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WAL T MBI AN AR AR G, 973 3] . EK
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1991), FAREFI TR TIFE LAY 8 B £
AR A FRFN 53 M R GEE A TAE, X JCBE MOl 18 I
BB — > HLFR . 1999 4F 5 — i 5 2% i) 43 J R
TR IKONOS &4 (Mg 48, 2002), 19984F “%%
FHLER” MR, AR TR & AR H 20 b A
b 3 ek E ) R SRR TS, I, Mol i 34
BB H 2001 4FFF 4G U FR A 24 8% o An SR 7E 2R 3 4
KRG BB ET 104E (2001 4F—20104F ), [E Ak
18 S T F AR RS [ A TR RS VR A, 2011 4
FEUR B 1O AT IS T v ] & 439 30 0k b UL
R AV

2505 (2013) DL E MOl & R R 5
N R BAR BCH S X 2013 4F 22 Hi AR
b 32 JERAF 5T AN FH AT 2538, SR LARR
WA R, % DL E R I H AR 43 8T
MG . ARSCHEM IR EANTE T 2013 4E 2451
ERE,  RUAROY T 22 3k R 10 [ R SR} 30 H %
BRI AT 32, DARFE8 SO BT R 3l i I3 40 43
Wik, 5 AT T, B ] 58 J5 I X)pR
Ml BT 70 4 Y K R D R T T LB AN RS

2 Molk g A R 34 BB

21 1951 FE—1980F: MEBRGHFAETHEN
R N FA R ER

A2 ] e 07 FH 3 R AR I B I FH R
BERATE 2 — o B2 (1983) X 24 it o [ Aol
T BV A SR MR DL AT T 2538, EE AU AR AR BT
PRI Ty ], BT i 2545 30 41 Y & J Iy s Al
[ 20 22 70 4FAX T i 1 T2 bRl 22 8% FH ATaiE 58
. Z=ZE (1990) XF Mol i@ @t 47 1 [l i A
JEER, 5 DA [ ) el ) R ) i AT
FRMGEIR A A, I A FE AR 2 H A A A
1T RS B A, RIS B A 2 /N BER
FEMORE . THEE (1995) Fighalfy (2000) 7E
(] JA A Ll 8 SRR R IR B i P B 20 22 50 4F
R0 T h AR AR S PR S B A T AR, R
19544, ERETEE T AR M 58 2 K BA”
(FheEl T, 2000), BEIRESL T ARMATS HE5E . &
AR 2 8 A R b T 255 45 V8 A 245 6 1) AR MR £
ARAERZR . 1977 4, F A & B Rl oo 58 5 1A
(Landsat) MSS 4 & YOG Hb ] PG s 3 DX 7 2R PR 9%
VR AEATIE AT, RN T 74 AR AR B IR A 19 S

(PINAELET, 2000) , X2 H R 2R — ORI T A2
ST BT B AR ARG IR0 A AR, A OQ R 4k
1978 4F R AR 2%

TERX — ], ARARBTIRIE A . AR I
SRR IS i SR T ) 3 R, TR R A S B
) k328 SR AN A 1 2 Landsat MSS TR #4202
R R S o A5 IR e BN B8 R Je T
FIALIEPE . PN BT . i T 32 S AL & K
SPAR R, PSR A T B AR AR Bl
W ANT A IR . B2, X—if
J1 388 SIS 50 A A AR E AR 11, bl
JERMITRE S35 , BRI LS AL T & EHR T B BL

2.2 1981 F—2000 F : T 2 R A BIEFT MK

221 FHEHREFEAE

FE ST WAL, MOl R T AR T — 0 X
RO 328 SR O B AR AF AT AT H L 3l A el A e
- ERR T AR R R A TR A R A
MRS, %I H A TR R FR A R
G5, JFAE FRR G R R 2 8 SR B R O T S T
R, IR TG k. R
RGndE . BEREMAMBAR, L TR T DR
TR PR AT R T AR 7 26 R AR 2K B R
AR, FEE T TR R SOOI (5 R B S
I B AL A Bl 21 K B R 2R AR 0 A 1B 5 R
A, BT H S 3 R R Y S Ak
% XTIk F [ B ) SR 5T S 0k 2K S A 1
BT 1989 4F 315 F R R =454

LR I, MOl ER TR T — AN A E R
TR IS Z 8T AR H . 1986 4F—
19904, FEBEAERE R F, BB, Bk
WA R RS MO . hEBERE . #
R ARMES . WL SR AL 37 AN B 140 A 44 B
AN GHMAIZOOG, Bl T P A 0% R 1 R A
EHARME, 7R BTN (IR FE /N H i R
BN ) . IR EMG AL E | Ll i SR
2 BIRARIIHE A AR 2R VA S N G
o R AT Y B R S, T B TR
LA IR S ARG B R G, LT ZRR A
PR A Fr A (FREE, 1994), MRSAE
T AL GRS IRV A S R AR, R HES T E T
308 R AR A A L A R LR A AR S AR
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“CEIBBE RS LS X IR R EE A T A R,
T 1991 AE3AR E R AL = 45%

“ONH” W], 1993 4—1997 4%, MBS T
RiHHIE (UNDP) 428 b [E 2R 5T J5 i A 4
AREACAL” WH, #r T DAEEE (ET Landsat
MER=S & T DI Rl RSB INTTR RS N E R s N e
R IR R, gt o Al v 4 E AR AR
EURECE , I A X R AR W ) A T
A& 863 114 “ R A ML EIL (SAR) #RAK
N HBEZE”, e ER ST T 6 SAR I H F £ AR
TR BERBUT A SY, FIUH BRI B . Stk
ELESAR B, #7110 U RS RS
HIZ50 KRR (2280 45, 1994), BEE T K
KRR LRRZG (HBIFZEREIT, 1995).

LR BE], EZRIE T SAR AT SAR
TR W R PR A R 863 1R, ST T AL &
S AR A T RO LAY, R TR T 20 A
Z 40 SAR FI1-¥5 SAR %5 B 38 SAR Bl (A gl 2 A |
BRI T
222 RHHE KN

o E 80 AR AR T LA S S R IR X 4,
TFRE T R % 1 5 A0k 00 8 - AT R M A= 4 o R IR
HIEIE A TAE, 1985 4% 5 J1 4f 56 T 7 Fin 3¢ [ il
SUMERSS € B N T = L AR TN e o |
(3KH, 1996). 904EICLIK, RTF Lk, mas
[B] . eI (FEPORE 45, 1997) 45 LU B
() 3 W I R B R B A R R R T e
1986 4, 1996 4F- J 2000 4F- 3 /4~ Fisf 11 1) Jify b T30 22 3%
TR A ST T H BN A 12 10 7 FOTR RIS b o0 A 3
ST (GRRE, 2002),

2.2.3 FriEALIE R A

19774, WA EFEBAL R SEND EEIT,
B I AR ) BT R 45 8 E brat &)z 6.
= A 1980 4 FF LR B9 b [ (1 3 B Ak ) il — v Ak,
T 2 VDAL W I S AR i S A L R A B A
25 W H . Landsat MSS/TM 05 38 BB , R AL it
PR T A AR 2SS B O AT A AR R
B, FFIE R T 588 v BEAL HI BB AR R (R RE
ik, 1984, 1989; AFEIAFIXIZL, 1984),

] T 1994 47 JF I 2H 05 it 2 — Uk 4 1 e
Y i AL VDAL A i A, i T Landsat-TM

TR 216 5, Bk T 2R
AR, ARAR TRk HE R Y 3 AL T AR RN A A
Bl

2.2.4  FRWRN G IE B S

HAE20 4t S04EAR, B AT ML A1 A A
23V T AR WD . 80 4EA W, HKE W
Landsat TM, NOAA S % T A % T REHIE & A #
[l & 58235 N T BRI W sk g b, JF
TE 1987 AE RS LSRR FRMOK R (/B R
FRMCKT) Wi rh k4 T AR

O\ HATRL, BV bR X - PR A
ML FIRHATHEM L (27 48, 1993) BX R
g (Hyitar 5, 1994) 5557 7 ik Mol R AR kK
A TR GG RS, R bR v T
WK BRI ZE 7K, TR Bt 4 6 T 5 TR B[R4 7 40F
FEKPR I . TR Wi, IR T A
SE/R % ) e IR E I N 0 e R R B O B R N
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AVHRR s (1 R AR I BRI 3 7 vk GREZE ST,
1995; Syt Mae ¥, 1998).
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1978 4711 whid JBR 5 A IR TP 1 v [
AR W MO g e (BEPREE 4, 1999)
B 5 0 R SR Rk, & R TR\ H )
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W72 5T, F8 00 TIE B Y AR bR 9 1 <2 95 TR
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AR R A, R R T T 2
PG B AR BRI R (BB ik, 19925
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B b N FH T A 7 SE B, U0 1989 A —1991 4F K% %
WA~ 3 MOl Ry A8 LA J SR IX ke AR T K TR
MHFAE Bk, HH Landsat TM 32 JE 5242 55 Hb 1A
AR IPRGS G R, BE TN FRR G
L, I X AR L RN AR M R A R R LA
W)y v A H At T A R R R SR EAT T A AR R R
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ONE” JRHIR LR W), 7R R RIS
ANZRHETH SRR, W T ARMOR K
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I U BORWTIT, AL T T A
20 I AR ALK 3 SR K030 9 9 1R R B B R B AR
TR AL T2 S s TR e AR
AN AR T I, I HESL T K28 M RH 2545 1O 2%
Mo B IR &R, BTl 5 AR B9
e . WSO GE BRI R SRR R, iR
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G PG OR (BR/R2= M2 o0, 2004,
2006), Pk TR SARSKIE MRS, 1
InSAR . Ak 19 SAR ZRARAF S H2 U R ANy i I
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2004 AEFF IR Y B MO AR 28 TR EE AT X e
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B A, R 4 OARARTE IR LR 4P T W IX AN
8 AR B A AR TR W DX AT T 2 Sl A W AT
Hro FESLIATE], 58 5 T B AR I B VIR VD N 2L
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232 REGERNAEMIER, RAEESEBREA
BRI % FR AN Bl £R & BE T H AR K R BV AL

“F—T7 (2006 4E—20104F ) 1) 16] () & J 4
SURIAE . MOl 2 8RN L ah B I A 2 i,
MOl AT B PR R, B RO AT L SR
1) B AR R E M LR, WI2BIE T Ak
P ZE A I AR R

2007 4, RAH T 973 3K 3 BhiE B AL
S =SSO, IR T ER AR
P i £ T K0 H IR 22 2 it AR 1 i
RN BTG B, X SAR FEOE TR ik
(LiDAR) ol 12 J8% 17 F i £k e Fn o 2 JF e T
RABESE . FEATIL A ZR I H 3 T30 6 i f s
23 [] 43 ¥ 8 G AR MR ] 1 30 B8 R R P58
W2 FE T, JRUR T LA R S 1m0 09 #1280 o B
LiDAR ARlb B 85T o & B T 3% F 30 6 18 B il
f I AR I = . AR . BRI LAY
HERTE (BB %, 2008; 74 45, 2009;
X S, 2009; YUK AF, 20105 X HE 4%,
2010), 7T HAM LA/ N EBEROL T B P
B TE AU Y (Liu %5, 2011); #2174
A IO FH Hi T AR MO A O . ML SO B S A
BEPIEHOLE A (ICESat GLAS) ¥ 5ot
JBBHE (MERIS, MODIS) 25 225 38 BRI il 1 K
DX ok i S 7 T AR AR A A i (HEBE
&, 2011) . XHARIGAKI T 863 114 “Z i £k
BB BB ESARSHG A RERAR", 25
THRERERAE ORI —WmE, AR A
] oy e B AR MU T Kot LAk . HLER SAR 3 )R A
Weh T Ak SAR 02807 . Wb T SAR ZRAk =
JE 7 o R AR e R R (BRIR2: 45, 2007b;
JA)” %% 4, 2009)

P EFRRHECCEI R ESTE AR
TSR M AR RS, kA2 14404
(FIBIX ., EEET) 8927 DRHIFRE AT . K& B A
TR H AR Al 1) 300 45 A2 AR i BRI BAAE, D7
SAESEL. R T WIE— TR E IR LA
MHE PR ZR, Al T AR B H AR K% Gt
] A AR 4 A R —2 — b — Rk fk . i —ZR—m
ZREMNGEENEARER, RETHETZHE.
20 HER IR BB AR AR . B ML . BRARUCE L AR
WA TR FEBA(E B B2 38

Br. B BEPUIM AL | PO R 2R S P EOR
AR BB IR 25 A W D e S8 R S 25 B IR 55 B
H BN T T 3S BORAY AR TT IR £ 45 e D 4
V55 RGN FRGE, BT AR B IR R |
BORFRGER) — WAL w8 B ZR A R 55
TitH R ARAT 2013 4F R Bk A4

233 BIARMEIRERXEREAR, EMKE R
SENARS TS

“ TR TEIE AR 0 AR . B 2R
TR = G L5015 B 32 1 oh 1 B 8 S T ) 28
SrRT AT T HRAS TR, WIFR TERE
KEHE LI B PRI 2 48" (2011 4F—
2020 4F) S AT B AR o ARAL ST T AT
MO AT LN RIE RS WH, w2 R
gy Mol 38 BV HE R R R (2R oT 45, 2015,
2018), FHOCBHE R 40 B3 poll e Jk iy FH
RERETFHE" 345 T 2018 5 H F Rk 4 — %
(G, 2019).

(1) FRMRTE 5 12 B I O AR BB . “ =
F7OMROE TR ) B A AR R R
LG 973 1R B A KR RS B A A S
BL”, 863 1K “ A BERARARAE Wy ik RO Aty 3 A
MCEREE A", 8631TH] 17 HF% SAR & LRk &
SE SN HRIE”, D AREEIL ST H P
T T R R I AR e 2 e R A LB AR R A 5
I L PR B AR AR A P R I R 2
AR AL T AR YR S A I S S AR )
D5 S T R EE R

1) R T R0 BEHE b P AR 507k &
X 2 38 B A7 7 TN A R0 Tl e L AR B 91 1 1)
HWR AR A, KR T T RARIE 0 S s
XU Tk, SEB T o K AR AR e FR AR 1Y T = 52
BA L, ARG URAR B S AR T P Bt
SAR A% 52 Hu Y 5% W) 7™ 53X — Mol o7 IS0, $2
W TSRS RO AL RN . WAk

R = BB Ak SAR HLIE 4R S R IE Oy
P, TR ALSAR BB, AR (22
HEOCMMRIR 2, 2019), A4 KA 4 KA 7R
WML T A WAL B R 0% S T K
JEk w5 5L i B B A5 5 3R 10T 1 44 B — 4k
JECER IR AR AR P TR A AR AOULI 2 Ao
RS HECE TS, T o E b A S R Gk
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WA (HATIEAEM st # ) WO Ik 2
FIZEAAL A TR (ZR35T0 45, 2019b),

2) PRI T RS BOE e B SO A P e A
T7 ¥k o BT X SE Z 1 3% 38 RO £ S AR 2 1] S T
PEFRAE 5 5RO P A Bl 2 ) 8, AT =
AE AR FOGAE L BB O B Ik TE ) LA
RIZRF], SCEET 38 SR AR A B — 3 2 A 5
RARAL WO R B e e (58 m, R 7k
MRSHOE B AR T BE SR (ZR30T 4%,
2019b); A3EAA . AR FIX I3 AN, -1 T4
2T A BOR Sy BIREOG T A48 AL S B0 T3 55
HWOLT IS RS EOE A E AR, 8 T HI 20K
FeN S DR ENEOF N R O A 1 I o 1 ) [ VAL N
LR E], IS TR AR HE (S B S RS 5
BAMEN JUER” BigfmE, NEs
I FH A ] 2R 901 e JE T3 A2 W 4 BR AR AR A 4 e 3L
TR (ZEHI0 5, 2019b); RACH I3 H
JUAR] G 24 AR ST 1 R X el 1 b 2R K 8 B . B P
AN AT 2E = @ I I WA ST 7/ b o &) b A DI |
R (0 4%, 2019b),

(2) & o Mol 18 825 G v FH IR 551 5 DF 2
WFCT AR I R g7 & KR
LW H “m Aol HRE R, TEff
FH A MOl B R SR [, ST T
Gy PR B N IR 556, WMET S PR
BRI RS, T2 T oMol i H % =
mAErERE S (MaZE, 2015).

1) T 1T 250 i 43 e bRl o8 e Fn s
KA . BB TR RN VDAL 4 Hb s 43
JEORG 20 43 207, BRTE TR B A DX R A A
MR FRE ALK a7 RMRERRE .
b A A BT R L R A e o R S i R A
MBEHY T R o B IR RS 9 0T, #8745 &
rh DM B e o3 B RO R A L W S
HARKER.

2) WEE T o PR Ol R 55 F- B .
Pyt 1 4 A T R RE TR BT = AR 1
oMol I RS & . T aitE . &tk
RETHEA . BHME . REUEA IR SRR, S T
3 SRR I A7 4 P A AR 2 K P S b R s AT
AN TR] V#2055 R 509 A B8 0 U A 52 5 [ 4 B
(Li%, 2014a), BT HALEE 300 77 km? A L i Ji&
BHenae 1, maEMlAT ISR AR e 13 7 5,

3= 15 o3 B i %K 70% .

3) MY R HERE I N R G X
ARG A . W H . FERAE . MOl A AR TR A
ARG E WM AE T 55, KR T il Ak iy & A
7 i A AT S5 G HE A R S5 SRR AL A R, T
SET PR A A TR A AR AR E AR T A Ak B S
A (Li%E, 2014b), FFE T ARMGEIEEA . @i,
Tl . Mok AEZS TR (B3E 45, 2017) FIFRMK
KFEWD S KL BN RS, FET 21 Fibfol &
AR, LT P R AR, AR
TR RN FH T

3 45 iE

F195TAETTAG, AR IR 20 11T 704
(W e e . I 30 4F S Aol 1 SRS A B Be . Ry
SCPE I ZETT R o Ok A ARARTE IR A, i
AREIFEFITEAMN, N7 T s 5 ML T 255
PE A AHZE 5 B AR A BORIR 2R o TERES Y 20 4F
N, VA Landsat TR 2G5 50 3 28 IR, Ak
b 38 G ke T TR R R TT AR B B . AMUE
YA T 0 R PR T 8 A 1) 0 3 SRS R
AR ARG, TR R B R A R AR S
B A= 8004 DY 45 G B BOR ST RS 1 E R
ST, T EL R AR B M B L R
A A ARl 9 T S R R A e
HR T A AR R E R SRR B PR UK S AN ZE
IR 55~F- 6 B TE B B o 8 3k TR AT JE ARl 3
SOV LAt B AE B B R 5 OT AR ST, e
HE T B R R R B PR R R AR 25 M 4
ARARZRBTE R, TEAE T ROl 8 R ER 5 1 R 55
Fha.

24 AR T S TR T R AR A A B
B R el R i . 4% 28 A AR DR AP gt — 4 1L 5%
WARE, ST A AR A S R G AL 100125
HR AR A 1T 240, TR T E,
T XS B 2EK . BT 55, MOl FRE SRR T 132 T 4
BlMRO 5 v i R . A TR IS AR K E Y
AR 28, Xt R ARl R R T A A A
THREOR A JEARERRT IR PE R KB |
N TR RSB —NHT R R EOR LR B,
bk e o ARl I RE JEAZ Ol 55 ) TR BE A
B AR B T AR SE PR AT oK, A R pR Ol i
TSV )R, g ) DA AR S ORI AR Bl 1B 52
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NEEA MR E A I PP ORI,
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222 XLk (References)

Bai L N and Li Z Y. 1995. Preliminary research of expert system for
forest type classification of ERS - 1 SAR image. Remote Sensing
Technology and Application, 10(2): 69-72 (1 22 if, Z= 4% 5¢ .
1995. ERS—1 SAR KR BRI 73 I & R A G R . i
AR 5 R, 102): 69-72) [DOI: 10.11873/j.issn. 1004-0323.
1995.2.69]

Chen E X and Li Z Y. 2004. Study on ENVISAT ASAR image geoloca-
tion method. Journal of Image and Graphics, 9(8): 991-996 (B4 /K 2%,
ZEI J0 . 2004, ENVISAT ASAR 5% {5 i 345 37 Jy k. oyl Pl 42
JE I 248, 9(8): 991-996) [DOL: 10.3969/j.issn. 1006-8961.2004.
08.017]

Chen E X and Li Z Y. 2006. The algorithm for direct geo location of
space borne SAR imagery based on slant angle coordinate trans-
formation. Chinese High Technology Letters, 16(10): 1082-1086
(BRIR 2%, ZE88 0 . 2006, H T34 AL i AR 728 0 i L4 SAR 4%
AL L BRI, 16(10): 1082-1086) [DOI: 10.3321/.
issn:1002-0470.2006.10.020]

Chen E X, Li Z Y, Pang Y and Tian X. 2007b. Polarimetric synthetic
aperture radar interferometry based mean tree height extraction
technique. Scientia Silvae Sinicae, 43(4): 66-70 (Bfi/RK %, 2=HIC,
VEGE, HWT . 2007b. BT AL G lALAR 7R 2519 I Sk 1) 1 2340
R A . MR, 43(4): 66-70) [DOI: 10.3321/j.issn:1001-
7488.2007.04.011]

Chen E X, Li ZY, Tan B X, Liang Y Z and Zhang Z L. 2007a. Valida-
tion of statistic based forest types classification methods using hy-
perspectral data. Scientia Silvae Sinicae, 43(1): 84-89 (% /K 2%,
ZEHGC, RN, TR AR, SR . 2007a. G A AR bR S Y
Gt 7 vk LRSI A . MRl R, 43(1): 84-89) [DOIL: 10.
3321/j.issn:1001-7488.2007.01.014]

Cheng H Z, Liu X T, Pang Z H, Yu R A and Zhao Q K. 1992. Disaster
division of dendrolimus superans butler with aid of space remote
sensing technology. Journal of Northeast Forestry University, 20
(5): 25-32 (R, Rt I, SESE A, T Hise, gAML, 1992 HiLK
TR O AL T RS T B T DX o N ST AR Ml R 2
24, 20(5): 25-32)

Dai C D. 1992. Detecting vegetation damage by remote sensing. Jour-
nal of Natural Disasters, 1(2): 40-46 (3 5 ik . 1992. FH# 9w H %
B R . F AR K E A, 1(2): 40-46)

Ding S C. 1995. Reviews and prospects on Sichuan forest aerial ap-
ping and forestry remote sensing (to be continued). Sichuan For-
estry Exploration and Design, (4): 11-15 (T & . 1995. PUJil #
AT FIAROL 38 S [l o5t 5 R B (1), a1 AR BT, (4): 11-15)

Fan F Y, Chen E X, Liu Q W, Pang Y, Li S M and Zhao F. 2010. Forest

mean height extraction based on the low-density airborne LiDAR
and CCD data. Forest Research, 23(2): 151-156 (YL Rl zx, FRIK 2%,
XUV RE, Ve B, A=t 0, B0 . 2010, 6 TR R B HLAL LIDAR Al
CCD 45 1 M43 V- ¥ s $E B . MOl Bl 220 5%, 23(2): 151-156)
[DOTI: 10.13275/j.cnki.lykxyj.2010.02.016]

Feng Y M, Li Z Y and Deng G. 2007. Quantitative estimation for for-
est stand crown of different stand densities by remote sensing. Sci-
entia Silvae Sinicae, 43(1): 90-94 (15 W, 424450, XBJ . 2007.
AN TR) %5 P A H3 e s 14) de JBOE H A T L MOl B2, 43(1): 90-94)
[DOI: 10.3321/j.issn:1001-7488.2007.01.015]

Feng Y M, Li Z'Y and Zhang X. 2006. Estimating forest stand crown
based on high spatial resolution image. Scientia Silvae Sinicae, 42
(5): 110-113 (15 B, 24450, 5K . 2006. H6T 525 (0] 73 BEAE 52
QPRSI AG T Mol B4, 42(5): 110-113) [DOT: 10.11707/
j.1001-7488.20060520]

He Q S, Chen E X, Cao C X, Liu Q W and Pang Y. 2009. A study of
forest parameters mapping technique using airborne LIDAR data.
Advances in Earth Science, 24(7): 748-755 (fil # ff, /K 2%,
WA, XITEIE, PE5S . 2009. 26T LIDAR $¥li i AR AR S 4R
IFEEWFSY . HBBR Bl U2, 24(7): 748-755) [DOL: 10.3321/j.issn:
1001-8166.2009.07.008]

Ji P, Yi H R and Bai L N. 1993. Artificial Neural Network to Identify
Abnormally High Temperature Points in NOAA Data. The Progress
of Monitoring and Evaluation of Natural Disasters by Remote
Sensing. Beijing: Science and Technology Press: 48-52 (42 -,
it A, IR . 1993, A T AR 4 M 4511 5 NOAA $¥fi 5% =i
T B 0 — T K AR O R B I 5 A I b
FHFHOAR i 48-52)

Li F, Ma 'Y, Zhang X, Yu X W, Feng P F and Zhang M B. 2014b. Re-
search and design of a forest management mobile service cloud
platform for the natural forest protection project//Proceedings of
2014 International Conference on Future Communication Tech-
nology and Engineering. Shenzhen: Science and Engineering Re-
search Center

LiF, MaY, Zhang X, Zhang M B, Yu X W and Feng P F. 2014a. Intelli-
gent management platform of forestry based on LBS cloud servic-
es//Proceedings of 2014 International Conference on Environmen-
tal Engineering and Computer Application. Hong Kong, China:
Science and Engineering Research Center

Li LY. 1991. Application and development of remote sensing technolo-
gy in forestry. Remote Sensing of Environment China, 6(3): 191-
194 (Z=E1 T . 1991, Mol 32 R I IR 5 18 AR & e vl
IRETIER, 6(3): 191-194)

Li X W, Guo H D, Li Z and Wang C L. 2005. Method study of vegeta-
tion height estimation using SIR-C dual frequency polarimetric
SAR interferometry data. Chinese High Technology Letters, 15
(7): 79-84 (Z5Fr ik, SRAEAR, 252, FR A, 2005. ] SIR-C i K
TRALRUIR AL T 9 B IR Al AR A B PR ROR
iH, 15(7): 79-84) [DOL: 10.3321/j.issn:1002-0470.2005.07.016]

Li Z X. 1990. Retrospect and prospect of forestry remote sensing. Yun-
nan Forest Investigation. Forest Inventory and Planning, (2): 35-

36 (A2 . 1990. Froll 12 B AY [0 )65 5 g B . 2 pe bl 9 A L



ZEIETTHIBRIR A« P ROl 8 Bk i i A 299

X, (2): 35-36)

LiZ Y, Che X J, Liu M, Bai L N and Tan B X. 1994. Preliminary re-
search on the application of ERS - 1 SAR in forest. Forest Re-
search, 7(6): 692-696 (ZFH4 T, A2, X, 11 AR UH0, RN 7 .
1994. ERS-1SAR AR AR HIWFTEHIAR . Ml BEA 85T, 7(6):
692-696)

Li ZY and Chen E X. 2019. Technology and Method of Forest Parame-
ters Inversion by Synthetic Aperture Radar. Beijing: Science
Press: 61-65 (FHIIT, BR/R . 2019, A AL TR RS HUL
AR 577k b st Bl ik 61-65)

LiZY, Chen E X, Gao Z H, Qin X L, Wu H G and Xia C Z. 2013. Cur-
rent development status and proposals for national forest remote
sensing techniques and applications. Bulletin of Chinese Acade-
my of Sciences, 28: 132-144 (A1 IT, MRIR %, = &, FACHK,
SRELHE, H1oR . 2013, v [l AR 5 0T A R SR A
B E R 2EBE BE T, 28: 132-144) [DOIL: 10.3969/j.issn. 1000-
3045.2013.201.016]

Li ZY, Gao Z H, Li F, Wu H G, Zhang X, Chen E X, Zhang H Q, Qin
X L and Xia C Z. 2015. Construction and application of high-reso-
lution forestry remote sensing application demonstration system.
Satellite Application, (3): 25-30 (Z=H4 T, &M, 250, IRALHL,
SKIE, BRIk, sV, BAEAR, Bl . 2015, @ Aol i g n
MR R SRRV S R . TLR R, (3): 25-30)

LiZY, Liu Q H, Yan G J, Wang J D, Niu Z, Jiang L M and Chen E X.
2019b. Quantitative Remote Sensing Model and Inversion of
Complex Surface. Beijing: Science Press (2514 ¢, MI4K Kk, @) %k,
R, A M, BRIRA . 20190, 5 24 3R € fiE R AR Y
SR deat: BRIk

Li Z Y, Pang Y and Chen E X. 2003. Regional forest mapping using
ERS SAR interferometric technology. Geography and Geo-infor-
mation Science, 19(4): 66-70 (Z=H4 T, JE 5, B /K% . 2003. ERS
SAR T35 H A T DR BE 2R FIRIT 52 . 25 A
B, 19(4): 66-70) [DOI: 10.3969/j.issn.1672-0504.2003.04.017]

LiZY, Qin X L, Gao Z H, Deng G and Chen E X. 2018. Research on
forestry application of high resolution remote sensing. Satellite
Application, (11): 61-65 (21470, BAEM, @&, X, MR
5. 2018, i 433 OO N B SE . TLR WA, (11): 61-65)
[DOTI: 10.3969/j.issn.1674-9030.2018.11.015]

Lin H, Ning X B and Lii Y. 2004. Compiling the standing volume table
of Chinese fir based on the high-resolution satellite image. Scien-
tia Silvae Sinicae, 40(4): 33-39 (FRHE, THEIE, B 5. 2004, FF
AR TR R M S AR BRI G MOl 22, 40(4): 33-
39) [DOLI: 10.11707/j.1001-7488.20040406]

Lin H, Tong X D and Huang Z Y. 2002. A review on remote sensing's
application, puzzle and prospect in forestry. Remote Sensing In-
formation, (1): 39-43, 51 (PkHF, 22 W £, B0 L. 2002, i@ E&H AR
FEF [ bRoll T i BT 5 B 3B JRE B, (1): 39-43, 51) [DOL:
10.3969/j.issn.1000-3177.2002.01.009]

LiuLJ,Pang Y, Fan WY, Li ZY and Li M Z. 2011. Integration of air-
borne hyperspectral CASI and SASI data for tree species mapping
in the boreal forest, China. Remote Sensing Technology and Ap-
plication, 26(2): 129-136 (XN IR, JETE, yu3C X, =380, 40 .

2011, S L CASIHI SAST = il il i AL 7 ZRAR A i T 4]
WFFE . 18 S AR 5 0, 26(2): 129-136) [DOI: 10.11873/j.issn.
1004-0323.1994.4.61]

LiuQ W, LiZY, Chen E X, Pang Y, Li S M and Tian X. 2011. Feature
analysis of LIDAR waveforms from forest canopies. Science China
Earth Sciences, 54(8): 1206-1214 [DOI: 10.1007/s11430-011-
4212-3]

Liu Q W, Li Z Y, Chen E X, Pang Y, Tian X and Cao C X. 2010. Esti-
mating biomass of individual trees using point cloud data of air-
borne. Chinese High Technology Letters, 20(7): 765-770 (X1} T,
AT, BROReE, e B, MU, B . 2010. HLEK LIDAR & = %K
Al I B RR A A Wy R TE IR, 20(7): 765-770) [DOL: 10.
3772/j.issn.1002-0470.2010.07.019]

Liu X S, Huang J W and Ju H B. 2010. Research progress in the meth-
ods and applications of individual tree crown's automatic extrac-
tion by high spatial resolution remote sensing. Journal of Zhejiang
Forestry College, 27(1): 126-133 (X1 I X, #{ 2 3¢, #9 ik ik .
2010. 13575 [ 43 PEAIE A SRR E H 307 2% 5 8T . 8
VLR BE 223, 27(1): 126-133) [DOIL: 10.3969/j.issn.2095-0756.
2010.01.021]

Ma A P. 2019. “Arme” forestry with modern high-resolution remote
sensing technology. China Rural Science and Technology, (1): 38-
40 (S F-. 2019, FHBUCAL R 7038 B AR B "Ml . H A
KR, (1): 38-40)

MaY, Li F, Zhang X and Zhang M B. 2015. The design and implemen-
tation of a forestry cloud service platform//Proceedings of Interna-
tional Conference on Computer Science and Systems Engineer-
ing. Hong Kong, China: [s.n.]: 371-378

Mo Q, Chen Z B, Xie S Q, Chen M J and Xia C Z. 2017. Developing a
system for monitoring high resolution forestry ecological projects.
Journal of Zhejiang Agriculture and Forestry University, 34(4):
737-742 (BEEE, WRAETA, L5, BRUIE, Bt 2017 S0t
MO A S TR I R SRR 5 N . TR R = 24, 34
(4): 737-742) [DOI: 10.11833/1.issn.2095-0756.2017.04.021]

Pang Y, Huang K B, Li Z Y, Qin X L and Chen E X. 2011. Forest
aboveground biomass analysis using remote sensing in the greater
Mekong subregion. Resources Science, 33(10): 1863-1869 (JE 5,
BSOhR, T, FUAEAK, BRARAE . 2010, B TR IR YA AT UK
AR A i A BT . SRR, 33(10): 1863-1869)

Pang Y, Sun G Q and Li Z Y. 2006a. Large footprint lidar waveform
modelling of forest spatial patterns. Journal of Remote Sensing, 10
(1):97-103 (JE 5, FMETE, 25HETT . 2006a. FrAS IS R X IO
B TR K I A B2 i B . 38 B2A IR, 10(1): 97-103) [DOLI:
10.11834/jrs.20060115]

Pang Y, Yu X F, Li Z Y, Sun G Q, Chen E X and Tan B X. 2006b.
Waveform length extraction from ICEsat GLAS data and forest
application analysis. Scientia Silvae Sinicae, 42(7): 137-140 (JE
9, TAE05, B0, IMEG, MoK, IRNAE . 2006b. B O
IR WI KSR ML SIS J1 70 . Molk B, 42(7): 137-
140) [DOI: 10.3321/j.issn:1001-7488.2006.07.024]

Pang Y, Zhao F, Li Z 'Y, Zhou S F, Deng G, Liu Q W and Chen E X.

2008. Forest height inversion using airborne lidar technology.



300 National Remote Sensing Bulletin i & 54k 2021, 25(1)

Journal of remote sensing, 12(1): 152-158 (JE 5, #X 0%, 2=,
JEIBUS, AB), XU IE, BRI . 2008, HLEHOE B k-0 e £
BCRFST . 3% 4, 2008, 12(1): 152-158) [DOI: 10.11834/jrs.
200801200]

Qin X L, Li ZY and Yi H R. 2005. Extraction method of tree crown us-
ing high-resolution satellite image. Remote Sensing Technology
and Application, 20(2): 228-232 (AL Hk, 22840, By ik . 2005.
195 23 (0] 73 B TR IR IS R W 5 SR O I BT SY . IS AR
55 A, 20(2): 228-232) [DOI: 10.3969/j. issn. 1004-0323.2005.
02.003]

Sun S H. 2000. China’ s forestry remote sensing in the new century.
Satellite Application, 8(2): 43-45, 50 (F) 4 . 2000. 3 #EH {40
YT E Mol % . TR, 8(2): 43-45, 50)

Sun X and Tan B X. 2012. A study of estimating method for forest LAI
using hyperspectral remote sensing. Journal of Chinese Urban
Forestry, 10(4): 1-4 (PMBE, TR . 2012, 15 61 12 2R AR Ak - 1
FRUSE B I 77 $L 005 . b [ ki BRIk, 10(4): 1-4) [DOL: 10.
3969/j.issn.1672-4925.2012.04.002]

Tan B X, Li Z 'Y, Chen E X and Pang Y. 2005. Preprocessing of EO-1
hyperion hyperspectral data. Remote Sensing Information, (6): 36-
41 (BYE A, 220400, MR, JEJS . 2005. EO-1 Hyperion &t 1%
B AL . 3B IERAE B, (6): 36-41) [DOIL: 10.3969/j.issn.1000-
3177.2005.06.010]

Tan B X, Li ZY, Chen E X, Pang Y and Lei Y C. 2006. Estimating for-
est crown closure using Hyperion hyperspectral data. Journal of
Beijing Forestry University, 28(3): 95-101 (EAKE &, 254470, FR/R 4,
BB, TRUHA . 2006. Hyperion 25 1% B4k 2% ARAR AT FE 22 B Ak
BEFT . AL E MO K 2724412, 28(3): 95-101) [DOI: 10.3321/j.issn:
1000-1522.2006.03.017]

Tong Q X, Tang C and Li H G. 1999. A creative action: the second ex-
periment of Teng Chong aerial remote sensing. Geo-Information
Science, 1(1): 67-75 (A=, )11, il s . 1999. 15 v fiip 25 &
AR IR B 8 . s ERTS BRLE, 1(1): 67-75) [DOL: 10.3969/j.
issn.1560-8999.1999.01.017]

Tong Q X, Zheng L F, Wang J N, Wang X J, Dong W D, Hu Y M and
Dang S X. 1997. Study on imaging spectrometer remote sensing
information for wetland vegetation. Journal of Remote Sensing, 1
(1): 50-57 (HEPAE, M2 0%, EIAE, Fm %, # IL7R, H1E W,
SENGAT . 1997, M AE H R RO 8 B I TT . 1R, 1(1):
50-57) [DOI: 10.11834/jrs.19970108]

WuCZ,FengYM, ShuQ T, LiZY, Wu H G and Che T T. 2011. De-
signing and realizing the forestry sub-compartment remote sens-
ing division system based on high-spatial resolution images. Jour-
nal of Zhejiang Forestry College, 28(1): 40-45 (R 44+, 1535 W1,
EFUEAS, 2R00C, IRELHL, W05 . 2011, 22T mas M PR R
AR /N HETE S DRI SR GRS 5 92 B WA PR 272741, 28
(1): 40-45) [DOI: 10.3969/j.issn.2095-0756.2011.01.007]

Wu H G. 1995. Application of satellite remote sensing technology in
the assessment of forest damage. World Forestry Research, 8(2):
24-29 (BRATEL. 1995. T8 A 38 SRR EE A TE AR A Ha 3 Wl v i g
AL RO ASE, 8(2): 24-29)

Wu J'Y and Ni J. 1995. Spectral characteristics of the pine leaves dam-

aged by pine moth and a model for detecting the damage early.
Journal of Remote Sensing, 10(4): 250-258 (5= 4k /%, fiifid . 1995.
AT UG BOE I R A S R R RN B 1B I, 10
(4): 250-258) [DOI: 10.11834/jrs.1995034]

Xiong Y Q and Wu J P. 2007. Tree-crown area detection algorithm for
high spatial resolution remote-sensing image. Geography and
GEO-Information Science, 23(6): 30-33 (AE#KHE, SR (e . 2007.
H T PR B I R AR I AR IO B . S A
Bl£, 23(6): 30-33) [DOI: 10.3969/j.issn.1672-0504.2007.06.007]

Xu G H. 1994. Application and prospect on remote sensing and re-
sources and environment information system. Remote Sensing of
Environment China, 19(4): 241-246 (fR &4 . 1994. i % 55 ¢ I5i
B B RGN S R . SRR, 19(4): 241-246) [DOI: 10.
11834/jrs.1994033]

Yang C J, Chen D Q and Wei Y M. 1999. Application of remote sens-
ing and GIS in monitoring and management of forest disease and
insect damage. Journal of Catastrophology, 14(1): 6-10 (4% 17 %k,
WRAETE, BN . 1999. 32 /8N GIS 75 ARMs HU 3 WA 2 h
NI KA, 14(1): 6-10)

Yang X G, Fan W Y and Yu Y. 2010. Leaf chlorophyll content retrieval
from hyperspectral remote sensing images. Journal of Northeast
Forestry University, 38(6): 123-124, 135 (iI)6, Ju 3¢ X, T-%i.
2010. 5T Hyperion £ 19 ZR bR 4 2 2 5 S it . AR pfoll K
2 of 4, 38(6): 123-124, 135) [DOL: 10.3969/j. issn. 1000-5382.
2010.06.041]

Yi H R, Bai L N and Ji P. 1994. Research method for remote sensing
image processing using expert system. Forest Research, 7(1): 13-
19 (B, VB, 22°F- . 1994, LR ARG TR ERAL B
5T MOl BHESE, 7(1): 13-19)

Yi H R and Ji P. 1998. The methods of evaluating burned area of forest
fire by using remote sensing. Remote Sensing Technology and Ap-
plication, 13(2): 10-14 (%535, 40°F . 1998, FRbkad K miAH i i
JEIM 7k | @ R R 5 %, 13(2): 10-14) [DOI: 10.11873/.
issn.1004-0323.1998.2.10]

Zeng Q W and Wu H G. 2009. Development of hyperspectral remote
sensing application in forest species identification. Forest Re-
sources Management, (5): 109-114 (% B, ®ZLHL . 2009. #£F
1o 1 T T SR AR 1 AR RS A R ) AF 5 R R MMl B A L
(5): 109-114) [DOL: 10.3969/.issn.1002-6622.2009.05.023]

Zhang B. 1996. Application of remote sensing technology on research
of the wetland in China. Remote Sensing Technology and Applica-
tion, 11(1): 67-71 (3KH1 . 1996. 32 B A 7 o [ W M A 5% o (1)
N LR R 5 %, 11(1): 67-71) [DOI: 10.11873/j. issn.
1004-0323.1996.1.67]

Zhang G L, Feng Y M, JiaJ H, Wu H G and Li Z Y. 2010. Technology
study in division of forest resources based on the high-spatial res-
olution remote sensing images. Remote Sensing Technology and
Application, 25(1): 132-137 (5K K JE, ¥ 25 W, 57t 4E, aRar i,
AT, 2001, ZET B 2 I HERSER B/ N B RIBARBIESY . 38
T AR5 R, 25(1): 132-137) [DOL: 10.11873/j.issn.1004-0323.
2010.1.132]

Zhang H. 2002. D-InSAR and PolInSAR: Methods and Applications.



ZEIETTHIBRIR A« P ROl 8 Bk i i A 301

Beijing: Graduate School of Chinese Academy of Sciences: 60-
114 (3K4L . 2002. D-InSAR 5 PolInSAR #4751 K v IS . AL 5t
rh R B T A B G RN B ST ) 60-114)

Zhang S Q. 2002. Introduction to China wetland science database. Sci-
entia Geographica Sinica, 22(2): 189 (FK#} ¥ . 2002. H [E 92 i B}
SERAEFERTAY . MR, 22(2): 189)

Zhang Y X. 2008. Study on Updating Technology of Forest Phase Dia-
gram Based on Spot Data. Beijing: China Forestry Press (5K /& & .
2008. K& T SPOT it it AR MMAH P BT ARBESE . Jb5t: o
Holl H L)

Zhang Y X and Wang Z X. 2007. Research on Application of Remote
Sensing Technology in Forest Resources Inventory. Beijing: China
Forestry Press: 16-21 (FK 452, EHUME. 2007, 3@ B4 AR TE R
BRI A RIS . bt B E RO R 16-21)

Zhao F, Pang Y, Li Z Y, Zhang H Q, Feng W and Liu Q W. 2009. Ex-

WFFEHENL . RlL AR, (4): 25-27) [DOI: 10.13456/j.cnki.lykt.
1983.04.007]

Zhao X W. 1995. Monitoring and Assessment of Remote Sensing on
Forest Fire. Beijing: China Forestry Press: 1-11 (X %€ 3. 1995. #
MK IR A IEA . AL MOl R 1-11)

Zhou G Y, Xiong T, Zhang W J and Yang J. 2009. Forest height mea-
surements based on polarimetric SAR interferometry. Journal of
Tsinghua University (Science and Technology), 49(4): 510-513
A 2%, Bev, s TR, Bl . 2009, JFH AL+ 3 SARBHE 11
B e S 7 1 W R OR A S AR (A SR B2 R, 49(4): 510-513)
[DOI: 10.16511/j.cnki.qghdxxb.2009.04.016]

Zhu Z D. 1984. The principles and methods for compilling the map of
desertification of China. Journal of Desert Research, 4(1): 3-15
(RAZIK . 1984, SCT Ve Ak b e 4 il 1) J 000 55 5 3k . vy [l Tt
4(1): 3-15)

traction of individual tree height using a combination of aerial dig- Zhu Z D. 1989. Desertification and Its Control in China. Beijing: Sci-
ence Press: 18-86 (AiE 1A . 1989, H1[E Ay Vb Bk I HyG #E . Jbat:
Bl AL 18-86)

Zhu Z D and Liu S. 1984. The concept of desertification and the differ-

ital camera imagery and LiDAR. Scientia Silvae Sinicae, 45(10):
81-87 (A, PESR, Z=H 0, SRS, 46, XINTAE . 2009. HLEHH
T T R 28 B SR B A 3 SR . Ml B2, 45(10): 81-
87) [DOI: 10.3321/.issn:1001-7488.2009.10.014] entiation of its development. Journal of Desert Research, 4(3): 2-8
R, XA . 1984, STV AL 8 B JHC S JR 88 B2 S
FE TR, 4(3): 2-8)

Zhao X W. 1983. Application of remote sensing in forestry. Forest Sci-
ence and Technology, (4): 25-27 (B4 2 3C. 1983. Mollig & 5

Development course of forestry remote sensing in China
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Abstract: According to the progressing characteristics of research project achievements and industry applications of forestry remote
sensing, the development course of China’ s forestry remote sensing in the past 70 years (1951—2020) is divided into three periods and
reviewed. 1951—1980 was the phase of remote sensing application by visual interpretation based on aerial photo. During this phase, China
has established forest inventory technology system combining aerial photography and comprehensive ground survey. 1981—2000 was the
pioneering and innovative developing phase of satellite remote sensing. For the first time, the satellite remote sensing digital image
processing system for forest resource inventory was developed, and some major breakthroughs were made in key technical fields such as
renewable resource inventory, series thematic map production, and ecological benefit evaluation using remote sensing. Meanwhile, the
application fields have been expanded to the remote sensing inventory and monitoring fields of wetland resources, desertification and
desertification land, forestry disasters, etc. 2001—2020 is the phase of rapid development of quantitative remote sensing and initiative
construction of comprehensive application service platform. Through in-depth research on the basic theory of forestry remote sensing
application and quantitative remote sensing technology, China has promoted the rapid development of quantitative remote sensing
technology and designed a comprehensive forestry monitoring technology system, and established a comprehensive forestry remote sensing
application service platform. In the end, we put forwards some suggestions for the future development of scientific research and application
of forestry remote sensing, in order to meet the new requirements and tasks faced by the forestry and grassland sectors in a new era.

Key words: China, forestry remote sensing, development course, three periods, high resolution remote sensing



