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(Polarimetric Interferometry Synthetic Aperture Radar)
FORBEAT AR B SO H AT AR AE L il
Rt T SR A SC W S ) R ROT R Z —, SRR
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4, 2014, 20155 BERETE, 2019), ik, A%
B SR T PollnSAR AR HEAT 2R M55 B2 S I8 19 A i

WfE B EA: 2021-05-27; FENZAR: 2021-11-03

TEPERIFIEY
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1998) . K H PolInSAR A Fll RVoG #2471 FR Ak
EE R Z B RE, MO M AR A
THFN AR 3 B B2 T A5 B Bt BRI A S AL A
BN EEN B (RN AE, 2014) . HATER
R A s P30 ] LA 3k A0 50 5 ok Ak
B it FH O ER I8 45 1 0 5 RV oG B I 35 1)
FEME B OEAT F B . A 2 PR A 45 SRR i
PR 36 UE B VR 1 AN e A B A TR B 4 22 [
P BCHE T, ASRRECAF Y SN R T 285 R ) AN
B . Kugler 58 (2015) #5405 K % 7 ik Xt
PolInSAR $4i8 $h47 5 52 HLRE ALY RVoG A5 7Y 2 3,
ARG T R BT RS B, SR L vk
H2 8T s 5 R A e v, R 7
% R X AR R 22w A S G R B
A E L o Simard £l Denbina (2018) 1 24l
AT B A S (A O R A ) 2
S BRI, IR EER NG
AN S P o 25 (8 FH A0 LiDAR 04 o [
HES B ] A ME, 25 . A4
TG BB AR TSR SR T ik, T B R
R R BE BT 45 A ARG B, R S T 4 R AN
M. Riel 55 (2018) 8 2R A ULt Hp SRR ]
DL A2 RV oG BB A SEG R AT 2 M, [FIES
Al DB i A S8 BES R IIE SE Sk
SN el o e e S i o [ (1 A - VY A X
PollnSAR 7 A R = 8 S 285 5 b AN o
SAR J G B W00 1) 7 AR AR A 5 b i 4 S 80
AU TR 25 52 W FRAR R BE 1 B 4 SR, 9 K
WL M ERLRS AR T WRR . B O
S TRARGE RA) PR 7 10 A8 Al 24 2 i S0 AR R e B I T &
BAEN (%4 4, 1986; Jackson A1 Pinter,
1981; mookl, 20165 MR&he 4, 2017). =kt
(2016) R JH C 3 B PolInSAR B i f: Sz 18 AR bk i
REHOK R, SREW: FHKEBGRNIE
SR B ST DR B K o, UL R
KETE—ERE L L. P W
(2017) FEBGE R B AN A R AR OIS DL R, AF
8T IS KR U AR B R, 5 R
KA AR A S B MO A MR AR A H B R
JE A, — PR T I B R B A OB R R,
XFJE O RER S A T RS K E .
MR A AR R (B, 2019). BR k3K

it SO (5 g A1, A B9F 9 2 BH AR PR3 B3 2 % R AR
1R VB A SRR B R AR R K T AR B I
WAL Z K H IEHRMNE R0, Wang 5
(2016) fiff FH 5% 480 A #L 28 PollnSAR % % W 57 T
RV oG 51U 75 AN [] R A B 1 AR bR e B e 3 b A 3
R, TGRS SRR . bR B W] b 5 e R
VRSB, RV oG RN FH A B R 5 X 3l i)
FRMGE B R, A, RRARE S M AR L
AR R . ZRESE (2020) ff FAILEE
G301 AR BE X% G AR e B S T B ) 5
PEH T — P L AR S 1 A A 5 R A
RS, HAE R T AL G 5 B B A
TR R RS B, A RIS R
By iR 2%

g Lprik, AR B (AR
2016; JASAHE, 2013) BUE AR (% AESE,
2010; JEAE, 2019) JFJ T &4 7518 1) £
R B R 2 R R MY, (R A T 43
iR i A S8, BRI . 00 DU A 2 AR Mk
St R I () 2 1) ZROPA v B2 o 8 35 SR AN ff 2 1k 1)
WF 78 W JF R dc A o e Ak, T il 4 i B B A
SAR B A B TR MEYE , DL SR M s i B
Fe R FH LS8 AR 35 55 T 1 WA i) Y 45 5 e 8]
T O HLER, PRI AR S OB L ) R AR
YR RITIESE . A SCLA RVoG A Ry JE 4, 3T D
TR SR LU BB LA 4 45 PolInSAR 2
A, X RVoG BRI A S, BERMERE . UL |
PR RRAREE L b AR B R - K a4
T TE AR R B B B P [ | R AN A e
17 T IREME T

2 BRI SRR Al AL ]

2.1 HMIGREIUBIRENR

A SCF] FH R AL K JR) ESA (European Space
Agency) & A ] PolSARPro 4.2 it A< H' Hy Mark L.
Williams 1 -+ JF % 19 SAR A T HUH F1 AR A A
(PolSARpro sim £t ) , 343 T PolInSAR Y481 4
& (Pottier 11 Ferro-Famil, 2012). fE1%504E BHA
UL RGANMMYERE, BNFAEHRLZ . T
I ] 25 K G B A Mk LU 26 0 G S5 A 5 TR AH 5 /Y AN f
FE P[]
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TEVZRAUAS T, A SCHSEBCE TR 1R B
BSHG BIEFE R T EMKF LK,
ASS . BB 1 ANTT A AR BT IRR S
BOOCE T AFRF (K1) AR R (&2) .
421 LS KB RN 4 A b TETHLURE FE R RE R A2

Bl PolInSAR B o % 7K £ FURH RS J 15 B 19 40
b, RO SRR K ORI
g8 AL A i 256 5 PolInSAR LUK 4, #E40#% rp
REF . PRREE B 0 K B N M TR RS AR AL
E TR S WLER 2,

%1 PolSARprosim ZIUFEHESHIZE

Table 1 The parameters settings in the PolSARprosim simulator

PWB FEEEm PO ASMS DHER/GHz

BME R /m 3 /m

AR /m DRI AR m BRI )R /m

L 3000 45 1.3 18

10 1 L5 1.06066

(a) EFMMR-HETE (b) #FrpR-[ATE

(a) Coniferous forest (conical) (b) Coniferous forest (circular)

(d) FErpk
(d) Broad-leaved forest

() FFmAR-EIEHEIE IR AC
(¢) Coniferous forest

(circular conical mixed )

Bl 1 PolSARprosim ALHL AN [R] B Fh 23 A (5]

Fig. 1

(b) 300 #/hm?
(b) 300 plants/hm?

(a) 150 ¥f/hm?
(a) 150 plants/hm?

Forest species and their distribution maps simulated by PolSARprosim

(d) 1200 #/hm?
(d) 1200 plants/hm?

(¢) 600 Ff/hm?
(¢) 600 plants/hm?

K12 PolSARprosim LML) AN ) 2 B2 AR AR 5 I (LB S 2= B iAo 1))

Fig. 2 The simulated Forest scene maps with different densities (coniferous forest(circular) is selected as an example)

%2 PolSARprosim RHFFRMNIFRSHIZE
Table 2 The forest scene parameter settings in the

PolSARprosim simulator

SR P SO E
- FEAR—HEIE bR — D |
B AR — BRI HOE IR AE I bk
PR B (BR/hm?) 150.300.600 1200
KR (0—10/(m¥m*) ) 0.3.6.10
b A HLAE 2 (0—10/(m/m) ) 0.3.6.10

2.2 #1&E#l PolInSAR ¥iE T AbIE

A S R B LY 256 XF PollnSAR % i (1) T
WAL T AR (F3 (a)). PR Al
(3 (b)), FHy 2Bk (K3 () REMT
flit (E3 (d))o A &M 5 1 T 454
RV oG A5 713 143 J2% DL i $ip A B 6] R A e B 2 1 1)
AN E AT 0T -
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3 ALl PollnSAR $i4is b 2 od 72
Fig.3 Simulated PolInSAR data processing procedure

3 WEITE

3.1 RVoG &2

RVoG 1 #4 J2: H AT R H PollnSAR HA S i #f bk
o B RO T i — Rl SRR, O
SEPWEANT RS B B AR L
MO Z Y EOCR , DISCBER T AT &
B FRR Y BT . RVoG A5 A J& — AN RUZ 8
AU AR 1) By L [ 3 P AR ARAAS ISR 2 0 b
R R A, o AU 2 TR A s, 1d
R SRAE AR AR SIS, b 2 HC ) LAy
W ALHCATE , FHARRAEAR T MR AU HUS . RVoG
ALGEH 20 (1) E/R (Cloude Fl Papathanassiou,
1998; Papathanassiou # Cloude, 2001; 5KTF3F &5,
2017; Riel%, 2018):

Y,
R(m), = exp (i}, ) L,

Kb, R(m), Rk T 45 € Wtk Ak Pt T8 5
T, o BIRJZHRMIE AL, p, 2P T
M SRR LG, oy, R AT,
X (2) Al (3) FR,

_ 20(exp(20h,/cos @ + ik h,) - 1)
Yo = (20 + ik, cos 0)(exp(20h,/cosB) — 1)

A6 47mB

z:j:ina“msin"a (3)
K, oy, BARME R, FEOE R o B9 AEL M bR
B, mEABPE L. WIFAG Ao, HEAKE
B,. WK A KAHERJ SAR RESHL

3.2 NMERGITIRE

(1)

(2)

3.2.1 DntHpsEs

DU H7 %8 R K S0 80 o0 A p(6) (A L0 1]
H5He 22 T X 1) R FRA ) e A U 5 53 A p (6] y)

CHE LI 2B 2 J X6 ) U B ) il R, HAR
B R LER A T I R (B RURE « BT,
2018) . HiEkAUw=L (4) iR,

_ply|0)p(6)
p(6]y) = p(y) @)

A, p(0) MASER AT, R I AE WL B R
2 H AT R A T B 2 H0 T A p(y|6)
Sy 0L 9K R B, R X S R L AR ) — e i
p(0]y) FIE WA A 23 ik DL I S A ) ) B
PO BT, R W I 7 4 R WL BCHE (4 R 1
X FSHHINE; ply) WAGMR, FEHIk
7 ) 38 = A R 2 (6] y ) T R o
(o bmofe AL % i, IR wa e, B 7E SRR R
A (4) WHEERARX (5):
p(0]y) < p(y|0)p(6)
% 55 M AR R0 53 2 T I B AR

(1) SO LT RVoG BT
FOARES ST, B ASRET 14, Kl
TR BRI, T £ B
AL (6):

(B0 y) o< p(y]0,..0,) p(6,.-.6,) (6)
e, 0, o, 0, FRETRRFSHL

(2) AHJR UM 4 D1 SR A G
R SRR E R AR R, BB
(hyper—prior) , FBHFRNMBEL. 701 ARISE%
ZIE, WIOBEMILTRCRZ T 2, DU
B T 2 ORI R, A A B
PR A B . LI S R 0 A, JF
Sy 43 R A T 5 A R B B e
i LA R (Riel %, 2018).

3.2.3

(5)

3.2.2

Metropolis—Hastings & ;%[5 12
S F DL T HE SR AT 3RS S0 IS 58 o AT
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1B 22 AR AU R X LA AR A5 JaF PAT 1) e A J 36701 eR KR
PRI 5 SR B T it S e 3 . 7R TCHE SR IS
B b IS, A S | B g AT DS a0 #
ISR S S 0. HaG, DU o0 b 32 22 am i
L R B RS R R 3% MCMC  (Markov Chain Monte
Carlo) J7 ik BEHLRFESIEAT . MCMC J7 32 7 DL
Hr g HEL T, R KTk (Markov) S 251 A
B F 25 SRR R I A v S B S 58 4 A eR BB 2
Bl HRE R T M 3 — ISR iy H K]
FRBEA LB H b pR EHEAT AR . (] MCMC U7
VERS, BIRBEREEH BRI E 2 CE R, AW
MR R 1 T %, K A AN TR Y MCMC U7 3% o
WO B MCMC J5 35 2 A A Gibbs i FE
Metropolis—Hastings B35 (A8, 2009), A3CH
& H Metropolis—Hastings B A THlAE

Metropolis—Hasting 592 A 15 LR AN F

(D) SRS EIR— DRI IGE, @ 2R
WGBS L 2 0G0

(2) MRAESCH AT BENLA B — DAEAS(E, S
56 A AT Lo e 30 0 A 0 24 5 3 A1 5

(3) MRIHMCRAEN (Riel 55, 2018) FH574%
Z— T HIREA AR 5

(4) MWALT X [0,1] WA oA rh AL
—AME, JFS2 (3) R BIRMREHETT
B, ARTIZE, WHSSHRE, HEBoRE (3)

FHIFEAAE ;
(5) RJFRIMEEEE (2) EFAM, HRIZRR
AERERIREA o

TEIZ R P n] B4 — i SR BUE, AR R A
Bl oYl . I AT Metropolis—Hasting 8- 15 J2& 418 X
J B SR AR B o R A B0 1 RS SR S T A R4 1)
HORFIR RS, HEMTAE S 56 0 A AL 15 fi 5

AR Python ~F- 15 H Y PyMC3 5 8 52 31 3C
H ¥ I B Metropolis—Hastings By 6 Rt #e, R4S
P DU J5 B o0 A iR AR S . A, T
MCMC J5 ¥ T B A W St A S i AR
Z 55 SR BRI W R A i R s, A X
Lo Ch R B REE IR E , WU RAE LS RIS
3.3 DNMHEEZ M AT PollnSAR % #&

T 32T A AR D BTG R, AR SO
HE I ErE SR L (7)), HERR b5 5t
Kp(m|y, R(m))IE LT IEEMERp(m) 501K %L
ply|m, R(m))FTREIIE, A IR ok B R 3

T RVoG R A SRS I A LI £ 55 A A%
p(m|y,R(m)) o p(y|m,R(m))p(m)  (7)
p(m.a |y, R(m)) < p(y|m,R(m),a,)p(a,) (8)
e (7) HIH IS p(o,), 28R4
FEIirESR (50 (8)), MiSEHp(o,) R di % o,
fSes oA, DLE R E SURIfERE (a5
ZERAD) W3 A o I X5 2R R L 15 22 FIA
RUER G S E BANE E PERR & MR b i BEH LA
o, X (8) W, FEHip(m, o)y, R(m))RE
B oA, 8 i T [l A B AR B b, RS
SENE o, G B o3 A RAREE . B TR RS
A TH B AR MR R BE 2 RO B E MR i (Wu 58
2010)

AR SCAE FH Python H PyMC3 B 5 DU i fiE 42
IS T PollnSAR % dl . 16 YoM i DL it S HE 22 70 Hr
RV oG 5 A1 iy A\ Z: BRI B (AN 2 15 7E
M A R DT e S0 AR 5 A B[] A A R TS
PolInSAR U415 52 5 1 BR bR 55 B 14 J5 38 53 A SR A A
LA EME . SCrh 3T 532 DL iE 48 5515 2%
AR B B AN i PR Y P R

(1) & SR H DU A 5E RV oG ALY b5
Wi e R A A SEL, RIS E AW e
ZESH, B R RSEUR R RVoG &
B h AE R TR A p (m) B EIE, BT R
RVoG AUl f) AR i BE S5 R AARHEN 224 10 m,
P R e A 0 p (m) BRI 22 BEEA 10 m;
Y 50 53 A Uy [ E S8R Se s o A, JFARYE
S U E XS B EAIEE (Riel 5, 2018), It
AR AT 45 G O TR 2 BORUE ] AN 5 M 1) BT A
FelfE BBk .

(2) TSR BRI b I AR 25 g N S 8007 22
o, WFEI I3 A0 p (o, )VWE eSOl e Al A
Ny 2 DL R AL, UK eR BOE A p(y [ m,
R(m), o,).

(3) %H Metropolis—Hastings M\ B8 50 A R
BORAUREA o TERFELFES, SRS B il
i1 (Maximum a posteriori estimation) 5 fi F§ PyMC3
S LAY find_MAP R BRAG . SCHREERERN 2,
TR AORFERE RS 50000 MSRAEFEAS, o B
T 10000 1SR KR S5 LIS R FESE IR E Vs #F
KA FEEE 2 AN R G IR, Tk 2 R4
R S BT I 25 R AT R S5 Wt
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34 AHEHENL

FEAFRHE2E S H IR B 0T B8 AR A 7% B 1) B
FEEE, (HHTCUE B R A B80S SR 2y
Bz mpgiRze . i, ARSCRFF S 80 bR DR
(Standard Error) X AHEMEBEATEAL . T3P
IR AR R T RRAR R, EARHEZE R 1V O
PLERSE, 2005) . ARifEiR e T8 B AR A S A
SOAREIE R 22 80, B 24 R AR 2 {H 09 AR v 22
(Iversen 55, 2000; ZEAHHL, 2007), i {f Hx
HEBR AN FE A 245005 SR B8R 22, L
PPN & K 7 5 E R A E

n

X= _ZXL (9)

3| =

(10)
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N
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30m, HIERECN0.2 dB/m, HABSHONE K%
A AR 2SN TAE (B E=0.1m, ¢=
0", w=0Fly=1), LIAMEMT RZEy,, Ji@E
it Metropolis—Hastings % ¥ >R #£ 15 51 % bk =i B h,
(El4 (a)) KW NEH (4 (b)) BREEFE
A, IFHIMEZ4EKDE B (KB4 (). K4t
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Fig. 4 Generated samples from the Bayesian posterior distribution
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Fig. 5 KDE heat maps of samples sampled according to two different RVoG models using the Bayesian posterior distribution
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25127 Riel 5% (2018) . Simard l Denbina (2018)
AT AR 3] IS, SETARTIHIREE R, AL
R B EE A BRI R EERY(E (18 m) 1N
AR B SRR IR, T (D) A (2),
R —A “FlE” MR o, 1EARVeGHER
HEAPFEOL R B RER, EmOREET
RVoG 1 PollnSAR ZRM e 2 B I8 F R ANAf 5 A1

BT 41 P e, AR L E
PollnSAR LI ELH , JE T RVoG #EAL, Jp 4 T4
T L RRMRGERE | M DR B R 4 B S KR A AR
ROEARGIE AT ENE . B 6 1A T AN Rl
ARV RE . ANSFPHRE B SO ) R3Sk B4l 5 T
ARG R OUWLIED) . LR RV oG 1L RY f 33
R L BTG R EUS 1 RV oG A5 7 i g i e D
IS8T I 56 SR A e B2 2 A s o 22 LA IXC M) 9 2 25
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I#i] 7 T D6 1Y RV oG A5 B 2R bR vy J32 1 13 45 1 1) 5
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Tree species 3. Tree species 4 73 | LA M1 (£
MAR—HEIE ) . WA 2 (BFrEAR—BDE) . REF 3
CEHmpk—RIEHEIE IR S ) AL RN 4 (FERAR) 426
Bl EI6H, 00, 03, 06 XX Z7 Hb i A ik 5

(0. 3. 6, 10) fIEEEEKE (0. 3. 6. 10) BY
ARAE . A TH@R T E, E£r-7%, RITHA.
B, C. DRI RpmM R 1 BERP 2, #4Fp 3 IR
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Fig. 6 The comparison between the results from direct RVoG model and combination of RVoG model and Bayesian

posterior distribution

3 R e 70 T e o ) = QT Tk 9 D M 17 1 3 R AN 0 1 o S LAt e ey
Ifi] 7€ T 65 1Y RVoG BB AR AR B R S5 R 52 /K 4D FRIE D 144 2o 0] ZRpiosy B2 S 1 45 AR 3 A
Wi, P 7 AS S R B RO AE R A LS KR (0—  WETE:
10), i HLEE . (0—10) B2 N iEtr (1) 7o B S 235 SR AN 5 1R 2 Y s i ) A
THG(E, 8T AR R KR MR IR AR B A DX TA] A 3 A A A T B
KEFETE 0— 10 EL AL ML I A ST E5 R, BET i XS LEANRIA B, nl LA 30 ] i RS 38 45 2R B AN
Kt — 2P 3 Hrix SERRIE T BRbk i B2 SR Py EMER TR AR X AT BEJE R TR R R EOR
(7] 5 RS A AN SE 1 o e AR AR bR M TR 2 RS OB B 2%, B T B Ak SAR Bdis S A+
PR TR FIEEOKER, 16D TRIFRM 408 ASTHIOARBIEE, A5 AR A RN E
M TR B S 4 BB RIS AL S, 75 WK TERrbbR, B i bk s 8 45 SR A A O T il i
YT N A AR (E R AR B R IR, B bR, PR R 2 S A R AR
BERG N 5—25 m, (S0 ERR HIE (2) b J3E X v JB2 S 38 45 2 114 52 Wi o 6

o
95% " X [ YT R, K 6 DX Al A VR B TR 7 5— W, R Y% B R 150 BR/hm?i), 2 HU T EE R
25 myuH . WEE 7R AT UK, W Lk B s

HIEEA S, KT h TARMERmE, A



SRIESE 45« T DUISRE A ) ZRMR s BER AL T8 SAR SR B & #E 0 A7 2439

MEengEmmE (K2 (a)), M mik, TR, YRR EERORRT, B 2 hat X
SR A R . (EARE AR, YRR B a B, FRUIE 20 S 45 R T .
by L N R = W1 o 3 N E e R i = 2% 3 {H >4 2R AR5 BE R 600 BR/hm? T 1200 Bk/hm?i}, 2 7
FIEFIEAR, Hok [ FHum B, LR S5SREF AR, YRS A — e T,
AR R 78 AR B 55 /NI AN A o PR A/ . TR WAL R AT E AT R

10 10

Al

8 8

6 6

Tree species 1

Ground Moisture Content (0~10 m?*/m?)
Tree species 2

Tree species 3

Tree species 4

0 2 4 6 8 10 0 2 4 6 8
Surface roughness (0~10 m/m)

—_
(=}

0 2 4 6 8 10

(a) 150 #k/hm (b) 300 #/hm (¢) 600 Fk/hm (d) 1200 F/hm®
(a) 150 plants/hm’ (b) 300 plants/hm’ (¢) 600 plants/hm* (d) 1200 plants/hm’

S5m 10m 15m 18 m 20m 25m
[ T

Pl 7 BT DR I 50 3 oM ees 52 R 3 45 SR 1 M B AR bk S5t TR AR T DG 2R
Fig. 7 The changes of Forest height inversion uncertainty with the variation of soil moisture content, soil surface roughness,

forest species and forest density

(3) P rhRRbhom B R a5 R I TE B Oy m) b AR AR BRORR R S T 4 2R A S R s O T R
AR AL R T EE AR A 24k, Ui mRLRERE K. fEMBTEDHIREEE D 6 Ze A, BRI S A SR



2440 National Remote Sensing Bulletin i & 523k 2023, 27(10)

FHefE; YARMEE R 600 BR/mm?HE, BT RE AR
HNIHA 3 A o S 45 SR AR ZE BN

422 BHRSEREHEREESNT

M 4.2.1 19 5E P A al A, 44 R 24 25 i
TR A R AT ENE . T b o B A
T L BRAREERE | M RS e 1 85 K TR AR AR
o B2 ST TR U A R R M, AR SO T 3.4
Fr ik B bR BRAE B TR bR, THIE TS TR R Rb AR
AR B S 3 v e A 34> PR B I 5 | RS ) AN A
Peo M, K3, K4 RSFR6 /AR TR Fh
Lo W2 R0 3RO 4 BN e A4
B, H£H GMC (Ground Moisture Content) 7R+
A kHE, SP (Surface Properties) 2% 71N M T ARG
BEs DORRA AR 50 s REAR L CBEHEAR—HETE ) |
BRR2 (B AR—RHE) . BFh 3 (BTt bR—IR o
ARAS) . A4 (AR

R3 WEURERAEIRS,

Table 3 Standard error of tree species 1

/m
R
SP vs GMC 1508/  300kk/  600%k/ 12008k  ¥fH
hm? hm? hm? hm?
0 0.16 0.11 0.14 0.15
3 0.21 0.16 0.11 0.11
0 0.159
6 0.25 0.17 0.13 0.13
10 0.22 0.21 0.17 0.16
0 0.21 0.14 0.12 0.10
3 0.28 0.14 0.19 0.13
3 0.169
6 0.26 0.16 0.16 0.13
10 0.27 0.11 0.20 0.15
0 0.37 0.15 0.13 0.10
3 0.34 0.14 0.11 0.13
6 0.187
6 0.37 0.11 0.07 0.13
10 0.44 0.14 0.14 0.16
0 0.32 0.23 0.10 0.16
3 0.44 0.14 0.16 0.09
10 0.190
6 0.34 0.21 0.15 0.10
10 0.34 0.11 0.09 0.11
XN 0.298 0.149  0.134 0.124  0.176

M 3 mT 1, FER R 1 AY ZR K R I T 4
R R (R B LR B R g ok, kS
B/ IR UERAE Y 2258 0.031 m, Hoh i K bR
BRIV 0.190 m, Fe/MEHN 0.159 mo FRUERAYIE
B AR B BRI/, PRI 2E(E R 0.174 m,

DI RT L . FERS A L op, R B2 AR A DL )
AN S PR T i B P2 A AL F) S
Ra WH2IRETREIRS,

Table 4 Standard error of tree species 2

/m
PR

SP vs GMC 150%k/  300%k/  600%k/ 1200%%/ (K
hm? hm? hm? hm?
0 0.21 0.14 0.11 0.14
3 0.37 0.20 0.12 0.18

0 0.174
6 0.34 0.10 0.10 0.10
10 0.25 0.22 0.14 0.09
0 0.24 0.12 0.13 0.07
0.33 0.13 0.17 0.07

3 0.171
6 0.43 0.14 0.12 0.12
10 0.36 0.12 0.13 0.10
0 0.40 0.13 0.10 0.10
3 0.37 0.10 0.12 0.15

6 0.178
6 0.32 0.11 0.12 0.12
10 0.40 0.14 0.12 0.09
0 0.38 0.19 0.09 0.08
3 0.43 0.18 0.20 0.11

10 0.193
6 0.42 0.13 0.13 0.07
10 0.37 0.14 0.12 0.08

il fz) 0.349  0.140  0.124  0.103  0.179

=5 MIEIREIREIRS,
Table S Standard error of tree species 3
/m
PR

SP vs GMC 150kk/  300%Kk/  600kk/ 1200%k/ ¥IME
hm? hm? hm? hm?
0 0.21 0.10 0.15 0.10
3 0.14 0.15 0.19 0.12

0 0.168
6 0.34 0.10 0.18 0.11
10 0.38 0.13 0.17 0.15
0 0.40 0.18 0.14 0.13
3 0.44 0.13 0.14 0.13

3 0.226
6 0.61 0.13 0.10 0.09
10 0.61 0.17 0.15 0.11
0 0.32 0.11 0.08 0.11
3 0.36 0.17 0.19 0.08

6 0.194
6 0.55 0.18 0.14 0.15
10 0.32 0.14 0.14 0.09
0 0.34 0.08 0.52 0.20
3 0.35 0.34 0.07 0.12

10 0.223
6 0.34 0.16 0.11 0.13
10 0.38 0.18 0.09 0.20

i 0.379  0.151  0.157  0.123  0.203
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Table 6 Standard error of tree species 4

/m
SP vs GMC 150%k/  300%k/ 600%k/ 12008k FMH
hm? hm? hm? hm?
0 0.25 0.16 0.39 0.22
3 0.41 0.18 0.18 0.29
0 0.261
6 0.21 0.19 0.21 0.25
10 0.26 0.35 0.36 031
0 0.27 0.17 0.42 0.23
3 0.25 0.44 0.26 0.18
3 0.283
6 0.24 0.15 0.45 0.27
10 0.26 0.33 0.24 0.42
0 0.52 0.26 0.15 0.25
3 0.47 0.28 0.30 0.26
6 0.300
6 0.18 0.42 0.33 0.27
10 0.24 0.27 0.19 0.44
0 0.29 0.32 0.30 0.27
3 0.32 0.41 0.43 0.23
10 0.341
6 0.39 0.36 0.36 0.29
10 0.48 0.31 0.35 0.38
¥l 0312 0285 0305 0283  0.296
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Bayesian analysis for uncertainty of forest height inversed by
polarimetric interferometric SAR data

ZHANG Tingwei,ZHANG Wangfei, ZHANG Yongxin, HUANG Guoran

Forest College, Southwest Forestry University, Kunming 650224, China

Abstract: Polarimetric Interferometry Synthetic Aperture Radar (PolInSAR) has been widely used in forest height inversion. Accurate
evaluation of the uncertainty caused by model input parameters, model assumptions, stand structure, and site conditions can improve the
accuracy of forest height inversion with PolInSAR technology. In practical application, the study on uncertainty of forest height inversion is
as important as of forest height estimation methods. Quantification of global carbon stocks based on forest biomass calculations usually
requires reducing the error in biomass estimates through forest height. The uncertainty of forest height may be attributed to model input
parameters, model assumptions, observed data, and forest scene factors. However, comprehensive collaborative impact analyses on the
uncertainty of forest height inversion results are few. On this basis, the uncertainty of forest height inversion should be studied using
PolInSAR technique. We initially analyze the uncertainty caused by the input parameters of the RVoG (Random Volume over Ground) model
based on the Bayesian model using the simulated L-band full PolInSAR data, and then prior knowledge (value of the forest height in the
imaging) is applied to fix the extinction of the RVoG model. Subsequently, we inversed the forest height. The results show that a priori
knowledge can greatly reduce canopy height uncertainties in some cases. On this basis, we combine the RVoG model and Bayesian
framework, use L-band simulated PolInSAR data, and comprehensively explore the uncertainties that result from the input parameters of the
RVoG model, model hypothesis, observation value, changes in forest tree species, forest density, surface properties, ground moisture content,
and other factors in the process of forest height inversion. The research results indicated that: (1) prior knowledge can reduce the uncertainty
of the forest height inversion (by fix the extinction value) with RVoG model and L-band PolInSAR data. (2) The forest height inversion
results are greatly affected by forest tree species, and the inversion results on the uncertainty of coniferous forest are lower than those of
broad-leaved forest. (3) The change in forest stand density has a significant influence on the uncertainty of the forest height inversion results.
The higher density indicates lower uncertainty, especially in the pure coniferous forest. When the forest density is small, the uncertainty of
the forest height retrieved by the RVoG model is large. When the forest stand density increases from 150 plants/hm? to 1200 plants/hm?, the
uncertainty decreased to approximately 67.5%. (4) The change in surface roughness has a positive correlation with the uncertainty of the
forest height inversion results, the greater roughness indicates higher uncertainty. (5) The uncertainty caused by ground moisture content is
smaller than those by the other factors and can be ignored.

Key words: PolInSAR, RVoG, forest height, tree species, forest stand density, surface roughness, ground moisture content
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