1007-4619(2023)12-2873-09

Sentinel-1 0 Sentinel-2 1[5 ;I i@ #% B IE S S HE
BEE

BEE, B, FRM, RAW, BEE, KA

L EPAGE KA B AP, =K 400074,
2. ATRREE & KBS EBRATZE HoL, L3 100094;
3. R ERREBE A KA B AUFT B, JLET 100094;

4. ZINSCAERE iRlEBE, =0 730000

W OE: BEEEREOEA Y (Pv) AARBEAHIE (NPV) B T A BRE A e = oe |2, [lnd,
SRR S Rl 1 7 55 FE (5 B AR - b VD I Ak B o 3 AR AL T SR A R 35 B . AR SCLUH N A& R B oA i
FEIX . Sentinel-1B IW GRD F1 Sentinel-2A ¥4, R AL EEA (LIM) FFEHLARMAER (RFM), LT
Fas 1l 2 b JF SR AR 5 0l A28 SR DI IR S T8 NPV 7 55 B B VA I ST . 155 T AR IURE i LS P A T K
BIHRIREZE (RMSE) AR IRZE (RMSE, %) fENFEFRIEN OB RAE B . 455050 (1) 50k
JH Sentinel-2 362 3% BB AH L, Sentinel—1 1 Sentinel—2 13 [i) /2 1 NPV REf% B 42 55 NPV 5 25 )3 10 Al SORS 7
(2) Hi Sentinel-1 I Sentinel—2 Fi U B 15 B0t 2 (19 REM 7E NPV 78 25 B8 45 LIMAS R 8%, REM FI LIM f5 3
NPV ) RMSE 2351 >4 0.0149 #10.0153, fHER SR T 1.4%; (3) WP (VH) FEEHAL (VV) FFh
Wefb 5 25 5 ST REM R 404 R NPV 78 35 B2 AR S0RE B2, Ju 3L VHARAE X HEE A A g (5 BRI s o B, %
VV R ERE R R T 5.1%; (4) A FRAE L I8ME B0 HE L8450 (RSD A R0di/> T - 6xF NPV 7 35 A,
FERgm, 42 7T NPV EREMIGE. 40, SRR B A A R = NPV B 25 AR TR B A A0
IR, L3R NS AR bR S SR B = NPV 2 25 8 A 5 B 2 3

KR LA NIPE, Sentinel-1, Sentinel-2, ZRMEFEHURA, BEHLARAKIRITAEAL, VVAIVHEM AL, HilE REBE
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NN FAEYEA I NPV (Non—Photosynthetic Vegetation)
(Guerschman %%, 2009). 7 T#X, fHHHRILIER

TRARET R XN R EIE BB H 4
JEE, NP E PR S R T
SRR R ARSI, AR A S A R
L5 BEACBE 22 B i P I 2E E (Jiapaer 5%,
2011) o HFAEHEE A LR R BEE HEA T A 11 FT AR
I8 NG AR PV (Photosynthetic Vegetation) ;
RBc it . TSR REREAT LA M T B AR 7

Fm HEA: 2021-04-16; FEDZAR: 2021-09-11

JUH, NPV 2T R IX H AR R (Li
&, 2016) o P, E AL OGS HE B 55
(foy) FEHECAEMBEERIE (fa) RIRETFXHE
Bl R 0 Sk A7 A H A 2B L (Reynolds 5%
2007) .
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B A Bip ] Sz AR Bl T o R A AR v S R R
TR, Bgh HATE PPV R NPV 7 56 A 5 Sk
BORE, AT PV BT B ROA TS © 2 RS T AR
b1 LN S N S P S 13X YR R AR S B | ) 223 )
R PR OGS FRAE AR IR B {a BRI (Chen F1I
Vierling, 2006) ; 1 F NPV 5 + 3 (Bare Soil,
BS) X/rMEfE AR, il NPV 3 % EA AL —E
MERE , H NPV BT B2 A ST SEAH X 8 b (Okin,
2007), {H & Daughtry %53 F &bk 2%, R
NPV 1ER P £LAMp Bt AR R 5 27 4k R 55 5 | 1Y
WWCRRAIE, B NPV 5 EHEA RS2 (Daughtry 45,
1995; Asner fil Lobell, 2000). %X, H T &Gl
BHE AR BRI E ,  Jo 2 52 IR [ A b 7 5 A A
(Garrigues &E | 2006; Lehnert &5, 2014). HIt,
SR Z G B B = VR OISR, ARSI
HHE . B ORSE I, BT N T NPY
WG EA (Clasen %5, 2015) . fHi s Jds ) S
A W FLFE B 15 SAR  (Synthetic Aperture Rader) 1%
LS TR E NS MER, e RN R HE
JAE B B MWK 4540 5 T B 458 (Pope 5%,
1994; Kim Hlvan Zyl, 2009), i 52 PUAL 97 55
FEAGS, BTz I T AR 2B R A RS
WE (Tomppo 25, 2019; HIHEIE 45, 2015) . 7%
BRAE B W50 (Erinjery 4%, 2018; # 5t & 5%,
2003) . AEBI (BERT A5, 2021) AFHUH. Kim
45 (2015) ¥ A pios B0 s M B AR A
h—Fh e PR R (RS RwTs 8 (FVD) ),
WFFE R W] FVIHS SRR I HAT ND VIS R 2% B2 £ B
FIRVIE B JZ A5 M5 B, Xl BAT B4 /Y
AR EME . FVITRERAR N Tk 5 20015 W R S
A A AR AL T 25 0 T SAR Bl 32 E
MTOLE B RIF ST ST, EAE NPV 2 55 B AL
LR, 454 SAR BdE S 2 6% 5 Ui IR
S NPV B w5 s /b

15 PV 5 NPV # 5 BEAG 37 ik BB # A
IR G 3 HT (SMA) (Adams %%, 1986; Roberts
ZE 0 1998) . 1% I = #E A (Guerschman %
2009) “FEETARR BRIz B T PV S
NPV 7 3 B 453 (Meng 55, 2017; Quintano 55,
2020) o IR HT 4 HILA 2~ B30 gk 10 P T 3 Sk
i 37 (Lary 55, 2016), fl4n: BEHLAAMK (RF)
SIS A REFT o3 b B TR IRIR Y 2 ) 52 vk, T gk
P EALA M | W AE SR, A, R

27 > B AT 3R B A 45 0 S L (Belgiu Al
Dragut, 2016; Lary%%, 2016). % &% NPV 1 BS
S it £k AR H AL, 7E NPV FI BS 3 o0 5% i i 7
W, TR A SRR B B R A 2R, DN L AR
X4y (WEZRZE, 2018) . % f&F| 4 HEnl 58 )2 %
NPV 7 35 R A B EZ N &R, K e A A
I 348 bR S B RE 0 Ml vk 5 B AL
(Serbin %5, 2009). H4Ak SAR fEML# (5 B LIPS
Nz, 4R 2 AR I SAR B 521 NPV 7
TR TR, A DR AR A B 45 6 s
FRAEAG S NPV 2 35 B s . R, s . o
B b A 3T 52 X NPV 7 55 5, 35 T b v 4 i 4 5
AR WU i eI S o F AR B, AT
IR (LIM) LA K BEHLARARBL A (RFM) 47
oo WA AT E LIM LA K RFM ARG S
F B 7 55 AN B FR R I T Sentinel-1 I
Sentinel-2 £ 45 i) Sl 5 22 15 8% U [F] S 18 NPV
BRI, BT Sentinel-1 9 VV . VH# 1k
J7 6 NPV 3 55 B i U, 5 A RAE 1 R AR
15 B R bR 215 X NPV 7 35 A B B A T
L SUT A Bl 2 DA 5 O 7 DR O 4
XHE

2 WFFE X ARG

w8 X T H N R OB
(38°37'42.60"N, 102°55'11.25"E), &4 KBEVET
AR, AT IR HLVD BRI PR ARV B 22T
Ab, Horpyby o ROEESE SR T 4 B R 91%,
PSR 9%, F¥IREKEAD, HELEREK,
KR RREKER 23455 [FE, AN H R 2R
I, B R R M R AR IR, S O B
Ko A v AR LT A 58, M B AL 1 4y e
(BRI 45, 2008) . BRAJCE MBS AR E M1
[ A SR EE AL, R Eh AN 32 31 H #0735
ST R R, B NPV RN Bk R vk e
ANT] B R

3 BRSO

3.1 REBEIEREUE A IR

M £ (Sentinels) ECHE & BRI AT 2 = “|/F A
Je” TFRIEREMAZ 5, RS T RIS %
AL A A W . AR SOl A B Sentinel-1B Fll



iR AR 25 Sentinel-1 1 Sentinel—2 P 5] i I 4% B AE G4 At bl B 25 ) 2875

Sentinel-2A 5214 M Sentinels B} 8g tH0 (https://
scihub.copernicus.eu/[ 2021-04-16]) "~ % B f5 i} 7]
H20174ETH, ik MR BRBE RS

>R H Sentinel~1B %44 9 V'V Hl VH R fb A5
A, HA MR 10 mo il Bt BEAE R 2
Jal RA SIS R VER LR & AL B 5 SNAP EiEAT,
521 Sentinel—1B R FRIT AL IE | UEE M8 . HUIEAL
EEEE AL B (Gasparovié Al Dobrinié, 2020).

Sentinel-2A 5 # F ESA ‘B J7 & 47 i) Sen2cor
V2.8 AT AT AL BT, FRHX L2A 9% Sentinel-2A %L
o WEFE I P P 0 25 18] 20 B R 09 10 m AT 20 m )
TR BE, AT R 23 8] 23 B3O 20 m Y Be
HFRFEHN 10 m.
3.2 MR IEEHRIREX

ARG 1l T 4 1 50 B AR BB b 17 2 4 i
JOGCHE S e AR B

afi ¥ o oG R 4 o SR 1T ASD (Analytical
Spectral Devices) Field Space Pro Y6 i 1% % 4E 4l 15+
oG, R AL 350—2500 nm. JiI0
TG R R EERT T = . KB - REDE
MR AR E I BE (10:00—14:00) #E77, SRAE
RN RESE ABOLRE, AR5 ¥ smoTh BHE T
EWCERAT L, RJERRETE T Y BT, b
Hu I 5 YT BEAE Sy ) (4 3 TG

i AR Bk . IR B SN R A BB
JE b A R A T 2017 4E 7 H o FERFSE X N ik
BT 61 Bebei, AEHLR/N R 30 mx30 m, HFEHLA
PV, NPV FIBS % s e &) A . R HERE ()
B 1 m) A3 AR U HURE b PV FINPV (5
() BS) ) GPS T s el RO 2 8 . WL 3 3 sk
KW TIEAY, YA SR AT SR B i R
HRAE R B BT A 2R

3.3 &MEEHRR

LIM JE 45 & R PE ISR AR (MR 27 45,
2016; FBEME %, 2016) S{RIC =R (2%
5, 2015) MIEEE, 20T 20T 5k
B QU B, T MR, SR SR A A5 v T
B T . Bo0 = R B o0 Hh PV-
NPV-BS =#H 3-8 i, R NDVIHE BRI A4
. TAERRHE %L (DFI) (Cao and Chen, 2010)
FAEAEE A M B, # 57 NDVIL DFIFE 305 v,

NPV . BS Z[a] i 2 1 ¢ 2 DA Ak 384 21 53 52
ASC LIM HRFEAL SE (A5 0T = A BRI Al 1 38 in Eb A
TR (RSD (3% Wk 45, 2022), ¥/ H 1Y
THO NPV 2 55 B2 R 52, IR SCGEEND VI &
HEPV. DFIZFEAENPV ., RSIFEAEBS, &7 LIM,

NDVI = ((BS - B4)/(BS + B4)) (1)
DFI = 100 x (1 - (B12/B11)) x (B4/B8)  (2)
RSI = (B4/B8) x (B12/B11) (3)

A, B4, B8, Bll., BI12%35]4 Sentinel-2A %
554, 8. 11, 129%E%,
A SCAE A ) LIM /2 3% T NDVI, DFI 5 RSI3 4>
88, m (4) — (10) 4R LIM:
N=D1AN]= [ fNow + fan Mooy + sV ] (4)
D=1 £D]=[fuDw + fan Dawy + fusDis] (5)
R=D[fR]=[ R + finRuw + fisRys] (6)
Dl f )= 1 (7
K, N A Sentinel-2A F 4 19 NDVI{H, D K
Sentinel-2A ZE 1) DFI{H, R4 Sentinel-2A E{4 1Y
RSI{E o Npe. Dy Fl R, A PV B NDVI, DFI 5 RSI
Ui JTCRFAEAE . Ny Doy F1 Ry, i NPV () NDVI,
DFI 5 RSI ¥ JTCHFAEAE , Nys. Dy I Ry 0 BS 1)
NDVI. DFI 5 RSISGICHFEAA , fovs famvs fus 23501
RZFALITN PV, NPV H1BS 4T 5 He Al

3.4 REHLAZRH

BEMLAR RS —Fh AL 2 Sk, T ik ok
Sy MM, TEM AR, SRILEEPLARE
KAIL75% WIFEAAE NI A5G 5, AR5 REDL
ek AL 2 LW i (Liaw Fl Wiener, 2001),
Tl A FEAKEU G F T 28 CHRUEPEAS ALY (Breiman,
2001). 7ERFHYWFFE D, TRFEMEE (ntree), P
R SR (mtry) JEBEHLARAMR AR A 2 A~
BSH, YR BB BOME — % 500 (Collins
%, 2018; Quintano 5%, 2020), 7 AERRER Y 52
T BEAL PR o/ n AR AR 1 R 12T s Y o S
fiE (i s i), Fo NV R EEE N 1.
AT A EAS A, ] REM 500 NPV 7 35
B, A AR e h Z RO E , AR
IR A8~ AR e A BUAE, 115 RMSE
VM AR TE (1),

Bt A7 Bl AL AR AR B0 4> B T Python 19
“sklearn” fLSLELAY .
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=] A 1

FﬁmWﬁlk\
mam2 || mwsre N

1 sz sen Y//

BT BEHLRRARIE] R

Random forest regression model

EEp

Fig.1

FEE TR

AR A SRS 2 B i NPV B 5 AL
SRS UE I 4 7 iR 22 (RMSE) . FHIE R
(R LA AR ¥ )7 il 22 (RMSE(%)) (Heinz
Fl Chang, 2001; FanZ§, 2009) HKiFH. RMSE
F2 B I WA B 4 S T S v o = B A R
RMSE (% ) 322 iz WL A RUA 5 NPV 2 55 3 1) A0 X
TR B, B/ MBI A SRS B

3.5

®)

R == ©)

RMSE

RMSE (%) =( )x 100% (10)

2A

an

AP, X Y A ARSI, X Y 20
FAGFAE A S IME RS, n N EIEREA B, A
N YUEREARE 2

4 LER 500

4.1
=E

i 1o U E 2 2 6] L SE A BLERIE , SR IS
T 5L X W B NPV 78 26 B A6 540 10 e A Al S As 7Y
FEET VYV VH AL D7 X NPV 78 35 5 Ak 3 19
B, SRR AT NPV 35 AL S0
ZERILE 1, VV. VHRAL T NS 5B f, il
PR E MRS T 7.8% 1 12.9%. N It ,
Sentinel-1B ¥C#E (9 VV . VH Ak 07 R 2 RE A &4
B fay BOAEBEAE BE , H VH AR AL I 200 NPV T fin i
Bt BSR4 AT LU R S 26k
P[] 52 8 NPV 7 55 V5 68 06 45 808 & faey BY A B
.

Sentinel-1 #1 Sentinel-2 1} [6 & ;& NPV &

x1 ZMEEASKATNPY BEEKBHEEEE

Table 1 Accuracy of NPV fractional cover estimated based on various data combination models

bz FiA A s R RMSE RMSE/%
1 LR R NDVI.DFI.RSI 0.7095 0.0153 48.0%
2 REAIL AR AR NDVI.DFI.RSI 0.7563 0.0148 46.6%
3 REATLAR AR VV.VH 0.6158 0.0207 64.9%
4 BEAILAR AR NDVI,DFI,VV VH RSI 0.7731 0.0135 42.6%
5 REATL AR AR NDVI.DFI.VV . VH 0.7681 0.0137 43.0%
6 BEBLARBK NDVI,VV . VH RSI 0.8175 0.0112 35.3%
7 BREHLAR K VV .VH .RSI 0.8418 0.0104 32.7%
8 REATL AR AR NDVI.VV . RSI 0.7809 0.0123 38.8%
9 BEBLARbK NDVI.VH RSI 0.8619 0.0107 33.7%

TE s NDVIR A — LA AR B, DFL D T RGBS EC RSI LU B L850, VV R VH 23 3R 28 B AL FIE EK P fL , R M ARSC R B,

RMSE A5 #iiR 2% .

Sy itk — 4R - Sentinel- 1 U 5 261548 B
[F] 52 8 NPV 72 36 8 7, LARFM R SEal, #a il it
BAR A, Wt T4 R . WFE LA
PIEH . A fd ] Sentinel-1B %32 (E 2(c)) fhE

NPV % 3 B AU B 25, HRMSE. RMSE (%) 43 5l
00207, 64.9%, SAUEHEIEREE (Bl 2(b)
B fapy FH LU AR SRS B2 R IR IR, RMSE (% ) BEAIK
T 18.3%. H:¥K, Sentinel-1%%5% Sentinel-2 Bih[A] 2



iR AR 25 Sentinel-1 1 Sentinel—2 P 5] i I 4% B AE G4 At bl B 25 ) 2877

18 NPV 7 55 B2 Al 308 5 £y i BORGEE, RMSE 5
RMSE (% )t KN 0.0137 F143.0%, At 8K 34
FAN R B — B U5 A B NPV B 35 A Al SR
BEs o, VV. VH. RS RAE B &,
RMSE 5 RMSE (% ) 43 %1 7 0.0104 F132.7%, H4
GRESHELRETESG, BAAHENM T TSHL
P fee, a1 s SRR LI R R K
H, RSUHEEUAE fo MIAE P HZAER], RSI
EBUE S BS HCIERRAE B2 M S5 15 11, FEAEAY

T RAEBS, B EM AL BS i BE AR T,
FEAIE BS AR R . B2, FENDVI, DFI, VV,
VH. RSIFAIFI VYV, VH., RSUEAIRELRE F, HE
Bk RSIFE AT, NPV B 35 B Ak 50Ok B 1 2 80
A EH, RMSE (%) 73 il A\ 42.6% F132.7% 3 %
43.0% 1 64.9% , 455 fupy fili 5 45 5 50 10K B HUA
(K2(c—g)) £, RSITREINABENE A RLIE
= NPV 2 35 A SR %

12 12 12
10F R=071 10F R=0.76 10F  R=0.62
RMSE=0.0153 o RMSE=0.0148 o RMSE-00207

S/ %
[e)}
S/ %
[e)}

S/ %
[e)}

0 2 4 6 8 10 12 0 2 4

6 8 10 12 0 2 4 6 8 10 12

15548/ % 15548/ % 15548/ %
(a) ERMEFRESFRALTY (b) NDVI.DFI.RSIFE#HLARK (¢) VV.VHBENLARAK
(a) Linear index unmixing model (b) Random forest with NDVI, DFI (¢) Random forest by VV and VH
and RSI
12 12 12
10} R=077 e 10 R=0.77 10 R=082
RMSE=0.0135 s RMSE=0.0137 RMSE=0.0112

L6 L6 . L6
B 4t B 4t Lt

2 & o 2t o, ".. 2t

i HAE/ %

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12

i SAE /% S /%

(d) NDVLDFLVV.VHRSIFHIARM  (e) NDVI.DFL.VV . VHESHLAZRM () NDVI.VV.VH RSIFEHLARM
(d) Random forest by NDV, DFI, (e) Random forest by NDVI, DFI, VV (f) Random forest by NDVI, VV, VH

VV, VH and RSI and VH and RSI
12 12 12
10F  R=0.84 10F  R=0.78 10} R=0.86
RMSE=0.0104 p RMSE=0.0123 p RMSE=0.0107
£ v £ : L6 >
H 4l . Xyl B, L .
2 ...::.o 21 ee 4 . ® 2 .}_.;‘.c
0 é ;1 l6 é 1I0 12 0 é 4 ‘6 I8 1I0 12 0 é ;1 6 é IIO 12
i SAE /% i SAE /% i SAE /%
(g)  VV.VH . RSIBEHLAR (h) NDVL.VV RSIFEHLAR K (i)  NDVI,VH RSIBHLAR
(g) Random forest by VV, VH (h) Random forest by NDVI, VV (i) Random forest by NDVI, VH
and RSI and RSI and RSI

12 SR PR SO RBI LA BRI 15 90 5 96008 o AT S B AL

Fig. 2 Scatterplots and the best fit regression lines of the estimated and measured f},, by Linear index and RF models
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4.2 AEHERBLERS

2 1 05T LIM Al RFM {# FH Sentinel-2A %
SR B AR Bk 5 B Ak B NPV 2 35 B A s B L Al
W, : RFM ) RMSE 47 0.0148, RMSE (%)} 46.6%,
LIM (1) RMSE 4 0.0153, RMSE (%)} 48.0%, RFM
BLIMAGERE IS T 1.4%, /M LIM ([ 2(a))
FRFM ([E12(b)) BG5S S5 M0 o5 32 7k 2 KT AT
A, REMASBRCRESF, BUSKEZHMESH L
(1: 158(HZ) Mk, PIELEmiEns%4d, H
RFM W BSOS TE S B LW A B4 5y Wik,
ZE4 R, RMSE UL M2 RMSE (%) 3 NP6 br 2 1
RFM 24T LIM,

5 W w

51 FEHLARMERE S

B 5T K ) LIM F1 RFM A3 NPV 78 25 )%,
it bR B, REM Al 30K B2 &5 T LIML, &1 2(a) Fil
(b) JE/RT 2ABERAG AR 5 S0 EBOS B, K2
HRT LA LIM AT RFM 35 2 30 R O AR R 42
HY AT, (B RFM B HES 5376 304 B
Wit 2SI IGE, LIM A REM ¥ REA $Gs T
TR XM g NPV 76 55 B A3 . R oTIR G o i il
HR i G430 M i TG 4 G T B A2 SR OB TR AR
RIS TIMOCHE (W3R8 45, 2016), HAHFSE BT H
) ity T B B OR RS T, ELHRE I 5 2 A b
HAEFS RN E S, A FE 28 LIM, %45
TR 24 U B S oGS 18 SO A7y, g
WD TR N R L e S . AR RR
B R R 2, AT fo ST REMZ—Fh
ML= 2T 5k, RERE [RI IR 43 #1224 Bl MLk B 45
TEAS . WML AR ) B A R A B LA )
(Breiman, 2001) . 18 %0 % &  (Montorio % ,
2020) FEREA, VER—FAROG AR TR E H TE
AR . RFM 5 LIM AL, REM BRAf 1) F 55040 43
Br, X Bk s S A R AR I
SCHOAIF ST 45 S W RF RE0S T A st e A B+ 5
X # b NPV 2 55 B A5 5, ST AT A s g
R—3 (Collins &, 2018; Mitsopoulos%, 2019;
Parks 55, 2019; #F&T 4%, 2021). FEA% EEE
JEXT NPV 7 36 AR R R4 T, T LIMAR 5
NPV 7 3 i RMSE 4 0.0153, {HILT RFM % NPV
i B RORS RS A B =, RMSE 4 0.0148,

52 WMUFRXENPVEZEMRLE

Sentinel—1 %54 J2 [A) B 1 A1 52 SRR Ak 18 v 42
WAL 1 3 14 B T IS 5 BE AR B T A G HARIAR B o
22 TAT 50 SR FH M 8080 AR P DG s o IS 52 B TR0 A
W2 A (Mandal 28, 2018; Whelen #l Siqueira,
2018; Arias ¥, 2020) FIAGFAEY) L)) BLS A
(Kumar 2, 2018) . AWFFEVIIETT T Sentinel-1
BT T 5 X H bt NPV 3 55 AR5, &3
VH ALY NPV EEIAEURE, REAS 3542 &/ 1 5
W, fRR—2e R LK . (1) Sentinel-1
AR n) VV 5 VH AR AR 53 510 b ) 2 T AR
BT RUE (Gagparovie A Dobrinic, 2020), B
(RS AL 3 2R B 2 IR RS (Vreugdenhil
4, 2018) ;5 [AIEF, VHM AR 17 Ho 2R AH b
G A A L TR S QDI T T )
(Macelloni ¢, 2001); (2) BFFYIX PN EZ 4544
B A R AR R A L RE A 3 (i %%,
2020) . Horp, M A 2 ERR B ARG 2>AT T AL
L, EEHEUIR; AREASE RN,
SRR . P, FEEE S5 EXELLX 73 PV
5 NPV, {HJ&, PV 5 NPV7ER)ZE5H AR
B 22 5 . Vreugdenhil %5 (2018) il Gasparovie Fl
Dobrini¢ (2020) T 7 4 H VH 1 1k BE 98 44 b 41 34
MR R G R, B 5P 55 B B B B AH
Kk, SARSCHFFTSS S VH ALY NPV 5 gk e
WG, Wi, BAbRe . OFR XA s A S
NPV 2 3 JE Al UM 5, SR M A SO 8L T
SAR HHl A [ 4 Ak 7 X4 J 1) U AR BPE A T
BLIXH g NPV B 55 L0020 B, Rk ey 58 59 1
JH SAR E# , S BURR i A o 74 o B2 s Al SR ATD AR
S AT .

6 45 it

AR SC B A 1 A 1 SRS A AT 8 TR
P2 AR = T S XA I NPV 8 35 A 340K 1 19 B
1, P, 3T EURE Sentinel-1B SR HIDG 2
18 SR Sentinel —2A 5215, M H 4 B Bh B o7
NPV 7 35 X IR Ve BEFE M, SR LIM A1 RFM 4 55.9%
XIA NPV S5, 15 FEE58 T

(1) RFM R &0z T 52 X i i A e 7
AL, RMSE fiz/h 4 0.0104, RMSE (% ) fz /)
432.7%, RFMFEAERE 55 FE A A7 H R B R
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LT 1

(2) SEILT LIM 76 T 5 DX o A 9 7 55 1 119
WE R AL, 4B RMSE H 0.0153, RMSE (%) K
48.0%., RFM #H%: T LIM ELAA 95 4f () 4l B 50UR
RMSE F1 RMSE (%) 53 1 2 0.0148 F1 46.6%, i 5.
W LIMIE S T 1.4%.

(3) Sentinel—1%54 Sentinel-2 fENS A AL E T
SLIXHEE NPV 8 55 FEAG NG B, AL SRS R k4 =
T 3.6%, WEmiEE 7 13.9%; VV, VH. RSIRFM
fh RS BE fc i . RMSE 40.0104, RMSE(%)&/NH
32.7%. H:H, 7F Sentinel-1 %4 1 VV 5 VH B4k
JraCHIEE, VAT NPV 78 55 B 5 guek.

(4) FOAA A= HEFE B0 A £ B R A 455 1 e 4
{5 NPV B 55 B2 Al SR B, ) DU %00 b 1 g0t
NPV 7 55 AL A
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Abstract: Quantitatively estimating the fractional cover of photosynthetic vegetation, non-photosynthetic vegetation (NPV), and bare soil
plays an important role in establishing carbon dynamics models. Accurately obtaining the fractional cover of NPV provides the important
information for the study of land desertification and vegetation transformation mechanisms. Although some progress has been made in
obtaining NPV fractional cover (fypy) by optical remote sensing in previous studies, many interfering factors and difficulties are still present.
We will attempt to combine microwave and optical remote sensing information to obtain NPV fractional cover for further improving the
accuracy of the fractional cover estimation of NPV.

In this study, we used Minqin County in Gansu Province as the research area, and we employed Sentinel-1B IW GRD and Sentinel-2A
as data sources. The experiments employed the control variable method with the linear index model and the random forest regression (RFR)
model to conduct the fractional cover estimation of NPV by using microwave and optical remote sensing data. Then, the estimated
endmember fractions were validated with reference to fraction measurements. In addition, the Root Mean Square Error (RMSE) and
Relative Root Mean Square Error (RMSE%) were employed as indicators to evaluate the inversion accuracy.

Results show that (1) using cooperative Sentinel-1 and Sentinel-2 remote sensing data to estimate the fractional cover of NPV can
effectively improve the estimated accuracy compared with using Sentinel-2 data alone. (2) The RFR model is an effective method for the
fractional cover estimation of sparse NPV, and its estimation accuracy is higher than that of the linear index model. The validation RMSE of
the random forest model and the estimated f{;y of the linear index model are 0.0149 and 0.0153, respectively. Obviously, the accuracy of fypy
estimation increases by 1.4% when using the RFR model instead of the linear index model. (3) The VH and VV polarization bands of
Sentinel—1 data can effectively detect the characteristics of NPV. Especially, VH band is more sensitive to NPV, and its estimation accuracy
is improved by 5.1% compared with that of VV band. (4) The accuracy of fy;y estimation can be improved when soil index is considered in
each model, which illustrates that incorporating the soil characteristic information in the models is important for NPV extraction.

Overall, the combination of Sentinel-1 and Sentinel-2 remote sensing data can effectively improve the accuracy of the fractional cover
estimation of NPV by employing the RFR model. VV and VH polarization modes are sensitive to NPV vegetation detection, especially VH
polarization mode. The accuracy of NPV extraction can be further improved by considering the soil index, which reflects the soil
characteristics. Therefore, the combination of microwave and optical remote sensing data is an effective method to improve the accuracy of
fapy estimation. Incorporating polarization information with vegetation structure information and soil parameters with soil characteristic
information is important for improving the accuracy of the fractional cover estimation of NPV.

Key words: non-photosynthetic vegetation, Sentinel—1, Sentinel-2, linear index model, random forest regression model, VV and VH
polarization, Minqin County in Gansu province
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