJ]. Huek{E BRk2=2%4,2013,15(4) :597 - 603.
1988,69(1) :22 -27. You H,Liu R G,Zhu S Y, et al. Burned area detection in the Ca-

[84] Friedl M A,Davis F W. Sources of variation in radiometric surface nadian boreal forest using MODIS imagery[ J ] .Journal of Geo — in-
temperature over a tallgrass prairie[ J].Remote Sensing of Environ- formation Science,2013,15(4) :597 - 603.
ment, 1994 48(1):1 -17. [94] Schroeder T A, Wulder M A, Healey S P, et al. Mapping wildfire

[85]

Goetz S J. Multi — sensor analysis of NDVI, surface temperature and
biophysical variables at a mixed grassland site [ J]. International

Journal of Remote Sensing,1997 ,18(1) .71 —94.

and clearcut harvest disturbances in boreal forests with Landsat
time series data[ J ]. Remote Sensing of Environment, 2011, 115

(6) :1421 - 1433.

Progress in the study of forest disturbance by remote sensing

YANG Chen'?, SHEN Runping’
(1. Shanghai Meteorological Disaster Protection Technology Center, Shanghai 200030, China; 2. Shanghai Lighining Protection
Center, Shanghai 200030, China; 3. School of Remote Sensing, Nanjing University of Information Science and
Technology, Nanjing 210044, China)

Abstract: Forest ecosystems, which constitute a major part of the terrestrial biosphere, play an important role in
terrestrial carbon cycling and storage. However, the accuracy of regional forest carbon — flux estimation is greatly
influenced by the lack of forest disturbance data. After reviewing the monitoring methods and index, the authors
compared several disturbance monitoring indices. The current study of forest disturbance based on long time series
is mainly conducted by North America countries, and China’ s research work in this aspect is very rare. Therefore,
on account of characteristics of China’ s forest change, it is of important theoretic significance and application value
to develop a disturbance monitoring method applicable to China’ s forest by combining a long time series disturbance
analysis method and a appropriate monitoring index.
Keywords : forest disturbance; monitoring method ; monitoring indexes
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