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EHED OFRLIFH AT K

TR VAL R AL 5 S E A AL A E R SR S R E S AR 750021
2 TERY FWALR ARG E 5 R A E S0 #1 750021

3 THERY FR GBS AR 750021

FEE  AOMRHb T AE Wi RS B A SRR O I VR S A SRR E M .y TR SR RO B e AR A A RS B O 1 AR
SCHRIT T T3 B B R AN 22 56 G0 AR 1 b R AR A W B . 106, 5T Li-Strahler JUAA[ Y6245 1 22 S0 i
A (multiple forward mode, MFM) #EFTRIBURY , 25 & A H0 KI5 (look-up table, LUT) NZOLIE IR HITB 5151 >4 IIBF5E
DA AR FAE YR . HOR RGeS 1 2 Al AL . (1) 2635 5 HI1B BEAT IR & 15 90 43 f# ( spectral mixture
analysis, SMA) , I 5 E 5 B ALOS/PALSAR ##47 G RIG i A= W fa [ BT s (2) TR ik M5 ALOS/PALSAR Ji [l B R 4K
FNS A= Wyt T T Ay AR P SO X 3 RS AG B AE A TR BE I IE . ISR A5 SR W R AL 2= A R R
MEM B0 A BRbR b A 5ORS BE fe i (D R R =0.61, ¥ 5 MR 2% RMSE=8.33 t/ha,P<0.001) , Al B F A5
SEMME— B B D EAS RS OL T SMA 4 5 ARE B (R = 0.60, RMSE = 9.417 kg/hm®) ; ALOS/PALSAR £ JG [B] 94
FRG B2 55 2% (R = 0.39 ,RMSE = 14.89 kg/hm®) o FH AT UL, SR FH LA G 2= BB RNE 518 00 40 SMA 38 Al S ARt A= i
FIFHIX 2 FhJ5 e T BRMCHE b 2B 4 5 18 B W I A 58 LA — 8 i R FVE 7
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Abstract: Forest is one of the most widely distributed terrestrial ecosystems on earth. Global-scale biomass estimation has
become a research hotspot. It is important to accurately estimate the spatial distribution of forest above-ground biomass
(AGB) because its carbon budget forms part of the global carbon cycle and ecosystem productivity. Remotely sensed data
have been widely used to quantitatively obtain the biophysical characteristics of vegetation canopy structure. The use of
optical and microwave remote sensing in combination with field measurements can provide an effective method to improve the

estimation of forest biomass over large regions. In order to improve the accuracy of estimating forest above-ground biomass
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from remotely sensed data, the methods for obtaining AGB data using a physically-based canopy reflectance model inversion
approach and two other empirical statistical regression methods were introduced in this paper. A geometric-optical canopy
reflectance model was run in multiple-forward mode (MFM) using multispectral HJ1B imagery to derive forest biomass at
the Helan Mountain Nature Reserve region in the northwest of China. Structural parameters of the forest inventory were
carried out in 50 separate 30 m by 30 m randomly distributed plots, and the data was used for either model development or
validation. The two other empirical-statistical models were also established to estimate the biomass in the area. A multiple
stepwise regression model was developed to estimate the forest above-ground biomass by integrating the field measurements
of 30 sample plots with ALOS/PALSAR Synthetic Aperture Radar ( SAR) backscatter remotely sensed data. The pre-
processing of the HJ1B scenes included radiometric calibration, atmospheric correction, and georeferencing. Radiometric
data were converted from radiance to reflectance. Additionally, spectral mixture analysis (SMA) was applied to decompose
a mixture of spectral components of HJ1B into vegetation, soil, and shade fractions. The vegetation fraction image was fused
with PALSAR data using the discrete wavelet transform ( DWT) method. As a comparison, a regression model was also
created by integrating field measurements with the fused image. Error levels for the three models and the field-measured data
were analyzed. MFM predictions of AGB from HJ1B imagery were compared with the results from the SMA and PALSAR
multiple stepwise regression models. Simultaneously, the estimation biomass using the three methods was evaluated for 20
field validation sites. The result shows that a good fit can be found between the AGB estimated by geometric-optical canopy
reflectance model and the field-measured biomass with a R’ ( coefficient of determination) and RMSE ( root mean-square
error) of 0.61 and 8.33 t/ha, respectively. MFM provided the lowest error for all validation plots and its estimated accuracy
is a little better than that of the SMA model (R’=0.60, RMSE=9.417 t/ha). PALSAR multiple stepwise regression model
has the worst estimation accuracy (R*=0.39, RMSE=14.89 t/ha) and had a higher error. Consequently, it can conclude
that geometric-optical canopy reflectance model and spectral mixture analysis (SMA) approach were considerably more
suitable for estimating the forest biomass in mountainous terrain. Moreover, it demonstrates a good potential for monitoring

the indicators of forest ecosystem by combined with the optical and polarimetric SAR remote sensing synergistic research.

Key Words: forest; above-ground bhiomass ( AGB); HJ1B; ALOS/PALSAR; MFM; SMA

ARMORHER oA 0 Fil ) B Bl A A R G A 2 — | XS 2 AR NUBE B ARbAch, b A= ) s i SR A —
ERAE SO ESNES o AR A Bty b A 285 28 556 A DR )l P26 R0 - S e P26 1) e o i AT PR R i
fith e AN BB RE T M A 52 2630 AbHb L A= 2 A B 5 A B Tk X 48 e R A i A9 B R A e A A
P AR TR R FR AR R BE 77 1 F AR, R AR AR 25 R G IR 55 T RE RN AR A W PRI A A
B, P RE B T LRI X0 223k R B R 28, Dy e B s A & ) B 2 10y
PR 4 1 X3l R AR b, b2 9 i A SAKE B 18— P A R0 161 Basuki 5543 IR IR A8 0050 i BB
B AR Brovey ZE 40K Landsat-7 ETM+H1 ALOS/PALSAR #EA 7RG @l &k Al B HGHy bk A=W | 25 R 5%
B SR PG 27 R R R & 1) 5 T BE A 4 v 2 ) 2 A SRS BT . Treuhaft 55 A 56 F MR 45 #4351 T 19 4=
Wy A B UM SO 2 R R ) 7 12 SRS ) , e ek il v D' R B SR SR A 4 o AR RN I TR AR R R
PR E YRR

H T iU 0 TR B ) O = B , 2596 GE TR BUAG S8 0 bk b, | A Wy ok sz BRI e, A1
PR O A ) e T N GE T O R A2 A5 T R SO IR R e LA 0 e A e TR
S T 5 DXCIURI S R T] o A0 e J2 1) S SRR 0. 52 B S0 5 25 A )52 i R0 P REL 8 %) D' 35 A T R 4 45 4
SRS G R ANTE G TR IR BRI AL B Z RIS o O 1 S iR T T 75 5% 19 25 18] 53 Jo P ) 22 56 4
TEOCFR s, ) P R B R AL S AR A S S0 — Rl AT AT R 7 ™ J SR SRS 2o Ay AR 43 L
fal 4y HTERHE S5 TT OGS B R B B AR TT 16T e e, i th AR S 1 A= 5 241, Soenen 45 AR
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JUAT G~ AR A 4 377 0k M3 RS SPOT- 5 A58 1 IR B AN 3 R 307 T 9 5 1L ) BRAR S5, 5 3 W]
JURT 24 RS 45 X0 2 A 8 25 AF T B AR ARARL A 7 2 R I B 7

B LR T VO PRI i 5 R U 14 R 3 T R DAL 5 v S S AR LR A X R A e
FEl NATFE N B3B8 22 LA R R A ROAR B0 AR R RF I 22 ) 22 R PR AR T BB T 1 A9 28 (LA S5 R AT T IR AL
FEHP L BR ROR AR GE TR D X B 22 1 X 736 o A2 bRt b A W s AT T RS A SRR AR
JE AP RA R 127.26 vha, FIEAAZMRIG M A YA TR U X 0 = A2 FTE IR AR I AR SR AR
20 L) 288 SRR AR 2 X AR AR M AR B K ST A Wi A3 AR A AN AR 28 58 7 A 25 PN 28 A
KAIE . BT A H L A TR A A RS2 R, AR S R G NE 55 o DXLk, ) T 3 R AR 3 22
L) BRAR A 25 R G LA S RO IR 55 T REEA TIR A RGBT I I AL BE

ARSCHEARAL T T2 T R BB 22 10 AR R AP DX T AR (2 B bk i AR AT SR ) S F 5
X4 AT HE TR IR HI 1B R 38 J8% ALOS/PALSAR 45 22 U 3 B AN () FRMR il | A= W i S T A8, I
PEAT AR L AR W o i 18], Dk — 20 X i DX ) AR AR A 25 R GE IR S5 D BE R AR 28 B8 R AT 22 A PR S i e
([

1 HRRSHFELLE

11 BRI

SRS DGR T T E AN 58 AR XA AR I8 22 1L [ AR PR3P IXER I, TRl AR R oy 38°43747.9"
N,105°55'7.4"E( &l 1) o %822 1AL BT T T S 00 R Bl e UM, 4 22798, R T R B K i b 4F
S 8.2—8.6°C  AFF R /K i 250—438 mm, AFFH47E 4 B 1600—1800 mm Z[H] B A FEA M Fl
HH M =42 (Picea crassifolia ) il ¥ ( Pinus tabulaeformis) . 11145 ( Populus davidiana Dode ) . JK i ( Ulmus
glaucescens Franch) FIFLAN ( Juniperus rigida) . JEAMFP EEAG /NS EH S5 mbk 52 S 448 LR R
MR A,

38°45'00"N
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Fig.1 Geographical location of the study areas
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HJ1B—CCDI1 ZRHU ]2 2010 4E 7 A 20 H, TLEHE 17/68, FR533H1% 8 30 m, PALSAR & ALOS L& |
PP —A LB E o XA AL T RS, TARB BN LB, JRARIEMEH level 1.1 XU AL EHE , 1%
17720 HH HV #e 4k, Hir HH 278 KAk (horizontal polarization) , HV 287838 XA AK ( cross polarization)
A5 R 38.722° s ﬁ[f}%%’éﬂ%{ﬁﬁrﬂﬁﬁﬁ( single look complex,SLC) , 1RICK/NR 9.368 m x 3.164 m s AR I}
6] 435124 2010 4E 6 J 30 HF12010 4£ 8 15 H.,

HJ1B—CCD1 EHE A AL A6 TLTAS AL IE FR S E bR AR SRR IE . F A HI1B $5ds b 21 T ER R B2 (E
(digital number, DN ) {ELf% A4 50 BEAE, R FHEF AR RAE AT ST X GPS #2555 FE ENVI4.8 T AR T I LTS A%
IEFIRAAMIE e e B R OE Sy I R &

ALOS/PALSAR EUZ 1 7l 4b ¥R I GAMMA 4R 3517, B 43 3% R 90 m Y SRTM ( shuttle radar
topography mission ) ¥ ALOS/PALSAR K 1E MR TG HK/INR 25 KRAAFERIIENE . S T AL IEHBIE XS 5 i85 5 3
FRSER , SR Zhou 7! 2 HH B4 LTS A I 380315 T8 8 I A P 15 b T 4 Iy, TR A7 LA P T 7 e T s S
A IEAS R B A IE RS G MG, 5K HILB A ALOS/PALSAR #EAT T MR BC e, 2688 T 20 A~ 451l
R BCHERE BETE 0.2 MEOTLAN, B J7 #1422 RMSE 4 0.1,

1.3 BIRERRELS 52

T AR B RS BE A 2R B ST L AE S B HI 1B R4 (18] 2a) Il ALOS/PALSAR SAR {487 T
Rl G AL ORI TRHEA TR A1 26 o SR B0/ N 728 ks T Ak 3L 9 2010 4F 6 H 30 H HH R fk SAR {4
(& 2b) HIIB SR EME | 32 B 53 28 4 G A IH — AR A 9 45 £ ( normalized difference vegetation index, NDVI)
PG T T R A b B

PR 28k B 212 W T B B 8 M BB IURD 4 s R/ - 78 Bl s b U SR AR SR 4
oW A T A PG T A0 2R B, 2R 2 AN 2¢ R . UG ILA3 R 10 28, 0 s A BF AR R
AR REIE AR TR U0 B OKARFE B 3 28R SRR BE S 85.60% , Kappa ZRECH 0.8269,

Ny e

YT

5

I 5 2% I b I R A Ak I KA
EEAER Rk R
[RHE g AR o

B2 (a)HJ1B REFZEER;(b)6 A 30 H ALOS/PALSAR HH R{LE; (¢) D ZEE
Fig.2 (a) HJ1B reflectance image; (b) ALOS/PALSAR HH polarization image acquired on June 30 and (c¢) classification mapping

1.4 BPAMSHERAE S0

2012 4£ 7 H 13 H—7 H 30 HAEWFGE X IFJE T B AME b2 SR AR RS H0M & . 7ERF 7 X P A IR L, i
BRI I B /N AR A AR AR LA 5T A i T 50 A FCFRMERY 30 m x 30 m ARIEREHL (£HrTAR 29 4 S35
#% 105 4, ABH BE 40%—80% ; [ Ak 2 A~ IR 38 41 BB BE 30%—60% ; 1R ACHK 19 A, F- I 73 4F
B EE 40%—70% ) , FHF-HF GPS 10 s A HE L0 VU f AR b, BEREIOFRTE 5 em DL B BIMOR SEATREACKE R,
T AR AR S | BEALGE R LA AT A 55, R P AN g AL BNy 18] B SeE i o A 2 P o e 5 A A
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L5 R AEYIRITE

FRMAE ) AR B 2 7 R Kittredge 32 B9 CAR ( Constant Allometric Ratio ) 5.7 O HBeE R AN
Y=aX' . BRREM XD Brokss Y 8 ASBIB L LA T A2 IR IR AR B AAE (19 4: 4y i AE
BUHAT T WFSE, @0 1 LUAR (DBH) R m (H) 42105 el im (D*H) 4528 A2 5 1 A 40 e i 5 A
T AR X SE R R T BT 2 B A B S A= W i R B N BT AT B RROR A2 W RN AS B A A b A )
Ay SRR ARE Y TR ARAS B4R 3 AR (Vha) THREERILER 1,

x1 HEwE
Table 1 Statistical field measured AGB of every sample plot
FEJ5%5 PLsam Al RS I /m EHEIHGE/ em MG i
Quadrat number Dominant Species Tree number Average height Average DBH Stand AGB/(t/ha)
01 HIA 83 9.07 16.97 67.68
02 Bl =2/ 1L 130 9.68 12.53 103.74
03 HiF =2/ 1L 136 8.74 10.69 60.43
04 THIFA 147 8.07 13.79 84.91
05 s/ g 162 7.51 9.79 45.65
06 HilF =k 123 8.37 14.51 94.05
07 Tl AZ/ 1Lk 120 9.29 13.09 88.15
08 TilE A2/ 1Lk 165 8.22 9.69 64.66
09 TN 104 7.67 15.86 54.49
10 LN 88 8.87 14.14 69.61
11 LV 148 8.35 15.81 102.98
12 M/ HilE =1 91 9.02 14.69 72.66
13 THIA 110 7.09 12.69 64.27
14 Hif =/ 1L 164 8.49 10.51 89.54
15 A 83 7.20 13.75 39.13
16 RHEIN 90 7.19 13.60 39.73
17 FilF oA 91 6.74 12.56 46.20
18 Tl A 101 8.01 14.98 77.21
19 Fiff oA 90 10.34 14.71 86.63
20 Fif ok 157 8.55 12.10 95.91
21 B A/ Wb 100 8.31 14.69 67.97
22 BiF A2/ 1L 176 9.54 10.65 102.00
23 Bl =2/ 1Lk 208 8.94 9.57 92.30
24 114 189 7.92 10.16 76.02
25 HilF = A 205 7.38 11.03 104.39
26 TilE A2/ 1Lk 174 7.95 13.05 119.88
27 T2 AZ/ s 105 8.55 14.15 68.26
28 LN 104 8.95 14.26 74.98
29 HiF B2/ MR 120 8.35 12.18 70.58
30 Hilg =42/ 1L 198 9.50 12.20 153.31
31 T2/ 1Lk 123 7.54 11.84 54.64
32 Hif =/ 1L 144 8.13 10.52 56.70
33 HifF sk 124 10.34 9.15 47.43
34 Hilf sk 82 7.83 12.30 39.68
35 Hig =/ 1L 143 8.63 9.87 53.51
36 HiF= 2/ ILH 119 7.70 15.20 78.12
37 FiF ok 94 9.23 13.46 58.91
38 Fif =k 81 12.34 10.30 42.25
39 Hiff =k 101 9.50 12.50 57.88
40 s/ L 104 11.50 12.30 67.14
41 Bl A 108 11.60 9.23 45.62
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FEJ55 DA Fof 73 IR/ m I/ em oA
Quadrat number Dominant Species Tree number Average height Average DBH Stand AGB/(t/ha)
42 Hilg =4 116 9.12 14.50 80.56
43 HiFsH 120 8.60 14.10 76.47
44 1% 134 4.80 16.7 71.07
45 HilF =42/ 1L 96 10.35 13.5 65.85
46 HiF otz 123 12.70 9.10 54.44
47 HiF =/ L 82 11.10 12.14 50.55
48 HiF =2/ 1L 97 7.40 15.60 64.27
49 HilF =k 203 13.2 9.40 97.09
50 HiER 2/ 1L 135 14.30 10.20 77.50

2 REFHE
2.1 GOMS-MFM J i 5%

Li-Strahler JLfAG2# 48 %1122 ( geometric-optical mutual shadowing, GOMS) 3% ] 38 AR 14 00 N F 1Y 7%
MEEMIZHR I, £ JC T 1A 45 3 (multiple forward mode , MFM ) J& F| FH JLAn] S 27 455 Y Rl 3% 3 (look-up
table, LUT) S i A= A5 F S 8000 & F 7 2%, 6 Hh 3 S8 ) BRSSO () BE0L 15 57 S 8008 kR B 132
FIFH MEM BT 280, T A 3R A R AN RG0S 3 LB B R AL Y e Ao . A
TARBN AT I ST AR, T BT U R A 4R R A — 2 ] F LD AR RURT MM 557k A £
i PG EE S T ARREE R S 452

GOMS BRI A S EAE W A 45 1 B DGR E B (K 2) . WAEH SIS MR (A | ees/
m®) BRI (v, m) B ER (b, m) RO R (h,m) B R0 (dh,m) o ARSEAE S BdiE 5t
TGRS IS SR e/ ME T IAE RIS INME . OB AR B AR (o) Fndra) (°) , A2 HEE 0 30 m
f) ASTER GDEM HCHfg U5 DX 14 M 38 2 AN 1) ], Ge 385 B2 AN ol A9 AR AR L, BERL B i 5 B 4%
HEHRE)ZE DGR A 52 A LG OoT v oo G TE (S B . SR ENVI B4 4645 5048 21 ( pixel purity index,
PPI) )\ HI1B SRR AR 3 FhARARISHY ([ AR BT ARFIR AR ) B4R OT A o s (R B . i
GOMS A {1y AA% NEOR 4 3 FhARARZE Ay A S 800928 A0 00 B G B 2 Hh a3 i o

&2 GOMS-MFM %31 &% R AWM TN S
Table 2 GOMS-MFM forest structural and terrain inputs used in creating a set of LUT

o LIpEN ) (DT S T RS RV N AR
. ESEL R . W . 5 A o

R Structural R A Pah a4 b =B h Heicht e Ik m) KN
Forest type arameter density Horizontal Vertical Height to dist 'bgt' Slope Spect Size of

pdrdme e crown radius crown radius crown center 1stribution parameler set
LARL RN Fe/ME 0.05 0.5 0.5 4 5 0 0 1382400
Coniferous forest i KAH 0.5 7.5 10.5 20 25 70 315

HaTn{E 0.05 1 2 2 5 10 45
[i] P A F/ME 0.05 0.5 0.5 4 5 0 0 860160
Broadleaved forest i KAH 0.5 6.5 10.5 18 20 70 315

AN 0.05 1 2 2 5 10 45
MERN e/ ME 0.05 0.5 0.5 4 5 0 0 1209600
Mixed forest IS oN[i] 0.5 6.5 10.5 20 25 70 315

HaTn{E 0.05 1 2 2 5 10 45

Soenen 25 N LI 76 2 1 B ( crown surface area, SA) I & ) BRI A= 9 1= (B, Vtree ) ZE57. T FLK A W) i
FARRU KT T A s AR R R TR R R PR R A AR 0 R B AR b A R AR AR A
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D 1 3 FhARARSEHL (R AR BT ARFNR AR ) 54 S80I | LLSIUR & H Ay 78 i s = Fh AR s AR
Yy FIR & H 2Z 8] BT ek R AR (1) s
In(B) =b, + b,In(H) (1)
A B R R AR (kg/tree) , H RS (H,m) b 1 b R A5 R B R B, i (1) THAA 25
PR 3 2R i, AR GOMS BRI 5 d r S8 JRR I AR 25 B 28 A A (1) ST IR i
A= Py i [ I ASEARY AT LAAS BIMRC RS B AR 2B 6
FIFH HI1B EURF GOMS A S RS i B AE W20 - (1) SGTi BEADURUMR o3 b - 2E W st 54 P2 2
3o AT #EA AR AT AT B R M A i B (B, ke/tree) , 18I0 RUEE B ZRbRHE - 2B 9y i
AGB (v/ha) H: AGB = AB , X W GOMS BEALIE [ D4 11 4 MBS R A RE R AR5 T
SRR, (2) BB R AR, SRADGIEIRE Y75 H R 22 (RMSE ) AL F AR AR $ 26 rh i R [ &
FEMERTT 4 AR AR AL 8 X6F 7 39 B S A 8 fie 4 30 ML, M A BB R S 0 e o 3 5 A AR 1) e
WA AR 2 MR Z A . RMSE A5 A=k (2) iR,

(2)

s p, ROREURRY SRR, p, FARBAUR RS A, n, BRI BBAEL
2.2 SNOLHR G MR

MR A 43 A5 7 (linear spectral mixing model , LSMM ) 5 112 514 7073 % ( spectral mixture analysis,
SMA) [ R BRI EUR th B AMEOT Y B 32 iz ot h B e ) (44800 ) SO R UL e T )
RAHEZAGTT AT AR OT IR L7 A R BB E0  BEerRiRNn=(3,4) .

S; = ZKiRi,j to, J=12,00p (3)
iz

1=K K >=0 (4)
i=1

R, A NEERTT B D IEB SR K, SR | DN AR T TR A A8 o, 2 BB IR 2, m
A HAE p BB BB
2.3 IRE1RITIH SMA A
FIHHIE AL IEBLRIAT ASTER GDEM $54 X% B J5 119 HINB 2 3 3 MR i AT MR A I T R T MR AR T
Xof 328 R PR S S 3R S M), R 3 i 5 A 1 R K i (5 X b IS I S5 Y S HIUB R4 T4
TR T, 43 J5 A5 SRR A 53 EUR veg (] 3a) o 43 R A 1% 2 53 IR (veg) FITRIA IR ALOS/PALSAR
) HH F1 HV SR A0 B 38 05 U R ARG TR BN Al G o R S-Plus B (1 2% [0 V0K 1 S0 A=
Yy AR TR A il EUZ (L 3b) X A ERGAS T ST T [l USSR | M 7 %) [ DAY v B K5 5 d5 2 Frg A
R AE Rt e R T AR AL an =X (S )
AGB =—- 93.073 + 241.043 X veg_hh (5)
K veg_hh F7R HI1B IR GARTTHT i Ja BIAE B 2H 73 RIR veg F112010 4F 6 H 30 H 1) PALSAR 19 HH #ifbfl
GBIRHEG, REZRE R =0.61,¥5#R1%2% RMSE=17.11 t/ha,F {8} 20.0752,P<0.01
2.4 PALSAR Z i Al IH A
KH S-Plus BP0 Z2 5038 A0 MR R P A B AH B 3k R HH R HY B0 B T8 5 1) B 2R B0ORITRE b 5
DAy AT 22 038 A0 A 2 AT 27 i b b 2R A A an =X (6) .
AGB = 155.913 + 3.9360)° + 2.4770; (6)
K ol o HIFIR 6 A 30 HARBUEG A HY ML T 85 M HCH 2800 8 A 15 H3REURZ 89 HH #
TR IR U R AL, e REL R =0.63, ¥ 7R i%2E RMSE=12.94 t/ha,F {H>~ 21.62,P<0.01,
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B3 (a)EEASEGH(b) BEU/NEREEK

Fig.3 (a) Vegetation fraction image resulting from spectral mixture analysis and (b) fusion of vegetation fractions with PALSAR

HH polarization

3 ER5H9H

3.1 FPARARZE AL [ A ) A

FRAE 3 AR FRARZE AL, 2351 A SIS0 Hh BE 8% 200 AR, SR A (1) THBAGC R E b AW A, fil
B 3 FRERAR IR EF I ARORITR SR ) b A SR [l 9 9 R %K R® \RMSE (kg/tree) F F {H 413 3 Fi/R
(P<0.01) . FIHZA: Py [n] A RUASAEL T 345 AN [6) ZRAR S B (4 MR 1l 2B 8 (v/ha)

R3 SMHRNEBEYEREEITRE

Table 3 Tree level regression coefficients of three forest types used in the estimation tree biomass from field data

FRFRZETY Forest type b, b, R? RMSE ( kg/tree) F &

[ Broadleaved forest -1.515 2.317 0.51 0.39 205.948

£ Ak Coniferous forest -1.456 2.428 0.74 0.57 567.706

TR Mixed forest -2.865 2.789 0.58 0.60 276.333
32 sk

FIFHASCA 2R 00 =S 6 88 22 19 DX B AR 726 ol T, T 9 DX ) AR AR L A= W i 53 A ol 161 3
HANFE 4a 4b Al de FiR, HRIGIEEREMG 328 ( 2c) , B0 25 AR B 35 X 38 (AL 45 504 T i o
o EA) B —2 AR, 18 4a A GOMS BLEIFT MEM J5 A6 8 19 A= 2 A 1, Hodh Ak
M2 i 27.57% , T AMRH T AR 5 RS BUE XIR 72.43% , T ARbR bR KA Wit 332.87 tha, A=t 76 76
0—50,50—100 ,100—150 ,150—200 ,200—250 F1>250 t/ha, 735 5 i 45 78 75 X 3 ARG 28.54% 19.49% |
12.07% 6.17% 3.03% 1 3.12% , H:rfr 0—150 t/ha 295 60.11%,>150 t/ha 295 12.32% ., & 4b R F|H] SMA
PR, () A W A A ], P AR MR 2415 29.39% , Fe AR R A= 0184 241.93 vha, A ¥ EEAEVE ] 0—50 .
50—100,100—150,150—200 F1 200—250 t/ha, 735!l (i &k EER A 55 X B ALY 12.00% ,29.79% ,24.97% |
3.70% 1 0.14% , HoH 0—150 t/ha ZJ i 66.76% ,>150 t/ha 2,5 3.84% , &l 4c JHF|FH PALSAR [B] US4 Rl 540
M APt A [, R AR AR L2 |5 34.25% , Fe R PR KA 177.35v ha, A& AE 3l 0—50,50—100
100—150 1 150—200 t/ha, 73 51| 4 &k KI5 3 35 X380 1E LY 24.35% ,32.50% ,8.64% Fl1 0.25% , HiH 0—150 v/
ha ZJ 5 65.49% ,>150 t/ha 29,5 0.25%,

B =M ST R AT LUE R ARG R A Y i RS A ZE VS 0—150 vha, AN [R5 AR A1)
YRR Z BIEE—ENEST . RATRAGIT# M PALSAR 51k J5 108U R EUE B E M AEwE KT
150 v/ha A 5 SRR, 7 A% 1] DSV R G 39 T A S 3, o2 7 ) 45 SRAFAE B K i 221, SMA 5 4% PALSAR
G2 YR AT Al A AD B 0 T AR e Al R R e 22
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Fig.4 (a)Mapping of forest AGB distribution based on MFM method; (b) Mapping of forest AGB distribution based on SMA method ;
(¢) Mapping of forest AGB distribution based on PALSAR regression

33 fHEIRZET

R T D RN AR 0 AR i A TR 25 A3 A, MR A B A S0 A Wy 1 A K MEM TR A RO o
SMA F1 PALSAR ZJ0i% A0 [l YA 55 = R 7 1Al R A BR st b A= i b AT o A, RS TR A 5 ot 1 A o R Sl
AW 2 (A AR B8 25 . R AR Y 20 SRR b ( plots ) 2B W) B B4R o ELAH, THE BN TR 1
{E ( Biomass avg) FIARHE2E (standard deviation,SD) o JESZIME 5 7EIX 8] avg — SD Fl avg + SD WHEIC K plots
<1 SD, R ZWICH plots > 1 SD, ARFEX AR GpFRE 33X 20 A>T A=Yy {8 73 A, o plots < 1 SD Ay
114>, plots > 1 SD A7 9 ANEE . ARG 23 RS20 AR A i BRI SRLAY AR Wy i RERLAR A y i i 22 A
At AL plots < 1 SD 1222 (11 AMedls) Al plots > 1 SD(9 M) BR22 M T-HIME bl Jie/ME S/ MEF
ALIEE, Gt as Rk 4 FE 5 Fn

R4 BEEYMESINENSRENT

Table 4 Error analysis for estimators and measured AGB (t/ha)

BRIESIT Error analysis ﬁﬁfﬁ Bij:fﬁvg bR SD %l\jlji\nﬁ H%I\ZZX{E gf Ele
FEHLSSM A= Py i Field data 20 85.9 15.8 60.4 119.9 59.4
MFM A B R A P i Estimated AGB from MFM 20 82.7 12.6 65.5 108.3 42.8
MFM Al 5 (4 B2 22 Overall error for all plots 20 8.0 6.6 0.1 25.0 24.9
plots <1 SD %2 Error for plots<1 SD 11 7.1 5.9 0.1 22.7 22.5
plots >1 SD 2% Error for plots >1 SD 9 9.1 7.1 2.8 25.0 222
SMA BEAEE AR L Y Estimated AGB from SMA 20 86.2 14.2 52.7 116.9 64.2
SMA By M52 Overall error for all plots 20 8.2 5.9 1.2 23.3 22.1
plots <1 SD #%2% Error for plots<1 SD 11 7.5 6.1 1.2 23.3 22.1
plots >1 SD 2% Error for plots >1 SD 9 9.0 5.2 2.0 20.6 18.7
JGi% A ] ) 3y e
FEHE IR 2Z Overall error for all plots 20 15.1 13.5 1.2 39.7 38.5
plots <1 SD %22 Error for plots<1 SD 11 17.6 13.9 1.7 39.7 38.1
plots >1 SD i%2% Error for plots >1 SD 9 12.1 11.3 1.2 36.5 35.3

SD F/RbrifE2E indicated standard deviation, ; MFM 378 Z G [ #5230 B % multiple forward mode ; SMA 7R IR A 14 70/ 5515 spectral mixture

analysis, respectively
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0
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VI TR 2 AR fE 22 ER LT iR 22 (20 /l\i%[}E) 1M Fig.5 Comparison of biomass estimation error for MFM, SMA
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(plots >1 SD) '—3<p10ts 1 SD 1% i LA MFM 7R £ JG B 0] #2050 3% ; SMA KR 1R B 1% 00 7 fft B %

B PALSAR regression 3578 PALSAR £ 7T 7% 4 [0] 9 44 3% ; All Field
H LA ST AT LU SR T80 58 T R T8 Data 275 20 MEEHL I ; Plots< 1 SD of Field Mean /R V& 7
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FOEIRZE . (2) MO XS S0 BE A2, R B3O8 1 R B 1 3 AR T3 B A% St =38 JUT A Jos P AR % SO JT L ] A8
o, DT B ) 1 S S5 A8 A2 b TR of 3e8 J PEIAR F J g R JS 0AS B 0 R T EL e A (3 ) R A S B3 i
ZERIFENA o FH T HBIE R AR A4 52 0, 7 B MR X CRIE SIS R /N SR b Al ) sk T B A RS 5
53 52 1 T35 B RN 35 1) PRS2 ), B PR e P 57 2 AR X 55 PRI 5 4 DR, 35 %o 5 Y8 114 B8 TN B8 AT — 2 RS i,
3.4 fHESEREIE

KT RS HO SRR R LA G AT A G AP SR X R A AT IR IR, B 20 A E b ST
AN =R AL S AR ) R AT TN b, S A A e (S AR Y | 25 R LI 6a 5] 6b FIIE] 6c, &l 6a
A& 6b 43 HIFRAIE T MEM Fl SMA AL A 2558 R? 4351 0.61 Fl1 0.60, S IN{E 5 A 554 2 (8] () RMSE
53914 8.33 t/ha F19.417 v/ha, B & 440 AGTE 1.1 M, Kl 6c Sk T PALSAR [IH VA A 54 My i 45
B R*=0.39, RMSE=14.89 t/ha,

AR A RN A e S A ) e R 2 A A L RTASE Y (1) B T 45 SR i — 20 R W . MFM. Rl SMA P
AR R A i 25 S A B SR, 1T PALSAR £ 08 20 [l ARG B 0 AR 1) SR B e 22, kT UL,
K FH PALSAR 227G 0] A5 AU Ak 8 1) L Ly bt BRMAR A et 5 S0 7 2 A A 2 LUK G B LR3I, T RN T
0.5, A R A Y A ] AR T RO A B A Y . XRIR LD B R AR 515 0T
G1fif SMA TEIE A A L M AR AR AR
3.5 e

PR B A B S5 SECR g . TR RS BEE BRI, 75 EE R T 250 Gt 1 sl Ji ) BT AL [ 18 1Y) 7 7 DA
TR EUGAEAARH], R Li-Strahler JLA[ G5 8 i i AR AR W) AN 5 B4 22 ) b THT 95 UE SO , 1SS0 1 g A
ST BRI B TEAIAE B o A LA G2 A RS A0 3 A 4R R s | AR 4 Y A B 422 00 3 ) 254l , nwd vy
(H) 942 (DBH) Mt F-J7 Tt & ( D*H) S804 15 A ik e S [m] AR AR | SR Ji 3 3 v 1] A8 e (A2 sl v )
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Fig.6 (a) Scatter plot on measured and MFM estimated AGB; (b) Scatter plot on measured and SMA estimated AGB; and (c¢) Scatter
plot on measured and PALSAR regression model estimated AGB
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