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Abstract: [Objective] Forests play an important role in carbon sequestration in terrestrial ecosystems. The
spatial accurate quantification of forest biomass is of great significance to understand terrestrial carbon reserves,

carbon budget, carbon balance and the resulting global climate change. Taking the advantage of the longer
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wavelength of P-band and higher penetration ability in the forest, the feasibility of improving the accuracy of
forest above ground biomass (AGB) estimation using airborne P-band SAR data need to be studied. [Method]
Based on the domestic airborne P band full polarimetric SAR data, 20 polarimetric SAR features are extracted,
and were analyzed their sensitivity to change of forest AGB. Multiple linear regression model (MLR), k-nearest
neighbor method (KNN), support vector regression (SVR) and random forest (RF), which were more popular
forest AGB estimation models in previous studies, were used and compared in forest AGB estimation in this
study. [Result] The results showed that polarimetric features including co-polarimetric backscatter coefficients,
odd and double bounce scattering components extracted from Freeman-Durden and Yamaguchi decomposition
methods, alpha from H-A-ALPHA decomposition method and polarization discrimination ratio (PDR), the
extended polarimetric feature were sensitive to the change of forest AGB. The relative errors of estimated AGB
using the four estimation methods were all about 30%, among which the accuracy of MLR estimation result was
the lowest, with accurancy of 63.55% and root mean square error (RMSE) of 19.16 t- hm % The accuracy of RF
estimation result was the highest, with Acc of 72.97% and RMSE of 15.98 t-hm™; There is no significant
difference between the accuracies between the estimated results of KNN and SVR, and the values of RMSE for
them were 17.04 and 17.09 t-hm, respectively. [Conclusion] P-band SAR data has certain potential for
estimating forest AGB. The estimation results of nonparametric method are significantly better than those of
MLR. The AGB estimation accuracy of P-band is obviously affected by the level of forest AGB to be estimated,
and the estimation accuracy is higher in the group with higher forest AGB level. In the study area, with an
average forest AGB around 45 t-hm ™ and maximum value around 120 t-hm™ the accurancy value for the
estimated forest AGB at group with all AGB values lower than 50 t-hm ™ was lower around 6% than the value
at group with all forest AGB values higher than 50 t-hm™. [Ch, 5 fig. 3 tab. 34 ref.]

Key words: P band; forest above ground biomass; SAR; polarimetric
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Figure 1 P band SAR data (A), the distribution of samples (B) and stand examples (C)



974 LA 3 Nl N =+ 2022 4£10 H 20 H

22 HREIXL (LIDAR) H3EIREN S Fi b 18

LiDAR FREU PR AR (DSM), 305 = A5 (DEM) FH T P B2 SAR B i 3 4wt , ¢l oed
JZ 5 BRI (CHM) 28 B LiDAR R Ak AGB 548 I 52 38 A5 78 (8 Y1 25 B 3 0E o AR BF 9 4 B9 ML 2k
LiDAR $#& 26 Leica HLER B L R G MR T “ia-57 KHLFES ., T 2012 4 8—9 H 7E M 5256 X T i
AT SS o RIEAR IR B R 5.6 - m” RS 28, OGO R Y 1550 nm, FERIER A BAER
Al E, BT WYX RS EE Y DEM (8 2A). CHM (& 2B) FIFEbk AGB(IE 2C) 254545 7 . DSM,
DEM . CHM %di i R4 A i 2% Sk [17], kS B LiDAR #i#k AGB B4R BLE 2 5 ik 5%
ik [10,18],

1t it

A

L P BIA S
2 4km LiDAR AGB/(t- hm)
—130 3.5 7.0 km
- I —

A. DEM #df& B. CHM #¥5 C. #H AGB %4
A 2 LiDAR #7 4 % ¥
Figure 2 Lidar derived data

AR AL AS G UEAEAS BEAS AR A& A 8 X I ZR MK AGB 7KF-, LUK LiDAR #x 4k AGB K]
S HER, FEHR 750 m (YA BIRAEEIE, 7 ArcGIS W FHAZH N T (F2 B 18 i S AR EE Hu)) 1Y 7 ik i
B 113 MRES (B 1B) /N R AR AGB iR R I 25 5 5631E . HL#R P I BE SAR Bl 7 o5 IX ZRARAR A A
Y51, 3 AGB R, 2 46.7 t-hm?, H KF 100 t-hm2 fl Rk S ALA 54 113 4 FE 5 AGB LU
10 t-hm™ i) f5 75 4> 45 15 % (B 1B): 0~10 t-hm>, 3; >10~20 t-hm?>, 141 ; >20~30 t-hm?,
174 ; >30~40 t-hm2, 174 ; >40~50 t-hm>, 181 ; >50~60 t-hm?, 141 ; > 60~70 t-hm?,
10 4~; >70~80 t-hm™2, 8 4~; >80~90 t-hm™>, 7 4~; >90t-hm?, 5>,
3 ik
3.1 FHFM PR BB E S AT

WAk B AR 7 v 2 AR B rh SR U A AL (5 B A RO, H T2 R i 7 i S 5 AR AR
FAGR R RIS B RO 7. AR B AiE OIS m s 280, & Y 3 Rt o i 7 ik 42
B AL SAR FHAIE, I8 T I A ARAR AR AL B RRIE . 4R 3P 3B HH. HV 1 VV 48 3 MR A Y f5 1]
B R, T 345 B R B E IR R 2L (RVD . WAL BRI #2248 (PDR); & T Freeman-
Durden — /43 73 fift (KRR 43 5 (FVOL). FRIKEUR 43 (FODD). KU 43 (FDBL). AL EUR [
4y (FD1/FD2, 1 %75 Hb B 5F 4> & J2 ODD 1 DBL 4 A1, 2 78 # i 5 4> & /X & ODD); 3 T
Yamaguchi (/R B 43 B (YVOL), HKELSH /3 & (YODD), YR HLHH/3 5 (YDBL)., HEUiE 1A B 5T 4 i
(YHLX); %&T H-A-ALPHA AL 53 B9 AL B (entropy) . A (anisotropy) . #( i (alpha), BAxJT
Pl ff (beta). AHAZ2Z6f 1(gamma). AHAZ 256 2(delta). 3 FPe Ak /Mt 5152 SCRik [19-20]. AR &
TR R ATV RS a T br,  PRIAHIEGEAE F 9 )5 ) i R B A AR 3 S

FRMTE Pk B ACRRIE e 0 5387 1 E 09022 T8 P IBENT AR AR AGB 8l 828 Ak U IR AL R =
B, N A S AR AR IE S BT T AR AR AGB BA TN . K5 X AR AR AGB X150 A GRARAE W) &
TE 0~30 t-hm > AR AL I XTS5 1) F0 R A A e 28 Ak, ¥9(H 29 20 t-hm ™), B (31~50 t-hm ™, 40 t-hm™),
C (51~70 t-hm2, 60 t-hm?), D (71~90 t-hm >, 80 t-hm?), E (>91 t-hm2, 100 t-hm?) % 5 P78 {4
%K, ulTERSEGAHN P B SAR $2 IS BUARIFE LKL, BTt o IX & AL RRIE S EO8 -k AGB 3

0




55 39 55 5 MR AN . FETHLE P B BEe it SAR Bl i ARkt L Ak Wy i Ak 975

AARERm R, P HT HAR AL B RRAE . A T m B M SR AL AR S AR AR AGB BB R &R, TR
T e Z A1 K IR A 5 R0 B KO .
3.2 FHFH AGB A&
32,1 ZagniFe)aga ZudMEg S PIARIE (MLR) 2R AGB Al i s . S s gy
B2 —o SHHEZMERABAA L, MLR R[]0 58 AR A A A SR ETE , JEMTHE = Ak AGB Al
PVRBCR ARG B . MLR 2H A28 B A5, BRI A A8 0k R AR BERZ 0 A 1 25 0, R XA b i
AR EATRR, B AR GIRRN BE AR f, NITAS BT . BIAECRUE B & ME(EAE 0.05 AR Y
TEOLT, O REAH DG m R IE A i, HEIAS 2 P AR B ) e Al . MLR A9 SE BR335SRk [217
322 KNN, SVR. RF JE A AA KNN3 SVRP2 Jj RF 20 28 bk AGB i b A IE S8k
B, 5 S HOBRIAR L, Jo [ MRS B2 by, 38 5 38 A B0 B 2l 9 T 1 R o e B TR 45 4 O T AR AR
AGB B, IR LRSS 2 I, TERRAR AGB il iy, 5% 3 Moy e Aa U #, PEEGX 3 fh
T RIRIFTAES BT e P U BEAk AGB A0 198 7 .
33 PiEEZHW AGB fHillE RIBERIE

J2 TR 2 SRS B ) 5 T A A R A SRS B RIS R (RY . BT IRIRZE (RMSE), ¥4
YR (MAE) ., fHIUAS B (Ace) SREIE. X 4 MSEAITTE ARSIk [27]-

4 HEHR 50

4.1 TR P K EBARALBSRFE S
ABEFESRIY PR BEHLB N 64 cm, P BAE R B EPERGR . d & 3 R P BL 20 4
SAR FFAE A I XS W0F 58 X ZR AR AGB Z2 AL Y BEUEAE . P IEBE 3 MR AL 5 30 1] 1O 2R B0 R bk AGB

0.40 045 . 035 22 N
2035 i & 0.40 _ 2030 20
5 030 T _ 5 32; 5 = 5 025 I8
8 5 09 @ s =
g 0.25 Zoas| e 3 H: - 2 0.20 Z 16
S 0.20 | S 020 | | : S 015
3 e . T k] 14
= 0.15 1) SRR e af > 010 ¢
Z 010 | I Sow0fp T = * = 0.05 12
005 b . 0.05 i 0 e e S S—
A B c D E A B c D E A B c D E
B2/ S8 R HEPEKT
0.225
03 - T 0.200 0.09 T
02 0.175 0.08 T
o1 o 0.150 e
2 | T 20125} = 20061
2 0 ! H ! S o100 f - _ z 005 1
-0.1 | i 0.075 gvg‘s’
~ = 0,050 | 7 | ;R - 1 -
02 i — 0.025 | = T 0.02 -
-0.3 0 0.01
B c D E A B C E A B c D E
YRR A KT AT
225 - 045 X2 0.12
220 0.40
17.5 0.35 0.10
150 0.30 T
=125 o 035 ® 2008} o "
= 10.0 2020 E 0.06
750 0.15
5.0 i - 0.10 T 0.04
25 4 005 L W& s A =
0 — 0 [0 ——
A B C D E A B C D E A B c D E A B c D E
KT AT KT KT
0.400
0.8 T 0.08 0.375
0.7 b iE 0.07 i _ 0350
06 . o 0.06 g 0325 = _
2 05 2 0,05 £ 0300
> o= B — ]
5 04 > 0.04 £ 0275
03 12 ) 0250 F — o
02 I ! 003+ —  — i 0225 | =
0.1 0.02 - 0.200
A B C D E A B (¢ D E A B C D E A B (¢ D E
AT HEEKT A ERT
62.5
60.0 f I I
575 bk e
LS50 F— | .
£ 525 2
“ 50,0
475
45.0 1
425 b
A B C D E A B C D A B c Db E A B C D
R A KT KT A KT

B 3 PR AMIIIE 2T

Figure 3  Forest scattering mechanism analysis at P band
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Table 1 Correlation coefficients of polarization feature and forest AGB

FEIE R P FEIE R P FEIE R P
HH 0.401** 0 F_VOL -0.129 0.173 alpha —0.734%** 0
HV —0.249** 0.008 Y DBL 0.719** 0 beta 0.037 0.696
\'A% —0.322%* 0 Y_ODD 0.323** 0 delta 0.221* 0.018
FDI1 —0.453** 0 Y_VOL -0.213* 0.024 gamma 0.314%** 0.001
FD2 —0.448** 0 Y HLX 0.187* 0.047 PDR 0.629** 0
F_DBL 0.650%** 0 entropy -0.136 0.151 RVI —0.374%* 0
F_ODD 0.303** 0.001 anisotropy 0.436** 0
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Figure 4 Scatter plots of estimated and LiDAR forest AGB of four models
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Table 2 P band SAR forest AGB inversion using four models
B SR AR A HEHRISH R RMSE Acc/% MAE
MLR 525 PE40.0008 0.43 19.16 63.55 16.99
KNN KIE M1, BREGHEES 0.54 17.04 71.18 13.44
P p "
SVR BT #5070 0.54 17.09 71.15 13.45
RF RBECR 100, RERREN11 0.60 15.98 72.97 12.60

10 t-hm ™ 24y, W FHAES A, FIHEAREOAMGMREE . KNN H SVR 58255 1 B X8k &
2, JFHAME X R & T MLR, {Hil FIEE S K, Hibak 2@ g . MLR £ 45 521
FR 25 AT IEITE 10 A1 20 t-hm > WL T 2 DR AUEME, H TG R 2ZEE M e AR T, MR T AR DR
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