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Fig. 1 Yearly literature count and citation count related to AGB estimation using RS data
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At T 1 AR AR S R G AL IR KA B,

FERE Ry WL 5 4 BR A A2 A s 2% LR B AR bR
P55 PR T SE (Y SCHE R . 7E 2008 4E T, 48K
B4R ) &= B0 4F ( Kindermann 45, 2008 ; Ruesch Fl
Gibbs ,2008 ) KAREHE T2 BRIV MY 73 21K, 45 1 B
— AR EM AR AR EES X EAE
Y R, AR A MR E KR T 2R
DI LR Y B Bl i SO A R (R 1) .

F1 Xig/£TkFikit EEYEMEHEE~m
Table 1 Regional/global AGB and carbon stock product

X J5k SRR Skt E 0 A B/ A E EE PN
LRI 1 km 2000 GLAS MODIS . SRTM ,QSCAT 1 Hh [fii 442 +30% . +38% (Saatchi % ,2011)
LBk 500 m 2010 GLAS MODIS i1 b [ %5 it £21% ( Baccini % ,2012)
. R =0.82 A
[l 1 km 2003 GLAS MODIS 1 b i 545 (Baccini % ,2008)
RMSE =0.0505 t/ha
NFI 52 ] %% 4% . MODIS | X £ % 3 . CLC2000 % 5 r=0.97
B 500 m 2000 ( Gallaun % ,2010)
F1 VCF RMSE =32 m®/ha
. . LiDAR ( GLAS, LiteMapper-5600 ) , Envisat/MERIS
PNV N N r=0.7 .
300 m 2006 SRTM i i $548 .GLC2005 . WWF 4> 5k A 75 X BUHE Fn (PEF 4 ,2011)
R X 45, o N error =34 t/ha
T R
GLAS MODIS  TM/ETM + ,PALSAR FIMb T ZRARJH A - 1.82% ., -4.59%
AL 500 m  2000—2006 (fh22 R ,2008)
B —24.41% 14.67%
MODIS \NLCD M JE £ 4 \ A (4F) K4 080 Fn 3L Al %l
*H 250 m 2001 N 7 r=0.920.31 ( Blackard % ,2008)
ifER
ETM + .InSAR(SRTM) .FIA #t#% . NLCD2001 FiI NED r=0.7
PEs| 240 m 2000 § (Kellndorfer %5 ,2013)
B 24 € MSE =139 v/ha
v [ 500 m 2006 GLAS \MODIS FIZR AR 58 A 5 R =0.727 (hih ,2011)

T GLC : A BR 1 A 557 i 5 NFL: [6] 52 2R PR £ s ; VCEF - MODIS A9l 35 7 i s NLCD - 4 [ - M 28 RUBOHR AR 5 FIA  ZRAR A £ 3 A B9 5
NED: USGS F a8l K BE RN 5 R M R r WARSCR B 1 M B R HIXT R 22 ; RMSE 3R/R By iR 22 ; MSE 3278 5 22 error F7R8

BRI K2 X 1R 22
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F[E Woods Hole W57 i Baccini 28 1) FH &2 2504
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T SIS , R FH [0 5 e SRS 1) 5 3 1 Uk R it 1 I
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YR ANTREE R +£30% , M B iRhE RAL AR 25 N
+38% , Gallaun 55 A (2010) 3155 17 #& A4S R 9 2k
ME R, RT3 B A o SRl it i, S XA
I PR, g A K ST AV B 57 A 3 R 22 ) AH G R
$rr=0.97, ¥ MRIRE N 32 m*/ha, o E MR
2EBe e B8 AE N (2011) 56T BLATL L Bl [R] 003000 25 4k , )
FH Cubist PR 7k a7 T RIBA TR X I A4
AR | 2L 55 AR L AR A T Y A
TR 4 %15 25 0 34 v/ha MHOC R r=0. 7,4
A DX SR ARARAE P i B R 62. 72 AL, 5 5 5 HK
A ERRE MRl A 21 2010 4F % A (0 ARl 5 U8 DAk
e (FA02010 ) “F ¥ 22 % Ky 13.3% , i} & R
(2008 ) Xif A< Jb 7. Ml DX 6 4 T b FR A7 BN [ AY 4 0
MR 5 A= ) FUIAEL R T FE 3, AU R 2422 18 H:
ARV R 5 L b0 b X AR ) SR A A5 AH X AR fh
BN ALK = 1.82% F1 —4.59% ;5 1 #8 X I8k 5 7K ] Al
B FE R T M XY AE AR AR R, g il A
—24.41% F114.67% . AU T A=W 18 4y
e, 2 4 A o [ XA AGB 4351 3.65 x 107 t
F11.11 x10° t, Blackard 28 A (2008 ) FI] FH g 55 b4 J7
P T S A W g A R AU A OC R AR
i 224511 0. 92 [ 3w J7 HiIX 1Y 0. 31, 75 #R b
DX B 2R 0 1 XK vy o e b [ A ) o R —
A BT Rl it 0 A R o R T R 2 AR A5 A
SV IRy 18.08 Pg C, ik 2 B4 1 Ml b A= W) i ik
fifite >k 53.4 Mg C, Kellndorfer 58 A (2013 ) ) A 4
HJEAZHE . Landsat ETM + F1 InSAR 338 5 v &
B9 LT 38 AR MR A 2 Bl FIA RS A
B Y i A C R B r =0.7, 3477258 139 t/ha,
WA (201 1) A58 T 2 v [ A b b A= i, X 45 SR
S A5 X8 T B A8 A7 B X R L 3 A4S D T
AT T F, Al B85 SR SR ARSI X LY R =
0.727 , Hi  RALFIPERG L IX R® 355 0.8 DL L,
AL IR R H X R® 4350124 0. 578 F10.433,

HH AT L, B A K XA ) s R FH ) 2
Z VR LR O B R B O 2R BUE RN R 2
P&, Ho B O R 08 B TR DR O 2
SR, R TARKIMEM. Wk sE, L
PR AR AE S AL I 25071, 75 22 K 1 b
A 2 5. MRS BE R, AR TFAN ik A
[F) AHE 53 iR 22200 2% —40% .,

3 T HEIRMS B TTE—Z00
S|

TEARXS T 2Bk DL R E 5 B /NIFFE XN, R
FHEA—Bds I, a3t 8 TR AU O E
INBAEARAA KE B TAE, T ol /4
3.1 #HEhSeFiE BHR

TER A2 18 B AR A TR Wy i AT b,
JH 3% B R 5 NOAA/AVHRR , MODIS | Landsat
TM/ETM + ., SPOT. QuickBird, WorldView LI K
ALOS/PRISM 4, H i ) FH-5A— 2712 SRS s S 1
AMRAE Y 22 R I Ge i Il 0 7 12, RV 5 i 8%
BATRBNAE B S B B B AR 20 09 AR ) &
HENT G AR, T A B A S A X A )
ety ALK L L EPS e S CUR AR E R U
TR LAL WSO R 208 55 APAR DL 1%
ASARAR R 1% o4, 8 o0 PR ARG 7T DL SE 4 A
SUPRRRIE S W T 20 Y AR MR SR S, AR | 1
i PSS A K b T A7 A5 S0 84k T P AR A A 1
L NS N 0 N~ S VAL TR = Ry & = T
HI DSM ( Digital Surface Model) FIJG AML & S L%
B s BIRTE AR ) B A I P LA R H

SRAEAE AT U (1999) # ] AVHRR 2155
BrAEESE 1O A PR 20 LAL FI APAR &% 2502
] R OC 2, HE T AG L A Py i A AR, SRR 45 A
(2002) FIJ ] T™M SZARFNAE T3 W A 5cdhe , 70 1 8248
B M AR M 20 5 KA v s 05 M BRI A
OGN, G 1t B PR, 3 i) A T P RRORI A bR
ARG A SRR A | T 6600 G K% B b X 17
AR Wy B AR AR 5 B . Tan 25 A (2007) #1) ]
18 AE [ 4E NDVI S5 AR V-8 5 SN A ) d ST
TR KR AT R® =0.56, 3B RER T fE
g SRS I B A AR B AR E O, 18] LA 2o S
ARG, G2 BG40 BT A A A, R U 22 11 3 S
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T TR AN AE A (2004) 5T ETM (1) 1—5 P B LA
KT BB s — o i, DL SRR AR e 1)
FEVE LR J HER M A T — AR Bl B TDVI
(AR &L TRVI, 2053 % 5 L As £ 1/ETM3
SRR AR A ) A S PR B SR (r = 0. 878) . 4 4F
HEAE N (2004) F] FH 2 7 7 UM 2N #4 9 AR ) A= 4
5 T BR 28 AR 0 AS 2 A 22 B VSRR,
RO 5 1—5 32 40 LA AR 1 48 £ 18] 9 AH
KAEVAT T 47 o

PRI 2 3 [ PR % ) T B AR v 2 R) 43
R SRS AG 1 N (5 3 T SCHLRRAE (1) A ) 12 Ak B
WA ATRE. ZEHARFSE A (2006 ) FFH SPOTS HRG 52
16, AT T AR AE AR Jote A g B E R B, 45 5
5% DX I AR 1E X A () B bR 2 Y 47 28 ) o A B A
T 5 00 IE , 25 SR R /D B SO RRAE i ¥ {8 iy
EHEAY EANE B Z AWM, Ouma Fl1 Tateishi
(2006 ) FEF K B e Az 0 [ 2 T 2 A AU $ B e 2
FHIE, 8% & QuickBird 5244 193 £1 40 35 5 AR AR
AGB 47 T % L4 BT, SR FH B — A8 Al S, G 2T
ST 5y 22 SCHERAE AR RO E Bl (R 43 3k
0.72 F10.623) , 24 P — S FAHAE 5T 2T AN IR A
RS | S Y5 (B R 25 SC PR AE B4 55 ARG JE H5c o
(R* /35120 0.768 #10.763) . Eckert(2012) i 15 %}
WorldView-2 5242 040 B, 15 21 48 gk 38 5. = Rl LL
RSP, 2 1 o 22 on 4 M Il A4l S A A
WFoE 45 R, I F SCBAE B 0T LA AR AU A 3 1
R 3£%]0.8 D |,

S MRS B A b R R B AE B TR B A
AL FRIY (A, Myneni 45 A (2001 ) F1 Dong 45
A (2003) F| ] AVHRR $1% , % B4 (5 8, b 1
ISR 6 M EZRHRMAK TN B NDVI 54EY)
ESCR AL T A RIS Jr #E, A R BT ) A5 7Y
AT MR AT 2 AR S R 22 57 M AE Y 5 NDVI ()
KF AR B T b BR AR ART 20 4F A Rk IR 2 1
Olo T 20 ROERT B, Zheng 45 N\ (2004) fil A5
FRMA Y B VISR (5 B, R ETM 52450F
b TSI D 5 i ook S T RS A0 R o M AL R AR AR AT T
W, 343 22 0 A 58T R AR AROR ] bk Ay b 1
AR 2 E, GRS R O 0. 67, 7E b Al
I, Zheng % A (2007 ) U LAT 1 4 Hb i FH 2SR
B R EG AR AL p X 5 B B B Ak
MR B IRASMREAT T AE WA 5, SRR MAE S R
Yif AGB BADKSEE R® 15%1 0. 895,

BEAh T 7 R A5 2 A DSM g 44

AR, GnE g (1999 ) SRAE TN Marine B P
P B R ST AR X, R T B D = A B
SR EL DSM I8 G E S 52 4%, A DSM.rpa] L 22
EIEE iR B, oF 1 S 52 A% 15 1 W LA 3 B ek 7 2
i, T B T AR R AR, Ni AR A (2014) FH
ALOS/PRISM 74 B 15 = B0 H5 15 51 DSM, BX &
5 [ A 4 s AR R A 2 30 m 43 BRI e 2 e
, HZE R 5412k LiDAR RH50 i R* i5%1 0. 74, %
AR ST R R A% A5 380 174 e )2 v B8 T L f Ay B3 2k
M. ROl R 2 B R8N (2008) &
BT JC M2 B8 5% 38 AR T O v, R BN
BURZS RATEME - & , SR ES AL . GPS Fng i
BN —, P B B R i SRl U 2 %
FERAHAE B SK AR R, AL 1) B Bk 31 60% LA I, 55 i)
FEIRE] 20% DAL, JEiA EIAR A A v R e
BRI E T

LR B g KW, O 2E R AR AT LR R
ERE R E R e T Z T AR R,
RN — A~ B ARy, A i 7R S FR AR
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25,1992, SGF B2 AR N vk 2 R 015 5 1 A T
2y RO B R I Bl T KRR
S, (15 6 AR T S bR B Th A AR £ R
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BT, i PSR EE 22 A L H 1Y SIR-C, H
7 JERS-1 , ALOS-PALSAR,, Bk P K 23 & ( fa ik Bk 23
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[ 1) TerraSAR , 53 A H [E T 2012 4F A& /9 HI-1C,
BEXTIAT B TN AR A AE BRI T VL AR 2, BR S
JIEHFRIE RAE S F 2 T Biomass B E3%, §
TE AR W A 1K AR ) i, BT 47 b 5 4 i A 25 &R
Sebpefit i FIE R S R EBE AN C R, X DA
B M 70°N 3 56°S, R ] P i Be i Ak 1+ vb
SAR, Wit 5 4%, TAEMA R AT LLE L 5 ) #
R ROEA Y, WA DS R A AE TR R R
b7, (145 2 A= ¥y ( Le Toan 4§ ,2011)

T SAR J5 [l B R AL T SAR Ak Ak
T¥ SAR 3 NI T4 .
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b [N 534 A B ) U 3R A S A T A
F A2 S5 A B WA DG, Horh P-HV 54429
AR R (R =0.95) , % 2E 9t 1 K /INAE A o
UG, TEILHFZE 3RS [, Dobson %5 A (1992) # iz
BIX, 4041 T AIRSAR (1) P L. C I B AEAG B A )
IF BB , TAH i o) IS 20 2805 R A ) B 2
PR G T e 23 A P R 240 A PR S B o i ) 3 5 T
/N, I FL P kB 3 R Ak 2K B R T0 B ) R?
¥I4E 0.9 DU I, Kasischke 2 A (1997) Fil Harrell £
N (1997) ZEAH 1S X 43 5 A FH ATRSAR #i1 SIR-C
FSE T R 7 PAR AR B AR W B, i AR ST R
XF T SIR-C 1 L g B, Ak 330 52 2% ) s bR i) 2 40
i FERZY 100 v/ha, 1%k 3 B — R i) f7 50 2R AR
18 250 t/ha 7247 I8 BARFT . ARPE FIFE SC L (2011)
TEZR YoMt ALOS PALSAR () L-HH & fb 254 5 K
MWL RS SEN RG50S T HUH &
5 E A B AR Y AR e R, HUOR T4
I I HE T S PERERY |8 HOE Y AN A b 2R 1
FIRSEAY G A5 Af1 o 41, 59, L-HH I Be il Al Al 53
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IR AE SRR, A A ) B o A
TR RE A A AR R [0 R, 7 A o L 0 B 2 )
YRR AT, AT RO A e 2 540 15 B AT
I, 3X— ] DL S AN R P, AN TR A6 7 iy
Ml 17 22 S (A B o (Tmhoff, 1995 ), P ke A1) HH 22 3 36
SAR £ 45 Sk Al W 4t 1 A= ¥ i HA — & 0
Ranson 1 Sun (1994 ) F] F§ AIRSAR 3B (P
L) 585 B (C) 38 U ALY U AR AT 1 43 # , X
F P-HV 1 L-HV £ 4 Y= A3 157 t/ha I #& TR
i, qm P-HV/C-HV fl L-HV/C-HV £ A& ¥ & K
165—362 t/ha I, AR BEUSMEA BT T [, (B2 H AR
ERPRTE 0. 05 1Y EAR/KF- X 4548 % . Englhart
N (2011) K& 22 AH XA L 3B, 1| 146 Bbe A4l
PR T A A A I AN B LA RS R Gk
0.79, 13K B R® 9 0.53, 0Ah, FIFIZmIHH, £
A B s oml LR s S i RS 2 ( Kurvonen 45,
1996) .

3.2.2 Fi# SAR(InSAR)

InSAR H R AT LUK A &5 W) A5 80 T AR 67
FURH 2280, AT R) — B AR AN 5] AR LR 2544 0]
DA IO T R BS54 5, 20 4 5 A= ) 6 1) 1
(Shi 45,2012) , A% ¥ InSAR F FHF| 4= ¥ & 1Y
Jz 38§ ( Gaveau , 2002 ; Le Toan 25,1992 ; Santoro 2%,

2007 ) . XI5 W ECE R A T3 A T R 5 &
TAESEMRIESIT R, AN e C B BIS 2 L
BB, R T v £ VRN B A W a5 Bt R
J 1) 5T 2R B EU RS BE B 2 255 (Luckman 4%,
2000) . _iRBFSE R InSAR (Y AH AL SAH - &
BS54 AR ST G R T InSAR I A AU 15 5]
FAIARS 1 A 28 36 g ST A > (4 4 AR T R AT LA ) 2
BAEYHEL . Neeff 55 A (2005 ) FHBLE T SAR 1%
F) PR BLIG 1a] FUST 22 80, HR 90 M 3% 3% i ALY (P
Bo) FIARARGEE )2 2 A AU (XI5 B ) 1Y 25 S A5 B AR AR
FEBEAIAH TR B, S5 AR R, U P B ) Hic
Z BN LG S i b ) AR AR A Wt R A
0.34, SR BE A M T/ ik fr G ik d bt , R® =
0.89, ff F£ B 8 4% =5, Solberg 45 A (2010) # #%
SRTM () X i BeA 21 %) i B B 5 26 Wy it vy 26
KFR LT B T B0 8 i R A AR Y Ml L A )
ZASHk RMSE =24 t/ha, 745 bk RMSE =17 t/ha, J:
HAFAEY R F) 250 v/ha B, B A H 30 EH 5 0% 46 A
JEEZ

3.2.3 R4 FiH SAR(PolinSAR)

WA T3 SAR ZAE Al T BIS Y ALl | %
e IVR S5 % NS RO DR 1'%t SR R A USRS €
4 i PollnSAR B ELA PolSAR i 48 9k 1 56 1 11 7%
AR B A HU R R R BRI R, SHEAS TnSAR
Xof 3 [ 43 A7 BEURR A A e , DAL ke AT LA ] B 3R BRI S 4
AR AN A S5 RRAE (SR — K 45,2007) o 3
FERE W B 1Y ST 2 PolInSAR 4 7 JH#M ik 2Z2 — , )
IECE UL N AWANE S Ny S NN E P I PO i i
LAY, Il Mette 55 (2004 ) FI| A L 3% BL PolInSAR,
A RVoG RS S 38 75 B R iy , 38 2o A4 By R Ak 5
PR =Y a . BALH T 24T (Polarimetric
Coherence Tomography , PCT) J&—F 87 00 85 15 {4 %
AR, I FH AR AR 1 23544 oK RS0 B A O T AR SR R
FEAHTHEAR , FHREDS A BT 1 6 34 S5 1) #8050 o v 32
AR, PCT (40 AT DA S A 2R AR ) &
A DL KA 4 7 s T 3R T S B HR BUAAE BE ( Cloude,
2006) , FIEAEA(2011) B TR ALAH T U0 e AR
AU 25 AR T A2 04 W B —AH 57 555 S T8 D7 A
TR RAWESE 7T PCT S Y 77 38 AH X 2
SRR I AGB 1Y 5, R 2 Je etz 20 1l 1
Ty 1Al A AY , 25 SR WY, 78 43 1) AR X J
SRR R B B AT S B A SRS B2 . Dinh Ho Tong 48 A
(2014 ) F H]JZ2 A1 b B AN P20 ZRAK 40 m ARy
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%5 m 8] B3R A5 2 1w B o R A 0 A, B
FHEJ 1) B 28 2000 3 A W i 9 [l 9 D7 v, 446
KW 30 m @I RAL Y5 U 2R 8T AGB BYAHSE
PEfUF , SRR R BN 0. 84,

SRR FE , OB RAT 2 K A KA L3, 52
KAl i BEREAS 28 i MO, ASLRE S W AR T,
WEESRIBUR ARG A5 B, 2 1T AT LA 2 v A 6
MG I RRARA By, G AR AR AR 25 R G0 A i AR
o TR IR S AR A Wy BT D T RE R R I 2
Pl S, I BT HOR A & AR . B SAR K&
A AR B 1) BUR 22 KL, InSAR B n] DUER BEAR £
Z K, PolINSAR 0] DL (2R b 2 5 5., PCT ] L
St bR FAR BOOT IS 1] BN 89 STk L R B A
W R LSRR X LA R s R SR BEAO M5 L
PE— AP B AR R IR Kl S AR AR A i R 2E . R
IR SAR TEAEY i B th R I RIS (H i T
AL BRE A HEBAE 4%, T L6 A2 9 Ak B 2% 1 A K dls
MELIARI, H AiTb B4 R FL A

3.3 HAFEHIE

PO T T AR SR B B B b U I 4 R R
Z— AR T R I AE R AR A ) ik 2 D) AH G
IR A e B e o H 25015 B, F 250 il sk o8
BT B KOCBE RO B 38 AR ORI 5 = 1 /N
BEHOGT IR HAT AR IOLBEHOL T RS+
FAHLEL LVIS il SLICER & %:, £ %% ICESat/GLAS
R0 /INEBEROL TR IR RS E 2 FR L) TopEye 1
A Yt TopoScan Z 4t .1 F ) Riegle Z 4t flE
[ PALS %5, H 23 19 ICESat/ GLAS $¥i7E
SR R X I A i RO R T B R IER .

B AN B B TR I8 3R G0 R T AR ARG
IS HOT AL T 2058, Lefsky 48 A (1999) F|
MLk SLICER 3% 5 ik R Ge 4R BT 56 )23 e 3 30 1
B A2 T 4 P s 2480, 0 KAl T P
NS B Y E, IR &S 75 AGB fy [a] ) 45 A8
Lefsky %5 A\ (2005 ) XA Ff} GLAS i JE 75 [ #1 SRTM
IR B A i 2 e Il AR | R AT RO 2 8 B A
N, IR0 A 380 A v i A 7 AR | 2B W 3
i, Boudreau 55 A\ (2008 ) & H1 5 A A Mg 72, R H
MBU R B A i, S PALS [R1J 50dE 1Y
KA, ZJ5H PALS A5 4 9 & 5 GLAS Fil SRTM
B E ST )= AR AL DU T A b v AR
ARS8 1 Ml b A= i, A B A o R 22 A 11—

26 t/ha JL[H N, Neesset F1 Gobakken (2008 ) 3%
LiDAR [ 35 5005 04 FF 307 v 2 o VTS A o A o,
A7 B0 A R AR b A= i R A
JFE RV BEAE R B AR &, R M S0 TR S A R i
A WA S A T AR B AR
N (2013) FEF ST v A MLZR LiDAR 38 2o 3% 25 [m]
VA g ST A A I ABE Y, R A B A5 1) GLAS S
BEM AWk, 3755 GLAS 3 AP B 15 B <7 191 )3 ¢
2, N T B 9E X A AGB il & .

VI BB, R HIMLZR LiIDAR (=08 B2 A9 4k T
SERNERINGRREA, 4T GLAS ZRAHb b A= it Ak
DEEAR W4T 8, 1 AT DAFF GLAS A5 53509 A= 4
TG H O 27 1 SRS AR S R0 TR R R AT 4
BRI X Sl A i i . (HAE 2009 4F ICEsat/
GLAS {5 1F TAEfG , = B EEE

4 FTZPEGRARS BTk

PLEgeit a3 J7 25 23 1) 5, 8 73 H 5, AR Ol
FERBIE R G CRE R 15 3 1R IEE RS S
AR OC R, SR, AL e g it [l 3 5 2 9F:
AEEA R IR BRAR AGB 5 3 BRI W] 52 e iy R 2k
PERFR T HAE R B O R AT Had T IX . K
TR E Y BB AR LA BE ), 2 K B
R4 Hlaes 2 2R (X GRS B )7
22) N B AGB 138 BSR4, N4 4
G ERA S EHIDKERFIPA S N 7 3 NN L EAY
RS I ALK 2) o

PEFE M DT ( Decision Tree ) J&— Fif 1 3T 25 5
PRI TV, TR — D REIR I AR A | A S,
IEATHEPLARAK RF (Random Forest ) FI B 5 T2k 5%
# GBDT ( Gradient Boost Decision Tree) , 7E X 3 1)
AWM A B, Baceini ¢ A (2008 ) #] ] MODIS f%
SR AR BICE FN S A ) e B, R T RE S T AR
ALY, JF OO T AR Y XY AR AR AGB,
JE B % A (2011) F1 Blackard 28 A (2008) #1] ] Cubist
TR SRR 111 5 5k o AR A B 40 B 0 1 0 208 T A - 3
TRAUAE BB A IS A | 23 RIS 3 T VB A TR
[X e A1 3 [E 1) FE AR AGB, Carreiras 58 A (2012) X}
I T ALOS PALSAR | Fl2 2845 07 i FAe 44 B LA
JESETHJ5 ¥ (BagSGB) il I A= ¥ 12 1Y) 25 R , BagSGB
5 2R AK AGB AH ¢ R #3A #) 0.95, RMSE Jy
26. 62 Mg/ha, WAL TR 450 T
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Table 2 Comparison and application of non-parametric methods on AGB estimation

Sz

225 3CHK

R X ARAR AGB; RUA L
TR X 8 56 [ AGB; JLIA
. AGB

Fig WU p FR L = A2, BRI 7%
P BRI o FB 46 1 2 42 5
R BR bR T MR VR
IR BT JR SR 40 1L b e
TH 3 X

NG W T 35 P AH R 5
SRR AR bR

68
%2 4 MIESBALTT RN b BT AR A B T S R
£ ST i B
U R B 1
SR 2 5 9y L
PSRBT 4 A B B o VIREE )
S SR
I 5 R
R R i
N S B s, o ALK
KBS o SRR SR
TS R
AR 1A 2
T R 5 R A
A SR A I B, B i
TG T4t K B R Z%;F;;;ﬁ;fwﬁ
M A
A B
45 W0 7 2 B R AN
iﬁfjgﬁ;ﬁiim AR 2 56 001 25
SR = RO R s R T

ANFEAS R Ak ) e B A

A SR TAE TR TS 2

AR LS 5 ENRE JE P T

( Baccini 45,2008 ) ; ( JE B
452011 ); ( Blackard %,
2008 ) ; ( Carreiras % ,2012)

( Holmstrom Fl1  Fransson,
2003) ; ( Rahman 2006 ) ; ( B
IR 4 2008) ; ( Chirici %,
2008)

(B K& sk £, 2003 ) ;
(Nelson 45,2009 ) ; ( % 37 37
L2011 )5 (FE R FH,
2013)

(5RHi,2011) ; ( Englhart 45,
2012)

GLEEIy

K 53148 KNN( K Nearest Neighbours ) 85 i) &
% TR B PO AR e 4 1) — 1> m LA A 1 28 )
R 0 B 43 AR A Y Fir J& 26 5l Holmstrom  F
Fransson (2003) #£F SPOT . #L%k SAR DL K Hb 1f 52
DREASKS A K KNN B335 FH 5 Jii i pi R PRl = A2 1
BRI AR B MK 1 ZR AR AGB Al , RMSE 2 37 m’/ha,,
Rahman (2006) #] ] Landsat ETM + FlAE #5042, &
23R KNN3y ZRpR s XA AGB A5, B
JR25AE N (2008 ) BE T RRAR BT I — 28 15 £ [5] 2 A 1
A | Landsat M $5 45 F1 + 3b #1) 1 £ 95, 0F 98 1
KNN JHF/NAFRGE TR oT By AR AR & AR A I ROR,
R ZEFE 1.5 m’/ha, Chirici 25 A (2008 ) 5%
Landsat TM/ETM + F1 52 M AL A< %038, #1] FH KNN X
R RAN P i DX A B R AT 1 5T, TE BT R L
Wil X, Al 345 59 RMSE Sl 74—96 m’/ha, 11 4
i b X %) RMSE 34 106—135 m’/ha,

N T P2 2% ANN ( Artificial Neural Network )
RERS BTN S5F AT AL FEAAEAAE B ( EBRR
55,2013 ), Hop 2R 22 WAL 1% (BP) 22 W 28 76 T
PR P rp S TSR ), LA/ %2 06 e R BIF ST IX
] PR Rk (2003 ) X T B2 A5 RI ARAMRBE IR — 235
ErFEHb A AL T Z2 s [l H R BP b 25 5 25 A5 A
FHUAAS D322 3 X 2R bR AR ) 5, 25 R 3R W] BP Al 28 4

LAY - A X 1% 25 LY Bl IR RUAIR 199% . Nelson
2N (2009 ) 221XF ) GLAS BB 2505 4= W) f ity 1
P2 AR RS I % GLAS B 55 (19 ZR AR IX 98 17 4=
Prig Al . #ERAE N (2011) BEX 2 28 P, 2T
3 2 BP M2 8 AL A 0 O TR 8 gt T B
LAL BE 55 8 M Z AR Bod v A Wy i A e Al
I BT B, A 4 0 285 AT B i DR R s A P A
ARSI AR, 68 A S BCE B R, 5 PR 4
R TR R . ERRAE N (2013) SRR TIT
BGUE T BP P28 R 28 AR 7R By FEAN 37 R AR W A
A IE I, B BP A AL BE (W] A I R AR )
A5 531 HW i

S HEE AL SVM( Support Vector Machine ) f¥) J5
FEA]HEAE A S T N B pR BROE SO AR 2 72 4Ky
iy A3 (]S 3] — A i 4E S ], SR 5 AR IX > 25 [H] v
SRS 2T, A4S T TR] S R0 R — A4S SRR )
i HE VY R A (K57 T,2000) o SR [a] 6 (]
JHHL(SVR) J& SVM (1) —HrRp R 2, 2 11 H 43 4 Al
7 RRAT B B — Bl A% BEE ( Englhart %5,2012) , SVM
EL 22 1 i T P TR S AR DU A ) 3 2 5K
( Camps-Valls 45,2009 ; Monnet 45,2011) ,{H H /i &
IEARDB T T AE W A b, B (2011) 2N JF
SEPLT T SVM YRR AGB 1R Bk I i A, A1) H
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SPOT 5 \LiDAR DA S FEA B I A Jie 17 4T SVM 5
RF FRAEBEREAH S A (AR AR AGB 38 8l i A5 7Y, S
KA IRS 2 88. 06% , Englhart 25 A (2012) X Lt
T3 A S ik 2 onER R R N T K
LGRS HFI ML WA S IR, 25 R B SVR
AE M AR B (R =0.68) |, (FUZ EI R AEAR 4f b
S AR AR W 5 (0—S50 t/ha) s A= ) £ (150—
600 t/ha) (Y251, RIS BE MR X 43 AR RIS 78 2 HL
IRIEFRRE

MLES 24 2T B AE S50 1k e 30 4 M A e 3 F 2 1
TR o A 0055 S B ) AL (5 2% T2, 2000) , {H 2 B 8
SER B2 R A 28 105 K0, W A7 VF 22 A i U fg )
M, IR 2R ) ik AR BE S 4R R RO B, (H
L JRART R RIS BN E A VE R E i —
W1 R BB £ AR DR e B, X LA S A i S
S HCZ A LB A () D Ak ,2003)

5 LT LB Y i 5 ik

X T LA R 2 s R TIRZ
FH TR AR R 2 4548 2 851 0l 27 I S SR AU LA
KRB i e 45 5 A 22 8] B R VR 09 B0 ST
Y
BUAG 627 I S AR 80l 4 28 L6
SRR TV A O ) A SR A R B
ALY (Goel , 1988 ) o HI T-l6%57 18 S AL
HAe e 21 915 B, ZRAk AGB 1922 kT A
BRI RIS, PR 2 AR S A H
At 56 2 240 (Lu ,2006) o R AR AL 43S R
AHTFUAE T 1 ZR AR TR K 5 1] BT A L, Attema FlI
Ulaby (1978 ) ¥4 8% 2 4th 52 R BE AL A AR 19201 =7
(UL, H 3 T K S5 5 Ulaby 45 A (1990) T4
SHAL A 7 B — B e AL T AR o DB R A A
MIMICS ; Karam 2§ A (1992) % A 7 3647 T oo i,
FI RS & 5 7 B2 W i i R T e )2 b ) 2 kK
5F;Sun 1 Ranson (1995) #& T 3 4EARMT 1] #54T
FEAY 5 MIMICS #EFRUR[R] 2085 DA A A 1 7K
Jr i) bR A o B 5 SHE i Ee i — Bk
T it R R 23 A A AR AR R A LI, N
4% A (2010) F| A Matrix-Doubling J7 7425 T 3 48 7%
RS ) A5 A A X T 58 SR AR A B A E A .
IR A AR R R AE ) o AR T B AT AT bR B4 Al
Gy Z IR PE AR, 305 0 0 s e 4 e ok 1)
AH T HEE RS 5S8R 0 1 348 FL 07 30k A A 5 P 9 K

P T ¥ RAE S SESR A e A2 k. Askne 5 A
(2003) FE7K =R BU LAl b, 25 R B AN AR & e T
T IK BB ; Lin F1 Sarabandi (1999 ) ] ] 731 #
Pt T BT 52 A R IR ALY AR 2 AH T O
AJ; Thirion 5§ A (2006 ) #4 # [¥) COSMO ZRAKAH T f5
] BN A B it A ST AR, ST ARG T TE AR DX I
T HIAE 3 4E A& ; Williams (2006 ) #E 57 (9 B 16 AH
TR T o B B R 0L 25 R AR 4, (H 2 [R]
COSMO —#¥, A 25 Hi W 56 AL B ARE I RO ASE 14 07 "
4341 s Liu 58 A (2010 ) 57 1 B T3 B A6 A AR AR 3)
AR T IRAR T RO B, 25 Hh TR T 4
M G RN AR ISR IR ST L ISR

] BT S 1 2 22 g —2F Wy B AL, K =45
BRI K = BB TAE Y AR .
TIK ZAEALE T84k , Santoro 45 A (2011) | HI Bt
7K = AL ( BIOMASAR 553 ) /N7 T AR bR A Kb
TR IR 1) B 2R B0 O 2, SR R /N R it v 1
C BB AR B A A A, Sy RIX A R
A KA AR AE M) B A SRR T 2% . Askne 25 A
(2003) | FHH £ i5f 41 ERS-1/2 F11 JERS-1, Santoro %
A (2007) #I ] ERS-1/2 fAH TR, 23 3 LA #5K
AT T B R ARAR AR S

7T 1 o) S APLASE Y S L 450 52 4, 3 i ) T 24K
BRI RGBT S HU . Wang F1 Qi
(2008 ) 7| F i itk (1) MIMICS #5578 i 5 O 2% I T i)
LA, 3 ik 22 AR 10 05 12 418 v R v AFbR 23 25 32 114 o 7
R EE DT B8 e A S5 78 3 A4 40y o 1 A SR8 2 2 b A
KA RR YD AR ) s R BTE ARG B FR R Y
0.7061 #=5 0. 788, A K I EC I AW S
B (B TR Y s R IF AR 2. NidE N
(2013 ) B ZRARA AR ( Zelig) 15 3 1 2544 2 K
HPGHE IR Y 3 4E IS ) B AR Y e A\ B, 28 B
RIS ST 85U P, >R AT T 7 b DE L3305, B3
i T B 1 A R 3R T vk RN R T B S B Y A AR R
T AR AE ) R 0 S . R Zelig 1 L R 5¢
UL A 4 A S DM 50k o) s 8 4 2R A7 B
2% T R W 5 B B {3 ) S T 45 SR (R = 0. 886,
RMSE = 26. 699 Mg/ha) it T &% i B 85 3% (R® =
0.748 , RMSE =39. 133 Mg/ha) .

6 4 it

BUA H)OL: SAR AR AL LiDAR i 24—
T RMAY AR . WEBIRIRORE , e i
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AR TR T A WO J2 B 5 D6 15 4R AT B AR 9
FER LAT APAR FI R U S 2 Ho it 5 A Y
MISCZ AR R, e Sc AR I i DL e e WL i B &
JCE B R B WA T AR Wy A B Rl
A BRI KRNI, I HAEB R IR EZ S Y
BT A S R A1 B, S SAR IR YR
I BT 2 %, InSAR R A 1 52 %K, PollnSAR %%
P i AR BE A B, PCT BOR 1 3t 2 FAE 30O /5 [h]
HIUR A SRR HE 9] 2R 50 AR R A 1 oA 3 o DD RO R
F 5 WO T IS T AR B ey 2., A% I R B K 3 4
LR T7 T PR DL, B AR RS TR 53 T T A
TEARE, IF B H Aot = 2 380800 . A58 7 vk ok
A, Zoull 375 i 2 LA T8 HOAfE
RO S B a) 52 2 Y AR 2 G &, B RLIZ AL e
22 AR R T7 vk B REAR g At el 2k e A v 4
S5 RV, AELAE S s O FH o A A i JEE U I 2R Bl
DRSS H. 4y BEATL BEAS B 5 5 T BB Y ) S 9 Ty
V5, LA I F R 5 R A E A AL A 194 I r) A 2R
AL SRR B AN A Pyt , SR AT PR TR AL A
SRR IR, BHIDEART 2. B AT 2Bk &
IR DX 14 2R P A 0 S R R AR 2 A 1 7
V5 T R b T S I R AT U 4R, OF HLAE R
GeitH 0 RRE 4 SRS B s, (0 R MR 3 v o B R
AR5 0 s T 00 R 77, R A M LAl 2 7 oK
JEP 250 (1) ZRpAE s A B = 261, AR ARAR Y
TrHER 3 YELEHY LA R 2 T ZRAR A T2 15 AR AL 55, 2
M T ] 38 2 Il — S Y ST R 22 o 91 22 s 7
AR 275 ARk, TR AE ) S T8 R 22 il 2 2 ) o e
ol M A e 8 A L AR AR o AR A 11 A=
KBzt ; (2) & %o XUE R 2w, H
RS T7 1k AR TR L 80 B A % B IR B 158 ot oA
e RS B P9 PN PEE B8N 5 (3) ARy 7 Rt PR T2
T, X T fe A Y BRI

T AR Y A i K R ) R LA i ML B
BT TR AINSE 3 , S AR AR A 1) 0 1) v 0 I i 2
T S 258 HRTAT AR 0 R R, A6 28 SRR AR
SRR T A LR LB

(1) BERYF A Ji o WL PSS TR L R 15
(AR AR HIBILH , A7 70 35 TR DUORG B 5 ik 2 5
FIVFEE S 2R B Z (O] ) F J o 28 M A ) i R 3 )
FARE H K, WE S A ] A DRAIE R SUORS B2 A 1S 0 T, 4R
R SEG = A RS EIT R

(2) Z I3 BAIE U IR] . 2 PR SR R A Bk 5
REAS A 7] £ B2 B WEAR B A e AR A2 1k , S A= 2

FEPRHETE A 15 B H AT 2 PR R B 1l
FARARR AL S B I 2505 12, 5 B8 K ek g <2 )
Bl YRS SORWIH . fnfa) 52 90 58 T AL AR AL 1Y
TR R RE S 5 22 18] 18 A 503 T i/ s T 52 0
i i M, 52 o> R AE 2 IR L, mAF i —
W

(3) AW Z= AR AT ST . A A4 kA IX sk
A Wy 7 il OB T — A I B 2B 1, 3 A R
Yy A —AF AN R, SR T A2 P15 A S5 R R
FRIRZ I, AN () 3t DX A [) 28R bR 2 2R ) A K 3 8 ROtk
DLZE AR, U] 25 45 AR bRAE 285 DR B AR R AR
Az JIAR I ] P 91 £ 7 it IS AR A

(4) AR IR AW 5 o Bl 18 B R s
PR H 45 R, VF 2 I Z AP S T 3 A T
T, N SE FE A ICESat2 BN K =3 J&y ) BIOMASS T3
FH-RIHH A ALOS PALSAR2 45 4%k 4 J5 1 7%
ARA Pyt 1 5 4 BT 1) 0 5% °F- 5 0 B 0 AT S Y T
B 3 SRR 540
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Review of forest above ground biomass inversion methods

based on remote sensing technology

LIU Qian'?, YANG Le', LIU Qinhuo', LI Jing'

1. State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: Forest Above Ground Biomass ( AGB) estimation is important for ecosystem monitoring and carbon cycling studies.
Accurately estimating regional and global AGB can reduce the uncertainty of carbon budgets.

Over the last six years, regional and global forest AGB have been derived from various remote sensing data, including space-
borne LiDAR data (height and vertical structure parameters) , optical multispectral data ( Vegetation Index (V1) , Leaf Area Index
(LAT), Absorbed Photosynthetic Active Radiation ( APAR), image texture, Digital Surface Model (DSM) and optical point
cloud) , and microwave data (backscattering coefficient, coherence, scattering phase center height, and DEM). In this study, we
reviewed the advantages and limitations of three kinds of inversion methods, i. e. , parametric method based on single sensor data,
non-parametric method based on multi-sensor data, and a method based on physical mechanism models.

First, parametric method mainly obtains multiple regression equations by analyzing the statistical relationship between AGB
and various remote sensing variables. The method is simple but strongly dependent on site and time. Second, non-parametric meth-
ods were used to solve nonlinear and high-dimensional problems, including decision trees, k-nearest neighbors, artificial neural
network , and support vector machine method. Such method is widely used in global and regional AGB estimation, but it lacks a
physical mechanism and its accuracy depends on the number of training data sets. Third, the method based on mechanism models
includes direct inversion using semi-empirical models and a look-up table method based on forest forward simulation model. Method
usage is limited because of the contradiction between the accuracy and complexity of the model.

As for remote sensing data used in AGB estimation, the spectral variables extracted from optical data have been widely
applied. Radar is unaffected by weather conditions and it is capable of obtaining signal from branches, trunks, and even understo-
ries. Backscattering coefficient with SAR image, interferometric coherence with InSAR, vertical structure with Pol-InSAR, and
backscattering contribution ratio of ground and vegetation with PCT technology are all closely related to AGB. Advances in LIDAR
technology have demonstrated a capability to obtain the height and three-dimensional structure of forests, but its limitations include
canopy species recognition and lack of spaceborne data.

AGB estimation by combining multi-source remote sensing data has become a development trend because the data obtained
from different portions of the electromagnetic spectrum and different observation configurations provide comprehensive information on
forests. However, the retrieval accuracy did not meet the demands of ecosystem monitoring and carbon cycling study thus far. The
uncertainties were attributed to the complexity of forest structures, mixed pixels and scale effect, as well as errors in allometric
equations. The four potential aspects of biomass inversion studies to improve accuracy are presented: forest physical mechanism
model study, multi-sensor synergy method, biomass seasonal and time variation study, and future data sources support.

Key words: forest above ground biomass, multiple regression, non-parametric method, mechanism model
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The China-Brazil Earth Resources Satellite program (CBERS) is a technological cooperation program between China and Brazil which
develops and operates earth observation satellites. CBERS-04 satellite will mainly be used in land use monitoring, forestry resource
survey, water conservancy planning, crop yield estimation, environmental protection and many other fields. The CBERS-04 satellite carries
four instruments: panchromatic imager (PAN) with 5 m spatial resolution for the panchromatic band and 10 m spatial resolution in the
other bands; multispectral camera (MUX) with 20m spatial resolution; the infrared medium resolution scanner (IRS) with 40 m and 80 m
spatial resolution, and a wide-field imaging camera (WFI) with 67 m spatial resolution. The cover image is the fusion of panchromatic and
multispectral images captured by CBERS-04 satellite, which shows Dongtai, Yancheng on December 8, 2014. In the image, ponds, rivers,
roads and fields with different crops can be clearly identified.
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