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1 5 &

FE (1) 65 A 2 48 VE W0 WSOIR i 35t B8 7 FE ) ) 3
Y, EXREAESRGEAEEELN (Daughtry
45, 2004; Nagler 5, 2003). H[E)F5FF e8I i
T KA BATE A AR, BHRR +E fkoc
R R, AR A R WA
T KT (Rundquist il Streck, 2002) . [AAf, 7
5 7E b 3R A RS FF AT LAl R EOK Rk, B
1k R (Lal %, 1999; k3K %, 2015),
T e HUT A R A A 98U (Jacinthe Al
Lal, 2009; Aase fll Tanaka, 1991), 3 4 48 i {3
JKBES) (VerhulstZ5, 2011), o3t 3454 554k
P (Blanco—Canqui Al Lal, 2007), i e 4%
Frat, WIREY R 5 (Wilhelm 55, 2004), 5
G b AR L, RS FF I AT DL 5 b o 2>

i BHE: 2020-03-13; FRENZR: 2020-08-04
BEWMAE : MK E S (45 :2016YFD0300801 )

23S YA F AR BRI (Sharma 55, 2010) .
FEFF 7 35 5 CRC (Crop Residue Cover) J& 78 ¥4
T AR A FH RS 2 B A T AR S R SR Z L,
HAEAEO—1 28] (ERE, 2013), SEEFHA
ol (CTIC) #RSFFE % (CRC) A/NT 031
BHE T o SO R BEE  (CTIC, 2016), fRiF
PERHE C L — Bt F 25 A B Aol AT R 22 48 77
AOMIAA SR ) FEZ A N5, HAERBER
oy R A HEEN (28, 2016) . [FH,
i FF 78 25 B2 00 Ak B2 O B MRV &R G AN T sl )
4> (Daughtry %, 2004), tHJEARZ A AR
AU EZEH M (Causarano 55, 2008), K,
PR Y Bff b A AT A 5 R A S

SR E NS S W2 1 S R 1 DN - K T
FLAPEE | AR L b T A R R
M, BHETE RO RS AR S A A O (5K
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#% 4, 2012), Hb, GEEREARKE, 2K
fo . Z U BN Z WAL IR DL, I TR IR B
R E S ENF RO L Narayanan A
(1992) F I X e BEWR HICS TH B X £ K FIR
AR AT s B EAT AN R, R B XU By I ) B
FHUHE 0% A 0 Al ST RS AT A 95 5 MceNaim %5
(2001) BEFE TARIEVEY . FEFF S KR . T3EE K
e DL R RS AT o B A R e WU R B s,k
ARG, CULBAE SARAL TS 7Y 5 ) B
FAE FORFE AT AL 55 B AR OGP de e o A P b TR
ST AR AT B 5 R A RS O A AL AR A
(SAR) HHfa e J5 1w 4 i 4R AL T BEfilf . McNairn
4 (2002) FET R 3 SAR BdE & BUAUH TE C B
T HV AR 7 ) 5 ) EUR RS R AT
BE . E KT (R=0.438) . HURTE R BUEIERGFT
B EAG TSR T —E R, HHA 2K
I FIBAG M RIS . LIEAFSAT
IKFAFZ R E R T, 5RO R BA A AR
T 55 B2 1 1 A2 BB R BR - (Brisco 55, 19915
Smith £l Major, 1996; McNairn 1996, 1998,
2001, 2002).,
SRR L, F DG B R A AN AT
B RORS EEARX B, T AT WO —Ir LM X I
ARG . 2R HD L 1R R Em] Y A Y
T T I SRS R AR R BN
L, VERIREFFAUAE 2100 nm FFE A7 AE 4T 4 K — A5
FORIA (Nagler 55, 2000), [Hut, FIHIHAR
PR, REN R E P2 . Daughtry (Daughtry,
2001; Daughtry %, 2005) FHE GIEE R E T
24k 2 W38 % CAT (Cellulose Absorption Index)
AR 5 K £F 4 R W I 5 %0 LCA  (Lignin Cellulose
Absorption) ; Serbin % (2009) %:F ASTER %(#it4)
T I ZLANA — LA AT 45 B SINDRI (Shortwave
Infrared Normalized Difference Residue Index) o =5 JG i
AU M DG 1 B ER BT AU T OGS 4y
BERAOLH, ABLE RO R E LRI T
Z TS AR B OB 2 1 2 50, kT
Landsat 5 TM %416 55 4 F1SE 5 3 Be i H — fb 22
FEEUNDI5 (Normalized Difference Index 5) . %5 4 Fll
557 U B iy 3 — fk 2% {H 48 2 NDI7  (Normalized
Difference Index 7) (McNairn £l Protz, 1993) . %% 5
AR 7 U B i I — Ak 25 fH BF AF 48 % NDTI
(Normalized Difference Tillage Index) . ] FBFVEFE 2L

STI (Simple Tillage Index) (van Deventer & 1997) .
H— 1k 20 5 Z 5 BUNDSVI  (Normalized Difference
Senescent Vegetation Index) (Qi & 2002) A —
1k 22 {H &5 #F #8 %L NDRI (Normalized Difference
Residue Index) (Gelder 5, 2009) . AR5 % Jgk
T8RP SO RS AT w5 I BRI — i Ty, B
TE AR ORI R 2%, R HETE T 24
D6 AR B B LI O . A P B
TIEEOKEE LIET RERWE W (KRR 5,
2011) . B, Risiss HIETE S, Biard 55
(1995) GIA L MBS, 78 NDIS (192l | 42
T A R R EOKFE AR B SACRI (Soil Adjusted
Corn Residue Index), SACRI#8%0A R HFAL T +
RN R, HY R R T 0.5 1
Fy WM M4 5 Zheng 55 (2012) ST Z A AH
NDTIAG# T min-NDTIHEH0, %48 BOA 32K 735
Wi, ABFEAN[F] - 38585 50 R BUAROC I B B 25 57
RAERZ R RAR 1, HRZ WA % S 1
B S A ) S B, (AR OR IX el B TR B LA
MELUAEE I

VT AR, ) 2 ST B Al SRR AT 6 1Y B
GUE WA, AH B A — b i AR ST CRC
(R B 23 32 B IR BE A 3R B B R BR ] o i i JEos
ZRACRBLFZ R, XREFA =4 E B AU, HR
Hil N RAL L, ORI s O i S S RS 2
B, ABQORBCRE FF R EIE (5 S, sk W n 9
RS (5KAR 48, 2011). PR, B WifhiE ROy X
Mgh&, MR EAN, Sk PRI E
JE B SRS . ASBIFSEHE T Sentinel-1 SAR SE455L
3 1 Sentinel-2 Y62 # AR KR 43 501l ¥ 1L 7 15 45 BORN
DG AR AL, RICE B B KRS AT A
MO FR R - 3 B b 43 DX AR o - 3 7 5%
SO, 45 5 A B R 3] Sl R A B O 2 AR
FE PR I AR, R 22l R AR B S Ot
FIEBIREONG G, LR TS R EUY KR
A o B B LA SRR, IR AT IR,
e 1 — 20 5 T 388 RS AR B RS AT B 5 B RS
SRR P 5 A A U it — o R i

2 WX SRR AL R

2.1 WARXHBLR
W XA TR A B (K1), H
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TR LA, FEONH, AR P
AR B o i A F 0 Dl R KUk
EHIEE K i 614 mm, XICSEYER 175 m, 14
NEIR, HARFAILIE . XS N FIARAE Y LR £k
HE, BAPLENRE . KFESEEY, EKFHE
T FR A AR S AR AR A 4 RSy, RERZE
PLa R Z S HWHERD, 10 Aok, AU E 2R
PP BV RS AT A A ST B, AR
K7 HIFS A2 B DR A E Or KA E B )
AR, [FR-WAAAE S S BE T 50, R E
A R AT B T AL AR

43°40'N

43°20'N

124°00E 124°20E 124°40E
* SREER(20194F) o RS (20184F)
1 BIFSE DCRAE AR S 8] 23 AT

Fig.1 Spatial distribution of sampling points in study area
2.2 HHEIRE

2.2.1  SCHb X E R

SRR FE N [R) 0 A AT B 5 B K T S B IE
Bl EAREYE, 51T 2018-11-01—11-10 (ki
JE) F12019-05-11—05-16 (E KGRI #
A B A AT R A 7 55 B ST UL o R T R
ok AL (Wollenhaupt #1 Pingry, 1991), ¥
15 m B9 2 B 48 55 (B B bRic 1004 5, bric = ][] fs
0.15 m, FEHI[EIMEEET, 20548 5 FPAE 1T ] 5 45°
Sy AR e N TR o = s AT O 1 e T
S ZI B A b 10 5 Ml TR A A A BSOS, Il SR Y s
B B B RIS o A AT S .
MM T 3R E S, W3 RE R I EE X
b ) 5 A2 55 B SR, (W) A A R o S
JHGPS LR ML G, ENAEREZI N 5 mo 1E
2018-11 FyRAEH, HIER S fE 5 2L 08 B8 55 4
M5 2019-05 RAEH LR 70 DAL, BN EEIDIAE

MR 1 TR
222 HGHIE

SAARAR IS (] 55 S R AE I [ B A — 2, MK
25 ey af e E AR F ot (https://scihub.copernicus.
ew/[2020-03-13]) R T 2018-11-14 5 2019-05-
13 P I W11 Level-1 2% Sentinel-1 SAR §24% , %
W PSR AR A RE S R R T IX . TR AR
FHHuEE Z A 7= 5 GRD  (Ground Range Detected ), H:
TAEBBN CEBe, TARMIRN 5.4 GHz, HALTy
K VHFIVY, SS9 i s W
(interferometric wide swath ), PS4 - F3 A G
F1153 591 38.08°H138.09°, BRI THISEARAEA
S I AR S o FIEE, ARSI 3R T
2018-11-10, 2019-05-04 F12019-09-11 %5 3 |~}
1) Sentinel-2B G #5245, Rt 4 F R AR
AL PR IS SE R T WT ST X, BRSO L1C,

bR 2 5 5 R L (ISRIC) 1Y
SoilGrids £ 4 £ (https : //soilgrids.org/[ 2020-03-13 )
S At b T Kd L R IBOBE T WY DX SR JE L
Mo MRS B B, P RIRGER)ZE (0—5 em) kL
AR R, B HER O 250 mo RS AR
%R A 5 B = F & (http://www. resdc. cn
[2020-03-13]) 4k, VA O 42 [ 5 — K e
AR, HEIR R 1:100 77, HoR A S
TR RGIATISE, BT E BTN
T,
2.3 HiRELE

231 FETAE

H T SARRGH S (WFHEERSE. KIER
g5, MURSEESE) BURRE, SAR SLAGRAFTE D m
LB B EOLE S ) R, R R
BB (FLER¥ 45, 2017), [HILZ% SAR (%
AT IR . AW SR Sarmap 24 F] (Fi ) #F
7% B F Ik G Ab FEER 4 SAR scape 5.5 X} SAR #2414
HEATAL B, BRI T ENVIE 2 b o SARSE
BPAb B 3 AT G LT LA IR -

(D) BESA: BT RS RE A R E 1Y
Bt a2, D AR B v o R B B 5
SAR scape FIFRIERS B S . Bk A shilb T 2 5o
(EBEE S

(2) PEARECHE: T2 26 R4 O v 2 52 R[] 37 55t
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2 i 12 JE% P15 20 BT R0 Ak B T4 Rl (e A5 A
&, 2018) . A W5 K H Intensity Processing—
Coregistration T EXF I A SAR SEAGZ A THECHE .

(3) BEAMEFE IR : SAR REGEAM T RE,
TR M 7 2 AT AR, DR U A o X
MR BRLINE AR 8 P A B DR A Lee
Refined Lee, Frost% (R4, 2015); ZHIAHJE
w83 %8 4 De Grandi I ANLD  (Anisotropic
Non-Linear Diffusion) , #f 7% % F ANLD 3§ i %5 XJ
SAR AR BEATIEDL o

(4) SEHERR: SR EARAY H AR 05
JE (DNAE) Fefon)m m ey 28, LUHER T
SAR #JL 18 F0 WL I B2 A [ 5 B0 R LA iR
2% (R KAE %, 2018), SAR scape S fF42 L T
Geocoding and Radiometric Calibration T H ¥ 515% 8t
TR E PR FIHIEAL IE o SRS E AR A= T
DN;
o (1)
Kb, o) WS iAT, 5 9EICH G 10 B R A
DN R85 47, 55 j 5B TTHY IS AR B s B 5 A s
PRERE, ZFRECTE R IR AR TR, AR
ANRIE A 5 ) B R BOE A R R EAR S EL

[FEF, SAR scape #FR L T R T A 54K IE
% (Ulaby F1 Dobson, 1989) f{JH—14k i 1 5 &
B, ZARECEIE T 5 U 2 S E A S G
NG HURTRA S FRA DG . AT

0 _
o, =

ﬂ=ﬁXFMﬂ ()
’ Y cosl,
Kf, YRS iAT, MG ITI A —Ab S U
R2E o N AT, BRI IS O R
cosO, NG S 5 bt AT A BIARBZAE s cosf, M 45
G IC R R A A ASEAE s n MBI -, 385 B
P F B R R R, JEEI 2—7, S
AT, A R 715 v

(5) MIEKIE: fESARRGH, Jo I B o
2O RHIE LA, PRI 5 S b T R TE R
P B B 5 R ok B AR BRI R, LR BB
808 5 = A FRUE A 25 0] 43 HF R B R AR 2] 10 m,
5 SRR 25 W) 4y BER AR e — B, A ORI
SRTM3 Version4 [ 90 m 43 ¥ 3% DEM ¥4 3£ 17 #h )P
KIE, %8t SAR scape B4R LR DEM R4 T
HLARE,

Sentinel-2B 5 1% FilAb B /£ ENVI 5.5 B4 v 52

B, b EE R SRR ST EAR . FLAASH R URLIE
FUSAR PHER DY o #2185 SAR AR ) 2
P FEANTE], S 2 R 0 RS R bR K 45 19 DN
EF AL AR S SE EAE , A WTFE R ENVIER P h
Radiometric Calibration T.H.%f Sentinel-2B 5214 3£ 4T
R E bR o MG BB D, (B
W IR RIS E R, R W 7
O3 KAV SR BIG AR S, PR 24T AR
1E, AR FLAASH Atmospheric Correction 1. H.
XA HAT KRAMLIE, )5, 7F Seamless Mosaic
T.H.F1 Subset Data from ROIs T. B H X} 5215 gE 4748
AR . 224 PR B8R IR AR SO e B
ZE [ BRI 10 me

232 MIEXARESEERIE

ZRAGHL X KA K ATk 5—6 4~ H, 9 H
AEK . KREHUKREFERAEDSEA R, B
FokEKE ., KFEAEWABAGIEES, R EX
5 H A b Y FE G 2R AR B R B I A s
PR 1 T P 8 J G W B 4 25 1) QB B R K P A
X, #FFEHI ] 2019-09-11 fi¥ Sentinel-2B 5445, %
M Fem Al (SVM) 3284k, SR KA e
X RGP T R (JFh—K) B
EWEBEEL, X8 Google Earth Bifi AL 1% £ 8% 248K X X}
GBS RATRE BEVTAN .

3 W OFE

31 TERMSEX

WX IR, HATBom A B 5 B,
AN 2 R o WFSE X Tz A A A 2 R
AP 402 E BRI LA (R Y b e A
Haferk A LS, BEAIR SR,
TR K R AY , OROKRE ) 25, L
PEAGE T () 35 25 5 2 S BULAOE I R DL K
Tk Wl bR B 25 S, SRR e R AT 5
FERIAG S

LI Y CRC AR BAG B, A SR 4
Jo b 3 DX 5 VR AN SRS AT R R, S g
M5 1 B R o3 A I8 BE, K5 IX 4
LEWHRL (0.05—2 mm) KT 39% A9 X 5 X
FRP T HEIX, KT 39% A X BRI S B T+ X
(BT 55, 2020) (F2), RiorahH 55 pr 5
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T 3 6] 3 AT DA —E

(a) TR
(a) Soil type

(b) L1EfTHb
(b) Soil texture

/B R IR O W X
m KFE+ m )t TIEREREE/ %
. KE A+ - w62

O Rabt - 22

CRIIES SS TN ER YA
Fig.2  Soil type and soil texture classification
3.2 BIRIBHEHFERIEH
TR BOE AU (VEHAIVY) FRUF Y
J 1) S BB T R %R IE B E i 0 — 1k S
O R, AT A R R PR AR AR O X
FIAMACL A T I EL
My = oy X oy, 3)
M3 =% X ¥y 4)
Kb, o Mol 239 VH VY #4k 07 2 F S
] B Ry Ay 20 510 VH AT VV AR Ak 5 5K
TEH—A S O R B, PR 6 iR
TR BURTT SAR #1585 CRC BYAH M
AR RV, fotEBdsdorm, H—
E2ZEHEFE S (NDTD) | fai BARVE SR B (STD) |
H— Ak 22 (EHASFFHE 2L (NDRI) FH—4k 25 $5 %
(NDI7) FEAEWERAEE Al LA RAFAERI (Jin
4, 2015; Cai %, 2018; Daughtry %5, 2018)
Cai % (2019) 78 NDI7 {3t 5 A 5k 1, K
Sentinel-2 0 IT ZL Ah I Bt (B8) i My 55 5 I Bt
(B5), /“A—HrydE % NDI71, JFH 5 CRCH
AELFAR M. Tt AR SRS T S Pt
RS SRR S AR ST (R 1),

3.3 ETHMEAMMGERRET 51IF

Ve 5% 78 15 B 5 18 JE R B (B AR AE 3R 1
MR R, LM RIARIA 2 H TR0 [F 3 8RS
5 CRCIARCHE, Hr, — otk Ml B AL
% (ik# %, 2011) . A SCE R —ocgi ik [nl
VAR TR 43 3] e 37 B A R BRI 2R R B S oK
FEFFEREN XA,

R T B HAR G AR B CRC Z M K &R

ARG G R BIR S B E L, R Z
JUERAE A R AL S8 FORFEAT B 2 . fe i 74
M7 (2B 45, 2018; Cai%f, 2019) 2£TT
ekl —Fh A T, ERER I A AR BT
A REMAL G R T I, R R T,
T mA AR, BT R, R
TR BB O] 2 B LU LA HEI . (1) 85 1)
Y ZRBR K ; (2) AIC (Akaike’ s Information
Criterion) Hz¢/)M; (3) BIC (Bayes Information Criterion )
/N (4) Cp (p AZERAKED HZiEp+l. RIIT
ZERZIMK I 5 (VIF) SR i 2 ] 2 75 HoAy A2k
PEMRE, 4 VIF R T 100, AN A2 & Z (B fF7E
U SR LA IR
®1 SERMEZEGENAEFERER

Table 1 Optical remote sensing indices participating in

crop residue cover estimation

2 SRR AL A el
s~ feetipptersnom BB o peener, 1907
TR SRR £ STI B11/BI12  van Deventer%,1997
et FrEDRL (B Goder %, 2000
T— 1k 2Z fE 15§ ND17 ((]]3388;]]331122))/ McNairn Fil Protz, 1993
A1k 2 AR ENDIT1 ((BB;BB?Z))/ Cai’,2019

7. B4.B5.B8.B11.BI12 5 5% Sentinel-2B 21245 4.5.8 .11,
125 B .

B0 A 1 4 3K PR T R B (R SRR
B —5 238 IRAE (LOOCV) FH T 1T 4 56 fIE 455 18
T RE 71, %7 RO AR AR K A
DIFIriiR 2 (RMSE) SRIFA FH AR AR 8 57 A A5
BRI HERRPE,, X F o MREA, &7 A n MBI
RMSE, 2 UL BB AE iz 506 88— 28 L
WERIPEAN R PR, B —TR 38 SURHIEAE R 3 S8

4 LER 5T

4.1 THEXEBNER

R R AL R R 3R, 432
S5 5 IS IR AT A A A — 3, RS 2N
£ ik 88.4%, Kappa Z2EH 0.86, F AT A X il [&]
KiRE N 99.1%. FHIEI3 AT, K AT IX 1) 322
RAEY, BHAEEZ MR L, WK,
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IKRESFAEY) B A A I R eI, ok AS 5
HIE R A TR X AL EE, 5K A oA — 2L
REDENFH, WX IERERZ . i+
IR TS DX M S B e B AR A, A LA X
WA TR A

43°40'N

43°20'N

124I°40'E
Bl <=/
It

124°00E 124°20E

@ £% | s
I ki [ E R/

K3 BFFT X A A T2
Fig.3 Types of land use in study area

42 BFAEHSZN CRCHMEXME

6 Fl T IS FE AUAE 2018 4F Rk M1 2019 4F /2 5
SCN CRC M PEIRNA 25 S an 2 2 fir s . BKFAEAR
) RAE K T 0.387, RMSE YK T 25.07%, H:

iy, FIEE, RPAF]0.455, RMSE K 23.55%;
FEREA Y RTE 0.243—0.328, RMSE 7E 15.05%—
16.04% , 3, Fl M) P8 BORH R RIS

MR 2 LA 1, 2T 2018 4E Rk B REA B ST
B — TG 2 M ] I A5 T R AR SR AR T 2019 445 ZE
A, gEHIER, BF5EIX BRERK W, K
Gy o IR FORFEFFAT AR T30 AL 38, e R F
I8 X AS A1 26 iR B e R, BKERAEIN 554
FEAE-2) CRC 2} 60%; T 7E 2019 4EF R,
HTHAREERS A HHEERGILRFE S, R E
KRG FE7E 35 IR, 70 R B E CRC AR
25%, TEAREIEMIENLT, T iAHR B RAE RS FF
5 B B, I 2 AR 5 X A7 7 I ek 98 S b
SEE MBI R =

BT ARTEAEIEIE B IH— AR5 B R Ay fE 3k
R ET o, TEETFEATD ORI TE
Wi, X ARSIy B3] 1 Ja B8 S Af 1 A2
£ o TEUS SR AN [R] 1 SR RE B 3 A 2 R[] 278 114 )5 1)
WA 25, VH AL 7 A R IMERE T VvV by
K, VVIRAL T O TAEY 0947 1) DL SRS #F b iy
KA AR R BB, YR IR T Y ) 2 TR
YA ) LA B RS FF i R B KK A3 B, VV AR T
KA 25 CRC B FEMIE, W VH AL XILFA
ZATEE AR, X 5 Smith Al Major (1996) il
McNairn %8 (2002) FORFFE 45 R — 2,

K2 FIEEHS LN CRCHZLMELS

Table 2 Linear regression between radar indices and CRC

2018 AFRKFAEA (n = 55)

2019 4FE B A (n = 70)

kTR
[E)Ep-¥: R? RMSE/% EEpx R RMSE/%
oo Y =0.1189X +3.3028 0.449™ 23.66 Y =0.0573X + 1.6525 0.263 15.75
oy Y=0.1095X +2.1472 0.389" 24.98 Y = 0.0429X +0.9233 0.243" 16.04
Vou Y =0.1262X +3.4191 0.455™ 23.55 Y = 0.0662X + 1.8404 0.328" 15.05
Yoy Y=0.1114X +2.1348 0.387" 25.07 Y = 0.0467X + 0.9649 0.269 15.77
M Y =-0.0031X + 1.6049 0.434™ 24.07 Y =-0.0014X +0.7798 0.2817 15.61
M° Y = -0.0033X + 1.6307 0.440™ 23.97 Y =-0.0016X + 0.8320 0.328" 15.10

T T FRRBIAIAE 0.01 ERRAKF- 35 (p < 0.01) ; RMSE F/m B — 38 LB 35 iR i 25

K I Ay RS, 6 T I TR R R
AT, RMSE XA WU, Tl B 7 37
AR S T ) X, XA e 2 A AR A 2 4R T
TIMEEUE CRCIRE ) (£3), BEFHAT 0,5
v, B9 R E] 0.5 UL 1, RMSERI/NT23%; 1MiHZE
FEAH YO B RAAF 0.4 L) F, RMSEA#]14.19%.

WFGT IR e B, 26 o - 1 X ) B 70 3 2 T &

TP BT L IEIX, X2 AR X R B
LB & i m, TIEROKRE T o, R A o 3k
ZIRTE TR 2 AFEAT N A B LK, &
IR AEAHFT R A 1 B 22 i RIS R B A b i
(Narayanan 4§, 1992); Ti7efb i H3EX, Kb+
MK BB, AN ERK 3 28 R, TRARIK
XF FREATE BA U,
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R3 TERMSREEFXIEHSEZN CRCHLIERA

Table 3 Linear regression between radar indices and CRC after soil texture partition

kR Fhim X 55 e X 43X
FSE ETER R ETER R R RMSE/%
o &S Y =0.1888X + 4.8349 0.410™ Y = 0.0746X +2.2199 0.219 0.505" 22.36
T vu i Y =0.0798X + 2.1604 0.338" Y = 0.0765X + 2.2009 0.284" 0.332" 15.00
0 B Y =0.1092X + 2.1499 0.260* Y = 0.0694X + 1.4428 0.236 0.399" 24.78
Oy ) . .
W F Y= 0.0583X + 1.1360 0.342" Y = 0.0254X + 0.6606 0.073 0.288" 15.56
o = Y =0.1942X + 4.8896 0.415" Y = 0.0740X + 2.1611 0.216 0.508" 22.28
Yvu 7% Y = 0.0884X + 2.3308 0.413" Y = 0.0858X + 2.3930 0.349" 0.404™ 14.19
0 &= Y =0.1063X +2.0789 0.267* Y = 0.0692X + 1.3979 0.233 0.404™ 24.70
Y HE Y =0.0574X + 1.1040 0.337" Y = 0.0408X + 0.9032 0.145 0.299* 15.47
0 €= Y =-0.0043X + 1.9694 0.362* Y =-0.0017X + 1.0183 0.234 0.472 23.20
7 HE Y = -0.0022X + 1.0508 0.441* Y =-0.0010X + 0.6591 0.134 0.377" 14.53
Mo &= Y =-0.0043X + 1.9094 0.362* Y =-0.0017X + 0.9923 0.238 0.472* 23.22
? 7 Y =-0.0023X + 1.0514 0.463 Y = -0.0014X + 0.8093 0.216" 0.412" 14.13

W RN 0.01 HERIKF 3 (p < 0.01) 5 "FIRBERIAE 0.05 #E3/K TV 1 I8 3 (p < 0.05) 5 RMSE #/R fi— 38 IS UE P i 4 7 iR 1R 25
AR BT 3 XA &5t =47 BV T -3 DXCREAS Bt =8 5 TR 2280 0T - 38 XA & =47 , D T - 38 R A Bt =23

TERR B B, 480 1 P<0.01 /Y AR VV B N S
R, (B85 RAEAERK AR R A 4.3 NFEBIEHE5XIN CRCHEXME
AP A R B B 25 5, ROM7E VV ik 5 =8 R A 550 CRC I T 3 L kG

R L A L e T e T, AR T <001 AR ().
I R A At NDRI ) 2 L35 51 R s 1) 0770,

—REER BB, DORFREETI pyiop 15380, T NDTL B M 2% . RAE N
WF%%LLTRQME%ﬁﬁy MBI T P< 590 RMSE J20.39%, % F5 505 HEA X1k e/
0.05 E"JE%“@FJ\EA, ,\é%?aé&f]i%f)bjﬂxﬁ%‘, HEJF & NDRI. NDI7. NDI71. STI. NDTI; i 76
ECRITARE £ 0y LSS R MELIR  geppeo | NDTURE T SR RCR B (L, R
METRITA R, WD L BOKRESI22. Je3R 5 0,557, RMSE k%1 12.25%, NDIT1 %80 i &
}Fl:!l:iﬂ:qjEq7kﬁ&xﬁ&ﬁ%’£u&ﬁ#ﬂﬁ%l\?ﬁo aﬁaﬂ:% 1E£E(JR2 (0449) %D%[—E{E{JRMSE (1367%), %?E‘
%%Eﬁ j:i%%%)géﬁki %ﬂzﬂ:é\ﬂ(i*ﬂiﬁﬁﬁ @Zﬁ?ﬁﬁjﬁﬁﬁid\ﬁlﬂ?% NDTI. STI. NDI7.
*E*erg/; majjlji?gﬁfi{ﬁ CRC Eﬁ?&%@.? NDRI. NDI71.

(McNairn 28, 2001), 103X 52 0 76 5 2K 7 55 i)
£4 EBERIESS TN CRCHZME

Table 4 Linear regression between optical remote sensing indices and CRC

L 1 2018 4ERKBAEAR (n=55) 2019 4EHBREAR (n=70)
S AR AL o > o 2
|5 5 8 R RMSE/% B Yy R RMSE/%
NDTI Y = 6.2258X - 0.6260 0.592" 20.39 Y =5.5926X + 0.0838 0.557" 12.25
STI Y =2.1139X - 2.5621 0.605™ 20.03 Y =2.5488X - 2.4582 0.554* 12.31
NDRI Y =2.2936X + 0.4650 0.770" 15.38 Y =2.2293X + 0.9156 0.465" 13.47
NDI7 Y = 2.4563X + 0.0487 0.754" 15.94 Y =2.2743X + 0.5933 0.515" 12.84
NDI71 Y = 2.3850X + 0.2962 0.672" 18.18 Y =2.1231X + 0.7806 0.449* 13.67

T FORBIAILE 0.0 BERIKT F 3 (p < 0.01) ; RMSE 375 B — 28 SUIHIE P (1 1 7 M i5d 25 .

HEIRBEBAELIR S, St B Bk NDI7 (R*ZE{EH 7 0.304), XULHIE T B11, B123¥%
FEART I RMAM T HEERA, AEMEHNZE BAER NDTLUR ST 8 5 A 5058 (1438 N7 M AR
SR, Hrp 2R E/NUENDTL (RE[ER M. ERESEBER, i&%%%l%%ﬂﬁﬁﬁ
0.034) FISTI (R*Z{E}0.051), ZRHEKKH DXy A 398 5 o P () R 2 %o ol 2 3 Bk B T CRC
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PR E T, AR Gouh i R EOEFE S
W, R E SRR, R& S EOLE K
TR CRC AYAH GRS o

b M5y X B D' S 2 S RS S CRC
IERAE TN 5 Fi s, AEANTR] 08 73 KRR AE 5 48]
o, FTA RO LT P<0.01 A TER I . A4
BAEIY X R R B A P T, o NDRIAERK T

]

i B S AR B B R M DG e (R°=0.804,
RMSE=14.26%) , 448 501 R*H 3 T 0.629,
RMSE ¥k F 19.46%; # FALHE w68, NDTI,
STI. NDI7 % 3448800 R 153 0.5 2L |, RMSE
K% 13% LR, NDI71 (R=0.455, RMSE=13.59%)
T o

x5 TERMSKERFEREHSEN CRCH LR

Table 5 Linear regression between optical remote sensing indices and CRC after soil texture partition

- Fho X TP 41X SrIX G
ot i AR AL
EEp R? [EIEpEE R? R? RMSE/%

NDTI 7 Y = 8.0477X - 1.0250 0.542" Y =7.0599X - 0.6475 0.530 0.629* 19.46

HE Y =5.5419X + 0.0730 0.597" Y = 8.0489X + 0.0576 0.497* 0.578" 11.96

s 7 Y = 2.6400X - 3.3854 0.552" Y =2.5708X - 3.0733 0.553* 0.638" 19.17

’ HZ Y =2.5229X - 2.4431 0.596™ Y =3.8164X - 3.7550 0.493 0.576™ 11.99

NDRI 7R Y =2.7142X + 0.4068 0.775" Y =2.7248X + 0.6125 0.630 0.804* 14.26

H% Y =2.1699X + 0.8901 0.471" Y =3.0231X + 1.1839 0.481 0.478" 13.29

N B Y =2.9953X - 0.1090 0.775" Y =2.5002X + 0.1450 0.504* 0.792* 14.61

HZE Y =2.1943X + 0.5742 0.522** Y =3.2039X + 0.7651 0.535* 0.529* 12.63

NDI71 &S Y =3.0525X + 0.1670 0.645™ Y =3.3593X + 0.4517 0.769** 0.725" 16.61

HE Y =2.0799X + 0.7644 0.461"* Y = 2.6068X +0.9211 0.412* 0.455* 13.59

W FREERIAE 0.01 #ER K | i3 (p < 0.01) ; RMSE Fe7 B — 32 SURIEH A 1 7 B iR 2% .

Xof B AS [ 3 J5 il 1X 3, 0 4% A 75 5% B 2 3
B 278 SR A BRI [m] J5 i DXk 1 26 B0 2 S AR /N
A AR AN B 5 8 BO% I B AR (R
X SHP 1K) o X BIAERD T 4 1 X2
T SR AR B T CRC 8 2 F ik 48 80 IR K B 34,
Ko T 18 8 2 8 R HERZ 5K i . R FF K
HAER R IR, X 2 PR 20 A i s 2L
B SRR EPOK T GEl O

HWETE (2020) WHoEHE s, IR AZT
JERE I HT, B R AT S R, RIS
A7 LU, AN (R b - E—FE FHIR A5 T G L
WA T REFF I IC G, S e A
AT, 62 8 S BRI B b 3R AR TR

10 .
Y=2.7248X + 0.6125 . BpGoo
R2=0.630 o8t 0
5«; Y =2.7142X + 0.4068
o Z
= R=0.775
=
& .
o NDRI-clay
® NDRI-sand
. "e® 9 . . .
03 -02 01 0 0.1 02 03

(a) NDRI-Fall

FAILA HEL R BT, O TRES.
] 4 R AN SRAE B J A0l R R s R
HE 4T LIE L, fEkEmE GRS, NDRI
PR S0 Lk S B 5 1Y 40 5 e #h, NDI7 3R
RGBS MTEEEIE SR ], NDTIAISTI
FEIHIF O EWIES, KR, HTHERE
e SRR A, T e s B R
TR D S B S E5F 7= WA (1R 40 V=Y =R - A (R R
N, A 3FFES (NDI7. NDTIFISTI) SP1H R
G, XU R R B RN RO, B
1) 4 5 T Sy A R B T CRC A R T
FPEEE R, X AR T s X R Y A

1.0
P& °
0.8
iﬂ%( 0.6 Y =2.9953X - 01090
® R=0775
= 04f
# )
02t o O NDI7-clay
e} ® NDI7-sand
. -4 8 . . .
-0.1 0 0.1 02 03 0.4

(b) NDI7-Fall
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10 1.0
I Y= 8.0489X + 0.0576
R2=0.497 08 ¥=3.81644X - 3.7550
08 o Y=5.5419X+0.073 : ¥=2.5220X - 2.4431
. R=0597 [ . B=0596

™06 5O =\ Y3 S~ . SR 50
#OO e g A - 290 e ¢ O e
® [ o .0 -5 -
}?\; 0.4 os®’ ‘H‘( 5 : %
4 o NDTI-clay o e o STi-clay

02 @85 @ NDTI-sand : ® STI-sand

0 0.03 0.06 0.09 0.12 0.15 1.00 1.06 112 1.18 1.24 1.30

(¢) NDTI-Spring

(d) STI-Spring

B4 BRI 23R 3ot B K5 S CRC A9 a1

Fig.4 The regression of partial optical remote sensing indices and CRC in spring and fall

44 ERLEFHEBEIN CRCHERME

XFF IR, PSSR A I b SR A A 1
AR Yo, Ml ySys MR EFE B IE Eoh, R
B BRI . Bk, ZEAS R B o
W5 22 PR AR (05 TR 48 B A 5 R BUM W 5 4 B i
3R RS BOA — e MR, oA B 6 R
IR B R A AR E, N IR Y A AR
B S CRC AYZRME RN 6 F13e 7 s

*6 MBLAIEBS TN CRCHLMEET

Table 6 Linear regression between combined indices

and CRC in fall
EERERIiE S [ 5 7 A R RMSE/%
Y9 X NDRI Y=1.1411X +0.1267  0.765" 15.45
Y9y % NDI7 Y=1.1220X +0.1044  0.760" 15.60

')’(\)'\ X NDI71 Y=1.0778X +0.1163 0.709" 17.12

Y, x NDRI Y=15374X +0.1267 0797  14.41
vY, x NDI7 Y=14921X+0.1100 0784  14.86
9, x NDI71 Y=14755X +0.1087 0751  15.90

e " RARBAAE 0.01 HER K | 5% (p < 0.01) 5 RMSE £78 8
— 38 UG TE P B AR R 2

R7 BFHAIEHE LN CRCHLEDIT

Table 7 Linear regression between combined indices

and CRC in spring
AR a5 5 % R RMSE/%
Y9 X NDTI Y=0.7256X +0.1247  0.567" 12.44
YU X STI Y=0.7344X +0.1299  0.559" 12.62
Y9 X NDI7 Y=0.6625X +0.1129  0.526" 12.69
vV, x NDTI Y =08520X +0.1267  0.525" 12.68
v9, X STI Y=0.8719X +0.1306  0.523" 12.72
Y3y x NDI7 Y=08761X +0.1042  0.553" 12.28

e RARAIAE 0.01 HER KT W% (p < 0.01); RMSE £7n #4
— 38 IR AR IR 2

MR 6 A, TERkFEmE s, 4GS
S CRC R B T HAF B AH S, T 48 £ 401
GERLT k58, Hrhy xNDRI (R’=
0.797, RMSE=14.41%) F1 y{,xNDI7 (R*=0.784,
RMSE=14.86%) 13 BLAL T H— 627 28 Jk 45 B0
LA 455, YO XNDI7L £ A X e 55, R K
0.709, RMSE }17.12%.

SRR R 2 S N g R PR RE R A T
e E, HEZR—ed B —
FREEHBEETE (3R7), (Hili THRAIEEAER =R
RN 2, SEEEGTRERTHIRE RN, H
0 XNDTI  (R*=0.567, RMSE=12.44%) I y{,x
NDI7 (R*=0.553, RMSE=12.28%) 439lik%| T f
) R E 1 f% A% 9 RMSE, i y9,xSTI  (R*=0.523,
RMSE=12.72%) #1 y%,*NDI7 (R’=0.526, RMSE=
12.69%) 73 illik B 1 &R R{E A = 1) RMSE.

1E T X5, PRI A 25 & PR 05 5
W CRC M1 H 3 3 26 8 fik 9 iR .t 3R
AR, 43 D5 45 G 18 B A I DT A 400G 4G 2R A
2 KR AR KRET, fEREmE S, B
Yy X NDI71 (R’=0.780) 4, Frf 5400 RAEYA
#10.8 L1 I, RMSE#)/NF 14.89%; T3 PN 5
A, 25535 500 RMETE 0.574—0.649, RMSE 7¢
11.21%—12.03%.

UL AT UE Y, B iAo 2e s B A 8 Bk
BT LB — 7 IR T8 RO A 8 B BOE 4 1 40
BEEH, R AE M 4y XS B AS (1 15 45 4L
55 CRC M AH CPEAS B3 R M3 T, 53X 78 0 Ud B R
MR AR 5 GRS & 07 X Re e 1 i
JEHE B T CRC RS .
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Table 8 Linear regression between combined indices and CRC after soil texture partition in fall
Lo gl R L EX b X Gy XS
[ = 5 A R [l 55 R R RMSE/%
’y(\),H X NDRI Y=1.2991X + 0.0318 0.766™ Y =2.6064X + 0.1279 0.709" 0.817™ 13.68
')’(\)'H x NDI7 Y =1.3203X - 0.0180 0.772* Y=23911X +0.1140 0.781™ 0.817" 13.66
’)/%H x NDI71 Y =1.3024X - 0.0227 0.701™ Y =2.6314X + 0.1256 0.921™ 0.780™ 14.89
’y(\)‘ X NDRI Y =1.6814X + 0.0596 0.787" Y =2.8346X + 0.1330 0.818™ 0.831™ 13.19
'yev x NDI7 Y =1.6587X +0.0300 0.774™ Y =2.6299X +0.1198 0.780™ 0.819™ 13.67
y(\)\ x NDI71 Y =1.7097X - 0.0015 0.734™ Y=2.8611X+0.1288 0.901™ 0.802™ 14.20
T FRBIAITE 0.01 ERIKT 2 (p < 0.01) ; RMSE 2278 B — 28 SURHIE P (3 7 i 2% .
®9 TERMHSXEEFESERSINCRCHLERT
Table 9 Linear regression between combined indices and CRC after soil texture partition in spring
LA O R I IX b - 4 IX Iy X JE
[ =15 At R ] )15 R R RMSE/%
‘ng X NDTI Y =0.7512X + 0.0962 0.653™ Y =1.7708X + 0.0900 0.618™" 0.649™ 11.21
YO, X STI Y = 0.7570X + 0.1031 0.645™ Y = 1.8913X +0.0918 0.618" 0.642" 11.36
’ygﬂ x NDI7 Y =0.6888X + 0.0832 0.594™ Y =1.4481X +0.0793 0.607"" 0.600™ 11.65
'yg\, X NDTI Y =0.8922X + 0.0982 0.613™ Y =1.5896X + 0.1197 0.427™ 0.574™ 12.00
y%v X STI Y =0.9097X + 0.1033 0.611™ Y =1.7005X + 0.1209 0.429™ 0.574™ 12.03
7(\)‘\' x NDI7 Y=0.9315X + 0.0696 0.642™ Y =1.3927X + 0.1064 0.454™ 0.607" 11.58

T " RARBIIAE 0.01 R 1235 (p < 0.01) ; RMSE 3R/m B — 38 LI TE T 35 Iy iR iR 2%

45 ETRMEFEMOHBMCRCHE

Shy i — 25 4 R 18 SRR B CRC IO RG JE, wF
58K F 22 J0 2 Pk 0 5 v %) S5 1 48 Tl A 7k e 486 11
BB A, by iat i ok s RS e v o ) 3
TR K, AT RE AR A (R B A, AR g
2018 4EFK T REA 5 2019 4E F B REAR M ZE A, LI
FEEREARL . T A id O 1R 45 I B S e
Z G IRER (R B e B A PR R Z s )
[Fi] — Hb ) A6 AS [ B 3 1) B o8 22 Ak, 3
I AE O 2 i SRR B B S B
PIL, AR SR PR A SR A S 300 AR A5 XoF 17 1 D' 2
RIS BUE Y M — L E TS, DUHPR 25
PR 2o SR BRTE B R B 45 6 J 3 S 0 e Y
— M, ULEHES G PR EE BA T AT . AR
A T o3 i VB 3R LA AT 1 TR T8 48 B0 5 ol %
FE B K el B AT A Y 1 SRS A R ORI
5520 CRC By A, Fir k32 8k 48 05 55l CRG
PUE I RN 10 7R

e L4 A BE A B A8 0 T A 4 P e
PR T3, BT 11 A B BUVE o A AR
i, R FERIEE S A 2047 T4, JFE

=,

—E BRI 25 1 B AT R — A TR
I LE A AAERAA AN ITE T4
PR T4, TR S DE A U 7E 25 i
B rp Ve P e AL o R 43 TR Y K L o )

11 R,

F10 PFridEBIEHS XN CRCUSH RME

Table 10 R? value of the selected remote sensing indices

and CRC

HH - K
SXET BARHEX B EEEX AXIE
Yiu 0.507" 0.545™ 0.276™ 0.564™
Yoy 0.391" 0.357" 0.192° 0.404™
STI 0.6917 0.696™ 0.430™ 0.701"*
NDTI 0.686™ 0.691"* 0.426™ 0.697"
NDI7 0.657" 0.661"* 0.347 0.664"
Yoy % STI 0.743" 0.767" 0.609" 0.775™
VI XNDTI  0.742™ 0.768"* 0.607" 0.775™
9, X NDI7 0.726™ 0.745™ 0.534™ 0.747"
Yoy X STI 0.716™ 0.729" 0.539" 0.737"
Yo, xXNDTI 0712 0.724™ 0.536™ 0.733"
Y9y x NDI7 0.726™ 0.741" 0.509* 0.745™

T U FRAERITE 0.01 R KF B3 (p < 0.01) ; "R BLAIALE
0.05 HEFR KT L 3% (p < 0.05)
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Table 11 Partial sub models and evaluation criteria

TR Adj R? AlC BIC VIF AR
1 0741  -109.971  -101.684 1 Y9, X STI
2 0761 -119.143  -108.164 6.633;6.633 ¥u % STI;Y Yy x NDI7
30762 -118.608  -104.971 3.204;7.307;11.445 Yoy s¥ Yy x NDTI; ¥, x NDI7
4 0762 -117.110  -100.852 3.940;13.116523.866; 16.894 YsYu X NDTL; Yy x STy Yy x NDI7
50760 -115315 96474  6.348;22.156;42.366;24.148;16.900 YO STI Yy X NDTL;y Y x STE; Y%, x NDI7

H: Adj R?\AIC BIC FIl VIF 43 5 /R P HE 5 1Y R?  Akaike 5 EE  Bayes {7 S E AT 7 22 MK K1

e, it yd, x STIAIYY, x NDI7#4~ H
A AR ) TR R B AN, AIC I BICAE T A
BRI R, HWAS H AR S0 VIF X2 6.633 /T
10, Frlh |28 & Z AR AR PE S Lotk ), PRt
F SR DI -4 [ U 3k e A ) e LA 7Ry
CRC = 0.074 + 0.593(y?, x STI) +
0.625(y%, x NDI7) )
AUEEAGE S T R E AL, DO B
Giit X, mAUBA R R {E N 0.765, RMSE
14.91%, 5% 10t 5T — o2tk [nl 5455 7Y v (1) 5
45 (99, x STI, R*=0.743) LA — & ik
T, ES O EAR BB S0 CRC 5 82 CRC Y
ML

1.0
e 0 D
¥=09997X o *
R=0.765
o0t RMSE=14.91% °
n=125 °
0.6 1:1line
HE
®
=
0.4}
°
02} ®
o (
0 02 04 06 0.8 1.0

T 5
s #i CRC 590 CRC U]
Fig.5 Scatterplot between predicted CRC and measured CRC

RESRFEW], BT R T AR )k RS ik
B R, NI, A SORAE R A 1 X AR
J5it A S DX v 7 ) SRR A S BIE S IX R KRR AT
B AR R AR B XS D R
XA ERPLEAL AN (8) MI=L (9) Fa.

CRC = 0.003 + 0.652(y%, x NDTI) +
0.671(y%, x NDI7)

CRC = 0.089 + 1.890(y%, X STI) )
AL E I T R EER R, HA SR .
Horp, B B XA A H AR = 0 VIF ¥R
5.082, i AR BY [ AR & 2 (B AN £ AE 2 (n)
R R 4 0.797, RMSE M 14.58%, 53 10 4%
J A X AR AR L, REARE T T 0.029; 1 AE
W X, It 4 Ak R JE Ty, x
STI—A~ A A8 & (1) RHE B R fe 4, R*(ECM 0.609,
RMSE 4 12.44% ., R FH 4 38 Jot b 53 X J5 09 d oA
A RME ] 0.799, RMSE 4 13.67%, #H T 43 X i
RME$ETF T 0.034, RMSE NI T 1.24%, XUl 7E
A AE S B X, 3 g A T b A IX
Ol WS e ER VN = EaT B e S Y/ (R G2V A
A NEWNARIAY, IF HE i e P 4 ] kA
AR T BB A% A A AG T X Y CRC, 2 5HIR
WO . A XS I i A AL T CRC S
SN CRC A S N 6 s .

(8)

1.0

R*=0.799

¥=0.9998X L .' [ 4
08t RMSE=13.67% -

0 02 04 06 038 1.0
T 55
K6 3B s X5 CRC 5 560 CRC B
Fig.6  Scatterplot between predicted CRC and measured CRC

after soil texture partition
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45 G WF 5T X TE B RK R 22 5 B s 1 7 25 15 00
W0 oE DX RS FF A 55 B A 4S9 0—0.15,
0.15—0.3, 0.3—0.6. 0.6—1., H1E 70 LK,
WF5E X A5 2B 1 #1335 B 26 KB4 Th 7 0—0.3 19
BRI, A F e e 35 5 85 0.6 DL I,
AR 55 B I — AR5 MRk ZR A 5
IR, KIS S 703, HEAR
W . PE AR A A3 1Al o A AR, P ER A BT 4 g X
TR R 2E, BOKFIAE 9 B S a3 AT
ZREBF T R, iz R LA R A =, R
FURZ AATAT A E RS AT, S 3000 SRF AF 8 o 2
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Fig.7 Predicted CRC map of spring and fall
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51 ERFEKKRECRCHRE ER

TS AR S CRC 32 B 2 Fh N R B2 M, X
TRIBHERME, REEMAMA ., LRl

[

BERE . RIERZSOKE . FEARA . RS KR
FEAF A 55 2880 . PR AT ) S5 X 252 e A HR S
CRC AYHH & (Brisco %, 1991; Smith il Major,
1996; McNair %5, 1996, 1998, 2001, 2002; T
BE, 2013), Jf Hx 2652 P 2 A B 2R 14
W AR PR T REKIELR VH M VV ik
75 2N 0 ] B 2R EO7E - i 4y X 5 S
CRC 4 R*E 43914 0.564 F110.404, VWA k1%
S CRC BA — & M 71, (H i T HBR 6 = 3%
2%, PRG3R 52 A5 B T CRC A A1
AWF5E H Sentinel-1 2R 1 A B fi 16 38° e 47, A
McNairn 25 (1996) % 3 AE 40°—50° 49 =5 A 5t £
T, 5 M EO R A S0 CRC A et s,
W G AR T B T O FR BRI A ) BT T
J1o XFTFRFPE I EC 28, BT VHM VY iRk
A IR B MO R MO AR BB T B AT R
B, ALK T RSBy, Moty {H Sentinel-1 52
BALERAE T VH AT VV PR A =X, BRI T X H:
i Fp AL )72 (HV FTHH) FE 2 A 4 4
IERSE, McNairn %5 (2001) #F58 2 B E A ST M
S1°mF, CIEEE R HV I HH M Ak 5 25 10 #U £
05 520 CRC /) RME 43514 0.438 F110.295, % 5
AT VH A VV AL 7 20T i 45 SR A0, H4
Ak T 2R BB A 4 BE A A B T4 B A OGPk
o B — 5T .

XFFGEEs RN, HRE CRC RSS2 (K 2%
XD, R BIRE AT | RS AT AR
TIPTS5 T A b R TS = A
ZIRH (Daughtry %, 20105 ZE3508 45, 2016),
H2ma e B A 2 T A se AR AR X A 55, Hax 8
AN R SN IR G E S e
FTF S F A R ORI R G, SRR
T A7 56 B O AE BORG BE L T SRR A i BT
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Estimation of maize residue cover on the basis of SAR and optical
remote sensing image

LIU Zhiyu,LIU Zhong, WAN Wei, HUANG Jinyu, WANG Jiaying, ZHENG Mandi

Key Laboratory of Arable Land Conservation in North China, Ministry of Agriculture and Rural Affairs, College of Land Science
and Technology, China Agricultural University ,Beijing 100193, China

Abstract: Crop residue is the remaining stems, leaves, and fruit pods in the field after crop harvest. Crop residue plays an important role in
the farmland ecosystem. Remote sensing technology has advantages in time and space, and it has become the main method to estimate Crop
Residue Cover (CRC). Using remote sensing technology to estimate CRC can obtain information about ground CRC quickly in a large scale,
which is of great significance to the promotion of conservation tillage. On the basis of a Sentinel-1 SAR image and a Sentinel-2 optical
image, radar index and optical remote sensing index were constructed, respectively. The autumn and spring field sample data in 2018 and
2019 in Lishu County, Jilin Province were combined. The correlation of the remote sensing index and the maize residue cover was explored,
and the method of soil texture zoning modeling was adopted to reduce the influence of surface background factors on the estimation of CRC.
To further improve the estimation accuracy of maize residue cover, the radar index and optical remote sensing index were combined.
Moreover, the optimal subset regression and soil texture zoning were used to establish the maize residue cover estimation model, and the
estimation mapping of maize residue cover in the study area was then completed. Results show that: soil texture zoning modeling can
effectively solve the problem of soil heterogeneity, thus improving the accuracy of inversion. The performance of each remote sensing index
in autumn high coverage period in 2018 is better than that in spring low coverage period in 2019. The STI and NDTI index have strong
stability and the best performance in optical remote sensing index. R*is 0.701 and 0.697, respectively; whereas in the radar index, the
correlation between y{’,H based on cosine correction method and CRC measured is the highest, and R?is 0.564. The combination of radar
index and optical remote sensing index can effectively improve the accuracy of CRC estimation. The regression model based on the
combined index has the best performance with the method of optimal subset regression and soil texture zoning. The R? of the model is 0.799,
and the RMSE is 13.67%, which show high accuracy. Therefore, the proposed method improves the accuracy of CRC estimation.

Key words: microwave remote sensing, straw, coverage, maize, SAR, optimal subset regression
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